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ABSTRACT

Purpose: Although children with developmental language disorder (DLD) are known to
have difficulties with emergent literacy skills, few available studies have examined
emergent literacy skills in Arabic speaking children with DLD. Even though Arabic
language characteristics, such as diglossia and orthographic structure influence the
acquisition of literacy in Arabic-speaking children, research shows that oral language
skills, such as vocabulary, and cognitive skills, such as VSTM, predict literacy in Arabic-
speaking children. Moreover, linguistic and memory abilities are impaired in children
with DLD, including Arabic-speaking children. The current study examines the
relationships between oral language, verbal short-term memory (VSTM), and emergent
literacy skills in Arabic-speaking TD children and children with DLD.

Method: Participants were 40 typically developing (TD) children (20 girls; aged 4;0 to
6;11), and 26 children with DLD (9 girls; aged 4;0 to 6;11). All participants were
monolingual Arabic speakers and matched on age and socioeconomic status. A set of
comprehensive Arabic language (vocabulary knowledge, morphosyntactic, and listening
comprehension skills), VSTM, and emergent literacy (phonological awareness, and letter
knowledge skills) tests were administered.

Results: The DLD group scored significantly lower than the TD group on language,
VSTM, and emergent literacy measures. Results revealed that the contributions of oral
language and VSTM to emergent literacy skills across TD and DLD groups were
different. In the TD group, VSTM predicted emergent literacy skills, whereas in the DLD
groups, both vocabulary knowledge and VSTM predicted emergent literacy skills.
Conclusion: This study represents an important first step in understanding emergent
literacy skills and their relationships to language and memory in Arabic-speaking children
with and without DLD. The implications of these findings for clinical and education

provision are discussed.

Keywords: Developmental language disorder, verbal short-term memory,

emergent literacy, language skills, Arabic
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Introduction

The process of learning to read begins in the early years of childhood, prior to formal
reading instruction (Rhyner, 2009). Emergent literacy, also known as early literacy,
reflects children’s ability to understand reading and writing before they are considered
readers and writers (Teale & Sulzby, 1986). Similar to language development, emergent
literacy skills are acquired through an interactive and continuous process. As these skills
emerge, they concurrently interact with early oral language skills, and an interrelationship
between oral language skills and written language skills gradually appears and develops
over time. Thus, emergent literacy acts as a link between early language skills and literacy
skills (Rhyner, 2009). Different models have been suggested to provide researchers with
frameworks describing emergent literacy components and how they are related to each
other.

The simple view of reading (SVR) model (Gough & Tunmer, 1986) presents the
reading process by defining the two essential interrelated components: decoding and
language comprehension domains (Hoover & Tunmer, 2018a). Deficits in either of these
elements may lead to poor reading comprehension. The reading rope model
(Scarborough, 2001) supports the SVR model and advances it to include the underlying
subskills of decoding (i.e., phonological awareness, letter knowledge, sight-word
recognition), and language comprehension domains (i.e., background knowledge,
vocabulary knowledge, language structure, verbal reasoning). The reading rope model
also demonstrates how these subskills are related and influence each other’s development,
highlighting the importance of each subskill for reading comprehension.

The connectionist model (Seidenberg, 2005) emphasizes the importance of
phonological representations to word recognition. It argues that word recognition is based

on the connection between orthographic and phonological knowledge, and that this
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connection allows the development of direct connections between orthographic and
semantic knowledge.

Despite differences between the models discussed, all demonstrate how oral
language and literacy skills are fundamentally related to each other — a hypothesis
supported by numerous studies (Catts & Hogan, 2003; Psyridou et al., 2018; Snowling et
al., 2016; Tambyraja et al., 2015; Wilson & Lonigan, 2010).

Children with developmental language disorder (DLD) are known to have
language difficulties in one or more areas of language such as vocabulary and syntax
(Leonard, 2014) which may affect their reading and writing skills, leading to academic
difficulties (Botting, 2020; Boudreau & Hedberg, 1999; McGregor, 2020). McGregor
(2020) reported that school-age children with DLD are six times more likely than their
peers to have literacy and spelling difficulties. No study tested emergent literacy in
Arabic-speaking children with DLD, neither has any research tested the role of oral
language and memory skills to literacy in Arabic DLD. This question is particularly
informative given the fact that in Arabic, and given the diglossic context (Albirini, 2016),
children are required to develop literacy in a standard variety that is remarkably different
from the spoken vernacular they use for everyday oral communication (Saiegh-Haddad,
2018). The current study investigates the contribution of oral language skills to emergent
literacy skills in Arabic speaking young children aged 4;0 — 6;11 years old with and
without developmental language disorder (DLD). In particular, we focus on the roles of
different oral language skills: vocabulary knowledge, syntactic skills, morphological
skills, and listening comprehension.

Verbal short-term memory (VSTM) is a cognitive skill which refers to the ability
to listen and store information over a short period when other competing cognitive

demands are absent (Gathercole et al., 2006; Jackson et al., 2020). Different studies have



105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

121

122

123

124

125

126

127

128

129

reported that VSTM is correlated with reading skills in young children (Cunningham et
al., 2020; Cunningham & Carroll, 2013; Layes et al., 2021). Numerous studies have
shown that language difficulties in children with DLD are related to their memory deficits
(Archibald & Gathercole, 2007; Montgomery et al., 2010; Ullman et al., 2020).
Therefore, the study will also investigate the role of VSTM, alongside oral language
skills, in emergent literacy development.
Linguistic and Cognitive Predictors of Emergent Literacy Skills

A growing body of research has highlighted the importance of oral language skills
in the development of emergent literacy and later literacy skills (Catts et al., 2015;
Dickinson et al., 2019; Kendeou et al., 2009; Lonigan et al., 2000; Muter et al., 2004). In
a longitudinal study, Catts et al., (2015) used the SVR framework to examine the early
predictors of reading comprehension. They followed the development of decoding-
related skills (e.g., phonological awareness, letter knowledge) and oral language skills
(e.g., narrative and vocabulary knowledge) in 336 children aged 5 to 9. They also assessed
word reading skills at the end of their second grade (aged 8) and reading comprehension
skills at the end of the third grade (aged 9). They found that at age 5, oral language skills
were positively correlated with letter knowledge and phonological awareness.
Additionally, second-grade word recognition skills were predicted by kindergarten
phonological awareness and letter knowledge skills, while kindergarten oral language
skills did not predict second-grade word recognition. Due to the strong associations
between phonological awareness and oral language skills, Catts et al. suggested that
children’s phonological awareness skills act as a reflection of their language skills.

