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ABSTRACT

Objectives:. Dydexia is a specific language-based
disorder of congtitutional origin, characterized by
difficulties in phonological processing. The Arabic
language differs in many aspects from foreign languages
and the few previously designed Arabic tests for
assessment of dyslexia did not pay attention to
phonological awareness problems. This necessitates the
design of an Arabic test which could properly assign
specific difficulties among Arabic reading dysexic
children, including phonological awareness as a major
contributing factor for dyslexia.

Methods: The study was carried out in Assiut City,
Egypt, during the period from September 1999 to the end
of January 2001. The newly designed Arabic Reading
Test (ART) in this work passed through many stages.
Firstly, test construction by 11 Arabic teachers (specific
judges). Secondly it was applied, in a pilot study, to 50
normal students (9-10 years old) to ascertain clarity of the
test. Then test standardization was proven through

application on a second sample (n=252 students), and
third sample (n=58 dyslexics).

Results: The reliability of the ART was proven by the
test-retest method (r=0.913, p<0.01). Validity was proven
by judgment validity, internal consistency validity
(ranged from 0.238 for auditory perception to 0.940 for
phonological awareness and spelling), contrasted group
validity, and criterion related validity (in relation to
Schonell r=0.859, Awaad reading r=0.817, Awaad
comprehension r=671, mid-term Arabic scores r=0.686).

Conclusion: The ART was thus proven to be highly
reliable, and valid for assessment of dyslexia among
Arabic reading children. It has great value in predicting
dyslexia even among preschool age Arabic speaking
children, through assessment of their phonological
awareness skills, and thus, remediation programs can be
properly and early directed.
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L earning disability is one of the most prevalent
forms of developmental disabilities. Learning
disabilities are diagnosed in approximately 5% of
school-aged children.t Dyslexia is a type of learning
disability. The recent working definition of dyslexia
proposed by the International Dyslexia Society is
that it is a specific language-based disorder of
constitutional origin characterized by difficulties in
single word decoding usually reflecting insufficient
phonological processing2 It affects 3-9% of
school-age children? Dydexic children fal to

achieve an expected rate of scholastic achievement
for their chronological age# Dyslexia was found to
be a multifactorial outcome of deficits in
phonological ¢  neurological,”® visua 1 verbal
short term memory* auditory perception,? or
genetic factors34 together with other aggravating
factors such as psychological, educationa or
environmental factorss1¢ Many tests were designed
for assessment of dyslexics, and most of these are
foreign non-Arabic tests*2 Due to the different
nature of the Arabic language (written from right to
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left, in blocks, with no mirror image letters) there is
a great need for an Arabic test that could identify
specific difficulties met by Arabic reading dyslexic
children, to facilitate their early detection, and
facilitate better planning for intervention strategies.
Although there have been some attempts at making
a standardized Arabic test for identifying dyslexia
among Arabic reading children such as Ahmed and
Faheim? and Awaad,? yet these tests are limited,
and did not pay attention to phonological processing
difficulties which are a major contributing factor for
dyslexia. From the scientific and practical points of
view, the new test should cover the following 6
essential functions. 1. Phonological awareness,
namely, representation and processing of
phonological information, and this includes. @)
rhyme detection, b) blending of sounds to form a
word and segmentation of a word into sounds, C)
recognition of the first sound, and middle sound of
the word, d) deletion of the first sound, middle or
the last sound from the word and, €) addition of a
sound to the word. 2. Auditory perception and
discrimination. 3. Visual perception, which
includes: recognition of a single letter, recognition
of similar letters and, testing the ability of
sequencing of letters into a word. 4. Short term
memory. 5. Comprehension. 6. Spelling.

Methods. Subjects consisted of 3 samples of
schoolchildren at the fourth grade who were
selected randomly from 4 different schools in Assiut
City, Egypt. The study was carried out from
September 1999 until January 2001.

First sample: For pilot study. This consisted of
50 normal children (38 males and 12 females), aged
9-10 years with the following inclusion criteria: 1.
Normal intelligence (IQ > 90) by Wechder's
Intelligence scale for children (WISC). 2. Norma
attention (after application of school form of
children’s attention and adjustment survey).z2 3.
Not suffering from any reading problems (could
read 50-60 words in about 40 seconds on Schonell
test).

