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Abstract—This study aims to present Greek dyslexics’
cognitive profile on literacy, Working Memory and phoneme
awareness tasks. The reported studies in the Greek language so
far, focus on pre-literate or emerging literate students, but
dyslexics’ spelling and reading deficits are prominent in early
adolescence. In order to provide a good account of the spelling
and reading difficulties experienced by dyslexics, twelve
dyslexic children were tested at the end of Grade 6 and
eighteen months later, on a series of phoneme awareness,
phoneme perception, word and nonword reading and spelling
tasks, as well as on the Working Memory Test Battery for
children. Subjects exhibited degraded phoneme representation
with regard to phoneme awareness, and speech perception
abilities, which remained constant over time 1 & 2 testing.
Moreover, reading and spelling of words did not improve
between time 1 & 2 testing, whereas phonological implausible
errors of words were the only literacy measurement which
reached statistical significance. With regard to WM
components, as measured by the WMTB-C tasks, the
phonological loop spans and the Mazes Memory span
improved over time 1 & 2 testing. These findings are discussed
in light of the double deficit hypothesis for dyslexics’ profile [1].
Keywords-;working memory, WMTB-C, reading spelling,
phoneme awareness, Greek language, dyslexia

I.

INTRODUCTION (DYSLEXICS’ PROFILE1)

Dyslexia issue came into scene during the ’60 and
unarguably remains controversial with regard to aetiology
and prevalence in general population [2]. Dyslexic children
have been reported to experience difficulties in processing
written language; reading [3, 4] and spelling [5, 6]. These
problems are manifested by dyslexics acquiring literacy
skills in languages with different orthographic consistency
[7]. Shallow orthographic systems are characterised by a
high degree of phoneme-grapheme correspondences and are
contrasted to deeper orthographies in which letter strings
represent one to many phonemes [8]. Greek orthographic
system has been classified as a shallow one, as it maps on-to
one phoneme-grapheme correspondence in reading but not in
spelling [9]. Moreover, Greek children acquire phonemegrapheme correspondence by the end of second grade, a time
point at which phonological implausible spelling errors are at
about 12% [9] and orthographic processing errors 80% [10].
Despite the ease of spelling acquisition, reading problems are
persistent in Greek dyslexics with regard to fluency [9, 11].
Thus, children with dyslexia in the Greek language can be
classified as double deficit deficient [12]. The latter

theoretical approach posits that dyslexics’ difficulties arise
from two domains· the inferior processing of the
phonological information, and the inaccurate automatisation
naming of visually presented concrete material [1]. Moreover,
Porpodas [9], as well as Nikolopoulos, Goulandris, and
Snowling [13],
provided further evidence of inferior
dyslexics performance in recalling phonological information
stored in Short Term Memory.
The last decade, Pickering and Gathercole [14]
developed the Working Memory Test Battery for children
(WMTB-C), in order to describe the components of the
Working Memory Model, proposed initially by Baddeley
and Hitch [15], and revised subsequently form the former [16,
17]. The battery of tests was used to validate the WM model
in normally developing children [18, 19] and in children
within reading disabilities [20].
The aim of the present study was to describe the
cognitive profile of dyslexic children in the Greek language.
For this purpose, a series of standardised and nonstandardised tests were administered in dyslexic and
normally developing children. This paper presents the profile
of 12 dyslexic children in the first examination (grade 6) and
eighteen months later, when they were students at the 2nd
grade in high school. To the best of my knowledge,
description of the WM profile of Greek dyslexics has not
been reported. In addition, dyslexics’ phonological
awareness, reading and spelling abilities, in the Greek
language, have been well documented for kindergarten and
first and second grade children, but not for student of the
upper elementary Primary School and students attainting the
high school.
II.