The crucial role of language skills on emergent literacy skills have been explored
in various varieties of English and the results show that language and literacy skills are

also related in different varieties of English. For example, Dickinson et al. (2019)
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investigated the relationship between language (i.e., vocabulary, syntax, discourse, and
spontaneous production) and decoding-related skills of 489 African-American children
aged 4;5 years. They found that language and decoding-related skills are not separate
during the early stages of literacy acquisition (emergent literacy stage). Consistent with
the reading rope model (Scarborough, 2001), both skills are interrelated and influence the
development of each other. Furthermore, they found that, of the language skills,
vocabulary knowledge was the most important language predictor of phonological
awareness and letter knowledge. This evidence supports the connectionist model which
emphasizes the importance of the associations between semantic, phonological and
orthographic knowledge (Seidenberg, 2005).

Vocabulary knowledge is crucial for language development and reading skills. It
plays a foundational role in both decoding and comprehension (Ricketts et al., 2007,
Suggate et al., 2018). During the early stages of decoding, children rely more on their
semantic knowledge to facilitate the acquisition of the grapheme-phoneme mapping
process (Seidenberg, 2005). Thus, vocabulary knowledge facilitates the acquisition of
phonological awareness skills (Metsala & Walley, 1998). Phonological awareness has
also been found to support vocabulary development (Anthony & Lonigan, 2004;
Dickinson et al., 2019; Gillon, 2018).

Morphological awareness, which refers to the conscious ability to analyse words
into their component morphemes (i.e., smallest meaningful units) (Nagy et al., 2014),
contributes significantly to literacy acquisition (Dawson et al., 2017; Gillon, 2018; Green,
2009; James et al., 2020; Nagy et al., 2014). In a cross-sectional study, James et al. (2020)
found that, in all age groups (6;0 to 8;11, 9;0 to 11;11, and 12;0 to 13;11), morphological
awareness contributed significantly to reading comprehension skills above and beyond

vocabulary, phonological awareness, word reading, and nonverbal reasoning. As a result,



155

156

157

158

159

160

161

162

163

164

165

166

167

168

169

170

171

172

173

174

175

176

177

178

179

they recommended including morphological awareness strategies in classroom-reading
instructions.

Listening comprehension refers to the ability to listen to and understand spoken
language. During the early years of development — before exposure to written language —
children’s oral language comprehension skills are often tested using a listening
comprehension task (Hoover & Tunmer, 2018). Thus, listening comprehension is another
important component of reading comprehension (Gough & Tunmer, 1986). Both skills
are highly interrelated and tap into general language comprehension processes despite
their different modalities (Hoover & Tunmer, 2018; Wolf et al., 2019). Numerous studies
have included listening comprehension in language assessment together with other
language skills such as vocabulary and syntax and investigated the effect of these
variables on reading as one generic language construct (i.e., language comprehension).
Findings showed that children who had difficulties with language comprehension also
had difficulties with reading comprehension, despite having age-appropriate levels of
word reading fluency and accuracy (Foorman et al., 2015; Kendeou et al., 2009; Nation
et al., 2010; Storch & Whitehurst, 2002).

In addition to oral language skills, different cognitive skills such as verbal short-
term memory (VSTM) have also been found to contribute to the development of emergent
literacy skills. Numerous studies have shown that VSTM is the primary predictor of
phonological awareness in children (Cunningham et al., 2020; Layes et al., 2021;
Martinez Perez et al., 2012; McBride, 2015). Phonological awareness requires adequate
means of storage of phonological codes and an activation of phonological representations
to manipulate the syllabic or phonemic structures of the words. Therefore, any deficits in
VSTM may hinder the acquisition of phonological awareness skills. VSTM is

traditionally measured by digit span recall or nonword repetition tasks. It should be noted
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that these two tasks address different underlying VSTM skills. Digit span recall examines
the ability to process the order of information given (i.e., order VSTM), while nonword
repetition tasks assess the ability to process the information’s items (i.e., item VSTM)
(Majerus et al., 2008; Martinez Perez et al., 2012). Martinez Perez et al. (2012) conducted
a longitudinal study to examine the relationship between VSTM and decoding skills in
74 children of kindergarten age (mean age = 5;8) in the US. They found that order VSTM,
but not item VSTM, significantly predicted decoding skills in first grade. This finding
was attributed to the role of order VSTM capacities in acquiring new phonological
representations. When reading a new word (i.e., decoding), children must link different
graphemes to their corresponding phonemes in a particular order, then temporarily store
this coded sequence to read it out. Cunningham et al. (2020) investigated the effect of
memory on reading development in children aged 4, 5, 6, and 9. They found that VSTM
measured by digit span and phonemes repetition directly predicted word-level reading in
children aged 4 to 6, and indirectly via phonological awareness skills; furthermore,
VSTM when measured by nonword repetition predicted word-level reading in children
aged 6 to 9. This could be explained through knowledge that during early stages of
decoding, children rely more on their serial order VSTM to learn how to translate the
graphemes into their corresponding phonemes. Once children become proficient
decoders, they start to rely more on other linguistic and metalinguistic skills that are
crucial for reading comprehension. Similar findings were also reported in children with
reading difficulties (Hachmann et al., 2014)
Emergent Literacy Skills in Typically Developing Arabic Speaking Children