Second sample: For testing reliability of the
Arabic Reading Test (ART). This consisted of 252
students who were chosen out of 300 pupils,
randomly selected from 4 schools, with an age
ranged from 9-10 years with the following inclusion
criteria: 1. Normal intelligence (1Q > 90) by WISC,
40 pupils were excluded as they had 1Q below 90.
2. Normal attention (after application of school form
of children’s attention and adjustment survey.z
After application of this test, 8 pupils were excluded
as they had attention deficit hyperactivity disorder
(ADHD). 3. Normal neuropsychiatric evaluation to
exclude any handicapping  neuropsychiatric
illnesses. 4. Normal visual and hearing systems, by
Snellen’s chart and pure tone audiometry in
suspected cases.
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Third sample: For testing validity of ART
(contrasted group validity). This consisted of 58
dysdlexic pupils. They were considered dyslexics
according to their performance on: WISC (they had
IQ > 90) and children’'s attention and adjustment
survey (school form).2 They had normal attention,
no sensory  handicapping, and norma
neuropsychiatric examination. On Schonell test:
they read 30 words or less/40 seconds. On Awaad
test (reading and comprehension forms):2 they
scored less than 60% of the total score of each
subtest.

The ART, needed for assessment of dyslexia
among Arabic reading children passed through the
following stages:

Stage 1. Test construction. Based on the
previous studies!®2 our test was constructed
cautiously by 11 well experienced Arabic teachers
to cover the identified suspected areas of difficulties
among Arabic reading children at the age of 9-10
years. Special consideration was taken for the
phonetic aphabet groups, according to the manner
of articulation for example, plosives, nasal, guttural,
to be presented over al the items of the test
especialy in the phonological awareness subtest.
Thisisthe preliminary form of the test.

Stage 2: Pilot study. By application of the
preliminary form of ART to the first sample (50
normal students). The aim of this pilot study was to
ascertain clarity of the items of the test and to
determine the pattern and order of presentation of
the test items used so as to be presented from easier
to more difficult items. As a result of the pilot
study, remodification of the test was made. The
resulting test is shown in Appendix 1.

Stage 3. Test evaluation and testing reliability
of ART. The second sample (252 students) were
subjected to: @) Schonell test (Arabic trandation
form). b) Awaad test? with its 2 subtest forms:
subtest for assessment of reading disability and
subtest for diagnosis of difficulty in comprehension.
c) Arabic reading test (Appendix 1). After 5 weeks,
ART (Appendix 1) was re-applied on the same
sample (second sample n=252). This test-retest
method was used to evaluate the reliability of ART.
After testing children of this group, difficulty
coefficient was calculated for each item of the ART.
Items, which had a difficulty coefficient below 20%
(very easy) or above 80% (very difficult), were
excluded. Therefore, the total original test items
were 213 (Appendix 1). After calculation of
difficulty coefficient, 116 items were eliminated to
reach 97 items in the final form. The resulting final
form of thetest is shown in Appendix 2.

Stage 4: Testing validity of ART. The final form
of ART (Appendix 2) was applied to students of the
third sample (n=58) who were known to be dyslexic
according to their performance on Schonell test,
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Awaad test2 taking in consideration their mid-term
Arabic scores (having the lowest scores).

Stage 5: Statistical distribution of the sample of
the research. Students of the second sample
(n=252), and third sample (n=58), (tota Nn=310)
were divided according to: 1. Their performance on
Schonell test* into 3 groups: Group 1 (dyslexic
group): Children who read < 30 words/40 seconds
(n=159/310, 51.3%). Group 2 (border line group):
Children who read 31-49 words/40 seconds
(n=110/310, 35.5%). Group 3 (normal group):
Children who read > 50 words/40 seconds
(n=41/310, 13.2%). 2. According to their
performance on Awaad test,22 they were divided into
2 groups: Group 1 (dyslexics): Children who scored
less than 60% of the total score (n=86/310, 27.7%
according to reading subtest), (n=163, 52.6%
according to comprehension subtest). Group 2
(normal): Children who scored 60% of the total
score or more, (N=224/310, 72.3% according to
reading subtest), (n=147, 47.4% according to
comprehension subtest). 3. According to their
mid-term scores of Arabic exam, they were divided
into 4 quarters, according to the median (32.5).
First quarter (potentially dyslexic): Children with
lowest scores in the mid-term Arabic exam (81/310
pupils; 26.1%). Second and third quarters: Children
with average scores (82 pupils, 26.5% and 79
pupils, 25.5%). Fourth quarter (potentially normal):
Children with the highest scores (68/310, 21.9%).