METHOD

A. Participants
Twelve Dyslexic students at the end of sixth grade
participated in the study. There were all native speakers of
Greek with no history of hearing or neurological problems;
and they have received monolingual education. They came
from urban areas and all parents are reported to complete at
least a twelve-year education. Parents of Dyslexics were
informed about the study at the local Diagnostic, Evaluation,
and Support Centre, after completing the evaluation
procedure. The inclusion criteria for all three groups
regarded full scale I.Q. >90 as measured by the Weschel
Intelligence Scale III and Reading Comprehension Score >85,
as measured by the Triga Reading Ability Test [21].
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Moreover, the dyslexics’ criteria included an inferior
performance on three phonological awareness task of the
Athina Test. Reading and spelling ability was tested with two
test constructed for the purpose of the present research
project. Each test comprised of a 92 word and a 92 nonword
list with all possible combinations of consonant-vowel (CV),
consonant cluster-vowel (CCV, CCCV), vowel-consonant
(VC) of the Greek Language. Particular interest was given to
include allophones and letter strings that result in
phonological processes observed in spoken language. Test –
retest reliability, for the reading tests, after a two months
period, was reported 0.94 (word list reading) and 0.95
(nonword list reading). Reliability of the spelling test was
somewhat higher 0.96 (word spelling) and 0.97 (nonword
spelling).
B. Procedure
All students were tested by the author in the Diagnostic,
Evaluation, and Support Centre. The material was presented
in a random order.
C. Material.
In order to evaluate dyslexics’ cognitive ability, a battery
of tests set up the inclusion criteria and aimed to elaborate
the cognitive processes involved in reading and spelling.
Students completed the four tasks of phonological sensitivity
and phonological awareness from the ATHINA test [22]. In
the phoneme blending, a 32-item task, subjects have to
combine the orally presented phonemes, ranging from 4-7, to
a word. The phoneme sensitivity task involves a
same/different identification of phoneme strings comprising
a pair of nonwords. The grapheme identification is a paper
and pencil task in which a pair of nonwords is presented in
written form and the subjects had to cross out the different
spelling stings without to read the nonwords. Finally, in the
word completion task, the subjects listen to a word missing
an initial or intermediate phoneme and they have to
pronounce it in the correct form. The Reading Ability test is
a sentence completion test in which subjects have to choose
between four candidates the proper word, to fit the meaning
and the syntax. The spelling and reading tests were
developed for the purpose a larger project and the criteria
used were discussed in the former section. The reading time
and the spelling errors were included as best predictors of
reading and spelling ability among dyslexics according to the
double deficit theory (Wolf & Bowers, 1999).
Finally, the Working Memory Test Battery for Children
[14] was translated by the author in the Greek language [23].
The Forward and the Backward Digit Recall, the Mazes
Memory and the Block Recall were used unchanged. The
Word recall and the Nonword Recall comprised of high
frequently, concrete words used in the School Text
Vocabulary. The nonwords came from the same pool as
words and substitutions of initial and intermediate
consonants secured plausibility of phonological, graphotactic
and syntactic rules of the Greek language. Words and
nonwords were disyllabic, in order to fit to the digit names in
the Greek language.

III.

RESULTS

A. Phase 1.
Table 1 portrays the results of the phase 1 examination at
the end of 6th grade. Phoneme blending and phoneme
discrimination were the two tasks in which dyslexics met the
inclusion criteria with performance below the 85 percentile.
In contrast, dyslexics’ profile in the grapheme discrimination
task, the word completion task and the Reading Ability Test
were similar to the normally developing children’s expected
standards. Dyslexics recall up to five chunks of phonological
information in the form of digits and words (M=3.92, M=
3.75, respectively), a Short Term Memory span, which is
reduced by one in the case of nonwords. In the case of
visuospatial Short Term Memory, children reproduced
successfully a complex diagram with up to six elements
(M=5.08) and in three-dimension space they could follow a
path with up to five intermediate stops (M=4.42). The
Working Memory Span of the Central Executive is
developed up to the level of five, as it was measured by the
Counting Recall and the Backward Digit Recall (M=3.83,
and M=3.38, respectively). With regard to spelling ability,
dyslexics made consistently more orthographic processing
errors in the stem of the words (M=18.58) and less
grammatical errors in suffixes (M=8.43). Overall, the
orthographic processing errors were greater in number
(M=26.01 for words only), than phonological implausible
(M=6.00 for words and M=12.33 for nonwords).
B. Phase 2.
The phase 2 examination took place eighteen months
after phase 1, when students attending the first semester of
the second grade in high school. The battery of test readministered were the same except from the Wechsler
Intelligence Test. Dyslexics’ performance on the Athina Test
were marginally improved about 4% on phoneme blending,
word completion, and phoneme identification
TABLE I.

