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ABSTRACT

Studies have suggested that multiple features influence letter knowledge across
different orthographies. Arabic offers a unique opportunity to investigate the
relations of letter properties on letter knowledge, but research on Arabic letter
knowledge is scarce. This study was designed to investigate (a) letter frequency,
(b) letter sequence, (c) visual similarity, (d) developmental stage of the pho-
nemes of the letters, and (e) diglossia as possible factors that contribute to
Arabic letter knowledge. A total of 142 (Mean age = 67 months) native Arabic-
speaking monolingual kindergartners were administered a letter knowledge
task. Data were analyzed using Cross-Classified Generalized Random-Effects
analysis, which allows partitioning of variance into that due to persons and
due to letters to provide a more unbiased estimate of item-level variance. Results
showed that letter frequency, late developing sounds, and diglossia were statis-
tically significant when each was entered separately in a model whereas visual
similarity and letter sequence were not. However, when all letter features were
entered simultaneously, letter frequency was the only feature that contributed
significantly to the prediction of Arabic letter knowledge. The present study
underscores the important role of letter frequency in Arabic letter knowledge.
Implications for assessment and instruction are discussed.

Letter knowledge is one’s knowledge of the visual graphic forms, names, and sounds (Foulin, 2005). The
role of letter knowledge in word-reading acquisition is well-recognized in theoretical models of word
reading (e.g., Adams, 1990) and overall reading acquisition (e.g., Kim et al., 2020). There is longstanding
evidence that letter knowledge in kindergarten is a code-related foundational skill (Adams, 1990;
Blaiklock, 2004; Schatschneider et al., 2004; Storch & Whitehurst, 2002; Whitehurst & Lonigan, 1998).
Consistently, letter knowledge has been shown to correlate with word reading skills (Burgess & Lonigan,
1998; Caravolas et al, 2001), and is recognized as a strong longitudinal prdictor of word reading
(Hammill, 2004; Lonigan et al., & National Early Literacy Panel 2008). There is also evidence from
intervention studies that shows training phonological awareness with letters is more effective than
training phonological awareness alone (Byrne & Fielding-Barnsley, 1991; Tangel & Blachman, 1992).
This is in line with evidence that letter knowledge predicts and facilitates phonemic sensitivity (Burgess,
2002; Caravolas & Bruck, 1993; Lonigan et al., 2000), that letter knowledge accounts for unique variance
in phonemic awareness (McBride-Chang, 1999), and that phonological awareness adds to letter knowl-
edge (Kim et al., 2010). In sum, letter knowledge is critical in the acquisition of word reading in different
languages varying with their orthographic depth (Blaiklock, 2004; Georgiou et al., 2012; Hassunah et al,,
2017; Kim, 2011; Levin et al., 2008; Treiman et al., 2007).
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Letter knowledge is influenced by several factors some of which has to do with child-level factors
(e.g., phonological awareness, letter in child’s forename, environment), whereas others have to do with
letter features which is our primary interest in the current study. Letter features include visual
similarity, phonological similarity, letter frequency in printed material, and letter sequence (Kim &
Petscher, 2013; Kim et al. 2011; Treiman et al., 2007). Most recently, Kim et al. (2020) investigated
three letter features (visual similarity, letter frequency and letter order) as they relate to children’s
letter-name knowledge across different orthographies (English, Hebrew, Korean, and Portuguese)
among children (Age range = 4.90-5.80). The authors reported that letter frequency was the factor that
was consistently related to letter knowledge across languages.

While there is a plethora of research investigating letter knowledge in multiple languages,
research on letter knowledge in Arabic, a Semitic language that is different from the Latin-based
languages, is limited to a few studies (Abu Ahmad & Share, 2021; Al-Hmouz, 2013; Aram et al,,
2013; Hassunah et al.,, 2017; Levin et al., 2008). Arabic language has unique aspects. For example,
Arabic is known for its diglossic nature (Saiegh-Haddad, 2003) which also extends to its letter
names (standard and colloquial letter names, Levin et al. (2008); see below for details). Moreover,
the phonological system of Arabic language includes the late developing phonemes (Amayreh,
2003) that are not fully mastered until middle childhood (e.g., 8 years old by some children), and
this has an implication for acquiring the letters these late phonemes represent. Furthermore, more
than two-thirds of Arabic letters can be grouped into pairs of highly visually similar letters (Levin
et al., 2008). Therefore, Arabic offers an opportunity to examine whether these linguistic features
play a role in children’s letter knowledge, and adds to our understanding of language-general and
language-specific features that contribute to letter knowledge. Although informative, previous
studies on acquisition of letter knowledge in Arabic have not investigated whether and how letter
features influence the accuracy of Arabic letter knowledge. In a recent study, Tibi et al. (2021)
investigated the dimensionality (i.e., latent factors) of Arabic letter knowledge among native-
Arabic speaking children using an item response theory framework. The authors reported that
children’s letter knowledge was multidimensional with some letters loading on one factor, while
others loading on another factor. The authors speculated that these two groups of letters differed
in difficulty; that is, one factor represented the more easily learned letters and the other the more
difficult letters. However, they did not examine the characteristics of individual letters and so
could not specify which letter features predicted the accuracy of children’s Arabic letter
knowledge.