Results. Table 1 shows comparison of
performance on ART between dyslexic and normal
children according to Schonell test, Awaad test, and
Arabic mid-term scores. It was apparent that there
was a highly significant difference (p<0.001)
between normal and dyslexic students, on al items
of ART except auditory perception, where the
difference between the 2 groups was either slightly
significant (p<0.05) (as according to mid term
scores, and Awaad comprehension subtest), or the
difference was insignificant when the students were
divided according to Schonell, or Awaad reading
subtest.

Results of test standardization. a) Reliability.
The test-retest method of sample Il (n=252 pupils)
revealed that all test items showed highly significant
reliability (r=0.913, p<0.01). Thus, the test is highly
reliable. b) Internal consistency validity. It is a
measure of homogenicity of the test itself. This is
measured by making a correlation between the
subtest scores and the total test score. It was found
that al subtest scores were highly significantly
correlated (p<0.01) to the total score. Thus, al the
test items are proven to be valid (Table 2). c)
Criterion related validity. The performance on the
test was checked against a criterion, namely, adirect
and independent measure of that which the test is
designed to predict. A correlation was made

between total score of ART, Schonell test,* Awaad
test?2 (reading and comprehension) and mid-term
scores as illustrated by Table 3 It shows a
significant correlation between ART, Schonell test,
Awaad test (reading and comprehension) and
mid-term scores. d) Contrasted group validity (Table
4). According to performance on ART, the second
sample (n=252) was divided into 4 quarters
according to the median (the median was 54.00).
First quarter: students with lowest scores (0-40) on
ART (n=67, 26.6%). Second quarter: students with
low average scores on ART (>40-54) (n=65,
25.8%). Third quarter: students with high average
scores (>54-64) on ART (n=59, 23.4%). Fourth
guarter: students with highest scores (>64-97) on
ART. This group was composed of 61 pupils (n=
61, 24.2%).

Comparison was carried out between the test
scores of sample Il (dyslexic group n = 58) and
those of the fourth quarter of second sample (pupils
with the highest total scores on ART, n=61), as well
as those of the first quarter (pupils with the lowest
total scores on ART, n= 67). The results of this
comparison are shown in Table 4. It was found that
students of the fourth quarter recorded significantly
higher scores (p<0.001) than dyslexic students on
al test items. Alternately, there was insignificant
differences between dyslexic group and students of
the first quarter of sample Il on most sub items of
the ART.

Discussion. This study presented a design of an
ART that could be used for diagnosis of dyslexia
among Arabic-speaking children aged from 9-10
years. The ART identifies areas of relative
weakness that cause dyslexia, with special emphasis
on difficulties in phonological awareness as a major
contributing factor for dyslexia, besides defects in
auditory perception and discrimination, short-term
memory, comprehension and spelling so that
remediation of these defects can be logicaly
intervened with. The theory of phonologically —
based reading disabilities is the most coherent and
most completely developed current theory.sé As
none of the previously constructed Arabic tests in
the field of evaluation of reading disability are
concerned with deficits in phonological awareness,
s0, the ART presented in this study is a pioneer in
thisfield.

The present study showed that, the dyslexic group
performed worse than the control group in &l
subtests of phonological awareness, and the
difference between both groups was statistically
significant  (p<0.001), (Table 2. This is in
accordance with other studies which suggest that
less skilled readers are delayed in the acquisition of
phonological analysis and phonological decoding
skills (assessed by pseudo-word reading accuracy)
that may be essential in the development of efficient
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Table 1 - Comparison of performance on ART between dyslexic and normal children according to Schonell test, Awaad test, and mid-term scores.

