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Abstract

This purpose of this study was to examine the relationship between phonological awareness, verbal working
memory, and risk for dyslexia in Arabic language in preschool children. The participants of this study were
preschool children between the ages of five and six, who represented two groups: (20) children at risk for
dyslexia and (20) children normal without any risk for dyslexia. These children were randomly selected from a
larger sample of 425 preschool children in Egypt. Phonological awareness and verbal working memory tasks
were used to compare children's abilities. The findings indicate that there is a strong relationship between
phonological awareness and working memory. In addition, phonological awareness and working memory may
have an effect on children’s phonological sensitivity and reading skills.
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1. Introduction

In this study the relationship between phonological awareness (PA) and working memory (WM) in
Arabic-speaking preschool children in Egypt who are at risk for dyslexia, and their counterparts, was
investigated. Although this relationship is well understood in the context of English-language speakers (Bruck,
1992; Bruck & Treiman, 1990; Swan & Goswami, 1997), few studies in the Arabic-language literature have
examined these variables (Ashour, 2011; Khalil & Dowah, 2007; Othman, 2009; Zayed, 2011) let alone the
relationship between both PA and WM in children at risk for dyslexia. Poor PA, however, has been found to be a
strong indicator of dyslexia among Arabic-speakers (Al Mannai & Everatt, 2005; Ashour, 2011; Othman, 2009)
and subsequent interventions have been successful in remediating the reading disorder (e.g., Ashour, 2011). To
date, there are insufficient empirical studies in the Arabic-language literature to describe the problem of dyslexia
in Egypt (Elbeheri, 2004, 2007; Elbeheri, Everatt, Reid, & Al Mannai, 2006; Gilgil, 1995).

Studies considering the effect of WM on dyslexia have also found that WM has a strong influence on the ability
to read and spell in Arabic (Khalil & Dowah, 2007; Zayed, 2011). However, these studies did not investigate the
theoretical relationship between WM and PA in combination for children in this population. The authors,
therefore, have considered both PA and WM in this study to identify their role in dyslexia. The goal was to
contribute to the Arabic-language reading research by examining the relationship of the aforementioned variables.
The research questions were as follows: what is the relationship between PA and WM for Arabic-speaking
preschoolers at risk for dyslexia compared to others? Do those at risk demonstrate poorer skills in terms of PA
and WM?

2. Literature Review

Dyslexia is commonly understood to involve spelling and reading difficulties that are “discrepant with
intelligence and educational opportunities” (de Bree, 2007, p. 6). It is typically considered a language-based
disorder (e.g., Catts, 1989; de Bree, 2007; Kamhi & Catts, 1986; Vellutino, 1979) that is characterized by a
number of deficits. Phonological processing, in particular impairments related to phonological awareness (PA), is
considered one of the core deficits characterizing dyslexia (Carroll & Snowling, 2004; Joanisse, Manis, Keating,
& Seidenberg, 2000). PA refers to the explicit knowledge of the units that make up spoken words including
syllables, onset and rime units and individual phonemes (Rvachew, Ohberg, Grawburg, & Heyding, 2003) and
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has been defined as the awareness of and access to the sound structure of one’s oral language (Wagner &
Torgesen, 1987). PA involves the awareness of the most basic speech units of a language, phonemes, as well as
the larger units, such as rimes and syllables (Bird, Bishop, & Freeman, 1995; Rvachew et al., 2003; Stackhouse,
Wells, Pascoe, & Rees, 2002).

Although dyslexia is “generally acknowledged to involve difficulties in phonological processing, the links
between reading difficulties and speech difficulties remain unclear” (Carroll & Snowling, 2004, p. 631). Deficits
in phonological processing may result in “an inability to understand the sound structure of language” (Pneuman,
2009, p. 7) making reading difficult. One of the variety of factors that contributes to the deficits associated with
dyslexia is impaired WM (Scheepers, 2009). WM refers to the system that is responsible for temporarily storing
and manipulating information. It functions as a mental workspace that can be flexibly used to support everyday
cognitive activities that require processing and storage (Alloway et al., 2005). Although the roles of PA and WM
deficits have been studied in English-speakers, reading research has not investigated the relationship of these
variables among Arabic-speaking dyslexics. In order to understand reading development for Arabic speakers,
reading difficulties should be examined among both dyslexic and non-dyslexic preschoolers.