Therefore, in this paper, we investigate the relations of multiple letter features to children’s letter
knowledge of Arabic. We investigate the letter features that have been examined in previous literature
(e.g., letter frequency, letter sequence, and visual similarities), and additional features such as the
developmental stage of speech sounds and diglossia. Note that letter knowledge is influenced by child
factors (e.g., phonological awareness) and letter features (e.g., frequency in print materials), but in this
study, we focus on the latter only.

Arabic language and orthography

Arabic is a Semitic language that is considered by the United Nations as one of the world’s six official
languages. Millions of people around the world speak Arabic (Gordon, 2005), and its orthography is
also used in Indo-Iranian languages such as Persian and Urdu (Mirdehghan, 2010) and some
traditional African languages (e.g., Hausa and Swahili). Detailed review of characteristics of Arabic
language (Tibi & Kirby, 2018; Tibi et al., 2021) is beyond the scope of the present paper. Instead, we
focus on the features that are specific to letter-name knowledge in Arabic. First, Arabic is characterized
by its abjad orthography (consonantal alphabet) with three letters having dual functions acting as both
consonants and long vowels (Saiegh-Haddad & Henkin-Roitfarb, 2014), and few short vowels that are
not represented by letters, but by diacritics placed above or underneath the letters. Although mor-
phology is beyond the scope of this study, we should note that the root, as a basic morphological unit,
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from which almost all Arabic words are derived is represented exclusively by consonants, which adds
an important value to Arabic letters (Boudelaa & Marslen-Wilson, 2001; Tibi, Tock, & Kirby, 2019).
Also, three Arabic letters (w, b and 1) carry a semantic meaning depending on the context. For
example, the letter “w” functions as the conjunction “and,” and the other two letters act as prepositions
in certain contexts. Furthermore, Arabic letters can be grouped based on similarity in their basic shape
(Abdelhadi et al., 2011; Asaad & Eviatar, 2013; Tibi et al., 2021). In fact, some visually similar letters
can be distinguished by the presence or absence of dots, and the number and location of dots ranging
from one to three dots, which are usually placed either above or underneath certain letters. These dots

>

are not optional and they differentiate the name and sound of the letters (e.g., /s/ “u+,” and /[/ “U3,” or /
z/ “37 and /r/ “J”). Levin et al. (2008) reported that the visually similar letters increased letter
confusability among Arabic-speaking kindergartners from low socioeconomic status. Asaad and
Eviatar (2013) also found that retrieval rates of letter names or sounds were slower for visually similar
letters among first, second, and third grade Palestinian-Israeli children. Similarly, Dai et al., (2013)
found that the dots slowed down reading, but did not affect the accuracy, and reported that children
showed more spelling errors on items that included more dots. They concluded that letters distin-
guished by multi-dot diacritics posed a challenge for their third-grade participants. With an older
group (grade 5) and from a different population where Arabic is the majority Perea et al. (2016, 2018)
provided contrasting evidence where participants were able to quickly process the dots of Arabic
letters and distinguish between words that varied only in one letter and concluded that dots are a core
feature of the Arabic letters.

Another characteristic of Arabic language is diglossia (Ferguson, 1959) which refers to the difference
between two forms of the same language (formal and informal). That is, the literary (or standard) form is
the language of written materials and is learned formally at schools. In contrast, the informal form
(colloquial) is used at home in daily conversations and in informal settings. There are many different
variations of dialects even within the same Arabic country (for a detailed review on diglossia, see
Maamouri, 2009, and Saiegh-Haddad & Henkin-Roitfarb, 2014). Diglossia manifests itself at multiple
linguistic levels including letter names (Levin et al. 2008; see below the Letter Feature section). The
diglossic nature of Arabic has been shown to influence reading accuracy, reading fluency, and phono-
logical awareness (Saiegh-Haddad, 2003; Saiegh-Haddad & Haj, 2018; Saiegh-Haddad et al., 2020).

Letter features

The following is a review of the literature that addressed different letter features as predictors of letter
knowledge. In addition, we added two more features in this study: one that relates to the develop-
mental stage of the phonemes of the letters, and the other is diglossia.

Letter frequency

Exposure to letters in literacy materials has been one of the features that have been frequently
investigated in the literature on letter knowledge, and is usually noted as letter frequency. However,
the evidence on the contribution of letter frequency to letter knowledge is mixed. Some researchers
found that letter frequency facilitated young children’s letter knowledge (lower case letter naming:
Huang & Invernizzi, 2012; letter names in Hebrew and English: Treiman et al., 2007; Letter sound
knowledge in Hebrew: Treiman et al., 2012; Upper and lowercase letter naming: Turnbull et al., 2010),
whereas as others did not find a role for letter frequency (English letter name and letter sound
knowledge: Evans et al., 2006; Korean letter name and letter sound knowledge; Kim & Petscher,
2013). In fact, Phillips et al. (2012) noted that a mixed evidence exists on whether more frequent letters
are more easily acquired than less frequent letters. Most recently, Kim et al. (2020) investigated letter
name knowledge across four different orthographies (English, Hebrew, Korean, and Portuguese), and
reported that letter frequency was consistently and uniquely related to letter accuracy, which lead the
researchers to suggest that letter frequency is a language-general mechanism in letter learning
regardless of languages, scripts, and environments.