Itemsof ART Schonell test Mid-term scores Awaad readingtest  Awaad comprehension test
Dyslexic ~ Normal Dyslexic ~ Normal Dyslexic ~ Normal Dyslexic ~ Normal
N=159 N=41 N=81 N=68 N=86 N=224 N=163 N=147
Mean+SD Mean+SD Mean+SD Mean+SD Mean+SD Mean+SD Mean+SD Mean+SD
Rhyme 3.2+25 7523 25+24 5.6+3 2522 5.6+2.9 34+2.6 5729
Blending 0.6+0.5 0.9+0.3 0.5£0.5 0.9£0.3 0.4£0.5 0.8£0.4 0.6+0.5 0.8+0.4
Segmentation 0.8+0.9 1.8+1 0.7+£0.8 1.3t1.1 0.7+0.8 1.2+1 0.9+0.9 1.3t11
Recognition of first sound 1.2+40.7 1.7£0.5 1.1+0.7 1.5+0.6 1.1+0.7 1.5+0.6 1.3+0.7 1.5+0.6
Recognition of middle sound 2.8+1.9 5.2+1.2 24+1.9 4.6+1.6 2.3+19 4.1+1.8 2.9+15 4.3+1.7
Deletion of first sound 0.6+0.5 0.9+0.2 0.5£0.5 0.9£0.3 0.5£0.5 0.8£0.4 0.6+0.5 0.9+0.3
Deletion of middle sound 19+17 5.8+14 1.7£18 4.4+2.2 11+11 3.9+2.1 21+19 43+2.1
Deletion of last sound 14+1 2.9+0.2 12+11 2.5+0.7 0.9£0.9 2.4+0.8 16+1.1 2.5+0.8
Addition of sound 21+1.3 4.3+0.8 1.9+13 3.7+11 15+1.1 3.5+1.2 2.3+15 3.7+11
Phonological awareness 14.5+6.7 31.1+4.4 124+71  25.5+6.8 11+5.3 23.6+6.9 15.8+7.6  24.9+6.9
Auditory perception 1.8+0.9 2+0.9NS 1.6£0.9 1.9+0.9* 1.7+0.8 1.9+09NS 1.7+0.9 1.9+0.9*
Comprehension 4.7+1.9 7.9+15 43+1.9 6.5+2 43+1.9 6.1+2 4.7+1.9 6.6+1.9
Spelling 12.1+6.2 28.1+4 9.7+6.1 23.1+6.6 8.8+5.1 20.6+6.7 13.3+71 21.8+6.8
Memory 4.3+1.3 5.3t14 41+14 5+1.2 4+1.4 49+1.2 4.3+1.43 4.9+1.1
Total score 36.4+13.1 73.1+8.6 31.3+£139 60.9+14.1 28.9£105 55.9£139 38.8+152 59.1+14

p<0.001 for all differences between dyslexic and normal students, except auditory perception where * indicates that p<0.05 or NS - not significant
ART - Arabic reading test

Table 2 - Correlation between the subtest scores and the total scores of ART (internal consistency validity).

Itemsof ART Correlation coefficient between the Level of significance
item and thetotal score of ART
Rhyme 0.700 0.01
Blending 0.385 0.01
Segmentation 0.426 0.01
Recognition of first sound 0.352 0.01
Recognition of middle sound 0.660 0.01
Deletion of first sound 0.472 0.01
Deletion of middle sound 0.810 0.01
Deletion of last sound 0.694 0.01
Addition of sound 0.730 0.01
Phonological awareness 0.940 0.01
Auditory perception 0.238 0.01
Comprehension 0.697 0.01
Spelling 0.940 0.01
Memory 0.412 0.01
ART -Arabic reading test
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Table 3 - Correlation among total score of ART, Schonell test, Awaad test, and mid-term scores (criterion related validity).

Items

ART Schonell

Awaad readingtest Awaad comprehension test  Mid-term scores

ART

1.000 0.859*

0.817*

0.671*

0.686*

* p<0.01, ART - Arabic reading test

Table 4 - Comparison between the test scores of dyslexic group and those with highest, and lowest, total scores on
ART (fourth and first quarters) (contrasted group validity).