2.1 PA and Dyslexia

PA is one of the phonological processing skills known to be important in early decoding (Bowey, 2001;
Snowling, Chiat, & Hulme, 1991). Thus, PA plays a great role in the acquisition of literacy. Many findings show
that it is a single ability that manifests itself in a variety of skills that emerge in a sequence and may predict later
reading ability (Anthony & Francis, 2005). The importance of PA, as foundational for the development of
reading skills, has been investigated in many studies (e.g., Anthony & Francis, 2005; Ehri, 1991, 1994; Morais,
Bertelsen, Cary, & Alegria, 1987; Share, Jorm, MacLean, & Matthews, 1984; Snow, Burns, & Griffin, 1998;
Stanovich, 1994), and PA has been found to be a strong predictor of children’s reading ability (Ehri et al., 2001;
Snow, Burns, & Griffin, 1999; Storch & Whitehurst, 2002). Moreover, evidence indicates that many children
who have reading difficulties also have impairments in PA and information processing ability (Leather & Henry,
1994; Oakhill & Kyle, 2000; Share & Stanovich, 1995; Wagner et al., 1997).

It is widely accepted that learning to read depends on PA and that children who have phonological difficulties
may be at risk of reading problems (Snowling, 2001). In other words, problems in performing and applying PA
capabilities are at the heart of most children’s reading difficulties, regardless of other types of language and
cognitive difficulties (Phillips, Clancy-Menchetti, & Lonigan, 2008). Additional studies (e.g., Ashour, 2011;
Bradley & Bryant, 1983; Bruck, 1992, 1993; Fawcett & Nicholson, 1995; Fletcher et al., 1994; Fox & Routh,
1980; Lindamood, Bell, & Lindamood, 1992; Lyon, 1995) have shown the significance of PA in the assessment
and remediation of the individuals who have difficulty in reading (Ehri et al., 2001).

In particular, studies have shown that PA is a good predictor of reading performance in the first two years of
schooling and also in later years even after controlling for possible confounding variables (Kirby, Parrila, &
Pfeiffer, 2003; Manis, Doi, & Bhadha, 2000; Muter & Snowling, 1998; Wagner et al., 1997). Many children start
kindergarten with well-developed PA, some seem to develop these skills easily within a stimulating classroom
environment, and others need more instruction that explicitly focuses on PA. Thus, early assessment and
intervention is a necessity and may make a real difference to students with limited levels of PA (Trehearne, 2003).
Nevertheless, PA impairments appear to be a persistent feature of dyslexia (Birch & Chase, 2004; Pennington,
Van Orden, Smith, Green, & Haith, 1990; Wilson & Lesaux, 2001).

Several lines of research have shown that PA deficits are causally related to reading difficulties. First, PA has
been demonstrated to be a good predictor of reading ability (Kirby et al., 2003; Manis et al., 2000; Muter &
Snowling, 1998; Wagner et al., 1997). Second, studies with younger children and older dyslexics, who have been
carefully matched on a measure of reading skill, indicated that dyslexics performed poorer on measures of PA
(e.g., Kirby et al., 2003). Finally, remediation studies with children at risk for dyslexia showed that by improving
PA there was a substantial improvement in reading ability in English-speaking populations (e.g., Ball &
Blachman, 1991; Blachman et al., 2004; Lovett, Steinbach, & Frijters, 2000; Nicolson, Fawcett, Moss, Nicolson,
& Reason, 1999). However, English-speaking children who have dyslexia also been shown to have difficulties
related to other language tasks in addition to reading and spelling (see Bishop, 2002, for a review; Rispens, 2004;
Seidenberg & McClelland, 1989; Snowling, 1981).

2.2 Working Memory

In general, it is widely accepted that dyslexic children have problems in WM (Jorm, 1983; Miles, 1983). WM,
the information-processing system essential to learning and achievement in both school and work settings,
consists of several components that work together to enable the active processing and preservation of
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information in memory (Baddeley, 2000; Gazzaniga, Ivry, & Mangun, 2002). It has a significant effect on
written communication and verbal skills, as well as, on organizing, planning and adjustment to any changes in
the environment (McLoughlin, Leather, & Stringer, 2002). Individuals with dyslexia have been found to have
poor verbal WM. That is dyslexics take a long time to process information, especially when reading because they
have to connect letter patterns with associated sounds (Alloway et al., 2005; Beneventi, Tennessen, Ersland, &
Hugdahl, 2010; Gathercole & Baddeley, 1993; Jeffries & Everatt, 2004; McLoughlin et al., 2002; Nicolson,
Fawcett, & Baddeley, 1992).