360 (&) S.TIBIET AL

Research on the role of letter frequency in Arabic-speaking children’s letter knowledge is
nonexistent. In fact, Arabic letter frequencies have just been availed by Boudelaa et al., (2020)
based on a 40-million word corpus (Boudelaa & Marslen-Wilson, 2010), but it is not clear how these
letter frequencies relate to children’s letter knowledge. According to Boudelaa et al. (2020), four
letters have the highest frequencies and these letters are: /I/ “J,” /w/ “3,” /j/ “¢” and /t/ “=”) which
overlaps with the frequencies that were based on a much smaller corpus of 147,527 words from
children’s textbooks (Belkhouche et al., 2010). It is of note that the letters with the lowest frequencies
correspond to the late developing sounds (Amayreh, 2003; Amayreh & Hamdan, 2007) which will be
discussed below. Interestingly, some of these late developing sounds represented by the lowest
frequency letters have dialectal forms; i.e., sounds in dialects are different from formal Arabic
(diglossic).

Letter sequence

Another feature of letters that has been considered in letter knowledge is the order of the letter in the
alphabets; that is, whether the letter occurs at the beginning or later in the alphabets. The existing
literature used the terms “sequence” or “order” to refer to where the letter occurs in the order of the
alphabet. It has been noted that the letters that occur in the beginning of the alphabets (A, B, C) are
usually the letters that children get introduced to first whether formally or informally (e.g., alphabet
song and games) and therefore, are more accurately recognized than the letters that occur toward the
end (e.g., Y) (English uppercase letter naming: Justice et al., 2006; English uppercase letter name and
letter sound knowledge; McBride-Chang, 1999). However, some studies did not find a significant main
effect for letter sequence after accounting for other factors such as phonological awareness (Kim &
Petscher, 2013; Kim et al., 2020). Kim et al. (2020) explained that the possible reason for the lack of an
independent contribution of letter sequence to letter knowledge in their study, unlike the others, could
be attributed to the fact that other letter features were accounted for. Previous studies also investigated
the role of letter sequence on letter knowledge from the perspective of adjacency which refers to the
preceding, or following, of a specific letter (e.g., F and G). For example, Treiman and colleagues
(Treiman et al., 2006; Treiman et al., 2007) found that adjacency of letters were a source of
confusability in multiple orthographies (English, Hebrew, and Brazillian-Portuguese). With regard
to Arabic, the effect of letter sequence was not examined per se. However, Levin et al. (2008) found
a slight effect of letter adjacency, and the effect was greater when the adjacent letters were visually
similar especially among the intervention group who was taught the letters according to their order
in the alphabet. That is, if the adjacent letters were visually similar, this affected letter naming accuracy
more so than if they were adjacent but not visually similar. While Tibi et al. (2021) did not test the
specific letter features as noted previously, the authors reported that there was a variability among the
teachers in terms of the sequence they followed when teaching Arabic letters. For example, some
teachers followed the abjad sequence, whereas others preferred to teach the letters in groups based on
their respective visual similarities.

Visual similarity

Visual similarity is another letter feature that has been investigated in several studies representing
different languages and orthographies. This feature refers to the similarity between letters in terms of
their graphic shapes, and has been shown as a source of difficulty as seen in the type of errors students
make with visually similar letters. Although several studies reported on the effect of visual similarity on
letter errors (Bowles et al., 2014; Evans et al., 2006; Treiman & Kessler, 2003; Treiman et al., 2006;
Treiman et al., 2007, 2012), there is evidence from other research that did not find the same effect,
particularly after controlling for other factors at the child factors and the letter features (e.g., Kim &
Petscher, 2013). Arabic letters are characterized by a high degree of visual similarity between some
letters. Specifically, 22 out of the 28 letters can be grouped in dyads or triads of visually similar letters
that follow one another in a successive manner (e.g., 33 or &< <), Studies showed that naming visually
similar Arabic letters was more confusing than visually dissimilar letters among their kindergarten
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participants (mean age 5.5) who were children with low socioeconomic status (Levin et al., 2008).
Visual similarity among Arabic letters was also tested in school age children (grades 1, 3, 5) and
university students and results showed that visual similarity affected the speed of retrieving the names
or the sounds these letters represented, and that this speed of retrieval decreased inversely with age
(Asaad & Eviatar, 2013). As noted previously, some Arabic letters share the exact main shape, but
differ only in the presence/absence and/or number of diacritic dots (e.g., & < <« or U4 w), and this
influences word reading and spelling for developing readers (Dai et al., 2013).

