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The present study investigated whether phonological awareness training is an effective intervention to significantly improve
reading in German dyslexic third and fourth graders with a phonological awareness deficit, and whether these children can
equally benefit from a phonology-based reading training or a visually-based reading training. German speaking dyslexic
elementary school children (n=30; M=9.8 years) were matched by forming triplets based on IQ, reading quotient and
phonological awareness and then randomly assigned to one out of three interventions (n=10): a phonological awareness
training, a phonology-based reading training (phonics instruction), and a visually-based reading training (repeated reading
of sight words). A total of 20 training sessions (30 minutes each) were distributed over four weeks. Typical readers (n=10;
M=9.5 years) were assigned to the control group. Phonological awareness training directly improves reading comprehension
in German dyslexic children with a phonological awareness deficit. However, these children can equally benefit from a
visually-based reading training. In contrast, the phonology-based reading training has a direct selective effect on decoding
but not on reading comprehension. Despite divergent short-term patterns, long-term improvement of reading comprehension
and decoding is similar across all training groups, irrespective of the training method. Phonological awareness may but does
not need to be part of reading remediation in dyslexic children with a phonological deficit when learning to read a consistent
orthography. Rather, a visually-based reading strategy might compensate for the phonological deficit in dyslexic children
after the initial stage of reading acquisition.
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INTRODUCTION remediation strategies targeting the cause of the read-
ing deficit are needed.

Reading is an indispensable skill in modern societ- One of the dominant theories in the field of dyslexia

ies, as it provides access to written knowledge.
Impaired reading can result in a wide range of prob-
lems and can particularly affect children’s school
achievement and educational career (Arnold et al.
2005). Thus, effective support at an early stage of
reading development is of particular importance.
Because not all dyslexic children profit equally from
the different remediation techniques (Ramus 2003),
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research is the phonological deficit hypothesis, claiming
that phonological deficits in the representation and pro-
cessing of speech sounds are the direct cause of reading
impairment (Snowling 1995, Shaywitz and Shaywitz
2005). Whereas some researchers restrict the role of pho-
nological deficits to mediating between other cognitive
skills (e.g., auditory perception, Tallal 1980) and impaired
reading, others propose that attentional deficits, which
are dissociated from phonological deficits, are the cause
of reading impairment (e.g., Vidyasagar and Pammer
2010). Out of the range of phonological processing defi-
cits the impairment of phonological awareness has been
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regarded as the major cause of developmental dyslexia
(Vellutino et al. 2004). Phonological awareness involves
the recognition, discrimination, and manipulation of
sounds in spoken language, focusing on different sizes of
the sound unit like syllables, onsets and rimes, or pho-
nemes (Anthony and Lonigan 2004). Being able to sepa-
rate and manipulate phonemes is a critical step for insight
into the alphabetic principle, as the comprehension of
correspondences between letters and sounds hardly
emerges spontaneously in young children (Wimmer et
al. 1991). This, in turn, requires phonological awareness
(Snowling 1995). Thus, dyslexic children with impaired
phonological awareness seem to experience difficulties
in abstracting letter-sound correspondences and there-
fore fail to develop phonological recoding of letter pat-
terns into spoken words (Snowling 1981, Manis et al.
1993). Recoding refers to the ability to apply the knowl-
edge of letter-sound correspondences to correctly trans-
late a printed word into sound. Thus, the process of
recoding requires access to the mental phonological rep-
resentation but does not necessarily require access to the
meaning of the word (Marx 1998).

Most studies addressing the relationship between
phonological awareness and reading were conducted in
English-speaking countries, whereas the present study
was carried out in Germany. Different from native
English readers, German readers are confronted with
rather high grapheme-phoneme consistency. In con-
trast to English-speaking countries reading is not
taught before primary school in German-speaking
countries (Landerl and Wimmer 2008). German chil-
dren learning to read usually experience a synthetic
PHONICS teaching approach, which first induces
graphemes and their corresponding sounds and then
immediately builds up the blending of these sounds
(Wimmer et al. 2000). The combination of a synthetic
PHONICS approach and the consistent German orthog-
raphy seems to facilitate particularly the awareness of
phonemes. Although clearly being on disadvantage in
terms of letter knowledge and phonological awareness
at the phoneme level assessed in kindergarten, German
first and second graders develop equal phoneme
awareness skills as well as better letter knowledge and
decoding', when compared to their American peers

' Decoding goes beyond recoding as explained above, as decoding refers to the ability
to correctly recode a word and to access the meaning of a word (Marx 1998). Thus, the
process of decoding requires not only to access a mental phonological representation
but also to establish a relationship between a phonological and a semantic representa-
tion, too (Adams 1993).
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(Mann and Wimmer 2002). In spite of equivalent per-
formance on phoneme awareness, phonemic tasks are
more strongly related to decoding in the American
than in the German children in the first two years of
primary school (Mann and Wimmer 2002).
Furthermore, it was shown that impaired phoneme
awareness at school entry does not affect the decoding
ability of German children about three years later
(Wimmer et al. 2000). In contrast, Wimmer and
coworkers (2000) reported clear negative effects of
phonological awareness deficits at the phoneme and
onset-rime level on the accurate reading of foreign
words of mainly English origin by the end of third
grade.

These findings indicate that, compared to English-
based findings, the negative effect of a phonological
awareness deficit in German children might emerge
only later whereas the early stage of reading acquisi-
tion is less affected.

Further studies implemented in countries with
rather consistent orthographies reported heterogeneous
findings concerning the role of phoneme awareness in
reading development. Whereas the effect of phoneme
awareness on decoding was found to diminish after the
first year of reading instruction in children learning to
read the consistent Dutch orthography (de Jong and
van der Leij 1999), Miiller and Brady (2001) found that
there was still an effect of phoneme awareness on
decoding in fourth graders learning to read the very
consistent Finnish orthography. Finally, in a cross-lin-
guistic comparison of English and Dutch readers aged
six to twelve, phoneme awareness was a significant
predictor of word and nonword reading in both lan-
guages (Patel et al. 2004). Thus, the question whether
the importance of phonological awareness is limited to
the initial phase of reading development in consistent
orthographies is controversially discussed.

Language-related differences concerning the impor-
tance of phonological awareness for reading also apply
to dyslexic readers. Whereas the impact of impaired
phoneme awareness on reading was found to persist up
to fifth grade in English-speaking dyslexic children
(Torgesen et al. 1997), studies implemented in coun-
tries with rather consistent orthographies reported
heterogeneous findings. On the one hand, diminishing
associations between phoneme awareness and reading
by the end of second grade at the latest were found for
German (Wimmer 1993, 1996, Landerl and Wimmer
2000). In contrast, Wimmer nad colleagues (2000) still
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found a trend towards a negative effect of impaired
phoneme awareness on the accurate reading of foreign
words in German dyslexic third graders. Foreign
words can usually not be decoded. Instead, they can
only be recognized from memory by sight after build-
ing a vocabulary of these words. Thus, the finding of a
negative impact of impaired phoneme awareness on
the accurate reading of foreign words indicates that
phoneme awareness does not only influence recoding
or decoding but word recognition (recognizing words
by sight), too.

Furthermore, Heim and others (2008) reported
impaired phoneme awareness for one subtype of
German children with dyslexia at the end of third
grade. Similarly, de Jong and van der Leij (2003) found
that the impact of phoneme awareness on Dutch dys-
lexic readers persists throughout the end of fourth
grade. In a cross-linguistic study Caravolas and col-
leagues (2005) compared the importance of phoneme
awareness in the reading development of English and
Czech dyslexic children (the latter learning an orthog-
raphy that is more consistent than the German orthog-
raphy). Interestingly, significant deficits of phoneme
awareness were reported for both groups of English
and Czech children at least up to the fifth grade
(Caravolas et al. 2005).

Similarly, Landerl and coauthors (1997a) found a
comparable phoneme awareness deficit in dyslexic
English and German children aged eleven to twelve.
Nevertheless, the authors reported different reading
difficulties arising from the phonological deficit, when
they differentiated between reading accuracy and
reading fluency?. Reading accuracy refers to the ability
to read words without errors and reading fluency is the
ability to read accurately, fast, and with proper expres-
sion (National Reading Panel 2000). Whereas both,
reading fluency and reading accuracy, were impaired
in English children, especially reading fluency was
impaired in German children (Landerl et al. 1997a).
Thus, German dyslexic children were found to read in
a slow and laborious way. The finding of a fluency
deficit in German children is in line with other studies:
The typical problem of German-speaking dyslexic
children at older age is impaired reading fluency
(Landerl 2001), whereas rather high reading accuracy
after first or second grade in German-speaking dys-

? As usual in the case of reading studies, reading fluency was assessed as reading time
(measured in seconds) in this study, whereas reading accuracy was assessed as an ad-
ditional measure (number of errors).

lexic children was reported (Wimmer 1993, 1996,
Landerl and Wimmer 2008).

Rapid automatized naming (RAN), originally
assessed by naming letters, digits, pictured objects or
colors (Denckla and Rudel 1976), is of particular inter-
est when trying to explain the persisting reading flu-
ency problem of German dyslexics mentioned above.
An early RAN deficit has been reported to be predic-
tive for later reading fluency impairments particularly
for the German orthography (Wimmer et al. 1998).
Furthermore, it was found that RAN predicts more
variance in reading fluency than phonological aware-
ness in poor readers from second to fourth grade learn-
ing the German orthography (Moll et al. 2009). Finally,
the impact on reading of both, phonological awareness
and RAN, was found to be stronger in less consistent
orthographies, when dyslexic readers between eight
and thirteen years were compared (Landerl et al. 2013).
Learning to read requires reading with understanding.
Thus, reading development does not only involve the
acquisition of accurate and fluent word decoding and
word recognition but the acquisition of reading com-
prehension, too. Reading comprehension goes beyond
decoding explained above (Marx 1998). Thus, the pro-
cess of reading comprehension not only requires
access to the meaning of single words, but access to
the meaning of written language on the sentence and
the text level, too (Hoover and Gough 1990). Reading
comprehension is a complex process in itself and it
depends upon other reading skills as well as upon oral
language skills. Again, most studies examining pre-
dictors of reading comprehension have recruited chil-
dren reading a less consistent orthography than
German. However, studies including typical readers in
rather consistent orthographies reported predictors
similar to those found in studies concerned with
English-speaking children. Apart from the predictor
phonological awareness, which was found in studies
concerned with Hebrew and German typically reading
children (Schneider and Néslund 1993, Schiff et al.
2011), further predictors like word decoding, vocabu-
lary knowledge and listening comprehension were
reported in Dutch children (de Jong and van der Leij
2002). In addition, reading fluency was identified to be
a predictor of reading comprehension in Czech chil-
dren (Caravolas et al. 2005).

Similar to the predictors identified for typical read-
ers, Landerl (2001, 2003) found that reading compre-
hension was related to phonological awareness, RAN,



reading fluency, basal reading skills and auditory
short-term memory in German-speaking dyslexic third
graders. Finally, Miiller and Brady (2001) found fur-
ther support for the importance of phonological aware-
ness for reading comprehension when Finnish poor
readers in grade four were examined. To summarize,
several studies concerned with consistent orthogra-
phies suggest, that, apart from non-phonological lan-
guage skills, phonological awareness plays an impor-
tant role not only in the development of basal reading
skills but in the development of reading comprehen-
sion throughout the period of primary school as well.