Items Dyslexic group Fourth quarter First quarter
N=159 N=61 N=67
Mean+SD Mean+SD Mean+SD
Rhyme 29+27 7.6£1.9 HS 25+2.1 NS
Blending 0.3+0.5 0.9+0.4 HS 0.7£0.5HS
Segmentation 0.7+0.9 1.7+1.1HS 0.5+0.8 NS
Recognition of first sound 1.1+0.7 1.7+0.5HS 1.2+0.7 NS
Recognition of middle sound 29+19 5.4+09 HS 19+1.5MS
Deletion of first sound 0.6+0.5 0.9+0.2HS 0.5:0.5NS
Deletion of middle sound 1.1£1.2 5.8£1.3HS 16+11S
Deletion of last sound 1.2+0.9 2.9+04 HS 1.4+1.1NS
Addition of sound 15£1.2 4.3+0.9HS 19+11S
Phonological awareness 12.2+6.2 31.2+34HS 12.4+49 NS
Auditory perception 1.8+0.9 2.1+09S 1.5+0.9NS
Comprehension 4.2+1.7 7.8+1.5HS 4.2+1.9NS
Spelling 9.7¢5.3 28.1£3.3HS 9.9+4.3NS
Memory 4.2+1.2 5.3+1.2HS 4.2+15NS
Schonell test 16.4+9.2 50.2+9.2 HS 20.1+9.3S
Awaad reading test 66.6+40.6 170£9.2 HS 107.7+43.8 HS
Awaad comprehension test 7.3£3.9 14.6+2.7 HS 9.9+3.9HS
Intelligence quotient 102.7+10.2 132.3+14.6 HS 106.4+11.4NS
HS - highly significant (p<0.001), MS - mildly significant (p<0.01),
S - significant (p<0.05), NS - not significant, ART - Arabic reading test

Neurosciences 2004; Vol. 9 (3)
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word reading.2%®  Lundberg? linked the poor
reading problems to poor phonemic awareness.
Scarborough?®  confirmed that weakness in
phonological awareness is a precursor to reading
disability, when he found that children with poor
letter-sound knowledge and who later became poor
readers were also deficient in phonologica
awareness. He thus considered rhyme detection as a
pre-literacy skill, which predicts later reading
disabilities. This result is consistent with the present
study, which showed that the dyslexic group
perform significantly worse than the control group
in rhyme detection.

The significant difference obtained between the
dyslexic group and the control group in phonemic
segmentation task, phoneme deletion task, and
phoneme manipulation denotes that these tasks are
quite successful items in distinguishing dyslexics
from non-disabled readers. Similar results were
obtained by Das et a»® concerning phoneme
segmentation, Datta et al*® concerning phoneme
deletion task; Olson et a3 and Plaza® concerning
rhyming processing, phoneme segmentation and
manipulation. Thus, phonological awareness tests
are quite reliable and sensitive in the detection of
poor reading abilities and may be sensitive
predictors of development of reading abilities if they
are tested in younger ages even before the reading
skills are acquired (preschool age).

The insignificant difference between the dyslexic
and control group regarding their performance on
auditory perception and discrimination may indicate
that the auditory perception and discrimination are
poor differentiators between dyslexics and
non-dyslexics. This is consistent with the results of
previous studies®3 More recently, Samuelsson et
a*® found that dyslexic subjects displayed no
significant difference compared to controls in
auditory recognition and recall tasks suggesting that
dyslexics perform like norma readers on tasks
requiring auditory perception skills. Alternately,
Reed® and Masterson et a® found that dyslexic
children were less able than normal readers to
discriminate words that differed only in their initia
phonemes. These conflicting results regarding
auditory perception could reflect areal differencein
auditory  perception between dyslexics and
non-dyslexics, which is small enough and therefore
hard to detect, or that auditory perception deficits
are found in some but not all dyslexics® These
explanations may also clarify the reason for the
discrepancy of the results of auditory perception in
the present study. So, deficits in auditory perception
as one of the contributing factors to reading
disability needs further exploration and introduction
of more comprehensive tests for its assessment.