Arabic is the official language of 27 countries and is spoken by over 300 million
people in the world (Hermena & Reichle, 2020; Saiegh-Haddad, 2018). It belongs to the

Semitic language family (e.g., Hebrew, Amharic, and Maltese) and uses an abjad writing
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system (i.e., consonantal orthographical system) (Daniels, 1992). The Arabic script is
cursive and is written from the right to left. Because the script is cursive, the shape of
letters differs depending on their placement in words (i.e., initial, medial, final following
a connecting letter, and final following a non-connecting letter). See Saiegh-Haddad and
Henkin-Rotifarb (2014) for more on the structure of Arabic language and orthography.
Arabic orthography is considered semi-transparent (i.e., mixed) because it includes both
vowelized and non-vowelized scripts (Hermena & Reichle, 2020). Vowelized scripts
representing mainly short vowels and consonant germination/doubling — those with
diacritical markers — are used only in children’s books, poetry, and the Qur’an. Non-
vowelized scripts require the reader to rely on linguistic knowledge including the word’s
derivational morphological structure (i.e., root and pattern) and morpho-syntactic
properties, as well as sentence context to identify words (Saiegh-Haddad, 2018). Like
Hebrew, Arabic is a morpheme-dense language and depends on its root-derived word
composition (i.e., root and pattern morphemes are linked in words). Arabic is commonly
known as a diglossic language in which speakers use two different varieties of the same
language in different contexts and for different functions (Ferguson, 1959); Spoken
Arabic (SpA) for everyday speech and Modern Standard Arabic (MSA or StA) for formal
functions and for reading/writing (Saiegh-Haddad, 2018). So, how do the unique
characteristics of the Arabic language affect reading acquisition in children?

In the sociolinguistic context of Arabic diglossia, children are only exposed to
SpA during the early years of their development, before they enter school. They begin to
learn MSA mainly once they start school and are exposed to formal reading instruction
(Ayari, 1996). This may pose a challenge to children while learning to read (Saiegh-
Haddad, 2022). Research might have found that diglossia has a negative impact on

literacy acquisition in Arabic-speaking TD children (Asaad & Eviatar, 2013; Asadi &
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Abu-Rabia, 2021; Saiegh-Haddad, 2005, 2022). For instance, Saeigh-Haddad and
colleagues tested the role of the linguistic distance between SpA and MSA and found that
linguistic distance impacted the establishment of phonological representations for MSA
words. The linguistic distance between SpA and MSA was found to impact phonological
processing in memory (Saiegh-Haddad & Ghawi-Dakwar, 2017), and it has been found
to delay phonological awareness development in Arabic-speaking children (Saiegh-
Haddad, 2003, 2004, 2007; Saiegh-Haddad et al., 2020), morphological awareness
(Schiff & Saiegh-Haddad, 2018) and word reading (Saiegh-Haddad & Schiff, 2016). The
researchers argue that these effects of linguistic distance are grounded in linguistic
representations and difficulty establishing and accessing MSA linguistic structures given
limited early exposure and use of MSA among children (Saiegh-Haddad, 2018; Saiegh-
Haddad et al., 2022).

Moreover, the complexity of the Arabic orthography is an additional challenge
for Arabic-speaking children during literacy acquisition. Asaad and Eviatar, (2013) and
Khateb et al. (2014) suggested that the visual complexity of Arabic graphemes might slow
down reading acquisition in children. Other studies have emphasized the importance of
vowel diacritics on reading accuracy in children and found that vowels act as a facilitator
for word-reading in both skilled and unskilled readers (Abu-Rabia, 2007). Others argue
that vowel diacritics are only needed among beginning readers (Saiegh-Haddad & Schiff,
2016; Schiff & Saiegh-Haddad, 2017), yet they disrupt reading accuracy and fluency after
the second grade (Saiegh-Haddad, 2018). Given the linguistic and orthographic properties
of Arabic, as well as the diglossic context of language acquisition and use, it is important
to further understand emergent literacy skills development in Arabic speaking children
and the relationships between emergent literacy, on the one hand, and cognitive and

linguistic skills, on the other hand.
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Asadi, Khateb, and Shany (2017) examined the contribution of the oral language
linguistic component of the SVR model in the Arabic language. Based on the unique
characteristics of the Arabic language, they predicted that orthographic knowledge and
morphological knowledge would contribute to reading comprehension more than
decoding. Consistent with their prediction, the authors found that decoding was not a
significant predictor of reading comprehension when orthographic and morphological
knowledge were added to the model. Their findings confirmed the validity of the SVR in
Arabic, but also highlighted the need to consider the unique Arabic characteristics when
assessing children’s literacy.

The unique contribution of morphological awareness to Arabic reading was also
documented in Schiff and Saiegh-Haddad’s (2018) study which examined the
contributions of phonological awareness and morphological awareness skills to word-
reading skills in school-aged Palestinian Arabic-speaking children in the 2nd thorough
the 10th grades. Findings indicated that morphological awareness skills were significant
predictors of word reading even after controlling for grade levels and phonological
awareness skills. Similar results were also noted in previous studies confirming the
crucial role of morphological skills in literacy acquisition in Arabic (Abu Ahmad et al.,
2014; Abu-Rabia, 2007; Abu-Rabia & Siegel, 2002; Asadi, Khateb, & Shany, 2017,
Saiegh-Haddad & Taha, 2017; Taha & Saiegh-Haddad, 2017).