As reported above, associations between phonologi-
cal awareness and different reading skills were fre-
quently found. As a consequence, trainings of phono-
logical awareness have been considered a suitable
method to support learning to read. Several studies
across orthographies differing in consistency includ-
ing German confirmed reliable effects of phonological
awareness training not only on phonological aware-
ness skills but on reading skills, too (Bus and van
Ijzendoorn 1999, Schneider et al. 1997). The finding
that children with initially low levels of phonological
awareness in particular benefit from such programs
across different orthographies (Ehri et al. 2001b), was
confirmed for German orthography, too (Schneider et
al. 2000). According to the meta-analysis of the
National Reading Panel (NRP) reported by Ehri and
colleagues (2001b), phonological awareness instruc-
tion has an impact on recoding, decoding and reading
comprehension. Results of the meta-analysis by Bus
and van Ijzendoorn (1999) particularly emphasize the
long-term effect of phonological awareness interven-
tions on reading comprehension.

Several studies confirmed the phonological linkage
hypothesis (Hatcher et al. 1994) across different
orthographies including German. Thus, normally
developing children as well as children-at-risk benefit-
ed most from interventions, which combined phono-
logical awareness training with the training of letter-
sound correspondences (Bus and van Ijzendoorn 1999,
Schneider et al. 2000, Ehri et al. 2001b, Roth and
Schneider 2002). Finally, the effects of phonological
awareness interventions for preschoolers on reading
were statistically larger than for primary scholars
according to findings of the NRP (Ehri et al. 2001b).

In summary, there is plenty of evidence that training
phonological awareness reliably enhances phonologi-
cal and reading skills particularly in children with
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poor phonological awareness skills. Although effects
were larger at the preschool level, phonological aware-
ness instruction was also found to significantly enhance
reading in primary school children. Intervention pro-
grams exclusively targeting the phonological aware-
ness deficit have usually been administered to pre-
schoolers or first graders in Germany. In contrast,
phonological awareness interventions have rarely been
administered to older German-speaking dyslexic chil-
dren. Considering that phonological awareness was
repeatedly found to play an important role in reading
throughout the stage of primary school across orthog-
raphies differing in consistency, the question arises if
a phonological awareness training improves reading
not only in younger but also in older dyslexic primary
school children learning a consistent orthography. In
order to explore whether training phonological skills is
enough to ameliorate reading in German children with
dyslexia it seemed reasonable to compare a training of
phonological awareness to a visually-based training of
reading. Furthermore, following the phonological link-
age hypothesis, the additional comparison with an
intervention involving both, phonology and reading,
was considered necessary.

Consequently, the major goal of the present study
was to investigate, whether phonological awareness
training is an effective intervention to significantly
improve reading in German dyslexic third and fourth
graders with a phonological awareness deficit, and
whether these children can equally benefit from a
phonology-based reading training or a visually-based
reading training.

METHODS

The standardized reading screening Salzburger
Lese-Screening fiir die Klassenstufen 1-4 (Salzburg
Screening for Reading from Grade 1-4, SLS 1-4,
Mayringer and Wimmer 2003) was initially imple-
mented for recruitment followed by comprehensive
testing (t1). During the training period beginning in
November 2009 and continuing until February 2011
the interventions occurred in a rolling fashion. Each
individual training included 20 sessions (30 minutes
each) and was usually performed at five days per week
spread over four weeks (M=28 days, SD=4.6 days). All
children were reassessed right after the completion of
their intervention (t2) and three months after for fol-
low-up (t3) to assess training effects and their persis-
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tence. All procedures applied in this study were in
accordance with the Declaration of Helsinki and
approved by the ethics committee of the Medical
Faculty of RWTH Aachen University (Reference num-
ber EK 153/08).

Participants

The flow of participants through the stages of the
study is illustrated in Figure 1. Initially, 88 potentially
dyslexic children were enrolled in the present study
after having screened 785 third and fourth graders
from 27 primary schools in the Aachen region. To be
included for further testing, children had to score
below average on a standardized reading screening
(reading quotient <90 in the SLS 1-4, i.e. one standard
deviation below average) and to be monolingual
German. In the course of subsequent testing, the
potentially dyslexic children were required to show
reading deficits in at least one of the subtests of the
well established German reading test Knuspels
Leseaufgaben(Knuspel 'sReading Tasks, KNUSPEL-L,
Marx 1998, percentile <25), at least average non-verbal
intelligence in the German version of the Cattell
Culture Fair Test 20 (CFT 20, Weiss 1998, 1Q >85),
phonological awareness deficits according to the com-
monly used German test Basiskompetenzen fiir Lese-
Rechtschreibleistungen (Basic Skills for Reading and
Writing, BAKO 1-4, Stock et al. 2003, percentile <25
in at least one of the subtests) and no severe sensory
visual or auditory deficits according to the German
perceptual tests Vortests fiir Wahrnehmungsfunktionen
(Pre-Tests for Perception Functions, WAFW, Sturm
2009, >80% items correct in each subtest). As illus-
trated in the flow chart (Fig. 1) 21 children were
excluded during the assessment at tl. Furthermore,
because the present study was part of a larger project,
35 dyslexic children with predominantly attentional
deficits, as assessed by the German attention test bat-
tery Kinderversion der  Testbatterie zur
Aufmerksamkeitspriifung (Test of Attentional
Performance for Children, KiTAP, Zimmermann et al.
2002), were included in another part of the project.
Finally, 32 dyslexic children with predominantly pho-
nological deficits attended the trainings of the present
study.

In order to parallelize the three training groups,
triplets of children were formed such that their non-
verbal 1Q (CFT 20), reading quotient (SLS 1-4), and

phonological awareness score (BAKO 1-4) were as
similar as possible, and then randomly assigned to,
either, a pure phonological awareness training
(PHON), a phonology-based (PHONICS) or a pure
visually-based reading training (READ). As illus-
trated in Figure 1, there was a small initial disparity
in the number of group members, although training
groups were matched by triplets as far as possible.
This was due to the fact that 32 registered dyslexic
children were randomly assigned to the final ver-
sions of trainings, which resulted in one incomplete
triplet. Thus, children from the incomplete triplet
were also randomly assigned to the three training
groups, resulting in ten children being trained in the
PHON group, and eleven children being trained in
the PHONICS and in the READ group, respectively.

Although having completed the trainings, data
sets of two dyslexics and of five children from the
control group had to be dropped post-hoc (see Fig.
1). In this context, the issue of IQ requires a detailed
explanation. Typically reading children were recruit-
ed in order to compare training effects between the
three trained groups and an untrained control group.
The initial search for control children took place in
the context of searching for dyslexic children in pri-
mary schools. This initial recruitment of children
for the control group proved to be ineffective.
Dyslexic children and their families were highly
motivated to take part in any of the trainings and
therefore were ready to undergo the assessment. In
contrast, this did not apply to typical readers and
their families during the first recruitment. These
children did not take part in any training and thus
were not willing to spend that much time on assess-
ment. This led to an additional recruitment via the
digital network of the local School of Medicine
(RWTH Aachen University, Aachen). Parents work-
ing in the Medical School usually are interested in
participating in scientific studies and are motivated
to learn about their children's abilities. The second
recruitment of control children resulted in 15 con-
trol children without reading deficits according to
SLS 1-4 and KNUSPEL-L and without severe audi-
tory or visual perception deficits according to
WAFW. The second search for controls resulted in a
bias, because the group of control children showed a
significantly higher 1Q than the dyslexic children.
In order to avoid group differences in IQ, poten-
tially influencing the improvement of reading dur-



ing the training period, the inclusion criterion con-
cerning IQ was modified post-hoc’. Thus, three
typical readers and one dyslexic child (READ) were
excluded, because their 1Q (>130) suggested they
were intellectually gifted. Since a significant group
difference between the PHON group and the control
group still remained, one dyslexic pupil in the
affected training group showing the lowest IQ
across all groups (IQ 85) was excluded as well. The
remaining typical readers (CON) received no inter-
vention but took part in all assessments (n=10).

The final sample consisted of 40 children (19 girls,
21 boys; 12 third graders, 28 fourth graders). Their
average age was 9.7 years (range 8.7-10.7 years; SD 0.5
years). Each of the four groups consisted of ten chil-
dren.

Nonparametric pairwise group comparisons were
conducted to assess comparability of the training
groups at t1 with respect to criteria used to select
dyslexic children (reading quotient, phoneme aware-
ness, and 1Q). An adjusted alpha level of P<0.017
(i.e. P<0.05/3 for two-sided hypotheses) was
employed for each comparison, because the exact
Mann-Whitney U tests were carried out on three
pairs of groups. Values of 0.017<P<0.034 were
interpreted as trends. Furthermore, the same analy-
ses were conducted to compare the training groups
with respect to general inclusion criteria (age and
sensory skills).

No significant differences between training
groups were found for reading quotient (smallest
P=0.436), phoneme awareness (smallest P=0.089)
and 1Q (smallest P=0.529). Furthermore, no signifi-
cant differences between groups were found for the
general inclusion criteria of age (smallest P=0.393)
or sensory skills (smallest P=0.165). Finally, no sig-
nificant differences between groups were found
according to Fisher's Exact Probability Test (small-
est P=0.474, two-tailed probabilities) concerning
handedness. The vast majority of recruited children
were right handed according to case history. Table
I reports descriptive statistics for the selection mea-
sures.

* The authors of the present study are aware that evidence for dyslexia based on op-
erationally defined exclusion criteria has been controversially discussed in recent years
(e.g., Gresham and Vellutino 2010). However, given that particularly children in the
control group had an IQ above average, there was serious concern that the difference
in IQ could enhance the contrast in reading between dyslexic and normal reading chil-
dren. Thus, these children were considered to be outliers based on their performance
rather than typical readers.

Phonological awareness in treatments of dyslexia 85

Blinding

Neither the participants and their families nor the
instructors were blinded regarding group allocation in
the present study. Unlike in drug trials, in cognitive
treatment trials it is not possible to guarantee double
blinding, because participants know they are trained
and instructors have to know the training method they
are applying. In the case of the present study, ethical
standards in the School of Medicine, RWTH Aachen,
require to provide general information on all training
methods included in a study before written consent of
participants can be obtained. Thus, the type of training
they were receiving could not be concealed from the
children and their families, once the training had
begun. However, the speech- and language patholo-
gists who tested the child before treatment and docu-
mented children’s behavior during the assessments
were different from those speech- and language pathol-
ogists, who did the trainings afterwards and thus were
not aware of the child’s group allocation. Moreover,
further speech-and language pathologists, who were
not involved in testing or training, analyzed the docu-
mented behavior in terms of raw and standardized
scores according to the respective test manuals' guide-
lines. These speech-and language pathologists were
blinded regarding group allocation, too.

Furthermore, random assignment to the specific
treatment was monitored by the first author, thus the
instructors of trainings were not involved in the refer-
ral process. In addition, although children and their
parents as well as the instructors of trainings were not
blind to group allocation as soon as trainings had
begun, a bias regarding effectivity of different train-
ings methods is unlikely, as the information on all
training methods that was given to children, parents
and instructors did not reflect any difference regarding
the extent of their potential impact. Finally, the fact
that the group allocation was known by the partici-
pants should not be relevant because all dyslexic chil-
dren received treatment and none of the dyslexic
groups received a placebo condition.