Baddeley’s (1986) three-component model of working memory consists of the visuo-spatial sketch pad in which
one stores information temporarily and the phonological loop that in turn feeds information about letter sounds
to the central executive component during reading. The central executive component controls the regulation of
cognitions. The visuo-spatial sketch pad is the storage component of working memory where readers hold and
are able to manipulate information (Baddeley, 1986). The phonological loop comprises an “articulatory rehearsal
process” that is “analogous to subvocal speech” and “a phonological store” that can retain traces of memory
momentarily before such cognitions fade away (Baddeley, 2003, p. 830). According to Baddeley, Gathercole,
and Papagno (1998), the phonological loop is “specialized for the retention of verbal information over short
periods of time” (p. 158) and consists of both a storage of sounds and a component enabling the retrieval and the
articulation of such sounds. These two parts of Baddeley’s (1986) model of working memory, the phonological
loop and the visuo-spatial sketch pad, feed into the central executive system as both the storage and processing
components of working memory.

Individuals who have dyslexia may also have specific problems with the phonological component in WM
(Jeffries & Everatt, 2003, 2004). They are not efficient enough to translate visual information (letters) into a
phonological form (sounds), which may inhibit their ability to learn new words during reading. Phonological
repetition is also challenging for dyslexics as they have problems retaining phonological information using
rehearsal or repetition (Jeffries & Everatt, 2004; Nation, Adams, Bowyer-Crane, & Snowling, 1999; Smith-Spark
& Fisk, 2007). Attaching appropriate verbal labels to pictures and remembering lists are also difficult cognitive
tasks for dyslexics (de Jong, 1998; Jeffries & Everatt, 2004).

2.3 The Current Study

Given the limited research on PA and WM and their relationship with dyslexia for Arabic-speakers, the goal of
this study was to examine the relationship of the aforementioned variables in a sample of Arabic-speaking
preschoolers. The research questions were as follows: what is the relationship between PA and WM for
Arabic-speaking preschoolers at risk for with dyslexia compared to others? Do those at risk demonstrate poorer
skills in terms of PA and WM?

3. Method
3.1 Participants

Forty students participated in this study: 20 children at risk for dyslexia (including 9 girls and 11 boys) and 20
children without risk for dyslexia as a comparison group (including 11 girls and 9 boys). Participants had a mean
chronological age of 5.56 years (SD = 0.27). These children were randomly selected from the 425 children
attending the seven local nursery schools in Kafr-Elsheikh, a town in northern Egypt. All nursery schools were
attached to associated primary schools. All participants were native Arabic speakers without cognitive or
neurological impairments. All children were screened with a battery of tests administered in Arabic including the
DEST-2 in Arabic (Gilgil & Agag, 2011), the Wechsler Intelligence Scales for Children (WISC-III; Wechsler,
1997), a PA test (AbdElgawaad, 2005) that has been validated and tested for reliability, and the Working Memory
Test Battery for Children (WMTB-C; Pickering & Gathercole, 2001). The children were individually tested in
the school library during school time.

3.2 Measures and Procedures
3.2.1 DEST-2

The authors used a version of the Dyslexia Early Screening Test (2™ edition, Nicolson & Fawcett, 2004) that was
translated into the Arabic language by Gilgil and Agag (2011). The DEST-2 battery, which is meant for ages 4:6
through 6:5, consists of 12 subtests (Rapid naming, Bead threading, Phonological discrimination, Postural
stability, Rhyme/Alliteration, Forward digit span, Digit naming, Letter naming, Sound order, Shape copying,
Corsi frog, and Vocabulary) that took a total of approximately 30 minute to be administered to each child.
Following the guidelines for administration and scoring, children were identified for the at-risk of dyslexia group
if their final composite score was between 1 and 10. Children identified as not at risk for the comparison group
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scored 76 or higher.
322 PA

The Phonological Awareness Test (AbdElgawaad, 2005) was used to assess children’s PA. This test consists of
four tasks: the rhyme detection task (11 items), syllable blending (13 items), phoneme isolation (12 items), and
phoneme blending (12 items). The examiners presented four pictures to each child, named each picture, and then
asked each child to identify (point to or say) the picture that begins with the sound produced orally by the
examiners. During each assessment each child was asked to select the picture with the corresponding rhyme
pattern, syllable, and phoneme. The examiner calculated the total number of initial sounds produced correctly in
a minute.