Developmental stage of the phonemes of the letters

To the best of our knowledge, this feature as it relates to letter knowledge was empirically investigated
only in one study (Justice et al., 2006) who referred to it as the “consonant-order hypothesis.” Justice
et al. categorized English letters into six categories based on the age of the phoneme acquisition, and
reported that letters corresponding to consonantal phonemes that are mastered earlier (e.g., /b/ and /
m/) have an advantage over the ones mastered later; that is, children were 1.09 times more likely to
know the letter associated with the early phoneme in the early category compared to the following
category. Justice et al. explained that children’s phonological skills influence their alphabet learning.
We chose to include this feature in our investigation because letters represent phonemes, and letter
names are basically comprised of phonological sequences (Foulin, 2005). Undoubtedly, letter name
knowledge and phonological sensitivity are interrelated and both are crucial for later literacy skills
(Ball & Blachman, 1991; Burgess, 2002; Muter & Diethelm, 2001; Wagner et al., 1997). Accordingly, it
is relevant to address the issue of the normal development of speech sounds which, later on, children
learn to use to represent the letters they are learning. After all, letters are visual representations or
“graphic vehicles of phonemes” (Foulin, 2005, p. 144). In the context of Arabic language, it is
particularly relevant to discuss speech sounds because all Arabic letter names, whether colloquial or
standard, include the relevant sound of the letter (Levin et al., 2008). It is acknowledged that letters
whose names provide cues to their initial sounds (e.g., B) are learned more rapidly than those whose
sound cue is at the end of the letter name (e.g., F) or letters with names and sounds are not associated
(e.g., W) (Piasta & Wagner, 2010a, 2010b; Treiman et al., 1997; Treiman et al., 1998). Furthermore,
according to the developmental progression of speech sounds, Arabic phonemes are categorized
according to three developmental stages: early sounds (<2;0-3;10 years), intermediate sounds (4;0-
6;4 years) (Amayreh & Dyson, 1998), and late sounds - late sounds are difficult to produce in terms of
articulation and begin to develop as late as 6.6 years old and are not mastered until 8;4 years (Amayreh,
2003; Amayreh & Hamdan, 2007). The late-developing sounds is pertinent to letter knowledge because
children begin learning about letters formally at least two or 3 years prior to having fully developed the
late sounds.

Diglossia

Of specific interest here is the quality of phonemic representations as it pertains to letter knowledge,
because it is well established that reading in alphabetic languages begins with letter knowledge and
mapping the letters onto their phonemes (Bowey, 2005; Snowling & Hulme, 2011). Thus, it is
important to have robust phonemic representations when matching letters onto their corresponding
phonemes. The standard names of Arabic letters, including the dual letters when they act as con-
sonants, begin with the sound the letter represents, hence, are termed acrophonic. For example, the
letters /fa:?/, /ka:f/, and /mi:m/ begin with the phonemes /f/, /k/, and /m/, respectively. On the other
hand, the colloquial names of Arabic letters start with a glottal stop followed by a vowel /?¢/ and end
with the sound of the letter (hence are termed iconic) as such: /?ef/, /2ek/, and /?em/, respectively.
Levin et al. (2008) reported that their low socioeconomic kindergarten participants used the colloquial
form to name some letters, but were able to shift to the standard form after the seven-month
intervention. Recently, however, Abu Ahmad and Share (2021) stated that these colloquial names
are in fact what they called “demi-phonemes” or “quasiphonemes” because they consistently begin
with the same prefix syllable /?e/ and end with the consonant sound of the letter, yielding the
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phonological structure /?¢C/. These colloquial names (demi-phonemes) are used to teach the sounds
instead of the single phonemes, because of the difficulty in articulating the abstract consonantal sounds
in isolation; hence adding the prefix /?¢/ to aid with sound articulation (Abu Ahmad & Share, 2021).
Abu Ahmad and Share (2021) reported that their preschool participants (mean age 5.06 years)
retrieved the demi-phoneme /?¢C/ rather than the isolated phoneme. This was also reported by Al-
Hmouz (2013) who noted that in Jordan, the Arabic letter sounds are taught by adding /?¢/ before the
consonant when the letter has no short vowel placed on top or underneath (e.g., the letter “b” sounds
as /?eb)/. Al-Hmouz also added that the letter sounds are taught as a CV structure by adding each of
the three short vowels to the C (e.g., /ba/, /bu/, and /bi/). This CV phonological unit was also
previously documented by Levin et al. (2006) and reported as the preferred way to produce letter
sounds in Hebrew especially among their young participants (Mage =5.10) rather than the C phoneme
alone (Treiman et al., 2012). Moreover, other studies of Arabic have reported that their participants
had superior performance on letter names than letter sounds, attributing this to the teaching of
standard letter names prior to their sounds (Abu Ahmad & Share, 2021; Al-Hmouz, 2013) and Hebrew
(Levin et al., 2006).

Diglossia also manifests itself at the phonological level in that some sounds in formal Arabic have
dialectal phonemic variants (Amayreh, 2003; Amayreh & Dyson, 1998). The four phonemes /3/ 3, /6/
&, /85 b, and /g/ & are almost always replaced by other phonemes in the Palestinian dialect. In
addition, the three phonemes /s%/ o=,/d¥/ U=, and /k/ & are produced in formal and informal Arabic for
some words, but may have phonemic variants in Arabic dialects in other words. A number of studies
showed that diglossia interferes with the quality of phonological representations of the words that are
different in their Arabic dialect from standard Arabic (Saiegh-Haddad & Haj, 2018; Saiegh-
Haddad et al., 2020). Hamdan and Amayreh (2007) also noted that the consonant sounds that have
dialectical forms in Jordanian Arabic are usually less accurate in spontaneous production. It is worth
noting that all the diglossic phonemes are late developing sounds except for the phoneme /k/. Asaad
and Eviatar (2013) found that children were slower at naming the letters that map onto sounds that are
not represented in their dialect. Altogether, it is reasonable to consider diglossia as a feature that would
play a role in Arabic letter naming.

