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Nonword Repetition Skills in Gulf Arabic—
Speaking Children With Developmental
Language Disorder

Saleh Shaalan®

Purpose: This study examined the performance of Gulf
Arabic—speaking children with developmental language disorder
(BLD) on a Gulf Arabic nonword repetition (GA-NWR) test and
compared it to their age- and language-matched groups.
We also investigated the role of syllable length, wordlikeness,
and phonological complexity in light of NWR theories.
Method: A new GA-NWR test was conducted with three
groups of Gulf Arabic—speaking children: school-age children
with DLD, language-matched controls (LCs), and age-
matched controls (ACs). The test consisted of two- and
three-syllable words that either had no clusters, medial
clusters, final clusters, or medial + final clusters.

Results: The GA-NWR distinguished between the
performance of children with DLD and the LC and AC
groups. Results showed significant syllable length,

wordlikeness, and phonological complexity effects.
Differences between the DLD and typically developing
groups were seen in two- and three-syllable nonwords;
however, when compared on nonwords with no clusters,
children with DLD were not significantly different from
the LC group.

Conclusions: The GA-NWR test differentiated between
children with DLD and their ACs and LCs. Findings,
therefore, support its clinical utility in this variety of
Arabic. Results showed that phonological processing
factors, such as phonological complexity, may have
stronger effects when compared to syllable length
effects.
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tent predictor of language impairment, especially

during the early stages of language development
(Chiat & Roy, 2008; Gathercole, 2006). A vast number
of studies have shown that children with developmental lan-
guage disorders (DLDs; formerly known as specific language
impairment) have significant problems in nonword repetition
(NWR; Archibald & Gathercole, 2006; Bishop et al., 1996;
Conti-Ramsden, 2003; Dollaghan & Campbell, 1998; Ellis
Weismer et al., 2000; Gathercole & Baddeley, 1990; Gray,
2003; Montgomery, 1995, 2002; Munson et al., 2005; Oetting
& Cleveland, 2006; Roy & Chiat, 2004; Snowling et al., 1991).
These consistent impairments in NWR lead researchers to
investigate processes that underlie these deficits in chil-
dren with language impairments in general and those with

P I Y he ability to repeat nonwords is considered a po-
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DLD in particular. Some attribute difficulties in NWR to a
“central” deficit in phonological short-term memory
(PSTM; Gathercole, 2006; Gathercole & Baddeley, 1990),
whereas others argue that, along with PSTM deficits, there
are other contributing factors to NWR deficits, such as defi-
cits in phonological processing skills (Chiat, 2001; Snowling
et al., 1991).

The PSTM account of NWR (Gathercole, 2006;
Gathercole & Baddeley, 1990) is based on the working
memory model of Baddeley (2003), which argues that defi-
cits in the phonological loop component and especially in
the phonological store are the main cause of language deficits
in children with DLD. Deficits in this part of the working
memory can cause problems in forming appropriate pho-
nological representations and learning new words (Archibald
& Gathercole, 2006; Baddeley et al., 1998; Gathercole, 2006;
Gathercole & Baddeley, 1990). Deficits in PSTM can be
assessed using NWR tasks, such as the Children’s Test
of Nonword Repetition (CNRep; Gathercole & Baddeley,
1996) or the Nonword Repetition Test (Dollaghan &
Campbell, 1998). Studies of NWR in children with DLD
have shown that, as the number of syllables increases, the
performance of those children drops significantly when
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compared to language-matched control (LC) and age-
matched control (AC) groups (Archibald & Gathercole,
2006; Bishop et al., 1996; Dollaghan & Campbell, 1998;
Gathercole & Baddeley, 1990). Both the CNRep and the
Nonword Repetition Test are widely used in NWR stud-
ies. When Archibald and Gathercole (2006) compared
these two tests, they found that they both distinguished
between children with DLD and their ACs with a high
level of accuracy. However, only on the CNRep, where
there are many nonwords with clusters or sublexical units,
did children with DLD perform significantly less well than
their LCs (Archibald & Gathercole, 2006). Although in
the latest version of the PSTM theory, its proponents ac-
knowledge that NWR is multiply determined and deficits
in phonological storage may not be the sole cause of lan-
guage impairment, they stress that difficulties in NWR
are largely due to deficits in the storage of phonological
representations (Gathercole, 2006).