323WM

The authors used the Working Memory Test Battery for Children (WMTB-C; Pickering & Gathercole, 2001) to
measure the three components of WM from Baddeley’s (1986) model. All three tasks from the battery were
given. Each child was asked to recall a series of digits in the reverse order in the backwards digit recall test (14
items, phonological loop) and to count the number of dots in an array and then recall the tallies of dots in the
counting recall test (17 items, visuo-spatial sketch pad). Each child was read a series of short sentences and was
asked to produce the appropriate word to complete each sentence in the listening recall task (28 items; central
executive).

3.3 Data Analysis

Using SPSS 20 (2011), Pearson correlations were calculated to examine the relationship between the PA and
WM measures. To compare the performance of the two groups on the aforementioned PA and WM measures,
analyses of variance (ANOVAs) were conducted.

4. Results

Means, standard deviations, and ranges were calculated for the at-risk group and their counterparts (see Table 1).
Based on previous evidence on the developmental sequence of PA (rhyme, syllable, and phoneme) it was
predicted that the comparison group would score higher on the rhyme detection, syllable blending, phoneme
isolation, and phoneme blending tasks, as well as in WM tasks (backward digit recall, counting recall, and
listening recall). Overall, all participants completed about half of the PA tasks correctly (M = 5.45 - 5.80, SD
=.36 - .53). In terms of WM, at-risk participants performed poorly on all three tasks (M = 4.4 - 8.88, SD = .297
-.627).

Table 1. Descriptive statistics of phonological awareness and working memory tasks (n = 40)

Mean(SD)
Measure Range All At-Risk Not At-Risk
Phonological Awareness
Rhyme Detection Task 1-10 5.45(2.89) 2.85(1.09) 8.05(1.32)
Syllable Blending Task 1-10 5.56(3.04) 2.65(1.14) 8.25(1.07)
Phoneme Isolation Task I-11 5.80(3.38) 2.60(.99) 9(.92)
Phoneme Blending Task 2-9 5.45(2.30) 3.55(1.23) 7.35(1.31)
Working Memory
Backward Digit Recall Task  2-9 4.40(1.88) 2.90(.91) 5.90(1.29)
Counting Recall Task 2-12 5.953.01) 3.60(1.31) 8.30(2.30)
Listening Recall Task 3-20 8.88(3.96) 5.90(1.59) 11.85(3.33)

In order to determine relationships between the variables, Pearson correlations for the subtests were calculated.
Rhyme, syllable, and phoneme task scores were each significantly, positively correlated with the three WM tasks
(see Table 2).
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Table 2. Correlations between phonological awareness and working memory tasks (n = 40)

Measures Backward Digit Recall Task  Counting Recall Listening Recall
Task Task

Rhyme Detection Task J16%* .68%* JT12%%*

Syllable Blending Task JTTE* J15%* J13%*

Phoneme Isolation Task JTTE* J16%* JI3EE

Phoneme Blending Task .80** J15%* H5%*

Note. **Correlation is significant at the 0.01 level (2-tailed)

A series of one-way ANOVAs was conducted to detect differences between the group at risk for dyslexia and
their counterparts for each variable. The one-way ANOVAs revealed that the at-risk group did score lower on all
seven tasks: rhyme detection, F(1,38) = 185.139; syllable blending, F(1,38) = 257.139; phoneme isolation,
F(1,38) = 447.264; backward digit recall, F(1,38) = 89.223; counting recall, F(1,38) = 71.849; and listening
recall, F(1,38) = 52.073, respectively. These differences were significant at the p < .001 level, even after
adjusting the alpha level using the Bonferroni correction (o0 = .05/7 = .007), confirming that the difference
between groups was greater than the difference within groups (Cabin & Mitchell, 2000). However, the variance
of two of the WM measures, counting recall and listening recall, did not pass the Levene’s test of homogeneity
of variances. This is an indication of possible systematic bias in the sample data, but ANOVA is very robust to
the violation of such assumption (Eisenhart, 1947).

5. Discussion

The main aim of this research was to examine the relationship between PA, WM, and risk for dyslexia in
Arabic-speaking preschool children. Based on previous research, it was anticipated that children at risk for
dyslexia would demonstrate deficiencies in phonological skills and working memory. The results confirm that
the difference between groups was greater than the difference within groups, such that the Arabic preschoolers at
risk for dyslexia demonstrated significant deficits in both PA and WM as compared to those not at risk for
dyslexia.