The current study

The primary purpose of this study was to explore the letter features that contribute to performance on
Arabic letter knowledge. Specifically, the study asked the following question: which of the following
letter features (a) letter frequency, (b) letter sequence, (c) visual similarity, (d) developmental stage of
the phonemes of the letters, and (e) diglossia, is related to Arabic-speaking children’s letter name
knowledge? To the best of our knowledge, no previous research on Arabic letter knowledge has
investigated all these five features combined in a native group of Arabic-speaking children where
Arabic is the dominant language. Moreover, no previous study has investigated Arabic letter knowl-
edge using the Arabic letter frequencies developed recently by Boudelaa et al. (2020), and employed
Cross-Classified Generalized Random effects as a method of analysis, because it allows for the
simultaneous estimation of multiple letter features in addition to estimating the person variance. In
other words, this analytic approach has the benefit of allowing person and item level variance to be
estimated to provide a more unbiased estimate of item-level variance. We hypothesized, based on the
research reviewed earlier, that each of the five letter features will predict performance on letter
identification accuracy. We also hypothesized that diglossia and the developmental stage of the
phoneme would have strong effects on letter knowledge due to a) the difference between the standard
and colloquial forms, and b) children learn to read the standard letter names before they master the
acquisition of the late-developing sounds that represent some of the letters, and c) all the diglossic
sounds, except one /k/, are mastered two-three years after formal instruction of letter names begins.
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Method
Participants

Data for the present study were taken from Tibi et al., 2021. Participants were recruited from six
kindergartens in the city of Nablus. Kindergartens' were randomly selected from a list of
Kindergartens provided by the Ministry of Education in Ramallah to represent different geographical
locations, and various socioeconomic status (SES) levels. All children in the selected Kindergartens
were invited to participate. Only the children with parental consent and child assent were tested; the
consent rate was 87%. The participants were 142 Arabic-speaking kindergarten children (66 girls;
Mean age = 67 months, SD =4.0 months). None of the participants showed signs of hearing, visual,
language or cognitive impairment as confirmed by the first author and the principals. Testing took
place in the spring term (March-May)-toward the end of the academic year. All participants were
native Arabic-speaking children who spoke the Palestinian dialect, and formal Arabic is the mode of
instruction at their kindergartens. Arabic is also the only language spoken in the children’s homes and
the majority language of the community.

Measures

Letter knowledge

The letter knowledge test was created as part of a battery of tests administered to the participants (see
Tibi et al., 2021). Participants were assessed by showing a matrix of 50 letters in random order. All
letters were presented on a matrix that included 5 rows with 10 letters in each row. Each letter was
inside a cell in a Times New Roman font size 36. Twenty two letters, out of the total of 28 Arabic
letters, were presented twice yielding a total of 44 letters. The remaining six letters were shown once
each. However, only the first occurrence of a letter was included in this analysis. All letters appeared
without vowels and in their isolated shape (not allographs or ligatured). Children were asked to
identify all the letters as accurately as possible. There were three practice items to ensure children’s
understanding of the task. Children were encouraged to attempt all items with no termination rule.
The participant’s score was the number of items correct. Credit was given for each standard letter
name produced correctly (e.g., /ba:?/). It should be noted that the few children who produced the
sounds /ba/, or the demi-phoneme /?¢b /, correctly were prompted to say the full standard name, and
they did so successfully. Scores ranged from 2 to 28 with a mean of 21.46 (SD = 5.87).

All teachers and school principals of the participants noted that standard letter names are taught
first followed by their sounds. The Ministry of Education requires the explicit teaching of all the
standard letter names first followed by their sounds. Because of the difficulty in producing the
consonant sounds in isolation, teachers are trained to teach sounds by placing the /?¢/ syllable before
the consonant yielding /?eC/ (similar to that noted by Al-Hmouz, 2013,; Abu Ahmad & Share, 2021).
In addition, teachers teach sounding out letters by adding short vowels (e.g., /a/, /u/, or /i/) to the
consonant yielding the /CV/ syllabic structure (Al-Hmouz, 2013). The addition of the /a/ vowel was
also reported by Share (2008) as the default vowel, and by other researchers (Levin et al., 2006; Taouk
& Coltheart, 2004; Treiman et al., 2012).

The letters varied with regard to frequency, sequence, visual similarity, the developmental stage of
the phonemes of the letters, and diglossia. We provide each of the letters and their features in Table 1.

Letter frequency

Letter frequency information was based on Boudelaa et al. (2020) recent work on Arabic letter
frequencies. These frequency figures were calculated as percentages based on their 40-million word
corpus of written texts as detailed in Boudelaa and Marslen-Wilson (2010). The letter frequencies
ranged from .23 to 8.4 (M = 2.8, SD = 2.5).
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Table 1. Letter features included in the analyses.