Assessment battery

All children were administered a large battery of
tests measuring non-verbal intelligence, reading skills,
phonological awareness, RAN, auditory memory span
and perception. Testing was carried out individually in
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a fixed order over the course of two or three sessions.
At the subsequent times of testing (t2, t3), the battery
of tests was repeated, excluding measures of non-ver-
bal intelligence and perception. A detailed description
of each test is given in the following section.

Basic reading ability

Reading ability was initially assessed by means of a
group test with the standardized screening Salzburger
Lese-Screening fiir die Klassenstufen 1-4 (Salzburg
Screening for Reading in Grade 1-4, SLS 1-4, Mayringer

and Wimmer 2003) in order to recruit volunteers for the
study. The SLS 1-4 measures reading fluency and basic
reading ability in simple and short sentences, posing low
comprehension demands. Children were asked to silent-
ly read short sentences as quickly as possible within a
time limit of three minutes and judge their semantic cor-
rectness. The SLS 1-4 is scaled like the IQ and provides
a Reading Quotient which expresses each child’s indi-
vidual deviation from the average of the standardization
sample. Since the SLS 1-4 was implemented as a
recruitment instrument in the first instance, it was not
repeated at subsequent times of testing.

Registered as
dyslexic children (n=88)

Registered as
control children
(n=15)

Not randomized (n=21)
» Severe perceptual deficit (n=5)
¢ Bilingualism (n=1)

Poor cooperation (n=3)
* Temporal requirements (n=3)

* Reading problem (according to screening) not confirmed (n=1)
« No phonological or attentional deficits (n=3)

« Trained before revision of program (n=3)
« Reading problem too severe to follow training schedule (n=1)
« Postponed participation to grade 5 (n=1)

Included in other
part of study:
attentional deficit
(n=35)

Received intervention as allocated (n=32) Assessed as
. . allocated
Phonological Phonology based Reading
awareness reading
(n=10) (n=11) (n=11) (n=15)
Followed up (n=32) Followed up
(n=10) | (n=11) | (n=11) (n=15)
Withdrawn (n=2) Withdrawn (n=5)
Twins (n=2)
(n=0) | 1a=85(=1) | 102130 (n=1) 105130 (723)
Analyzed (n=30) Analyzed
(n=10) | (n=10) | (n=10) (n=10)

Fig. 1. Flowchart indicating the progress through the stages of the study including withdrawals. (R) randomization. A pair
of typically reading twins was excluded from the final analysis, because only after having finished the assessments the par-
ents indicated that their children were monozygotic twins. [Modified according to the flowchart used in the training study

of Doesborgh et al. (2004)].
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Table I

Descriptive data on measures of selection at t1

PHON! PHONICS' READ' CON!
Sex (female/male) 5/5 6/4 4/6 4/6
Handedness® (L/R/both) 1/8/1 0/9/1 0/10/0 1/9/0
Variable M SD M SD M SD M SD
Age’ 9.8 0.4 9.9 0.5 9.7 0.6 9.5 0.4
Non-verbal 1Q* 107 10 105 11 107 9 117 7
PA° 43.8 3.0 41.2 5.5 40.2 52 51.7 8.7
Reading quotient® 80 7 78 10 76 10 118 13
Perception of brightness’ 95 4.6 98 1.9 97 2.5 97 2.8
Perception of shape’ 94 2.2 92 5.8 93 4.7 94 4.2
Perception of loudness’ 97 2.6 99 1.7 97 3.1 99 1.7

(PHON) Phonological awareness training; (PHONICS) phonology-based reading training; (READ) visually-based
reading training; (CON) control group. (1) »=10; (2) handedness referring to the number of children that are left/right
handed (L/R) or do not prefer any hand (both) as specified in case history; (3) age in years; (4) IQ (Mean 100, SD 15)
referring to age norms (5) total scores (¢-values) of PA on phoneme level of subtests from BAKO 1-4; (6) reading quotient
(Mean 100, SD 15) from Reading Screening SLS1-4; (7) percentage of correct responses of subtests from WAFW.

Recoding, decoding and reading comprehension

Recoding and decoding skills at the word level as well
as reading comprehension at the sentence level were mea-
sured by using the speeded reading test Knuspels
Leseaufgaben (Knuspel's Reading Tasks, KNUSPEL-L,
Marx 1998). In the subtest Recoding children had to
decide if the pronunciation of orthographically well writ-
ten, meaningful word pairs differed (e.g., Do these words
sound the same: Weizen — Weisen? No). Ten pairs each of
visually similar and visually different homophones and
visually similar and visually different heteronyms were
presented. Children had to apply the knowledge of letter-
sound correspondences and to correctly translate a printed
word into sound without necessarily assessing the mean-
ing of the word in order to complete the recoding task
successfully.

In the subtest Decoding children had to decide if the
pronunciation of a pseudo-word sounded like an exist-

ing German word [e.g. Does this word sound like a real
existing German word: Rogg? Yes (sounds like the
word Rock)]. Twenty pseudo-words, which could be
pronounced in accord with German orthography rules,
sounded like existing German words, whereas the pho-
nological information of another 20 pseudo-words was
not associated with meaningful German words. In this
task children had to correctly recode the pseudoword
first to activate the correct phonological representa-
tion. Based on the activated phonological representa-
tion they had to decide if the sound of the recoded
word matches with a semantic representation. Thus,
the task of decoding goes beyond the task of recoding,
because access to the meaning of a word is required.
In the subtest Reading Comprehension 14 items
each consisting of one question and one request pre-
sented in two to three sentences targeted knowledge
about the own person, the current test situation or the
legendary creature (Knuspel) introduced by the test
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(e.g., Which two letters are written at the end of the
word Knuspel? Write both letters in the first circle.) In
this task children had to precisely understand the
meaning of the presented sentences in order to cor-
rectly answer the question by executing the appropri-
ate statement.

All subtests had time restrictions. KNUSPEL-L
provides norms (¢ values and percentiles) for the mid-
dle and the end of first to fourth grade for each subtest.
Because children were assessed at different points of
the school year, additional norms for the beginning of
third and fourth grade were determined for the study.
KNUSPEL-L subtests served as an outcome measure
and were administered at all three times of testing.

Reading fluency and accuracy

Reading fluency based on text reading was assessed
by the subtest Text Reading of the Salzburger Lese- und
Rechtschreibtest (Salzburg Reading- and Spelling Test,
SLRT Leseteil, Landerl et al. 1997b). In this subtest
children were asked to read a text consisting of six or
seven simple sentences aloud as fast as possible without
making mistakes. The reading of a shorter practice text,
for which corrective feedback was given, preceded the
assessment. Each child's reading output was recorded
for registration of reading errors and reading time.
Unfortunately, the percentiles from first to fourth grade
for the time needed to read the text are partly given only
as a percentile range and no percentiles for reading
errors are available in the test manual. Therefore, the
raw data of reading time measured in seconds and of
the number of reading errors entered further analyses as
the measures of reading fluency and accuracy. Text
reading was assessed at all three times of testing.

Non-verbal intelligence

Non-verbal IQ was assessed with the German ver-
sion of the Cattell Culture Fair Test 20 (CFT 20, Weiss
1998). The four subtests of the short form (Part 1)
required children to identify one of several pictures in
order to continue a series of pictures and to complete a
set of pictures. In addition, children had to classify a
picture that had or had not been constructed according
to the same idea as the others. Age-related scores were
used to rule out initial group differences regarding 1Q,
which might have influenced the way reading abilities
developed in the course of this study.

Phonological awareness

Phonological awareness was measured by the stan-
dardized German test Basiskompetenzen fiir Lese-
Rechtschreibleistungen (Basic Skills for Reading and
Spelling, BAKO 1-4; Stock et al. 2003). BAKO con-
sists of seven subtests predominantly assessing phono-
logical awareness at the phoneme level. Subtest
Segmentation of Pseudo-Words required to segment 8
pseudo-words into their phonemes (e.g., frap: /f/ /1/ /a/
/p/). In the subtest Vowel Substitution the vowel /a/ had
to be substituted by the vowel /i/ continuously (e.g.,
Sand: Sind) in 8 words (two to four syllables) and 4
pseudo-words (two to four syllables). The task of
Phoneme Deletion called for pronunciation of 3 words
(one beginning with a consonant cluster; one and two
syllables) and 4 pseudo-words (one beginning with a
consonant cluster; two and three syllables) with the
first sound removed (e.g., FloB: loB). In the task of
Phoneme Commutation children had to pronounce the
pseudo-word (two syllables), which resulted from
switching the first two phonemes of six words (e.g.,
Arm: Ram) and five pseudo-words. In the subtest
Phoneme Categorization children were asked to iden-
tify the one out of four items (one syllable), whose
initial or final sound differed from that of the others
(e.g., Kopf — Turm — tief — Trick; three groups of words
and five groups of pseudo-words). The task of Vowel
Length classification required to identify the one out
of four pseudo-words (one syllable, ten items) in which
the vowel was of different length (e.g., maar — raas —
dack — laat). In the last subtest Phoneme Reversal
children were asked to pronounce 8 words (one or two
syllables) and 10 pseudo-words (one or two syllables)
in reversed order of sounds (e.g., ruf: fur). The spoken
stimuli of each subtest were played from a CD. For
each subtest there were two or three practice items, for
which corrective feedback was given. Separate norms
(¢ values and percentiles) for grades one to four were
available. In the present study the average ¢ value of all
subtests entered further analyses. This measure served
as a secondary outcome aspect and was implemented
at all three times of testing.

In order to complement the BAKO with tasks of pho-
nological awareness at the levels of syllable and onset-
rime, five out of nine subtests of the experimental
German version of the Queensland University Inventory
of Literacy (Dodd et al. 1996) were administered
(Queensland University Inventory of Literacy-Deutsch,



QUIL-D; Hofmann 2000, unpublished master thesis).
The 12-item subtest Syllable Identification required
indicating whether two syllables in a pair of words (two
syllables each) sounded alike. Provided that two sylla-
bles sounded the same, the children had to decide about
their initial (four items) or final (four items) position
(e.g., Falter — Gitter: yes/ at words' ends). In the 12-item
subtest Syllable Segmentation participants had to repeat
words while segmenting each syllable (three items each
of two to five syllables) and to indicate the number of
syllables (e.g., Multiplikation: Mul-ti-pli-ka-tion/ five).
In the 12-items subtest Rime Identification children
were asked to decide whether two words (one syllable,
6 thyming pairs) rimed (e.g., Boot — Beet: no). In the
20-items subtest Spoonerism children had to pronounce
a pair of words (one syllable, 4 pairs containing conso-
nant clusters) after their onsets had been switched (e.g.,
fein — Dach: dein — Fach). The 12-item subtest Sub-
Syllabic Synthesis required to blend onsets and rimes (4
items) or phoneme sequences (three or four phonemes,
4 items each; e.g., /p/ - /1/ - /a/ -/n/: Plan). For each sub-
test there were two to four practice items, to which cor-
rective feedback was given. The spoken stimuli of each
of the five subtests were played from a CD, which had
been recorded in order to provide standardized stimulus
presentation in the context of the present study. As the
QUIL-D represents an experimental test-version, no
norms were available. Thus, the QUIL-D was not
implemented as a recruitment instrument but was
administered at all three times of testing to analyze the
additional effects of trainings on phonological aware-
ness that were not taken into consideration by BAKO
1-4. The averaged percentage of correct answers across
subtests entered further analyses.