DYSLEXICS’ PERPHORMANCE ON WORD AND NONWORD
READING AND WRITING

Literacy Measurements
Phase 1
(S.D)

Spelling of
Nonwords
Spelling of
Words
Reading
Time
Reading
Time

Phonetic
Implausible errors
Phonetic
Implausible errors
Orthographic
Processing errors
Grammatical
errors
Words
Nonwords

Phase 2
(S.D)

Mean

Mean

12.33
(5.1)
6.00
(3.43)
18.58
(5.58)
8.42
(7.40)
95.58
(34.24)

10.08
(3.99)
5.00
(5.1)
16.25
(7.5)
4.67
(3.87)
80.83
(27.93)

123.33
(43.52)

133.67
(28.01)

tasks, suggesting an equivalence improvement of the
phonological awareness and the phonological sensitivity.
One sample kolmogorov-Smirnov Test was used to test data
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distribution of the four Athina tasks for phase 1 and 2. H0
hypothesis were accepted for all tasks suggesting normally
distribution of data. Dyslexics’ improvement failed to reach
statistical significance on the paired sample T-test ( t(11)=0.73, p>0.05 for phoneme blending, t(11)=-0.69, p>0.05,
phoneme discrimination, t(11)=-1.46, p>0.05, word
completion and t(11)=0.45, p>0.05 and letter identification
task).
The spelling errors in words and nonwords were coded as
phonetic implausible errors, orthographic processing errors
in word stems and grammatical errors in word suffixes. All
types of errors as well as reading scores met the normally
distribution criteria of the kolmogorov-Smirnov Test for
phase 1 & 2. Dyslexic’s spelling improved considerably only
in terms of grapheme-phoneme correspondence in real words
t(11)=-2.83, p<0.05. No other difference was observed
(t(11)=1.3, p>0.05 for phonemic implausible errors in
nonwords, t(11)=1,5, p>0.05 for the orthographic processing
errors in word stems, and t(11)=1.06, p>0.05 for the
grammatical errors in suffixes. The same pattern was also
observed in dyslexic’s decoding ability for words (t(11)=1,35, p<0.05) and nonwords (t(11)=-0.96, p<0.05).

Normally distribution of data observed for all tasks on phase
1 and the majority of phase 2 tasks, except for the Nonword
List Recall Row Score & Span, the Block Recall Row Score
& Span and the Backward Digit Recall Span. A series of
paired sample T-test was used to explore any statistical
difference on the aforementioned variables that met the
normally distribution criteria (t(11)=-3.09, p<0.05 & t(11)=4.00, p<0.05 for the Digit Recall Row score & Span, t(11)=2.54, p<0.05 & t(11)=-2.16, p<0.05 Word List Recall Row
score & Span, t(11)=-1.04, p>0.05 & t(11)=-2.28, p<0.05 for
the Mazes Memory Row Score & Span, t(11)=-3=0.53,
p>0.05 & t(11)=-20.71, p<0.05 for the Counting Recall Row
Score & Span. The nonparametric Wilcoxin Test was used to
test the remaining variables. Statistical significance
differences were observed for the Nonword List Recall Row
Score & Span (W test, Ν=12, Ζ=-2.59, p<0.05, & W test,
Ν=12, Ζ=-2.53, p<0.05, respectively). No significant
difference was found for the Backward Digit Recall Row
Score and the Backward Digit Span (W test, Ν=12, Ζ=-0.33,
p>0.05, & W test, Ν=12, Ζ=-1.04, p>0.05) as well as for the
Block Recall span (W test, Ν=12, Ζ=-1.633, p>0.05).

TABLE II.