Letter Proportion correct  Letter Frequency  Letter sequence  Visual similarity ~ Sound development  Diglossic
1/l s 0.94 7.2 28 Unique | No
2 /wl/g 0.98 8.36 27 Similar E No
3/8/ ¢ 0.77 0.57 19 Similar | No
4, 0.91 461 10 Similar | No
5/h/ ® 0.44 0.74 26 Unique | No
6/k/J 0.76 1.99 22 Unique E Yes
7 /s/w 0.94 2.74 12 Similar | No
8/dz/ & 0.71 1.51 5 Similar I No
9/9/ © 0.68 2.14 21 Unique L Yes
10 /t/ o 0.87 6.87 3 Similar E No
11/8%/ b 0.29 0.23 17 Similar L Yes
12 /d5/a 0.48 0.7 15 Similar L Yes
13/t b 0.46 1.1 16 Similar L No
14 S/ 0.80 25 18 Similar L No
15 /1 G 0.87 1.1 13 Similar | No
16 /z/ 0.93 0.85 1 Similar L No
170 J 0.91 8.4 23 Unique E No
18 /m/ 2 0.84 1.84 6 Similar E No
19 /0/ 5 0.48 0.37 9 Similar L Yes
21 /n/ o 0.87 5.44 25 Unique E No
22 /f/ W 0.87 2.82 20 Unique E No
23 /0/& 0.52 0.43 4 Similar L Yes
24 /m/ o 0.93 5.77 24 Unique E No
25 /x/ ¢ 0.79 0.88 7 Similar | No
34 /| 0.92 143 1 Unique | No
35/b/ & 0.95 417 2 Similar E No
36 /d/ > 0.85 2.57 8 Similar E No
37 /s Lo 0.57 1.06 14 Similar L Yes

Note. Numbers in the first column refer to the sequential position of the item on the measure with 50 items. Only these 28 first
occurrences were included in the analysis. Sound development: E = early, | = intermediate, L = late

Letter sequence

Letter sequence was used to represent the position in which each letter occurs in the alphabet (see
Table 1). Given that there are 28 letters in Arabic, the first letter “alif” “¥” which represents the sound /?/
was represented by a 1 and the last letter “s” which makes the sound /j/ was represented by a 28.

Visual similarity

Visual similarity was based on Boudelaa et al. (2020) who initially ran a similarity judgment experiment
in which they asked participants to rate Arabic letter pairs on 1 to 7-point scale (with 1 being very
dissimilar, and 7 very similar). Subsequently they converted their similarity ratings into a distance
measure by linearly rescaling the similarity on the 1-7 scale into a distance ranging from 0 to 1 using the
formula: D = (7-S)/6, where D is the Distance and S is the similarity score. For the purposes of the
present study, we considered as unique any letter that was at least .95 away from one or more other
letters in the overall distance space. This cut off procedure yielded 9 unique letters and 19 non-unique
letters; that is, letters that had no distant neighbor at a distance of .95 or more. The proportion of letters
correctly identified for visually similar letters was 0.74 whereas visually unique letters was 0.84.

Developmental stage of the phonemes of the letters

Each letter corresponded to a phoneme in one of three categories according to the categorization
proposed by Amayreh (2003) and Amayreh and Dyson (1998): early (acquired before 4;0 years),
intermediate (acquired between 4;0 and 6;0), or late-developing sounds (6;6->8;4). This categorization
yielded ten early sounds, nine intermediate, and another set of nine sounds as late sounds. Of note,
Amayreh (2003) assessed these phoneme categories in standard Arabic. In the current study, letters
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with early developing sounds were correctly identified 88% of the time whereas letters with inter-
mediate developing sounds were correctly identified 81% of the time and letters with late-developing
sounds only 59% of the time.

Diglossia

There was a total of seven letters categorized as diglossic in this analysis. Despite the fact that the majority
of Arabic phonemes are shared between dialect and standard Arabic (Saiegh-Haddad & Haj, 2018), some
letters have different phonemic representations in the dialect of the participants in the current sample.
For example, the sound for the letter & “q” could be produced as any of these four phonemes /q/, /k/, /g/,
or /?/. Another example is the letter (&) “k” which could be said either as /k/ or /{f/ depending on the
dialect of the speaker. Other letters that have different phonemic representations are /0/ “%,” /3/ “3,” /8¢/
“L” /dS/ “Ua,” and /s “w=" with the last two produced similarly in dialect and standard Arabic for some
words but not others. For example, the phoneme /s/ is produced as such in both dialect and standard for
some words, but could be substituted by /z/ as in the word like /zsi:r/ “small.” Diglossic letters were
correctly identified 56% of the time whereas non-diglossic letters were correctly identified 84% of the
time.

Procedure

Testing was administered by the first author and three native Arabic-speaking psychology graduate
students as part of a battery of tests. The experimenters spoke the same dialect as the children. The
graduate students were trained and supervised by the first author. Each child was individually assessed.
Testing took place in a quiet room suggested by the school principals. Administration of the letter
knowledge task varied in time; on average this test took less than 2 min.

Results

In order to address the research question on the relation of the five letter features (letter frequency,
letter sequence, and visual similarity, developmental stage of the phonemes of the letters, and
diglossia) to children’s knowledge of letters, we fit a series of cross-classified generalized random
effects models. These models allow for the estimation of variance due to person as well as variance due
to items (letters). A binary distribution with a logit link function was used to predict the probability of
getting an item correct based on the item characteristics. First, an unconditional model was fit which
estimates the variance due to children (SD = 1.97), the variance due to letters (SD = 1.70), and a grand
mean (intercept) that provides the probability of getting a letter correct (in logits) [intercept =2.29,z =
6.18, p < .0001].