The findings in Arabic-speaking children are consistent with those in English-speaking samples: children with
dyslexia suffer impairments in both phonological skills and in WM performance (Nicolson et al., 1992). These
findings suggest that when completing PA tasks, the WM’s central executive may be involved in the encoding
and storage of phonemes is involved in the (Hecht, Burgess, Torgesen, Wagner, & Rashotte, 2001). They also
suggest that a deficit in PA may be magnified by a deficit in verbal WM. If articulatory processing based on
internal language is weak, short term memory traces are more difficult to refresh (Baddeley, 1993). This problem
causes many symptoms as measured in outcomes, such as non-word repetition, PA, verbal memory, phonological
learning of new verbal information, rapid naming, word retrieval, etc. (de Bree, 2007). These problems in turn
lead to slow literacy development, poor generalization of word reading skills to non-word reading, and poor
spelling development (Snowling 2001).

Swanson, Ashbaker, and Lee (1996) argued that when children with reading difficulties perform tasks with high
processing demands, they tend to recall less verbal and visual-spatial information compared to their typically
developing peers. In addition, the results of other studies (e.g., de Jong, 1998; Swanson, 2003; Swanson &
Ashbaker, 2000) also suggest that executive functioning difficulties may also be associated with the poor
performance of WM and play a crucial role beyond the readers’ deficits in phonological processing. Therefore,
the central executive and the phonological loop may be important to typical or atypical reading development
(Baddeley, 1992), which is consistent with the findings of the current study.

It is widely accepted that WM deficits are one of the most important factors underlying the phonological
deficiencies in children with dyslexia. Think about the early problems of phonemic separation and the lack of
awareness of rhyming that are usually related to reading deficits. It is very important for a word to be segmented
into phonemes in order for a child to hold it temporarily in WM until it can be analyzed. If an individual cannot
hold an unfamiliar word in one’s short-term memory long enough to repeat it, segmenting the word poses an
immediate challenge (Nicolson et al., 1992).

Scholars have demonstrated that in terms of cognitive capabilities, children with reading difficulties, particularly
those with dyslexia, show impairments in a multitude of WM tasks (Alloway et al., 2005; Brunswick, McCrory,
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Price, Frith, & Frith, 1999; Hansen & Bowey, 1994; McDougall & Donohoe, 2002; Palmer, 2000; Pennington et
al., 2001; Plaza, Cohen, & Chevrie-Mulleret, 2002; Roodenrys & Stokes, 2001; Smith-Spark & Fisk, 2007;
Smith-Spark, Fisk, Fawcett, & Nicholson, 2003; Snowling, 2008; Stanovich, Siegel, & Gottardo, 1997; Swanson,
1994). These difficulties influence reading acquisition, reading ability, text comprehension and classroom
functioning (Alloway & Gathercole, 2006). According to Bradley and Bryant (1983), children diagnosed with
dyslexia are not ready to read, in terms of PA, at the typical age of six years old. Early identification of dyslexia
followed by targeted instruction providing intensive, well-designed scaffolds for phonological skills and other
crucial literary skills may be imperative (Nicolson et al., 1992). For example, training for preschoolers at risk for
reading disabilities can promote normal reading achievement (Bradley, 1988); however, it is unclear how well
the phonological deficits are remediated.

Dialogic reading interventions have been found to improve PA skills among at-risk, Egyptian, kindergarten
children (Elmonayer, 2012), but many areas of phonology have not been assessed in Arabic-speaking children at
risk for dyslexia. The results of the present study are suggestive of very strong relations among PA, WM, and
dyslexia; however, the directionality of the relationship is not illustrated by the correlational and cross-sectional
analyses conducted in this study. Experimental studies need to be conducted in this population to establish such a
causal conclusion. Thus, the authors recommend that future research be conducted to test the effectiveness of
combining training of PA skills with WM skills for Arabic-speaking preschool children at risk for dyslexia.

6. Conclusion

In sum, the current findings indicate that PA plays a crucial role in the literacy development of Arabic-speaking
preschoolers, as it does for English-speaking preschoolers (Anthony & Francis, 2005). Moreover, preschool
children at risk for dyslexia have poor PA skills and WM deficits in the comparison with children who do not
have any problems in reading. Evidently, both PA and WM are important for developing reading skills. Current
and past research has described which particular phonological skills make more significant impacts in the
improvement of reading during the early learning years and has painted a complex portrait of readers’
development. Individuals with reading difficulties perform lower than controls on the production of
pronunciations for nonsense words (Gathercole & Baddeley, 1993; Kyttala, Aunio, & HautamaKi, 2010) and on
word reading accuracy measures, confirming a deficit in the phonological processing system (e.g., Hansen &
Bowey, 1994). Taken together, these findings present both important theoretical and practical implications for
future studies of the measurement and development of PA, WM, and dyslexia in preschool children across
cultures.
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