Rapid automatized naming

An adapted version of the German matrices for test-
ing Rapid Automatized Naming by Mayer (2008) was
constructed for the study (see van Ermingen-Marbach
et al. 2014, for details). All stimuli of the adapted ver-
sion consisted of one syllable. The matrices were pre-
sented on four DIN A4 sheets each with 10 lines of five
Stimuli. Each test matrix was preceded by two lines of
practice items, for which corrective feedback was pro-
vided. Children were asked to name the stimuli as fast
as possible. The matrix of letters was followed by matri-
ces of digits, colors and objects. The average number of
items named per second across matrices entered the
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subsequent analyses as measures of rapid automatized
naming fluency. Omitted items were subtracted from
the total number of items in each matrix (»=50). This
measure was used at all three times of testing.

Auditory short-term memory

The Digit-Span task of the German test
Psycholinguistischer Entwicklungstest (Test for
Psycho-Linguistic Development, PET: Zahlenfolgen-
Gedachtnis (ZGF, Angermayer 1974) was conducted
in order to measure the storage capacity of short-term
memory. Series of digits were auditorily presented at a
rate of one digit per second, and children had to imme-
diately repeat them in the given order (28 sequences of
digits increasing in length and consisting of two to
eight items). To determine the starting point of testing,
two series each of the same lengths were provided
initially with increasing length, until the child did not
repeat correctly in the first trial. Sequences containing
one item less were provided subsequently and the test
was continued with sequences of increasing length,
until two consecutive errors occured (two trials per
sequence were accepted). The z-value of this subtest
was included in further analyses as one measure of
auditory memory span.

To assess phonological short-term memory, the sub-
test Mottier of the Ziircher Lesetest (Ziirich Reading
Test, Linder and Grissemann 2000) was conducted.
This 30-item task required to repeat meaningless
consonant-vowel-combinations increasing in length
(two to six syllables). The Mottier was developed in
1951 and norms changed over time with decreasing
performance levels. Given that existing norms from
diverse studies are hardly comparable, the raw total of
items repeated correctly was employed for further
analyses. Stimuli from both memory tasks were played
from a CD, which had been recorded by the Media
Center of the Uniklinik RWTH Aachen to accomplish
standardized stimulus presentation in the present
study. Identical stress and precise articulation of syl-
lables were cared for at the recording. Both memory
tasks were administered at all three times of testing.

Sensory skills
In order to exclude the possibility that basic percep-

tual impairments may cause poor performance during
testing or a poor response to subsequent intervention,
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parts of the German screening Vortests fiir
Wahrnehmungsfunktionen (Pre-Tests for Perception
Functions, WAFW, Sturm 2009) were administered.
Children had to perform three computer-controlled
discrimination tasks along the dimensions of bright-
ness, shape, and loudness without time pressure. The
first subtest required to press a button when a square
or a circle became darker or brighter. In the second
subtest children were asked to decide whether two
figures presented simultaneously were identical or dif-
ferent and to press corresponding buttons. The last
subtest required to indicate changes in loudness. Each
subtest was preceded by standardized instructions
with practice items. When the child's behavior indi-
cated that the instructions had not been understood,
instruction and practice phase were repeated. The per-
centage of correct responses for each subtest was used
for further analyses. To rule out relevant sensory defi-
cits, children scoring lower than 80% in any of the
subtests were excluded from the study. This screening
test was assessed at tl only.

Training procedures

In order to control for confounding effects of other
trainings or therapies, the children were not enrolled in
other remediation programs during the training inter-
val. The trainings were free of charge. All training
sessions took place in silent rooms at children’s homes
or schools in children’s spare time. Two out of seven
speech-language pathologists were assigned to one
child and alternately administered the individual train-
ing. All instructors attended uniform tutorials prior to
the training period making them well familiar with the
detailed written instructions and standardized training
schedules.

In order to ensure treatment fidelity, coaching was
provided by the first author during periods of interven-
tion. Additionally, instructors completed standardized
daily records for each child. Thus, instructors had to
precisely indicate the date and number of each session
as well as each training activity undertaken in the
course of each session. Moreover, they had to provide
detailed information on the success of each session
according to standardized criteria (i.e. reading speed
or percent of items read correctly) and were asked to
add comments on individual strengths or weaknesses
that had been noticed in the course of a session. In
addition, instructors entered general treatment infor-

mation (i.e., codes for instructors and the trained child,
precise time of training) in an online calendar.

Regular controls of the intervention protocols and
the online calendar carried out by the first author con-
firmed that all children received exactly 20 sessions of
training. Thus, there was no difference between groups
regarding the amount of training. Furthermore, there
was only minor variation across all groups concerning
the time period over which sessions were spread
(M=28 days, SD=4.6 days). Thus, given children’s
busy schedules and illnesses, it is remarkable that the
request to do five sessions for four weeks was met very
closely. Adherence to the standardized training sched-
ules was confirmed for every child according to infor-
mation received during coaching and according to the
intervention protocols. Furthermore, it was apparent
from the protocols that the progress through training
activities was carried out according to the criteria
described below (see details for each training sepa-
rately).

As described in the following section, parts of each
training were computerized. All computerized tasks
were implemented on lap-tops. The child sat in front of
the computer and the instructor sat next to the child.
Appearance of items was controlled by the instructor.
Thus, the intervals between stimuli were individually
adapted according to the child's needs. As computer-
ized tasks were rather simply designed, reading times
and reading errors were not recorded by the computer
but monitored by the instructor.

Phonological awareness training

The purely phonological awareness training (PHON)
was conducted with the multimedia version of the
German Wiirzburger Trainingsprogramm (Wiirzburg
program for the training of phonological awareness,
WT, Kiispert et al. 2001). The WT was originally
designed to enhance phonological awareness in kin-
dergarten children at risk for dyslexia as a prevention
tool, but it was shown to be applicable in primary
school remedial reading classes, too. Because the WT
contains rather simple tasks, which partly include
semantic or visual cues, the WT was complemented by
a paper version of the Hortraining zur Entwicklung der
phonologischen Bewusstheit (Hearing training for the
development of phonological awareness, HT, Hollbach
1999). Contrary to the WT, the HT focuses explicitly
on third- and fourth graders. Thus, tasks from the HT



provided a higher level of stimulus difficulty (i.e.
words presented contained more syllables or more con-
sonant clusters) and were presented in a direct training
modus without any cues. Within each session tasks
from both programs were alternated. Whereas tasks
from the WT were done on a computer with legendary
creatures orally presenting the tasks, tasks from the
HT were orally presented by the instructor according
to the program's worksheets in the order specified by
the training schedule. In both programs, tasks that
could not be implemented without reference to written
language were excluded. The tasks were performed
orally. The combination of two programs (WT and
HT) was supposed to meet children’s phonological
training needs as well as to elicit high motivation.
Tasks from both programs were graded for levels of
difficulty according to size of sound units and phono-
logical operation required. The training included 11
levels, starting with the identification of rimes. The
next levels covered the identification of phonemes, the
segmentation of words into syllables, onset-rimes and
phonemes, the blending of syllables, onset-rimes and
phonemes into words as well as the manipulation of
syllables, onset-rimes and phonemes. All stimuli con-
sisted of real words. If 90% of items per level had been
completed successfully in two consecutive sessions,
tasks from the next higher level were administered.

Visually-based reading training

The visually-based reading training (READ) was
administered using the repeated reading program
Blitzschnelle Worterkennung (Word recognition at
lightning speed, BliWo, Mayer 2009). BliWo has been
designed to teach dyslexic children by addressing the
automatized process of reading. The program is based
on 30 orthographic patterns (e.g., all, ast, ang), which
are composed of letter sequences that frequently occur
within German words. The program provides ten
training units sequenced in a non-hierarchical order.
Each unit includes three orthographic patterns and 21
training words containing one of these patterns. The
words are similar in linguistic complexity across train-
ing units concerning the use of consonant di- and tri-
graphs, long and short vowels, and use of consonant
clusters. Moreover, each of the units predominantly
consists of words with one or two syllables, whereas
only few words with three syllables are included in the
whole program. Nouns and verbs are most commonly
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used in each unit, whereas only few adjectives or pro-
nouns are provided. All tasks of the original paper
version were administered in a game-like manner. The
visually-based reading training was complemented by
the computerized version of fast sight word reading
included in the program. This was designed as a simple
power point presentation with trained items separately
appearing at individual positions on the screen (dura-
tion of stimuli presentation 0.5 seconds).

Children worked three to four sessions on the ortho-
graphic patterns and words of each training unit,
respectively. In the first five minutes of the first ses-
sion, three orthographic patterns were repeatedly pre-
sented on cards one by one and pronounced by the
instructor before being pronounced by the children.
After becoming familiar with orthographic patterns,
subsequent games required fast and accurate repeated
reading of these patterns in the next 15 to 20 minutes
of the first session. Finally, the trained orthographic
patterns were repeatedly read in mixed order in the
computerized version of fast sight word reading includ-
ed in the program during the final five to ten minutes.
If >90% of trained orthographic patterns had been
read accurately in the computerized version of fast
sight word reading, repeated reading of words was
trained in the next session. In case the child failed to
read >90% of trained patterns accurately, repeated
reading of orthographic patterns was trained in the
next session again until >90% of trained patterns had
been read accurately.

In the first ten minutes of the second session the
instructor presented and pronounced 21 training words
(containing one of the trained patterns each), before
the children pronounced these training words. After
becoming familiar with the items, in subsequent games
of the remaining second session children were explic-
itly instructed to focus on orthographic similarities
between words. Thus, words sharing the same ortho-
graphic pattern were repeatedly read in a blocked
condition. Alternatively, words were presented in a
scrambled condition and children were asked to group
words according to the shared orthographic pattern
before repeatedly reading them. Furthermore, the tar-
geted orthographic patterns were colored or had to be
colored by the children to enhance awareness for
orthographic consistencies across words.

In the third session, different games required to read
the trained words without highlighting the orthograph-
ic patterns in the scrambled condition. Together the
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tasks of the second and third session were designed in
such a way that each training word had to be read eight
to ten times. Finally, the trained words were read in the
computerized version of fast sight word reading in the
last five to ten minutes of the third session (each train-
ing word presented one to two times). If >90% of
trained words had been read accurately, the next train-
ing unit (containing three orthographic patterns and 21
training words) was administered according to the
procedure described above. In case the child failed to
read >90% of trained patterns accurately, repeated
reading of words was trained in the next session until
>90% of trained patterns had been read accurately in
the computerized version of fast sight word reading.

After having worked on 2 training units (covering 6
orthographic patterns and 42 words containing these
patterns), trained contents were rehearsed in the fol-
lowing session. Again, if >90% of trained words per
training unit had been read accurately in the computer-
ized version of fast sight word reading at the end of this
session, the next training unit was administered. In
case the child failed to read >90% of trained words
accurately, trained contents were rehearsed in the fol-
lowing session once more.