Next, five models were run with each predictor entered separately (see Table 2). Continuous
predictors (letter frequency and letter sequence) were grand mean centered to aid in inter-
pretation. When entered as the only predictor, letter frequency was statistically significantly
related to the probability of a correct response such that for a one unit increase in frequency,
the odds of a correct response is 1.6 times more likely. Neither letter sequence nor visual
similarity contributed significantly to the prediction of the probability of a correct response.
When the developmental stage of the phonemes of the letters, which was dummy coded to
represent early, intermediate, and late-developing sounds, was entered in the model,
a statistically significant difference was found in the probability of a correct response between
early and late-developing sounds such that the odds of a correct response on late developing
sounds was 0.07 times as likely as early developing sounds. Said another way, the odds of
a correct response on early developing sounds were over 13 times as likely than late-developing
sounds. However, there was no significant difference between early and intermediate develop-
ing sounds. Furthermore, when letters were coded as diglossic (7 letters) versus non-diglossic
(21 letters), and entered in the model, there was a statistically significant difference in the
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Table 2. Results from the models where each of the letter features predicting letter knowledge.

Parameter Logit z value p-value QOdds ratio
Intercept 2.29 7.78 <0.001* 9.87
Letter frequency 0.49 4.95 <0.001* 1.63
Intercept 2.29 6.18 <0.001* 9.87
Letter sequence 0.00 0.10 0.924 1.00
Intercept 2.67 4.49 <0.001* 14.44
Visually similar vs. not -0.57 -0.83 0.409 0.56
Intercept 3.36 7.33 <0.001* 28.79
Intermediate vs. early developing sounds -0.72 -1.18 0.237 0.49
Late vs. early developing sounds -2.62 —4.31 <0.001* 0.07
Intercept 291 8.54 <0.001* 18.36
Diglossic vs. non-diglossic -2.53 —4.37 <0.001* 0.08
*p<.05

probability of a correct response between diglossic and non-diglossic letters such that the odds
of a correct response on diglossic letters were 0.08 times as likely than for non-diglossic letters.
Said another way, non-diglossic letters were more than 12 times as likely to be identified
correctly than diglossic letters.

Finally, all of the predictors were entered into a cross-classified generalized random-effects model
simultaneously to predict the probability of a correct response so that each predictor’s estimate is
adjusted for the effects of the other predictors in the model. Results showed that only letter
frequency was statistically significantly related to the prediction of the probability of a correct
response, after accounting for the other letter features, visual similarity, letter sequence, develop-
mental stage of the letters, and diglossic letters (see Table 3). After controlling for all other
predictors, for a one unit increase in letter frequency the odds of correctly identifying a letter
were 1.45 times as likely.

Discussion

The primary goal of the present study was to investigate the factors that contribute to Arabic-
speaking children’s letter knowledge. To achieve this, we examined the following five letter
features: letter frequency, letter sequence, visual similarity, the developmental stage of speech
sounds, and diglossia as possible factors that contribute to the probability of a correct response
among native Arabic-speaking kindergartners. Results showed that when all factors were
entered simultaneously, letter frequency was the only significant predictor of the probability
of a correct response. This is in accordance with findings from different studies representing
different languages (Kim & Petscher, 2013; Kim et al., 2020; Treiman et al., 2007, 2012). This
study extends the cross-linguistic research on letter knowledge to Arabic with a different
language and certain orthographic features from the already studied languages. The present
findings confirm that letter frequency is an underlying principle in letter knowledge across
languages and scripts.

Table 3. Results from the simultaneous prediction model of letter knowledge.

Parameter Logit z value p-value 0Odds ratio
Intercept 2.82 5.31 <0.001* 16.78
Letter frequency 0.39 3.45 <0.001* 1.48
Letter sequence -0.05 -1.46 0.146 0.95
Visually similar vs unique -0.13 -0.23 0.819 0.88
Intermediate vs early developing sounds 0.04 0.08 0.940 1.04
Late vs early developing sounds —-0.54 —-0.78 0.434 0.58
Diglossic vs non-diglossic -1.17 -1.89 0.058 0.31

*p < .05
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We found that letter sequence and visual similarity were not related to performance on letter
knowledge even when they were entered alone without the other letter features. Our results seem to
contradict findings from other research (Asaad & Eviatar, 2013, 2014; Eviatar et al., 2004; Justice et al.,
2006; Levin et al., 2008; McBride-Chang, 1999). This may be attributed to the fact that we assessed only
letters in isolation which children at this age are familiar with and recognize with more accuracy
compared to the visually similar allograph stimuli as was done in the studies by Asaad and Eviatar
(2013, 2014). Also, our task was not timed nor was limited to five letters only in each speeded letter
naming test as the case in other studies (Asaad & Eviatar, 2013, 2014; Eviatar et al., 2004).
Furthermore, letter knowledge was measured differently in previous studies (e.g., confusion between
pairs of letters in Treiman et al., 2006, pressing a key when pairs were identical among bilingual adults
in Eviatar et al., 2004). Altogether, methodological differences make it difficult to draw conclusions
across studies that employed different methodologies and designs.