With regards to VSTM, Saiegh-Haddad (2005) showed that this ability, tested
using the digit Span task (forward and backward), predicted word decoding fluency in
the first grade, alongside colour rapid naming and speed of letter-sound recording.
Similarly, recent evidence demonstrates the crucial role that VSTM plays in acquiring
literacy skills in children. For example, Asadi, Khateb, Ibrahim, et al. (2017) found that

VSTM, as measured by digit span testing and phonological working memory testing (i.e.,
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backward digit span), contributed significantly to decoding and reading fluency skills.
Similar findings were reported by Hassanein et al. (2021) who found that VSTM,
measured by a digit span task, was a significant predictor of decoding skills in first and
second graders from Qatar.

Emergent Literacy in Children with Developmental Language Disorder

Developmental language disorder (DLD) is a heterogeneous neurodevelopmental
disorder that emerges in early childhood and persists into adulthood. It affects
approximately 7.5% of children (Norbury et al., 2016) and is characterized by language
difficulties with no known differentiating condition such as autism spectrum disorder,
cerebral palsy, brain injury, or sensorineural hearing loss (Bishop et al., 2016, 2017).
These difficulties may affect one or several language domains including phonology,
morphology, syntax, semantics, and/or pragmatics. Language difficulties have been
related to delayed emergent literacy skills in children with DLD, with studies
documenting that these children are also at risk of having emergent and later literacy
difficulties (Catts & Hogan, 2003; Catts & Kamhi, 2005; Pratt et al., 2020; Snowling et
al., 2016; Tambyraja et al., 2015; Thatcher, 2010).

Tambyraja et al.,, (2015) documented significant difficulties with alphabet
knowledge, print knowledge, and rhyme awareness in children with DLD, with 75- 80%
of children with DLD being reported at risk of emergent literacy difficulties. Snowling et
al. (2016), in their longitudinal study, followed 220 children at risk of dyslexia and with
language difficulties from preschool to middle childhood. They identified three
developmental trajectories: resolving language impairment (LI), emerging LI, and
persistent LI, and explored the effect of language deficits on literacy acquisition among
these groups. Consistent with the previous evidence, results demonstrated that emerging

language impairment (LI) and persistent LI groups performed significantly lower than the
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TD group on all literacy-related measures (i.e., letter knowledge, phoneme awareness,
rapid automatized naming, and single word reading) at ages 5;6 and 8. However, the
resolving LI group performed at a similar level to their TD peers on all literacy related
measures. Snowling et al. (2016) explained the findings by referring to the critical age
hypothesis (Bishop & Adams, 1990). Children who have language difficulties that are
present at the time of formal reading instruction, as observed in the emerging LI and
persistent LI groups, are at substantial risk of literacy difficulties. On the other hand,
children whose language difficulties resolve before formal reading instructions, as
observed in the resolving LI group, are at a lower risk. Another interesting finding was
that 48% of the emerging LI group and 41% of the persistent LI group were diagnosed
with dyslexia at age 8.

Emergent Literacy Skills in Arabic-Speaking Children with Developmental Language
Disorder

There is emerging evidence that Arabic children with DLD have difficulties with
phonological processing skills and verbal short-term memory (Saiegh-Haddad & Ghawi-
Dakwar, 2017; Taha et al., 2021b, 2021a), morphological and morpho-syntactic skills
(Abdalla et al., 2013; Abdalla & Crago, 2008; Shaalan, 2017, 2020a; Taha et al., 2020),
listening comprehension (Asadi et al., 2022; Shaalan, 2017), vocabulary skills (Shaalan,
2017), and narrative skills (Rakhlin et al., 2020).

A limited number of studies have examined emergent literacy skills in children
with language difficulties and reading difficulties. In a recent longitudinal study,
Mansour-Adwan et al. (2023) examined the relationships between different linguistic
profiles of children in kindergarten and their reading skills in the first grade. Based on
the two-dimensional model (Bishop & Snowling, 2004), children were grouped into four

linguistic groups: low language (111 children), low phonology (120 children), low
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language and low phonology (139 children), and typical language and typical phonology
(135 children). Their findings highlighted the importance of phonological and language
skills for reading and significant differences in reading performances among the different
linguistic groups. Children with low language and low phonology skills obtained lowest
scores on reading when compared with the other groups. Alsiddiqi et al., (2021)
compared the emergent literacy skills in TD children and children with DLD aged
between 4;0 — 6;11 years old. They found that, compared to the TD group, the children
with DLD had significantly lower scores on syllable segmentation, phoneme awareness,
and emergent literacy composite. Vocabulary knowledge and syntactic skills were
significantly positively correlated with emergent literacy composite scores in the TD
group, while all oral language skills (i.e., vocabulary knowledge, syntactic skills,
morphological skills, listening comprehension and mean length per utterance) were
positively significantly correlated to emergent literacy composite scores in the DLD
group.

VSTM received more attention in literacy skills development in children with
reading difficulties. For example, Elbeheri and Everatt (2007) tested working memory
skills in 332 children (40 children with dyslexia and 292 TD children) aged 9;4 to 11;6.
They reported significant differences between TD children and children with dyslexia on
the working memory test. Yet, the correlation analyses demonstrated weak associations
between working memory and reading skills in the TD group, and no associations were
found between working memory and reading skills in the dyslexic group. Lack of
associations in the TD group could be explained by the participants’ age, with the average
age being 10;5. In the dyslexic group, lack of associations could be explained due to the
severity of their decoding skill deficit, which may mask the importance of working

memory skill. In contrast to previous findings, Zayed et al. (2013) found significant
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correlations between working memory and PA skills, such as thyme detection, syllable
blending, phoneme isolation, and phoneme blending tests in 40 preschool children (20
TD and 20 children at risk of literacy difficulties; their mean age was 5;6).