Phonology-based reading training

The phonology-based reading intervention
(PHONICS) was administered by using the Kieler
Leseaufbau (Kiel program for building up reading
skills, KLA, Dummer-Smoch and Hackethal 2007a),
which was designed for the instruction of normally
reading and dyslexic children. According to descrip-
tions of Ehri and colleagues (2001a), the KLA follows
the idea of PHONICS instruction, as it explicitly
teaches grapheme-phoneme correspondences sequen-
tially, before teaching to blend phonemes into syllables
and syllables into words.

The game-like paper version of the program pro-
gresses systematically in 12 steps differing in linguis-
tic complexity. Thus, only consonants that can be
prolonged (/m/, /t/, /s/, m/, /f/, /1/, /wl, /z/) are included
from level one to four in order to enhance the tech-
nique of blending. Accordingly, plosive sounds are
introduced only after level four. For the same reason,
short vowels in the first syllable of a word are not pro-
vided until the last level of training. Moreover, words
with simple word structure (i.e., vcv, cvcv) are pro-
vided from level one to ten, whereas words containing

consonant clusters (i.e., ccvey, ccveve, cveey, Cveeve)
are provided at levels 11 and 12 only. Items requiring
the application of orthographic rules for correct read-
ing are not included in the program. Forty regular
words are trained at each level, respectively (except for
level one with 16 words and level 10 with 24 words).
Nouns and verbs are most commonly used in this
training, whereas only few adjectives and pronouns are
provided. Words included in the program predomi-
nantly consist of two syllables, whereas only few
words consist of one, three or four syllables.

Because in the present study parts of PHON and
READ were computerized, the KLA was comple-
mented by computerized tasks requiring visual identi-
fication of syllables Der Neue Karolus (The New
Carolus, Dummer-Smoch and Hackethal 2007b). These
tasks are constructed according to the steps and the
items of KLLA and designed as a simple memory game
(duration of stimulus presentation was triggered by the
child).

In the first five to ten minutes of each session chil-
dren were asked to blend phonemes into syllables by
accurately reading a syllable table up to four times.
Furthermore, reading fluency was addressed by read-
ing each syllable table as fast as possible. Two to four
consecutive tasks during the next 15 to 20 minutes of
each session required blending of trained syllables into
real words as well as segmenting real words into
trained syllables. Each session was completed by a
computerized task requiring visual identification of
identical syllables or of syllables which add up to a
word during the final five to ten minutes.

In order to control for children’s progress, accurate
and fast reading of syllables included in one training
level was tested on the basis of additional syllable
tables (Variabolus, Clarkson-Grabs 2006). According
to criteria specified in Variabolus, the next level of
training was administered if >95% of tested syllables
(k=90) had been read accurately in 70 seconds (level
one to ten) or 60 seconds (level 11 and 12).

Statistical analysis

The assumptions of homogeneity of variance and of
normal distributions were violated for some variables.
Therefore, nonparametric tests were applied consis-
tently. The primary outcome variables in the current
study were changes, i.e. difference scores between two
assessment occasions, in the KNUSPEL-L subtests



Recoding, Decoding and Reading Comprehension.
The secondary outcome variables were changes in
phonological awareness performance (BAKO 1-4;
QUIL-D). Since we were primarily interested in
detailed comparisons of training methods among
training groups and the control group, we specifically
carried out nonparametric pairwise group compari-
sons for both performance differences (t2—tl; t3—tl)
separately. The exact Mann-Whitney U test was car-
ried out on six pairs of groups. Then, the Bonferroni-
Holm correction for multiple comparisons was applied
in order to control for a family-wise error rate of 5%
for each task (Holm 1979).

Differential improvement between pairs of groups
identified by pairwise comparisons cannot tell whether
these effects also represent substantial improvements
for each single group. Therefore, Wilcoxon signed
ranks tests were used to assess the significance of
training effects within each single group concerning
those variables, for which the pairwise group com-
parisons had revealed significant differences. An
adjusted alpha level of P<0.0125 (i.e. P<0.05/4 for one-
tailed hypotheses) was employed for each comparison,
because the Wilcoxon signed ranks test was carried
out on each of four groups. Values of 0.0125<P<0.025
were interpreted as trends.

RESULTS

The present study investigated differential effects of
three trainings on reading performance of dyslexic
primary school children with weak phonological
awareness. Thus, data on improvement of different
reading skills are presented first, followed by data on
improvement of phonological awareness. Descriptive
statistics for each of the reading outcome variables (tl,
t2, t3) are reported in Table II, whereas descriptive
statistics for phonological awareness are reported in
Table III.

Primary outcome measure: Improvement of
reading

Direct improvement of reading

The exact version of the Mann-Whitney U test using
the Bonferroni-Holm correction for multiple compari-
sons revealed no significant differences in mean
improvement of recoding (t2—t1) for any pair of groups.
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Thus, mean improvement of recoding (t2—tl) in PHON
(M,=3.00, SD,,~=7.73) did not differ significantly from
mean improvement in PHONICS (M,,=0.90,
SD,,~=4.65), READ (M,,=4.00, SD,~=5.46) and CON
(M,;=0.45, SD,;/=3.99), (P=0.436, P=0.971 and
P=0.315, respectively). Furthermore, mean improve-
ment of recoding (t2—tl) in PHONICS and READ
(P=0.353), PHONICS and CON (P=0.631) as well as in
READ and CON (P=0.089) did not differ significantly
either.

The exact version of the Mann-Whitney U test
revealed that mean improvement of decoding (t2—tl) in
PHONICS (M,,=10.45,SD,;;=6.46) and CON (M,;,=0.75,
SD,;~=4.49) differed significantly (P-adjusted=0.012).
Furthermore, mean improvement of decoding (t2-t1) in
PHONICS and PHON (M,,=2.15, SD,,~=7.19) differed
significantly (P-adjusted=0.045). In contrast, mean
improvements (t2—t1) of decoding found for PHONICS
and READ (M,=2.85, SD;;=9.37, P=0.052) as well as
found for READ and CON (P=0.579) were not signifi-
cantly different. Finally, mean improvements (t2—t1) of
decoding found for PHON and CON (P=0.796) as well
as found for PHON and READ (P=1.000) were not
significantly different either. These results suggest that
the short-term effect (t2—tl) found for PHONICS is
more substantial than the effects found for CON and for
PHON with respect to decoding.

The exact version of the Mann-Whitney U test
revealed that mean improvement of reading compre-
hension (t2-t1) in READ (M,,,~=10.80, SD,,=12.51) and
PHONICS (M,,=—-1.05, SD,,=7.72) differed signifi-
cantly (P-adjusted=0.042). In addition, mean improve-
ment of reading comprehension (t2—t1) in READ and
CON (M,=0.45, SD,.=3.77) differed significantly
(P-adjusted=0.035). Furthermore, mean improvement
of reading comprehension (t2—t1) in PHON (M,;,=10.95,
SD,;=10.50) and PHONICS differed significantly
(P-adjusted=0.036). Finally, mean improvement of
reading comprehension (t2—t1) in PHON and CON dif-
fered significantly (P-adjusted=0.027). In contrast,
mean improvement (t2—tl) of reading comprehension
found for PHON and READ were not significantly dif-
ferent (P=0.912). Likewise, mean improvement (t2—t1)
of reading comprehension found for PHONICS and
CON were not significantly different either (P=1.000).
These results suggest that the short-term effects (t2—t1)
found for PHON and READ each are more substantial
than the effects found for PHONICS and for CON with
respect to reading comprehension.
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Table 11

Performance in reading skills over time of the training study (t1, t2, t3)

PHON PHONICS READ CON
Variable M SD M SD M SD M SD
Reading ability" t1 37.2 11.0 38.1 7.4 36.0 11.0 60.4 6.0
t2 44.1, 5.7 42.6 11.2 435, 12.7 61.2 6.0
t3 47.7, 10.8 429, 8.8 442, 10.1 61.0 5.5
Recoding? t1 423 8.9 44.8 7.3 42.1 7.4 60.0 6.2
2 453 3.0 45.7 8.6 46.1, 7.9 60.5 5.5
t3 43.5 9.3 454 7.1 45.4 7.8 60.3 6.4
Decoding? t1 42.9 8.7 37.3 5.1 40.8 7.0 58.2 7.4
t2 45.1 6.2 47.7, 8.2 43.6 8.6 59.0 8.1
t3 47.1 11.9 420, 6.0 44.6 8.1 58.7 8.2
Comprehension? t1 343 17.6 39.7 10.0 33.9 17.7 57.3 2.9
t2 453, 10.5 38.7 14.5 44.7 , 18.5 57.7 39
t3 495, 10.4 453 12.8 459, 17.8 57.6 3.5
Fluency’ t1 60.2 22.9 60.3 20.1 62.2 27.2 26.1 6.4
2 54.5 15.5 54.4 15.0 58.3 33.6 25.8 5.5
t3 51.3, 15.7 52.1 19.0 453, 25.0 242 3.5
Accuracy* t1 1.9 1.9 2.3 2.0 3.4 2.8 0.3 0.7
t2 2.0 1.6 1.4 1.2 2.3 1.9 0.5 0.5
t3 1.6 1.4 1.0 1.2 22 1.7 0.0 0.0

(PHON) Phonological awareness training; (PHONICS) phonology-based reading training; (READ) visually-based
reading training; (CON) control group. (a, b) Significant differences (P<0.0125; one-sided) between test occasions within
a single group according to exact Wilcoxon signed ranks tests; (c) trend of difference (P<0.025; one-sided) between test
occasions within a single group according to exact Wilcoxon signed ranks tests; (a) performance (at t2 resp. t3) differs
significantly from performance at t1; (b) performance at t3 differs significantly from performance at t2; (c) results (at t2
resp. t3) show a trend towards better performance compared to t1. (1) Total score (z-values) based on subtests Recoding,
Decoding and Reading Comprehension from Knuspel-L; (2) #-values of single subtests from Knuspel-L; (3) reading time
(seconds) of subtest Text Reading from SLRT; (4) number of reading errors of subtest Text Reading from SLRT.