This study aimed to shed light in Greek dyslexic’s
performance in a series of phoneme awareness and literacy
tests, as well as in the Working Memory Battery Test for
Children. With regard to phoneme awareness and decoding
ability, dyslexics profile is well documented in the literature
and results of the present study fits well with current theories.
Subjects of the present study were attainting Grade 6 and 8 at
the time tested, their performance, however, on the phoneme
blending and the phoneme discrimination tests, lagged
behind at least three and a half years. On the other hand
subject’s performance on the word completion and the
grapheme identification tasks were affected to a lesser extend.
Dyslexic’s superior performance on the word completion
tasks, compared to the phoneme discrimination tasks, could
be explained in terms of the categorical perception strategy.
This strategy enables dyslexics to recover speech signal
within speech boundaries but not in-between boundaries.
The acoustic material of the word completion consists
mainly by words with a missing consonant at the beginning
of an intermediate CV syllable. The phoneme discrimination
task on the other hand, consists of 32 nonword pairs which
require acoustic discrimination of items differentiated by one
consonant. Consonant pairs differ in voicing, they are either
voiced or voiceless (e.g. /r/ & /l/, /h/& / /), or are allophones
of the same consonant (/t/ & / / or even consonants which
differ in place of articulation / p/ & /t/. This type of acoustic
features resembles more to the typical material used to assess
the auditory processing deficit in dyslexics. Recently, Pino
Magan and Écalle [24]. suggested that poor perception of
phonological information may explain degraded phoneme
representation in dyslexics’ memory, which affects directly
Grapheme-phoneme correspondence, a key process in the
acquisition of literacy skills [25]. This is in line with the
specific auditory processing deficit [26]. The latter is defined
as a deficit in discriminating and categorising sounds
differentiated by an acoustic feature such as the /ba/ and /da/

DYSLEXICS’ PERFORMANCE ON THE PHONEME AWARENESS
TASKS

Phoneme awareness tasks
Table column subhead

Phoneme Blending
Phoneme Discrimination
Grapheme Discrimination
Word Completion

Phase 1

Mean
(S.D)
102.17
(18.23)
90.58
(17.13)
123.17
(19.16)
117.75
(15.30)

Phase 2

Mean
(S.D)
106.08
(17.32)
94.83
(24.2)
118.75
(22.59)
122.08
(5.82)

Figure 1. Greek dyslexics’ and English normally developing children’s
performance on the WMTB-C
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The same procedure was used to test students’
performance on the WMTB-C tasks at phase 1and 2.

IV.
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DISCUSSION

syllables. In the present study the phoneme discrimination
task can be considered as an alternative version of the
material used to test the Auditory Processing Deficit.
More over, the phoneme blending and the word
completion tasks have been used to assess phoneme
awareness in the Greek and the English language [27, 28, 29].
Validation of the latter task comes from a longitudinal study
[30], which demonstrated a correlation of word completion
and orthographic processing. Subjects’ profile on these two
test underlings an inferior phoneme awareness ability, which
is persistent over time. Previous research in Grade 4 [13] and
Grade 6 [11] Greek dyslexic children, as well as, in 11-12
year English speaking dyslexic children [31], and
adolescences [32], revealed a similar profile. Dyslexics’ poor
phonemic manipulation skills were found commensurate to
their spelling and reading ability, as those described in the
present study.
Grapheme-phoneme correspondence, as assessed by
nonword reading and spelling tasks, showed a considerable
deficit in subjects’ ability to process unfamiliar written
patterns. Children made twice as many phonological
implausible errors in nonword writing and reading time of
nonwords was one standard deviation below word reading
time. Moreover, children’s increasing exposure to a variety
of written material, such as found in school text books and
essay writing, proved beneficial to them only with regard to
word processing. There was a considerable decrement in the
number of phonological implausible errors and a slight
decrement in the grammatical errors and the word reading
time, which failed to reach statistical significance. This could
be explained by the self-teaching hypothesis which refers to
dyslexics’ ability to develop a sight vocabulary in order to
compensate to deteriorate phonological processing abilities
[33].
With regard to dyslexics’ performance on the WMTB-C,
subjects, on phase 1, have developed to a greater extent the
ability to maintain visual information (Mazes Memory Span
M= 5.08, S.D.=0.99, Block Recall Span: M=4.42, S.D. 0.79),
compared to phonological information (Digit Span: M=3.92,
SD=0.8, Word Recall Span: M=3.75, S.D.=0.75, Nonword
Span: M=3.02, SD=0.58), or to the ability to process of a
concurrent task while maintaining phonological information.
These results are commensurate to those reported by
Cathercole and Pickering, (2001) with regard to English
dyslexics’ profile on the development of the WM Span. On
TABLE III.