Given the unique linguistic and orthographic properties of Arabic, as well as its
unique diglossic sociolinguistic context, the study aims to investigate the role of linguistic
and cognitive skills in emergent literacy in Arabic-speaking children. Given observed
difficulties in linguistic and cognitive skills in Arabic-speaking children with DLD, the
second aim of the study is to compare the development of these abilities and their
relationship with emergent literacy in children with TD and DLD. The study addresses
the following research questions:

1. What is the contribution of oral language skills to emergent literacy skills in Saudi

Arabic speaking children with and without DLD?

2. What is the contribution of VSTM to emergent literacy skills in Saudi Arabic

speaking children with and without DLD?
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Based on the existing literature, we predicted that linguistic skills such as vocabulary
knowledge and syntactic skills would make significant contributions to emergent literacy
skills in TD and DLD groups. Since numerous studies have shown significant correlations
between different VSTM measures and emergent literacy skills, we predicted that digit
recall and nonword repetition skills would be related to emergent literacy skills in TD and
DLD groups.

Method

The study was approved by the XXXXX (blinded for review purposes), and the Higher
Ministry of Education in Riyadh, Saudi Arabia. We used a between-groups design to
compare between the typically developing (TD) group and children with DLD group.
Participants

Sixty-six Saudi children aged 4;0 — 6;11 were recruited for the study. According to
parental report, none of the children had a history of hearing loss or cognitive, motor,
behavioural, or neurological disorders. There were 26 children with DLD (17 boys and
nine girls) aged between 4;0 — 6;11 years old (mean age = 62.73 months, SD = 10.77
months), recruited from a speech and language clinic at XXXX and XXX (blinded for
review purposes). These children were diagnosed with DLD by a qualified speech-
language therapist (SLT) and had been receiving speech and language therapy. Since
standardized Arabic language assessments are not available, it was crucial to ensure that
children with DLD met criteria for DLD (Bishop et al., 2016). Inclusionary criteria for
this group were (1) a diagnosis of developmental language disorder, and (2) no known
differentiating condition (e.g., brain injury, cerebral palsy, sensorineural hearing loss,
autism, and other genetic conditions). There were 40 TD children (20 boys and 20 girls)
aged between 4;0 — 6;11-year-old, (mean age= 65.45 months, SD = 9.37 months),

recruited from four public kindergartens. The additional inclusionary criteria for this
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group were: (1) age-appropriate language skills as reported by their parents, (2) no
hearing impairment, (3) no history of speech, language or communication disorder, and
(4) no other neurological, social, emotional, behavioural, emotional or sensory disorders.
All parents of potential participants were asked to sign consent forms and fill
demographic and developmental history questionnaires. The two groups did not differ
significantly on chronological age, U=432,z = -1.16, p = .248, and did not differ in their
nonverbal abilities as measured by the Colored Progressives Matrices (CPM; Raven,
2007), U=420,z =-1.32, p = .188. To measure socioeconomic status, parents completed
a demographic questionnaire including parental educational level, parental occupation,
and family income. These three main socioeconomic components are known to influence
parents’ input and interactions with their children (Rowe, 2018). See Table 1 for
demographic information for both groups of participants.
Table 1. Participants’ demographic characteristics

INSERT TABLE 1 AROUND HERE

Materials

A comprehensive Arabic language and emergent literacy test battery was administered.
We used the Arabic language battery, and the Arabic emergent literacy battery as
described in Alsiddiqi et al., (2021). The Arabic language battery composed of (a) Arabic
Receptive Vocabulary Test (Shaalan, 2010), (b) Arabic Expressive Vocabulary Test -2
(AEVT-2), (c) Arabic Sentence Imitation Task (ASIT), (d) listening comprehension test,
and (e) spontaneous language sample. The emergent literacy battery included (a)
phonological awareness tests, and (b) letter knowledge test. Since most children in the
current study were only exposed to the spoken Arabic (SpA) dialect, and to control for

the diglossia effect (Saiegh-Haddad, 2018), all tests were administered using SpA.
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General cognitive ability and verbal short-term memory tests were also
administered. Children’s nonverbal reasoning abilities were tested using the Raven’s
Coloured Progressive Matrices (CPM) (Raven, 1998). To assess the serial order VSTM

and the item order VSTM, digit recall and nonword repetition tests were used.

Procedure

Each child was assessed in a quiet room in the nursery, school, or speech and language
therapy clinic. All assessments were conducted in two to three sessions depending on the
participant’s age and motivation. Younger children (i.e.,4;0 — 4;11 years old) often
required more than one session due to their lower attention span. Each session lasted
approximately 1 hour and was audio recorded using Sony ICD-UXS560F digital voice
recorder. The tests were administered in the following order: general cognitive ability, VSTM
tests, the Arabic language battery, and the Arabic emergent literacy battery. Typically
developing children were also required to complete the hearing screening in order to rule
out any hearing deficits. DLD children had already completed a hearing screening test
prior to their diagnosis. To engage participants during testing, each child was provided
with a task rewards chart to complete as a motivation for participation. They received a
big sticker when they completed the chart. All tests were administered by the 1% author,
who is a qualified speech and language therapist.