The poorer performance of the dyslexic group
than the control group in the short-term memory
task of the ART may indicate the importance of
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short-term memory deficits in the etiology of
dydlexia. These results are consistent with many
previous results, which showed that disabled
children have a short-term memory deficit.-4

The difficulty coefficient for each item of visual
perception subtest was calculated, it was less than
20% (very easy). This means that this subtest could
not differentiate  between  dysexics and
non-dyslexics. So, this subtest was completely
excluded in Appendix 2 of the test. This is in
accordance with Samuelsson et al*® who, in their
study demonstrated that there were no differencesin
visio-spatial, visual recognition and visual recall
between dyslexic and control subjects.

The highly significant reduced scores obtained by
dyslexics in the comprehension subtest of ART,
denotes that failure to use good comprehension
strategies, can contribute to poor reading.®
Similarly, the reduced scores in spelling, indicates
that poor spelling performance is a natural outcome
of all previous deficiencies in phonological
awareness and short-term memory. These results
were in support of many previous studies, which all
agreed that comprehension and spelling are
deficient in children with reading problems.04144

As far as the results of ART standardization are
concerned, the present findings indicate a high
degree of reliability and validity, which thus prove
the high sengitivity and objectivity of the test.
Reliability of the ART proved to be high by only
one method; the test-retest technique. The test-retest
reliability of ART was 0.913. The test-retest
stability of Test of Phonologica Awareness
(TOPA)* varies from 0.94-0.77 and in Lindamood
Auditory Conceptualization Test* the test-retest
reliability over a4 week period was 0.96.

Validity was proven by 5 methods, namely,
judgment validity, face validity, internal consistency
validity, contrasted group validity and criterion
related validity. Internal consistency validity is a
measure of homogenicity of the test itself. The
internal consistency validity of ART items ranged
from 0.238 (for auditory perception) to 0.940 (for
phonological awareness and spelling). Thus, all
items are significantly correlated to the total score
of ART. This means that all test items are proven to
be valid (Table 9. Contrasted group validity: from
the results illustrated in Table 4, it was obvious that
there was a highly significant difference in al items
of ART between the 2 groups (dyslexics and pupils
with the highest total scores [suspected normal] on
ART). This means that the ART can differentiate
between dydlexics and non-dyslexics and is
considered to be valid. Criterion related validity
(empirical validity) by the use of Schonell test* was
0.859, and by Awaad test (reading and
comprehension subtests): was 0.817 and 0.671. By
mid-term scores of an Arabic exam, the validity was
0.686 (Table 3). Similarly, validity of Awaad
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reading test was proven by judgment validity, face
validity, criterion related validity, self-validity and
discriminative validity. Also, test of reading
comprehension of Al-Moghazy4 used criterion
related validity, internal consistency validity and
contrasted group validity. However, test of TOPA%
used interna consistency validity only, and the
Peabody Picture Vocabulary test'” reported validity
by using only the correlation with the WISC as a
criterion related validity.

Future applications of ART. The ART is
considered to be reliable and valid for testing
reading ability of Arabic speaking children at the
age of 9-10 years. Thus, a child who totally scores
40 or less from atotal score of ART which is 97 is
considered dysdlexic. This was reached as the
sample was divided according to the median, which
was 54 into 4 quarters. The score range of the first
guarter was 0-40 (dyslexic). The score range of the
second quarter was >40-54 (low average). The
score range of the third quarter was >54-64 (high
average). The score range of the fourth quarter was
>64-97 (normal).

As phonological awareness is the most important
subtest for prediction of dyslexia, so a child who
scores 16 or less from a total score of phonological
awareness, which is 38, is considered dyslexic. This
was reached as the sample was divided according to
the median, which was 23, into 4 quarters. The
score range of the first quarter was 0-16 (dyslexic).
The score range of the second quarter was >16-23
(low average). The score range of the third quarter
was >23-28 (high average). The score range of the
fourth quarter was >28-38 (normal). This part of the
test has special importance in predicting dyslexia
among preschool children, with poor phonological
skills.
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