Next, paired-sample tests were conducted compar-
ing reading performance at tl and t2 within each group
concerning the variables decoding and reading com-
prehension, for which the pairwise group comparisons
had revealed significant effects. Wilcoxon signed
ranks tests comparing decoding performance (t1 ver-
sus t2) within each group revealed significant improve-

ment for PHONICS (P=0.002). In contrast, no signifi-
cant short-term improvements were revealed for PHON
(P=0.244), READ (P=0.221) and CON (P=0.313).
These results demonstrate that the short-term effect in
decoding found for PHONICS when compared to
PHON and CON by the between-group comparisons
represents substantial improvement within this group.
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Table III

Performance in phonological awareness, auditory short term memory and ran over time of the training study (t1, t2, t3)

PHON PHONICS READ CON
Variable M SD M SD M SD M SD
PA (BAKO)' tl 438 3.0 412 5.5 40.2 52 517 8.7
") 473 5.6 481, 5.8 40.7 5.5 554, 48
3 495, 59 481, 48 447., 5.1 565. 3.1
PA (QUIL-DY’ tl 0.80  0.05 077 0.10 0.69 0.15 089  0.06
") 089, 004 077 0.11 0.68 0.22 090  0.06
t3 0.88,  0.05 0.81 0.13 079, 0.14 0.95,, 0.03
Memory digits* t1 47.0 2.3 424 13.2 40.4 7.9 51.8 7.2
") 44.1 8.1 39.8 13.8 40.1 6.1 49.8 11.1
t3 482 4.7 40.6 13.6 419 7.6 51.8 6.5
Memory syllables* t1 20.3 3.0 15.9 3.1 16.5 5.6 21.9 4.4
) 20.5 45 18.2 4.0 17.5 42 218 4.1
t3 21.6 3.9 17.5 3.3 19.4 4.0 235 2.8
Rapid naming’ tl 116 0.17 120 025 1.18 0.17 1.41 0.17
") 124 0.16 1.18 0.20 1.16 0.21 147 023
t3 1.28 0.17 122 021 123, 023 148 027

(PHON) Phonological awareness training; (PHONICS) phonology-based reading training; (READ) visually-based
reading training; (CON) control group. (a, b) Significant differences (P<0.0125; one-sided) between test occasions within a
single group according to exact Wilcoxon signed ranks tests; (c) trend of difference (P<0.025; one-sided) between test
occasions within a single group according to exact Wilcoxon signed ranks tests. (a) Performance (at t2 resp. t3) differs
significantly from performance at t1; (b) performance at t3 differs significantly from performance at t2; (c) results (at t2 resp.
t3) show a trend towards better performance compared to tl. (1) Total Score (z-value) of phonological awareness (PA) on
phoneme level based on all subtests from BAKO 1-4; (2) averaged percentage of correct answers across subtests Syllable
Identification, Syllable Segmentation, Rhyme Identification, Spoonerism and Sub-Syllabic Synthesis from QUIL-D; (3)
t-value of subtest Digit-Span from PET; (4) raw value of correct answers from Mottier; (5) rapid automatized naming (RAN)
expressed by the number of items named per second averaged across matrices of letters, digits, colors and objects.

Wilcoxon signed ranks tests comparing reading
comprehension performance (t1 versus t2) within
groups revealed significant improvements for PHON
(P=0.007) and for READ (P=0.010). In contrast, no
significant improvements were revealed within
PHONICS (P=0.500) and CON (P=0.385).

To summarize, these results demonstrate that the
short-term effect in decoding found for PHONICS
when compared to CON and to PHON represents
substantial improvement within this group.

Furthermore, the short-term effects in reading com-
prehension identified for PHON and READ by the
between-group comparisons represent substantial
improvements within each of the single groups con-
cerned. For a survey of significant improvements
(t2—t1, t3—t1) within each group and for each reading
variable cf. Table II.

Finally, a series of between-group comparisons on
performance differences (t3—tl) and a series of within-
group comparisons (t1 versus t3) were conducted in
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order to explore long-term improvements of reading.
Results of these analyses are reported in the following
section.

Long-term improvement of reading

The exact version of the Mann-Whitney U test using
the Bonferroni-Holm correction for multiple compari-
sons revealed no significant differences in mean
improvement of recoding (t3—t1) for any pair of groups.
Thus, mean improvement of recoding (t3—tl) in PHON
(M,,~1.20, SD,,;~7.78) did not differ significantly from
meanimprovementin PHONICS (M,,,=0.55,SD,,=3.56,
P=0.971), READ (M,;;=3.30, SD,,=5.75, P=0.280) and
CON (M,=0.30, SD,=4.35, P=0.912). Furthermore,
mean improvement of recoding (t3—tl) in PHONICS
and READ (P=0.280), PHONICS and CON (P=0.631)
as well as READ and CON (P=0.190) did not differ
significantly either.

Similarly, the exact version of the Mann-Whitney U
test revealed no significant differences in mean
improvement of decoding (t3—tl) for any pair of
groups. Thus, mean improvement of decoding (t3—t1)
in PHON (M,,=4.20, SD,;=7.93) did not significantly
differ from mean improvement in PHONICS (M,;,=4.75,
SD,=5.67, P=0.684), READ (M,;=3.85, SD,;~10.16,
P=0.796) and CON (M,,;=0.45, SD,;=6.37, P=0.353).
Furthermore, mean improvement of decoding (t3—tl)
in PHONICS and READ (P=0.971), PHONICS and
CON (P=0.143) as well as READ and CON (P=0.165)
did not differ significantly either.

The exact version of the Mann-Whitney U test
revealed that mean improvement (t3— tl) of reading
comprehension in PHON (M,,=15.15, SD,,~12.49) dif-
fered significantly (P-adjusted <0.001) from mean
improvement in CON (M,,,=0.30, SD,,=4.51). In con-
trast, mean improvement of reading comprehension
(t3—tl) in PHON did not significantly differ from mean
improvement in PHONICS (M,,~=5.60, SD,,~10.07,
P=0.165) and READ (M,~12.05, SD,,~10.95,
P=0.684). Furthermore, mean improvement of reading
comprehension (t3-tl) in PHONICS and READ
(P=0.218), PHONICS and CON (P=0.190) as well as
READ and CON (P=0.023) did not differ significantly
either. These results suggest that the long-term effect
(t3—t1) found for PHON is more substantial than the
effect found for CON but does not significantly differ
from the long-term effects found for the other training
groups with respect to reading comprehension.

Next, Wilcoxon singned ranks tests were conducted
comparing reading comprehension performance at tl
and t3 within each group. Significant improvement of
reading comprehension was revealed for PHON
(P=0.002) and READ (P=0.002). In contrast, no sig-
nificant improvement of reading comprehension was
found for PHONICS (P=0.064) and CON (P=0.472).
These results indicate that the long-term effect (t3—t1)
in reading comprehension found for PHON when com-
pared to CON represents substantial improvement
within this group. Interestingly, long-term improve-
ment of reading comprehension represents substantial
improvement within READ, although long-term
improvement in reading comprehension for READ did
not differ significantly from long-term improvement
for PHONICS and CON according to the pairwise
group comparisons. In contrast, long-term improve-
ments in PHONICS and CON do not represent sub-
stantial changes within each of these two groups.

To summarize, the between-group and within-group
comparisons indicate that improvements of decoding
and reading comprehension differed across groups.
The direct effect in decoding found for PHONICS as
well as the direct effects in reading comprehension
found for PHON and READ by the pairwise group
comparisons represent substantial improvements in
each of the single groups concerned. Finally, the
results indicate that, irrespective of which training the
children got, at t3 long-term improvement of reading,
as compared to tl, is relatively similar across all
groups, with some deviating patterns in decoding and
reading comprehension at t2.

Secondary outcome measure: Improvement of
phonological awareness

Further, we carried out nonparametric pairwise group
comparisons for both performance differences (t2—tl;
t3—t1) on phonological awareness separately to compare
the effects of different training conditions on phonologi-
cal awareness. Again, dependent-samples tests were
additionally used to assess the significance of training
effects within each single group, taking into account
those variables for which the pairwise group compari-
sons had revealed significant effects. Both kinds of
analyses were conducted on phoneme awareness scores
(BAKO 1-4) first, whereas the subsequent analyses
were concerned with phonological awareness scores on
the level of syllable and onset-rime (QUILD-D).



Direct improvement of phonological awareness

The exact version of the Mann-Whitney U test using
the Bonferroni-Holm correction for multiple compari-
sons revealed that mean improvement of phoneme
awareness according to BAKO 1-4 (t2—t1) in PHONICS
(My=6.91, SDy~6.10) and READ (M,~=0.53,
SD,=2.72) differed significantly (P-adjusted=0.024).
In contrast, mean improvement of phoneme awareness
(t2—tl) found for PHONICS was not significantly dif-
ferent from mean improvement found for PHON
(M=3.53, SD,=5.04, P=0.105) and for CON
(M,,=3.73, SD,;=4.91, P=0.143). Furthermore, mean
improvement (t2-tl) of phoneme awareness found for
PHON was not significantly different from mean
improvement found for READ (P=0.165) and CON
(P=0.971) either. Finally, mean improvement (t2—tl) of
phoneme awareness found for READ and CON was
not significantly different (P=0.143).

Next, paired-sample tests were conducted compar-
ing phoneme awareness at t1 and t2 within each group,
in order to assess whether differential improvement
between pairs of groups identified by pairwise com-
parisons also comprises substantial improvement for
each single group. Wilcoxon signed ranks tests revealed
significant improvement for PHONICS (P=0.010) and
a trend of difference for CON (P=0.013). In contrast,
no significant improvement of phoneme awareness
was found for PHON (P=0.030) and READ
(P=0.322).

The exact version of the Mann-Whitney U test
revealed no significant differences in mean improve-
ment of phonological awareness on the levels of sylla-
ble and onset-rime according to QUIL-D (t2—tl) for
any pair of groups. Thus, mean improvement of phono-
logical awareness (t2-tl) in PHON (M,,=0.09,
SD,;;=0.05) did not differ significantly from mean
improvement in PHONICS (M,,=0.00, SD,,=0.16,
P=0.436), READ (M,,=-0.003, SD,=0.15, P=0.165)
andCON (M,,;=0.01,SD,,;=0.07, P=0.011). Furthermore,
mean improvement of phonological awareness (t2—tl)
in PHONICS and READ (P=0.971), PHONICS and
CON (P=0.739) as well as READ and CON (P=0.912)
did not differ significantly either.

Together, these results suggest that the direct effect
(t2—t1) found for PHONICS is more substantial than
the effect found for READ with respect to phoneme
awareness and that this direct effect represents sub-
stantial improvement within PHONICS. In contrast
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with the between—group difference concerning direct
improvement of phoneme awareness, mean improve-
ment of phonological awareness on the levels of sylla-
ble and onset-rime (t2—tl) was not significantly differ-
ent for any pair of groups.

Long-term improvement of phonological awareness

The exact version of the Mann-Whitney U test
revealed no significant difference in mean improve-
ment of phoneme awareness (t3—tl) according to
BAKO 1-4 for any pair of groups. Thus, mean
improvement of phoneme awareness (t3-t1) in PHON
(M,=5.76, SD.=5.89) did not differ significantly
from mean improvement in PHONICS (M,,=6.93,
SD,=4.57, P=0.579), READ (M,;=4.57, SD;~4.16,
P=0.684) and CON (M,;~4.89, SD,,;~6.64, P=0.796).
Furthermore, mean improvement of phoneme aware-
ness (t3-t1) in PHONICS and READ (P=0.247),
PHONICS and CON (P=0.315) as well as READ and
CON (P=0.971) did not differ significantly either.

Similarly, the exact version of the Mann-Whitney U
test revealed no significant differences in mean
improvement of phonological awareness on the levels
of syllable and onset-rime (t3—tl) according to QUIL-D
for any pair of groups. Thus, mean improvement of
phonological awareness (t3—t1) in PHON (M~ 0.08,
SD,;;=0.07) did not significantly differ from mean
improvement in PHONICS (M,,=0.04, SD,,~=0.17,
P=0.853), READ (M,,~0.10, SD,;=0.11, P=0.912) and
CON (M,~=0.07, SD,;;=0.07, P=0.912). Furthermore,
mean improvement of phonological awareness (t3—t1)
in PHONICS and READ (P=0.684), PHONICS and
CON (P=1.000) as well as READ and CON (P=0.853)
did not differ significantly either.