Reliability

Interrater reliability was established by having a second qualified Saudi Arabic-speaking
speech and language therapist who independently scored the responses of 15 children
(23% of the sample). According to Cicchetti (1994), intraclass correlation coefficient
(ICC) values from .60 to .74 indicate good levels of agreement and values from .75 to 1.0
indicate excellent levels of agreement. For the language assessments, ICC values were

excellent, for receptive vocabulary (a = 1.0), expressive vocabulary (o = .99), listening
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comprehension (a =.99), sentence repetition (o = 1.0), and mean morpheme per utterance
(MPU) (a = 1.0). For the emergent literacy assessment, I[CC values were excellent for
syllable segmentation, phoneme awareness, letter knowledge, and decoding (a0 = 1.0).
Finally, ICC values were also excellent for nonword repetition and digit recall (o = 1.0).
Analysis

All descriptive and inferential statistical analyses were performed using IBM SPSS
Statistics, version 27. Raw scores were converted to percentages, and composite scores
of vocabulary knowledge (i.e., receptive and expressive vocabulary tests), listening
comprehension (i.e., inferential and literal questions), phoneme awareness (i.e., phoneme
isolation and deletion tests), letter knowledge (i.e., letter naming and letter sound tests),
and emergent literacy (i.e., syllable segmentation, phoneme awareness, and letter
knowledge) were obtained. Prior to the main analyses, Shapiro-Wilk’s test was used to
test the normality of the distributions. Results revealed non-normal distribution of data (p
<.05), and therefore, nonparametric tests were used. First, we looked at the relationships
between oral language skills, VSTM, and emergent literacy skills. Then, we examined
the relative contributions of oral language and VSTM measures in predicting emergent
literacy skills in both groups. As a result, Spearman’s rank order correlation coefficient
controlling for age was carried out first, and then we used hierarchal regression analyses

to address each research question. Significance levels were set at p < .05.

Results

This study aimed to examine the relative contributions of language and VSTM measures
to emergent literacy skills in TD and DLD groups. Descriptive data for each group is
presented in Table 2.

INSERT TABLE 2 HERE

19



467

468

469

470

471

472

473

474

475

476

477

478

479

480

481

482

483

484

485

486

487

488

489

490

491

Research Question 1: Oral language predictors of emergent literacy skills in Arabic

Our first research question sought to examine the role of language measures in
predicting emergent literacy skills. Following the Spearman’s rank correlation
coefficient controlling for age— which has been carried out previously in Alsiddiqi et al.,
(2021), hierarchical multiple regression analyses were carried out using the emergent
literacy composite score as the dependent variable. A power analysis revealed that a
sample size of 26 was needed to achieve a large effect size with a p value of 0.05 based
on 4 predictors. In the first model age and nonverbal reasoning skill were entered as
covariate variables. In the second and third models, vocabulary knowledge and syntactic
skills were added respectively to investigate their significant contribution to explaining
variance in emergent literacy skills. Vocabulary knowledge was entered first because it
is one of the earliest acquired oral language skills and showed higher correlations with
emergent literacy skills in the DLD group (Alsiddiqi et al., 2021). Results of regression
analyses for the TD group and the DLD group are presented in Table 3 and Table 4
respectively.

INSERT TABLE 3 and 4 HERE

Results of the regression analyses demonstrated that age was the only predictor
that contributed significantly to emergent literacy skills in the TD group. However, results
of regression analyses for the DLD group were different. As Table 4 shows, the first
model, which included age and nonverbal reasoning skills as predictors, was significant
[F(2,23) =9.301, p < .001], with R? = .447. Nonverbal reasoning skills was the only
significant predictor: B = .452, t = 2.628, p = .015, explaining 45% of variance. The
second model, which included vocabulary knowledge as a predictor, was also significant
[F(3,22) =8.758, p = .041], with R? = .544, and accounted for an additional 7.5% of

variance. The third model, which included syntactic skills as a predictor, was not
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significant [F(4,21) =8.523, p = .056], with R? change = .075. Overall, the regression
analyses demonstrated that vocabulary knowledge contributed significantly to emergent
literacy skills beyond age, non-verbal reasoning and syntactic skills in the DLD group in
the sample.
Research Question 2: VSTM predictors of emergent literacy skills in Arabic

To examine the relationship between VSTM- as measured by digit recall (order
VSTM) and nonword repetition (item VSTM) tests — and emergent literacy skills in the
TD and DLD groups, we performed Spearman’s rank correlation coefficient controlling
for age within each group. As Table 5 shows, results were different for the two groups.
In the TD group, only digit recall was found to be significantly correlated with an
emergent literacy composite. While, in the DLD group, digit recall, and nonword
repetition tests were both significantly correlated with the emergent literacy composite.
INSERT TABLE 5 HERE

To examine the relative contributions of these measures in predicting emergent
literacy skills in the DLD group, hierarchical multiple regression analyses were carried
out using the emergent literacy composite score as the dependent variable. A power
analysis revealed that a sample size of 26 was needed to achieve a large effect size with
a p value of 0.05 based on 4 predictors. An emergent literacy composite score was used
as the dependent variable, and in the first model age and nonverbal reasoning skill were
entered as covariate variables. In the second and third models, digit recall and nonword
repetition were added respectively to investigate their significant contribution to
explaining variance in emergent literacy skills. Digit recall was entered first because it
showed higher correlations with emergent literacy skills in both groups.

As Table 6 shows, similarly to the previous analyses (see Table 4) the first model

was significant and nonverbal reasoning skills were the only significant predictor
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explaining 45% of variance. The second model, which included digit recall as a predictor,
was also significant [F (3,22) =17.375, p < .001], with R? = .691, and accounting for an
additional 24% of variance. The third model, which included nonword repetition as a
predictor, was not significant [F' (4,21) =.871, p = .361], with R? = .703. Overall, results
of the regression analyses demonstrated that digit recall was the only predictor that
contributes significantly to emergent literacy skills beyond age, nonverbal reasoning, and
nonword repetition in the DLD group.