phase 2, there was an advantage on phonological loop
development over the development of both the visuospatial
sketchpad and the central executive. What is of interest is
that the latter two components seem to have reached a peak
on the time of phase 2 testing, contrary to U.K. general
population standards, according to which the visuolspatial
skethpad span reaches a peek at the age of fifteen [14].
Moreover, the mazes memory span (M=5.83, S.D.=0.84) is
developed to a greater extend than the block recall span
(M=4.38, S.D.=0.39) which implies uneven development
and, possibly, allocation of different W.M. resources when
subjects perform these tasks [14]. It is not clear, however,
the status of these resources and to degree that are implicated
in word orthographic processing. It may be hypothesized that
development of the mazes memory span affects word
orthographic processing, with respect to different
representation of the /i/, /e/ and /o/ phonemes, which is
actually the main source of difficulties in Greek orthography,
see table 2.1. for a comparison of Greek Dyslexics’ and
English normally developing children’s performance as
reported previously by Gathercole, Pickering, Ambridge,
and Wearing, [19].
Uneven development was also observed to tasks that tag
the phonological loop. This is getting sharper in phase 2,
with dyslexics’ span profile to be reduced by one, when it
comes to word recall, and by almost two, when it comes to
nonword recall, compared to digit recall span. This can be
attributed to the material used in these tasks. Digits came
from a string pool, and subjects are capable to deploy a range
of strategies such as grouping digits to a larger number and
subsequently visualising it, or integrating it with information
from long term memory. On the other hand, the word recall
task was comprised by high frequently and concrete,
disyllabic words. These words are a minority with respect to
the vocabulary Greek students come up with in school text
books and in every day life. Unfortunately, the Greek
Language Thesaurus does not provide information about the
frequency of disyllabic words compared to tri-syllabic or
polysyllabic words which comprise the Greek Vocabulary.
The Central executive on the other hand, is the only
component which does not exhibited development between
phase 1 and 2. Subjects of the present study are able to
maintain less than four pieces of information while
performing the Counting Recall and the Backward Digit
Recall tasks. These spans are underdeveloped with respect
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WORKING MEMORY TEST BATTERY FOR CHILDREN

Digit
Recall

Word List
Recall
Span

NonWord List
recall

Row
Score

Span

Row
Score

Row
Score

Mea
n

25.5

3.92

22.83

3.75

17.3

S.D

4.85

0.8

3.62

0.75

2.83

Span

Block
Reacll Table

Mazes
Memory

Backward
Digit

Counting
Recall

Row
Span
Score
Phase1

Row
Score

Span

Row
Score

Span

3.02

27.42

4.42

27.83

5.08

17.83

3.58

24.25

3.83

0.58

3.93

0.79

5.86

0.99

4.65

0.9

3.16

0.58
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Row
Score

Span

WORKING MEMORY TEST BATTERY FOR CHILDREN
Digit
Recall

Word List
Recall

NonWord List
recall

Block
Reacll Table

Mazes
Memory

Backward
Digit

Counting
Recall

Phase 2

Mea
n

31.2

5.25

25.5

4.17

21.05

3.5

29.08

S.D
4.2
0.75 3
0.57 4.03
0.79
2.43
to those that tag the phonological loop and the visuospatial
sketchpad, a profile that fits well to reading disable students
[20]. Overall, the reported data demonstrate uneven
development of WM components and degrade speech
perception which becomes more prominent after the age of
eleven. It can be hypothesized that dyslexics failed to
improve on a series of reading and spelling measurements
due to the limitations they experience on WM, speech
perception and phoneme awareness. Unfortunately, this
hypothesis can not be tested directly, as the limited number
of subjects constrained further statistical analysis. This
profile though, is well documented in languages with
different orthographic opacity, such as English and German.
Moreover, the Phonological Deficit Hypothesis (P.D.H.)
postulates that, dyslexics’ poor reading and spelling ability
results from an imperfect representation of phonological
information in long term-memory [34]. A number of studies
described dyslexics as exhibiting poor performance in a
range of phonological awareness tasks, as well as in storing
information in Short –term memory and retrieving
information from long term memory [1].
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