Altogether, the results indicate that at t3 long-term
improvement of phonological awareness on the levels
of phoneme, syllable and onset-rime, as compared to
tl, is relatively similar across all groups, with a deviat-
ing pattern in phoneme awareness at t2. For a survey
of the significant improvements (t2—tl, t3—t1) within
each group for phoneme awareness and phonological
awareness on the levels of syllable and onset-rime see
Table III.

DISCUSSION

The present study compared the effects of three
training programs with respect to recoding, decoding
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and reading comprehension in German-speaking dys-
lexic third and fourth graders with weak phonological
awareness skills. The major goal of the present study
was to investigate whether phonological awareness
training is an effective intervention to significantly
improve reading skills in German dyslexic third and
fourth graders with weak phonological awareness
skills, and whether these children can equally benefit
from a phonology-based reading training or a visually-
based reading training.

First of all, we found that these children can differ-
entially benefit from a phonology-based reading train-
ing in terms of directly improved decoding.
Furthermore, we were able to show that two effective
ways to directly improve reading comprehension
involve either a phonological awareness training
(PHON) or a visually-based reading training (READ)
butnotaphonology-based reading training (PHONICS).
However, despite divergent patterns at t2, the long-
term improvement of decoding and reading compre-
hension at t3 as compared to t1 was relatively similar
across all training groups, irrespective of the training
the children got. The direct effect on reading compre-
hension shared by the two most contrastive interven-
tions deserves special consideration and will be dis-
cussed before the direct effect on decoding found for
PHONICS in the following section.

Direct effects on reading comprehension

Effects of phonological awareness training on read-
ing comprehension were to be expected on the base of
two cross-linguistic meta- analyses (Bus and van
Ijzendoorn 1999, Ehri et al. 2001b). The findings of the
present study are in line with both analyses, as both
found a positive impact of phonological awareness
trainings on reading comprehension. Furthermore, an
effect of phonological awareness training on reading
comprehension seems reasonable, as several studies
concerned with consistent orthographies suggest that
phonological awareness plays an important role in the
development of reading comprehension throughout the
period of primary school (Schneider and Néslund
1993, Landerl 2001, 2003, Miiller and Brady 2001,
Schiff et al. 2011).

Usually, it is suggested that the effect of phonologi-
cal awareness on reading comprehension is mediated
by an effect on decoding. However, in the present
study a clear effect on reading comprehension was

found although the phonological awareness training
did not significantly improve decoding. This is in line
with the result of a study which explored the impact of
phonological awareness on reading comprehension in
a large sample of Norwegian first graders (Engen and
Hoien 2002). Thus, Engen and Hoien (2002) found that
phonological awareness had a direct impact on reading
comprehension above the indirect phonological effect
mediated by decoding skills. They proposed that the
direct effect of phonological awareness on reading
comprehension might be due to the fact that phono-
logical awareness is related to further skills like
vocabulary knowledge. Vocabulary knowledge, in
turn, has been found to be a critical factor in reading
comprehension development in consistent orthogra-
phies and the rather inconsistent English orthography
(e.g., de Jong and van der Leij 2002, Muter et al. 2004).
Thus, future assessment of vocabulary would be an
important extension in order to investigate whether
vocabulary knowledge contributes to the effects on
reading comprehension found in this study.

The direct effect of READ on reading comprehen-
sion seems more straightforward than the effect of
PHON on this particular skill, since repeated reading
of orthographic patterns and sight words was trained.
Originally, repeated reading techniques aimed to
improve automatized word recognition, which, in turn,
provides cognitive capacity for reading comprehension
beyond the word level (LaBerge and Samuels 1974,
Samuels 1979). Accordingly, meta-analyses for repeat-
ed reading techniques reported positive effects on
reading comprehension (meta-analysis of the NRP,
2000, Therrien 2004). One typical feature of these
analyzed programs was that passages were read aloud
several times. Moreover, further studies found that the
effect of repeated reading is not limited to repeated
reading of passages but applies to word reading, too.
Thus, interventions similar to the training used in the
current study, focusing on repeated reading of isolated
sight words, also transferred to reading comprehension
in English speaking dyslexic children (e.g., Levy et al.
1997, McArthur et al. 2013).

Repeated reading has so far not been a common
method to enhance reading skills in German. One out
of only few published studies on repeated reading pro-
grams concerned with German dyslexic primary
school children focused on the repeated reading of
onset clusters and words (Thaler et al. 2004). The
authors reported improved reading fluency of trained



words and small generalization effects to untrained
words, but unfortunately did not assess effects on read-
ing comprehension. In the study by Thaler and coau-
thors (2004) a very limited set of orthographic patterns
and training words was clearly presented more often
(four different onset clusters occurring in eight train-
ing words each were presented up to 150 times) com-
pared to the present study. However, results of the
present study suggest that an intervention providing a
larger set of orthographic patterns and training words
(up to 21 orthographic patterns occurring in seven
training words each), which is presented with rather
low frequency (eight to eleven presentations per word)
may also result in significant effects on reading skills.
Therefore, setting a focus on reading a wide range of
stimuli sharing a large set of orthographic patterns
instead of setting a focus on a very high number of
reading repetitions seems suitable to transfer to read-
ing comprehension.

Finally, particularly emphasizing orthographic sim-
ilarities between words might be a further aspect lead-
ing to the transfer on reading comprehension. Children
seem to be unable to abstract orthographic representa-
tions at the sub-lexical level when trained at the lexical
level (e.g., Thaler et al. 2004). Thus, the explicit
instruction to focus on orthographic similarities
between words used in the present study may not only
have set up single orthographic representations but
might also have made children generally aware that
orthographic consistencies exist within words (Conrad
and Levy 2011). This “orthographic awareness”
(Conrad and Levy 2011) may have improved reading
comprehension in turn.

The absent direct effect on reading comprehension
by PHONICS instruction in the current study con-
trasts with the small but significant effect on reading
comprehension revealed by the meta-analysis in older
dyslexic readers (Ehri et al. 2001a). The meta-analysis
revealed the effectiveness of PHONICS instruction
approaches not only concerned with phonemes but
with larger sub-syllabic units, too (e.g., onsets and
rimes). Unfortunately, in the meta-analysis effects of
syllable-based PHONICS instruction were not
explored, which was an important part of PHONICS
in the current study. Also contrary to the present
study, McArthur and coworkers (2013) recently found
a direct effect of phonics instruction on reading com-
prehension in children with dyslexia, too. Thus, it is
necessary to discuss, why PHONICS did not lead to a
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direct improvement of reading comprehension. Very
similar to our study, in the study of McArthur and
others (2013) the children were asked to do five
30-min sessions per week, but the children received
the double number of sessions (40 sessions in total vs.
20 sessions in the current study). Thus, for future
work, it seems reasonable to increase the total dura-
tion of PHONICS instruction. This would allow all
children to progress through all training levels,
because only some of the children in the present study
progressed fast enough to practice reading the most
difficult grapheme-phoneme associations of the pro-
gram (e.g., including consonant clusters). Furthermore,
findings of the meta-analysis by Suggate (2010) indi-
cate that phonics instruction generally has a larger
impact on reading in younger than in older children.
Similarly, the meta-analysis of the NRP reported by
Ehri and others (2001a) revealed smaller effects on
reading when PHONICS instruction was adminis-
tered beyond first grade and larger effect sizes for
fluency instruction than for PHONICS instruction in
second through sixth grade. Thus, in view of the age
of the dyslexics in the present study it should be con-
sidered to follow the proposal of Ehri and colleagues
(2001a) to couple PHONICS instruction in older chil-
dren with other effective methods of reading instruc-
tion. This proposal is in line with the study of
McArthur and coauthors (2013), who compared pho-
nics training and sight word training in children with
dyslexia and explored if different orders of these
training have different effects on reading skills. Both
kinds of trainings were found to improve reading
comprehension. Further, implementing phonics
instruction before sight word reading instruction had
a small advantage over the reverse order. Thus, con-
sidering McArthurs's findings it seems promising to
complement the PHONICS instruction used in the
present study with sight word reading. Findings of the
present study also suggest that a combination of
PHONICS and sight word reading might be a promis-
ing approach. The most substantial direct improve-
ment of decoding in the current study was found for
PHONICS. Thus, the significant direct improvement
of the PHONICS training on decoding as well as the
significant effect of sight word training (READ) on
reading comprehension in the current study suggest
that the combination of both types of training might
lead to wide-ranging effects on different reading
skills in German children with dyslexia.
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Direct effects on decoding

In contrast to PHON and READ, improvement of
basic reading skills would rather be expected for the
PHONICS condition. In the phonology-based training
the routines of grapheme-phoneme blending and of
blending larger subunits of words (syllables) were
taught explicitly. Indeed, the direct effect on decoding
found for this training is in line with findings from a
meta-analysis of the NRP reported by Ehri and
coworkers (2001a), which revealed that PHONICS
instruction had a particular impact on decoding of
pseudo-words in dyslexic readers from second up to
sixth grade. Furthermore, the finding that a syllable-
based PHONICS training improves decoding is in line
with a previous German study on training effects for
the KLA program used here (Strehlow et al. 1999). In
the cited study German dyslexics were trained, but no
control group was included. In contrast, a recent study
including a KLA training group, a spelling training
group, a dyslexic and a normally reading control group
found no effect on standardized values of decoding for
the KLA (Groth et al. 2013). Differences concerning
the inclusion criteria, (reading and spelling problems
vs. reading problems in the present study) and the
intensity of trainings (twice a week vs. five times a
week in the present study) might explain the selective
effect of the KLA on decoding in the present study,
which was absent in the study of Groth and others
(2013).

As mentioned above, the effect on decoding was
found for the PHONICS intervention but not for the
PHON intervention. In contrast to the present study,
earlier work concerned with German dyslexics did
report a positive impact of pure phonological aware-
ness training (as provided in the PHON group) on
decoding (Schneider et al. 2000). According to find-
ings of the meta-analysis of the NRP, Ehri and coau-
thors (2001b) reported that phonological awareness
instruction focusing on one or two skills has a larger
effect on basic reading skills than phonological aware-
ness instruction training multiple phonological aware-
ness skills. Based on these results it seems reasonable
to assume that reducing the administered training to
only one to two tasks at the phoneme level exclusively
instead of multiple tasks operating with either sylla-
bles, onset-rhymes, or phonemes would have led to
effects on basic reading skills like recoding or decod-
ing. Furthermore, combining phonological awareness

and letter training might have facilitated effects for
recoding or decoding (e.g., Bus and van Ijzendoorn
1999, Roth and Schneider 2002).

Similar to the PHON intervention, no effect on
decoding was found for the READ group. Effects on
decoding are not necessarily expected after repeated
reading training of sight words. Missing effects of
repeated reading on these reading skills in the READ
group are thus not surprising, because the primary
theoretical motivation of reading orthographic patterns
and sight words is not to strengthen single grapheme-
phoneme correspondences but to improve automatized
visual word recognition (LaBerge and Samuels 1974,
Samuels 1979).