INSERT TABLE 6 HERE

Discussion

The main aim of this study was to examine the relative contributions of language and
VSTM measures in predicting emergent literacy skills in Saudi Arabic-speaking children
with and without DLD aged 4;00 to 6;11. Two major findings have emerged from this
study. Firstly, vocabulary knowledge was found to be a significant predictor of emergent
literacy skills in the DLD group but not in the TD group. Secondly, digit recall was found
to be a significant predictor of emergent literacy skills in both TD and DLD groups. These
findings are discussed below.
Oral Language and Emergent Literacy Skills in TD children and children with DLD
The first research question aimed to assess which of the oral language skills
measured (i.e., vocabulary knowledge, morphosyntactic, and listening comprehension
skills) were the most important predictors of emergent literacy skills (i.e., phonological
awareness and letter knowledge) in TD children and those with DLD. The key finding
was that variables were related in different ways in each group. In the TD group, the
regression analyses revealed that none of the oral language measures were significant
predictors of emergent literacy skills. This finding does not align with earlier research in
other languages (Catts et al., 2016; Dickinson et al., 2019) and in a sample of Saudi-
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speaking children similar to the one targeted in this study (Alsiddiqi et al., 2021) in which
it was found that vocabulary knowledge and syntactic skills were correlated with
emergent literacy skills. The mixed results may be related to the fact that in the current
study a different analysis was used (a hierarchical multiple regression) which allowed for
the unique contribution of each variable to be separately determined. This includes the
contribution of age which might explain this finding in our sample. Previous research has
shown that the associations between oral language and emergent literacy skills in the early
years are significantly strong, but these relationships may weaken as children get older
(Kendeou, van den Broek, et al., 2009; Storch & Whitehurst, 2002). Kendeou et al. (2009)
reported that oral language skills (i.e., vocabulary knowledge and listening
comprehension) predicted emergent literacy skills (i.e., phonological awareness and letter
identification) at age 4, but this predictive power diminished when children reached the
age of 6. In our sample, the mean age of the TD group was 65 months which is closer to
age 6 than age 4. The current findings hence imply that oral language skills may not
predict emergent literacy skills in children who are over the age of 5.

In the DLD group, when comparing all measured language skills, hierarchical
multiple regression analyses demonstrated that only vocabulary knowledge, at this early
stage of literacy development, was a significant predictor of emergent literacy skills,
which suggests that it is important for emergent literacy skills development in children
with DLD. This is in line with studies suggesting that the growth of phonological
awareness skills is strongly related to the growth of vocabulary knowledge during the
preschool years (Carroll et al., 2003; Hipfner-Boucher et al., 2014; Ventura et al., 2007).
Findings such as these support the lexical restructuring model (Metsala & Walley, 1998)
and the connectionist model (Seidenberg, 2005). Children during the early stages of

development begin to acquire words as whole phonological units. Then, gradually as they

23



567

568

569

570

571

572

573

574

575

576

577

578

579

580

581

582

583

584

585

586

587

588

589

590

591

learn more words, the expansion of their vocabulary size enhances their phonological
sensitivity, and they become more aware of the phonemes in words.
Verbal Short-Term Memory and Emergent Literacy Skills

The second research question focused on whether VSTM — as measured by digit
recall and nonword repetition tests — was related to emergent literacy skills in the TD and
DLD groups. Based on the existing literature on different languages (Cunningham et al.,
2020; Gorman, 2012; Layes et al., 2021; Martinez Perez et al., 2012), we predicted that
VSTM - as measured by digit recall and nonword repetition — would be a significant
predictor of emergent literacy skills in both groups. Results of the correlational analyses
demonstrated that variables were related in different ways in each group. In the TD group,
only digit recall was significantly correlated with emergent literacy and explained unique
variance in emergent literacy skills. In the DLD group, correlational analyses showed that
both digit recall and nonword repetition were significantly positively correlated with
emergent literacy skills, but only digit recall was found to explain unique variance in
emergent literacy skills. Consistent with various studies (Cunningham et al., 2020; Ehri,
2017; Hachmann et al., 2014; Martinez-Perez et al., 2012), these findings demonstrate
that different aspects of VSTM (i.e., serial order VSTM and item VSTM) are separable
as they showed different relationships with emergent literacy skills. Serial order VSTM,
as measured by digit recall, appears to be a significant predictor of emergent literacy skills
during the early stages of development (ages 4 to 6). During the early stages of decoding,
children begin to learn how to link different graphemes to their corresponding phonemes
in a particular order. This early stage of development demands that children rely more on
their serial order VSTM. Once they acquire their decoding skills, they begin to rely more
on other linguistic and metalinguistic skills that are important for later literacy skills. In

the current study, most of the children (aged 5 and 6) had not yet acquired decoding skills
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at the time of being tested, which explains the significant role of digit recall in emergent
literacy skills in TD and DLD groups.

In the DLD group, and unlike in TD children, nonword repetition was found to be
significantly associated with emergent literacy skills beyond digit recall. Earlier research
reported that children with DLD are outperformed by their age-matched TD peers on
nonword repetition (Saiegh-Haddad & Ghawi-Dakwar, 2017). Moreover, nonword
repetition in children with DLD was found in this same study to be more strongly
impacted by phonological distance that in the TD children arguably reflecting low quality
phonological representations for MSA phonological structures. As emergent literacy in
the current study was tested, among other tasks, by a letter knowledge task, and as some
of the Arabic letters represent phonemes that are not within the spoken vernacular of
children (e.g., phoneme /d*/ and /q/ in MSA are substituted with /d%/, and /g/ respectively
in the Saudi dialect spoken by children), it might be argued that this contributed to the
observed significant relationship between nonword repetition and emergent literacy in the
children with DLD (Saiegh-Haddad & Armon-Lotem, 2024). There is also overwhelming
evidence of limited processing capacity skills in children with DLD (Leonard, 2014).
Children with DLD are frequently reported to have difficulties with VSTM, in particular
nonword repetition, which has been identified to be one of the clinical markers of DLD
(Conti-Ramsden & Durkin, 2007; Jackson et al., 2020; Norbury et al., 2008; Shaalan,
2020; Taha et al., 2021a). Due to the limited processing skills in DLD children, more
demands are placed on all the cognitive resources that those children have, resulting in
stronger relationships between all skills in general, and particularly between VSTM (i.e.,
nonword repetition and digit recall) and emergent literacy skills. Despite this, as discussed
above, only serial order VSTM (i.e., digit recall) was found to be a significant predictor

for emergent literacy skills in the DLD group. In terms of studies evaluated within the
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wider context of Arabic literacy research, our findings support those reported Asadi,
Khateb, Ibrahim, et al. (2017), Hassanein et al. (2021), Saiegh-Haddad (2005) on the
crucial role of VSTM on emergent literacy skills in Arabic-speaking children and
extended their findings by examining the effect of different underlying VSTM processing
skills (i.e., serial order VSTM measured by digit span, and item VSTM measured by
nonword repetition) on emergent literacy skills in Arabic-speaking children. Thus, this
study’s evidence highlighted the importance of the serial order VSTM on emergent
literacy skills in TD and DLD Arabic-speaking children.