A unique aspect of the present study was an investigation of developmental stage of the phoneme
acquisition. When the stages of phoneme acquisition (early, intermediate, and late) were entered as the
only predictors, there was a significant difference in the probability of a correct response between early
and late-developing sounds with the early sounds being easier. However, there was no difference
between early and intermediate sounds. This aligns with earlier findings on the acquisition and
mastery of Arabic speech sounds as noted previously by Amayreh and colleagues (Amayreh, 2003;
Amayreh & Dyson, 1998; Hamdan & Amayreh, 2007). In fact, Amayreh (2003) noted that all late
sounds are commonly replaced by the more frequent sounds or dialectal variants of these late
developing and lower frequency sounds. Our findings are also in accordance with Justice et al.
(2006) “consonant-order hypothesis” who found that the letters that correspond to early developing
phonemes are acquired earlier than those that correspond with late-developing phonemes. It is also
worth noting that the letters representing the late-developing sounds also happen to have very low
frequencies (Boudelaa et al., 2020), which may explain why this difference is no longer significant
when accounting for letter frequency.

As noted above, an important feature of Arabic is diglossia, and the present study revealed its role
in letter name acquisition. When diglossia was entered independently, it had a negative effect on
children’s letter knowledge. This is in line with previous literature on the impact of diglossia on
phoneme isolation, letter knowledge, and word reading (Levin et al., 2008; Saiegh-Haddad, 2003).
However, when diglossia was entered with the other letter features, it did not add a unique contribu-
tion to letter knowledge that seems to contradict the existing literature. Recall that all diglossic
phonemes, except /k/, are also late-developing sounds and have low frequencies that indicates that
it is not diglossia alone that affects letter accuracy. Another possible explanation for diglossia not
contributing uniquely over and above other predictors is the participants’ level of Arabic in the present
study is the fact that standard letter names are the “preferred response” (p. 1) similar to what was
reported by Abu Ahmad and Share (2021). Furthermore, the participants in the current study appear
to be stronger than those in previous studies (Abu Ahmad & Share, 2021; Hassunah et al., 2017; Levin
et al.,, 2008). Differences in letter knowledge may also be attributed to instructional practices. For
example, in the current study, children are taught explicitly code-related skills with an emphasis on
standard Arabic in all literacy materials. When Levin et al. (2008) intervention study was conducted,
literacy instruction among their kindergarten population did not include emergent literacy skills. It is
also important to note that the participants in Levin et al.’s study and Abu Ahmad and Share’s study
(2021) came from a middle to low SES background, whereas in our study the participants represented
diverse SES as determined by parental education and employment. Future research that includes SES
as a child-level factor in Arabic letter knowledge is warranted. Another possible explanation is that
none of the previous studies on Arabic letters had investigated directly the effect of the different letter
features, including letter frequency, on letter knowledge, nor used the method we used here by
including all letter features simultaneously in one model. Therefore, replicating the current investiga-
tion with different Arabic-speaking populations, including all letter features, and with a younger age
group (preschoolers) may shed light on divergence of the findings.
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In summary, letter frequency, the late-developing phonemes, and diglossia were related to Arabic
letter knowledge. However, when these features were included simultaneously, it was letter frequency
alone that remained related to letter knowledge in Arabic.

Limitations and future directions

Although the present study provides new evidence on Arabic letter knowledge, some limitations need
to be noted. For example, future research should include a larger sample size, draw samples from
populations that speak different varieties of Arabic dialects, and include child-level factors such as
phonological awareness, SES, and age. The age of our participants (M = 5.5), for example, may have
affected performance on the letters that correspond to late-developing sounds. Future work may also
compare the effect of letter knowledge as a function of the order taught by teachers (serial order vs.
other methods such as grouping letters) particularly there seems to be no agreement about the
preferred sequence of teaching letters. Furthermore, future research on Arabic letter knowledge may
consider examining letter names separate from letter sounds and look into how the trajectories of
these two aspects differ, or not. Another letter feature to be examined in future studies is the degree of
allographic changes for each letter. Last, but not least, future research on Arabic letter knowledge can
examine letters included in the child’s name as a predictor of letter knowledge similar to what has been
done in other studies (Justice et al., 2006; Treiman et al., 2006, Treiman et al., 2007, 2012).

Implications

Several instructional implications arise from the finding about later developing phonemes in Arabic.
First, it is paramount to include the lower frequency letters in any Arabic letter screening tools. If
screening tools focus only on the high-frequency letters, results might be misleading. Early screening
and assessment should inform better instructional practices and early intervention. An assessment
that is based on research evidence would provide teachers with a clearer picture as to differentiating
instruction according to children’s individual needs. Second, these results suggest that the letters that
correspond to the late-developing sounds deserve more time for a deliberate and explicit teaching for
an increased exposure to these letters and their corresponding sounds. Furthermore, formal and
informal letter teaching of preschoolers, and younger children, should begin with the letters associated
with early followed by intermediate phonemes because the early sounds have already been mastered by
the age of five, if not earlier for some. The results also imply that teaching reading with words that
contain the easy letters that have higher frequencies and early developed sounds are likely to facilitate
development of word reading skill.

Conclusion

In conclusion, the current study contributes to our understanding of the letter features that may
influence letter knowledge in Arabic, and found that letter frequency uniquely was related to letter
knowledge, further supporting that letter frequency is a language-general mechanism as reported by
Kim et al’s cross-linguistic study on letter knowledge (2020). The present study also found that the
late-developing sounds and diglossia each played a role in Arabic letter name knowledge when entered
separately which underscores the importance of explicit and repeated instruction for those letters that
have corresponding phonemes that are late-developing and diglossic.

Note

1. Some of the kindergartens in that region are housed within schools and share the same school principal.
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