Stability of training effects over time
Long-term effects on reading comprehension

In contrast to the effect on reading comprehension
found for READ, the effect of PHON on reading com-
prehension remained stable until follow-up assessment
(t3) when compared to CON. Furthermore, long-term
effects for PHON and for READ did not exceed the
long-term improvements found for PHONICS with
respect to reading comprehension any longer. Thus,
although PHONICS did not lead to a direct improve-
ment of reading comprehension, this group caught up
with the other training groups until t3. However, the
long-term improvement found for PHONICS with
respect to reading comprehension still was not strong
enough to significantly exceed the long-term improve-
ment found for CON. Furthermore, only within PHON
and READ but still not in PHONICS the long-term
improvements represent a substantial change of read-
ing comprehension, respectively. In summary, despite
divergent patterns at t2, the long-term improvement of
reading comprehension at t3 as compared to tl tended
to be relatively similar across all training groups, irre-
spective of the training the children got. The divergent
pattern at t2 speaks in favor of different direct mecha-
nisms involved in the improvement of reading, when
different approaches are applied. However, the rela-
tively similar pattern at t3 reveals, that, in the long run,
reading comprehension can be consistently improved
based on these different direct mechanisms.

No significant effects on decoding were found
according to between-group comparisons. This aspect
will be addressed in the following section.



Long-term effects on decoding

In contrast to the favorable long-term results of
PHON on reading comprehension, the long-term effect
on decoding found only for PHONICS was less stable.
Nevertheless, the fact that there was still a trend for a
significant increase in decoding from tl to t3 (see
Table II) puts the slight decrease from t2 to t3 into
perspective. In sum, the absent long-term effect on
decoding as well as the missing direct impact on read-
ing comprehension found for the PHONICS training,
require reconsideration of this intervention. Proposals
to introduce improvements have already been dis-
cussed above.

Effects on phonological awareness

The between-group comparisons revealed that the
direct improvement of phoneme awareness (as mea-
sured by the BAKO 1-4 score) found for PHONICS
was more substantial than the direct improvement
found for READ, and only improvement (t2—tl) of
phoneme awareness in PHONICS was significant in
the paired-sample test. It is in line with findings con-
cerning the development of phoneme awareness in
younger German children that the development of poor
phoneme awareness in German dyslexic children in
the advanced stage of reading acquisition seems to be
facilitated most effectively by the PHONICS training.
Thus, the initial development of phonemic awareness
in German speaking children is usually facilitated as
soon as the phonics instruction begins in primary
school (Wimmer et al. 2000). Hence, additional pho-
nics training after the formal phonics instruction in
primary school is terminated provides added value
with regard to phoneme awareness in older German
children with dyslexia and weak phonological aware-
ness.

In contrast to the direct effect on phoneme aware-
ness found for PHONICS, direct improvement of pho-
nological awareness on the level of syllable and onset-
rime (as assessed with the QUIL-D score) was not
significantly different in any pair of groups.
Interestingly, only improvement of phonological aware-
ness at the levels of syllables and onset-rime (accord-
ing to QUIL-D) within PHON was significant in the
paired-sample test, whereas this time, no significant
improvement within PHONICS was found. Thus, pho-
nological awareness training in older German primary
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school children focusing on multiple phonological
units without any reference to written language seems
to particularly facilitate awareness of phonological
units larger than phonemes.

Furthermore, the paired-sample test revealed that
phoneme awareness within CON (as measured by
BAKO) tended to improve. Whereas the finding that
phonological awareness directly improved after both
phonologically oriented trainings (PHON and
PHONICS) is supposed to reflect specific effects of
training, this does not apply to the non-trained control
group. Thus, not only in the initial (Wimmer et al.
2000) but also in the advanced stage of reading acqui-
sition typically developing German speaking children
can further develop their phoneme awareness in the
course of regular reading practice in primary school
without any additional phonological training.

In contrast, this was not the case in the dyslexic
children in the present study. Thus, children, who
received a visually-based reading training, were not
able to improve phonological awareness in the short
run. As phonological awareness did not significantly
improve until t3 in the READ condition, this late pho-
nological increase seems to imply enhanced reading
skills, which were directly evident at t2. This leads to
two conclusions concerning the reciprocal relationship
between reading and phonological awareness: First, a
certain level of reading ability seems to be needed,
before phonological awareness can further emerge
naturally in German dyslexic third and fourth graders.
Second, improvements of reading in older German
dyslexic primary school children are not necessarily
matched by an improvement in phonological aware-
ness, because reading comprehension was directly
improved by a visually based reading training, although
the phonological deficit remained unchanged at first.
Thus, this part of our results indirectly supports
Blomert and Willems (2010) who claimed that reading
and PA are mainly related reciprocally.

Generalizability and future research

To our knowledge, our study is the first to compare
effects of a phonology-based reading training with
those of an intervention purely focusing on phonologi-
cal awareness and those of a visually-based reading
training in older dyslexic children learning to read the
rather consistent German orthography. First of all, we
found that these children can differentially benefit



102

J. Pape-Neumann et al.

from a phonology-based reading training (PHONICS)
in terms of directly improved decoding. Furthermore,
we were able to show that two effective ways to direct-
ly improve reading comprehension involve either a
phonological awareness training (PHON) or a visually-
based reading training (READ) but not a phonology-
based reading training (PHONICS).

However, despite divergent patterns at t2, long-term
improvement of decoding and reading comprehension
at t3 as compared to tl was relatively similar across all
training groups, irrespective of the training the chil-
dren got. Although reliable direct training effects
could be demonstrated, some limitations for general-
ization should be considered.

Sample characteristics

For ethical reasons, we did not include untreated
dyslexic children. Instead, a sample of typically read-
ing children was chosen for control purposes. Thus,
effects found when comparing training groups with
the control group should be interpreted with caution.
However, we found a direct effect on decoding not
only when comparing the phonology-based reading
training to the control group, but when comparing this
group to the phonological awareness training, too.
Similarly, we were able to show selective short-term
effects on reading comprehension not only when com-
paring the visually-based reading training or phono-
logical awareness training to the control group, but
when comparing these groups to the phonology-based
reading training, too. This suggests that the direct
effects on decoding and reading comprehension are
robust and are not only based on the comparison with
typically reading children. Furthermore, in a recent
training study concerned with German primary school
children it has been doubted that it is realistic to ask
parents to abstain from any kind of training for their
dyslexic child during the period of a study (Groth et al.
2013). Particularly parents of German third and fourth
graders are under considerable pressure to find an
immediate training to remediate the reading deficit of
their dyslexic child as the assignment to the different
forms of secondary school already takes place during
the fourth grade. Thus, although we are aware that the
inclusion of non-treated dyslexic children might have
been a suitable solution in another context, in the pres-
ent study, the inclusion of non-treated typically read-
ing control children instead of the inclusion of non-

treated dyslexic children was the only possibility to
include control children at all. Considering the situa-
tion of German parents of dyslexic third and fourth
graders described above, including a dyslexic waiting
control group would not have excluded the possibility
that children in this group might receive an additional
intervention during the period of the study.

Furthermore, the study was based on relatively
small sample sizes. However, the between-group com-
parisons, which were corrected for multiple testing per
outcome variable, resulted in selective and direct
effects. Similarly, results of the paired-sample tests
with adjusted alpha levels confirmed the robustness of
these selective and direct effects. Still, larger samples
are needed to corroborate the selective short-term
effects on decoding and reading comprehension found
in the present study.

Another limitation concerns the identification of
dyslexic children in our study (reading quotient <90 in
a reading screening and percentile <25 in at least one
of three subtests of the standardized reading test).
Trainings implemented with dyslexic children with
more severe reading impairments might have led to
larger training effects. Nevertheless, third and fourth
graders included as dyslexics in our study failed to
respond to previous classroom-teaching and were in
need of more intensive support (cf. Snowling and
Hulme 2011). Further issues concern the generaliza-
tion across different stages of reading development and
across languages. By training children who learn to
read the rather consistent German orthography in the
advanced stage of reading acquisition, we could yet
demonstrate effects of phonological training elements
on reading skills. Thus, an important future issue is
whether these effects diminish in older dyslexic chil-
dren learning consistent orthographies vs. equally
young dyslexics learning less consistent orthogra-
phies.

Outcome measures and analysis

Future assessment of grammatical or lexical pro-
cesses would be an important extension in order to
investigate whether they contribute to the effects on
readingcomprehension foundinthisstudy. Furthermore,
particularly the selective short-term effects on reading
comprehension found for two of three training meth-
ods in contrast to the relatively similar long-term effect
on reading comprehension across all training groups



suggest that the process of reading comprehension
might be differentially addressed by the training meth-
ods used in the present study. Thus, future research
should include an investigation of neuro-functional
changes induced by each of the single trainings. This
might contribute to a more differentiated understand-
ing of the mechanisms by which each of these training
types work in dyslexic children.

Implications for the neuro-cognitive basis of
reading and dyslexia

Trainings for dyslexic children work — and they have
repercussions in their brains. However, in contrast to
early suggestions of rather consistent hypo-activation
across languages (Paulesu et al. 2001), more recent
data revealed some substantial variability in the devi-
ant brain activation patterns in dyslexic readers
(Richlan et al. 2011), which also differ depending on
task demands (Heim et al. 2010a). Depending on
whether a dyslexic child has phonological or visual
problems, the underlying neural processes may differ
(Heim et al. 2010b).

The current study is relevant for the understanding
of these findings in several ways. First, the present
data suggest that the task demands must be chosen
carefully with respect to recoding, decoding, or read-
ing comprehension. Second, as far as training-induced
brain activation changes are concerned (e.g. Temple et
al. 2003, Gabrieli 2009), the nature of the training is
very likely to interact with these task demands. One
example is a recent paper by Heim and coworkers
(2014), in which a subset of the dyslexic children who
were trained in the present study underwent fMRI
scanning before and after training. Due to limited time
inside the scanner, the only reading task involved iso-
lated words. The most interesting finding was that all
training groups showed a shared pattern of training-
induced brain activation increase in the visual word
form area of the left inferior occipito-temporal cortex
—a finding that was accompanied partly by differential
training effects specific for one but not the other train-
ing. Thus, the mental force of various training types
might, at least in part, differ. The Heim and colleagues
(2014) fMRI study was only one first step towards
assessing differential training effects for children with
unique reading deficit patterns under distinguishable
task demands (i.e. reading vs. visuo-spatial attention).
The findings of the present study may help to shed
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further light onto the differential ways by which train-
ing of sight words or phonological abilities can trigger
neuro-cognitive processes. It would be desirable that
they stimulate further research and thus contribute to
reducing the apparent — or seeming — variability in
studies of dyslexia.

CONCLUSIONS

Phonological awareness training is an effective inter-
vention to significantly improve reading comprehension
in German dyslexic third and fourth graders with a
phonological awareness deficit. However, these children
can equally benefit from a visually-based reading train-
ing (repeated reading of orthographic patterns and sight
words) in terms of directly improved reading compre-
hension. Thus, phonological awareness may, but does
not need to be part of reading remediation in older pri-
mary school children with dyslexia learning a consis-
tent orthography. Rather, an orthographic reading strat-
egy might compensate for the phonological deficit in
dyslexic children after the initial stage of reading acqui-
sition. Moreover, German children with dyslexia can
benefit from a phonology-based reading training (pho-
nics instruction) in terms of improved decoding but not
in terms of directly improved reading comprehension.
Thus, a more comprehensive approach, complementing
the phonology-based training with the repeated reading
of sight words might be an effective method to combine
the direct effect on decoding with an additional direct
effect on reading comprehension.
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