Limitations

Findings of this study should be interpreted with caution due to the following limitations.
First, small sample sizes in both groups and differences in socioeconomic status that have
not been controlled for may constrained our results. Future studies should recruit larger
sample sizes to replicate the existing findings so more definitive conclusions can be
drawn. Also, future research is needed to highlight the importance of the socio-cultural
context on emergent literacy development among Arabic speaking children. Second, the
study uses a cross-sectional design. To have more accurate understanding of the
relationship between oral language and emergent literacy skills, future studies should
include longitudinal designs and investigate this relationship across different time points.
Third, the DLD group had a smaller sample size than the TD group. Future studies should
include larger and more balanced sample sizes in both groups to increase statistical power
and generalisability of results. In term of procedure, some children completed all the
assessments in a single session of up to one hour. However, due to the age and attention
levels of some of the children, the protocol was completed over 2-3 sessions. For more
consistent assessments’ delivery, future studies should control number of sessions, and

administer less assessments. Also, it should be noted that multiple correlations were
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carried out, such that, by chance, 1 in 20 may be significant due to chance. Finally, most
of the administered tasks were not standardized on Saudi Arabic-speaking children.
Further validation of these tasks is required for research and clinical purposes.
Clinical Implications

This study fills a crucial gap in knowledge by examining the the relative
contributions of language and VSTM measures in predicting emergent literacy skills in
Arabic-speaking children. Comparing Arabic-speaking DLD children with their TD peers
has provided a preliminary insight into their emergent literacy skills. This insight will
facilitate the advancement of knowledge into different oral language factors that may
contribute to emergent literacy acquisition. Literacy difficulties are common, affecting
3% to 10% of students (Snowling & Hulme, 2013) who are often referred to special
educational teachers for support. However, despite this significant support, most
educators are not fully aware of the relationships between oral language and literacy
skills, as well as the importance of referring those students to SLTs for a comprehensive
language assessment. In Saudi Arabia, most educators are only familiar with dyslexia,
which is caused by phonological processing deficits (Adlof & Hogan, 2018). These
deficits are more apparent than DLD (McGregor, 2020). As a result, children with
phonological processing deficits are more likely to receive SLT services. DLD, on the
other hand, is known to be a hidden disorder and is consequently underserved and
relatively unknown. Children with DLD are known to have language difficulties in one
or several language domains, including phonology, morphology, syntax, semantics,
and/or pragmatics. Thus, any needs in these domains may affect the acquisition of
children’s literacy skills, resulting in hyperlexia (i.e., difficulties with language
comprehension) or garden variety reading difficulties (i.e., difficulties with both decoding

and language comprehension; Catts, 2018). Therefore, this study strongly recommends
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educators be made familiar with DLD and understand the impact of different language
needs in children’s academic skills. The collaboration between SLTs and educators is
very important as it helps to identify students’ receptive and expressive language skills,
and to understand how they are using their linguistic skills in academic settings in general
— literacy in particular (Justice, 2006; Squires et al., 2013). Educators should be mindful
of possible links between oral language, VSTM and emergent literacy skills and, where
literacy difficulties are identified, refer to SLTs to assess a student’s language skills and
access appropriate support when needed.
Conclusion

This study offers a valuable contribution to the field’s knowledge regarding
Arabic-speaking children with DLD. It represents an important step in understanding
emergent literacy skills and their relationships to language and VSTM in Arabic-speaking
children with and without DLD. Findings are consistent with different theoretical
frameworks (Gough & Tunmer, 1986; Scarborough, 2001; Seidenberg, 2005), which
suggest significant associations between oral language and emergent literacy skills in
both groups. In fact, these associations are more evident in the DLD group due to their
oral language deficits. Like the reading rope model (Scarborough, 2001), results in the
DLD group show how different oral language skills are interrelated with different
emergent literacy skills, and that the development of one skill is influencing the other.
Results also indicate the importance of vocabulary knowledge for emergent literacy
acquisition (Seidenberg, 2005).

Regarding VSTM, this study’s preliminary results demonstrate that different
aspects of VSTM (i.e., serial order VSTM and item VSTM) are separable — as made
evident by their different relationships with emergent literacy skills in TD and DLD

groups. This study’s findings reveal that serial order VSTM, as measured by digit recall,
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is more important on emergent literacy acquisition than item VSTM, as measured by
nonword repetition, during the early stages of development in Arabic-speaking children
aged 4;0 to 6;11 with and without DLD. At the same time, nonword repetition seems to
be more implicated in emergent literacy in children with DLD than in TD children as the
correlational analysis shows, and this may be related to the phonological distance in
Arabic diglossia (Saiegh-Haddad, 2022) and stronger effects of distance in children with
DLD (Saiegh-Haddad & Ghawi-Dakwar, 2014; Saiegh-Haddad & Armon-Lotem, 2024).
This question, however, remains open for future research.

To summarise, this study blazes a trail for future research into the relationship
between oral language and early literacy skills in the Arabic language, and thus also paves

the way for boosting the clinical and education provision that children with DLD receive.
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