Proponents of the phonological processing account
of NWR explain that there are various auditory, phonolog-
ical, and motor processes involved in NWR (Bowey, 1996;
Chiat, 2001; Snowling et al., 1991). Deficits in one or more
of these processes might affect children’s performance on
NWR. Chiat (2001) explains that impaired phonological
processing causes subsequent disruption of the mapping pro-
cess, which is responsible for establishing word and sentence
structures. Therefore, these basic phonological limitations
affect lexical and syntactic development. Subsequent studies
of some phonological factors found that NWR performance
was affected by output processes (Krishnan et al., 2013;
Pigdon et al., 2020), phonotactic probabilities and wordlike-
ness (Edwards et al., 2004; Roy & Chiat, 2004; Szewczyk
et al., 2018), and phonological complexity represented by the
presence of consonant clusters (Gallon et al., 2007; Marshall
& van der Lely, 2009). In the next section, we examine some
of the evidence for the two phonological processing factors
that we investigate in this study, namely, wordlikeness and
consonant clusters.

Wordlikeness. It refers to “the extent to which a sound
sequence is typical of words in a language” (Bailey & Hahn,
2001, p. 568), and it could be determined by factors such as
phonotactic probabilities or lexical neighborhood (Bailey &
Hahn, 2001). While NWR tests maximize the use of unword-
like stimuli to assess the influence of phonological memory,
including wordlike stimuli will draw on long-term lexical
knowledge (Gathercole, 1995) and will provide some advan-
tage to typically developing (TD) children over those with
language impairment. Results from the Preschool Repeti-
tion Test (Roy & Chiat, 2004) with 66 TD children aged 2—
4 years showed that these children were sensitive to lexical
familiarity as they scored better on real words than they did
on nonwords. These results were replicated in a larger
sample of 315 children (Chiat & Roy, 2007). Furthermore,
Gathercole et al. (1991) found that nonwords rated as being
closer to real words were recalled more easily than those rated
as less wordlike on the CNRep test. Armon-Lotem and Meir
(2016).used-an NWR. test that was.designed-to assess the
effects of syllable length, wordlikeness, and phonological

complexity with 230 monolingual and bilingual children
with and without DLD in Hebrew and Russian. Results
showed that, along with sentence repetition, the NWR task
helped in differentiating monolingual and bilingual children
with DLD from their TD peers, although separate bilingual
cutoff points were needed to reach the acceptable level of
accuracy. The NWR test used was a short version of the
test designed by Armon-Lotem and Chiat (2012), who de-
fined wordlikeness in terms of similarity to the target lan-
guage, so wordlike stimuli have the morphophonological
structure of target language, while nonwordlike stimuli did
not provide this information (Armon-Lotem & Chiat, 2012).
Studies of word repetition and NWR in Arabic reported that
children with language impairments performed significantly
better on repeating real words than they did on nonwords
in Palestinian Arabic (PA; Saiegh-Haddad & Ghawi-Dakwar,
2017) and Gulf Arabic (GA; Khater, 2016).

Consonant clusters. Earliest remarks to the role of
consonant clusters in NWR came when Gathercole and
Baddeley (1989) studied NWR skills in 104 TD children
between the ages of 4 and 5 years and found that children
at the age of 4 years were sensitive to the presence of con-
sonant clusters; however, by the age of 5 years, they were
less affected by consonant clusters. Marshall and van der
Lely (2009) designed an NWR test that consisted of only
nine phonemes and three-syllable nonwords to examine the
performance of three groups of children (those with DLD
only, those with dyslexia only, and those with DLD and
dyslexia) and compared their NWR skills to three groups
of TD younger children (aged 5, 7, and 9 years). They found
that all three clinical groups had particular difficulties with
medial clusters when compared to the TD groups. They used
these findings to argue that NWR tests are not mere indices
of PSTM and that phonological complexity has unique
contributions to NWR. Moreover, Gallon et al. (2007) and
Marshall et al. (2002) found that difficulties with repetition
of nonwords with phonological complexities persisted and
were observed even in older children and adolescents with
DLD. These effects were also reported in bilingual popula-
tions. Dos Santos and Ferré (2018) developed an NWR
test to help differentiate language disorders in bilingual
children in multilingual settings. They conducted this test
with 67 monolingual and bilingual children with and with-
out DLD, aged between 5;6 and 8;6 (years;months). Many
of the bilingual participants were French—Arabic bilinguals
with varying degrees of proficiency and coming from differ-
ent linguistic backgrounds (e.g., Lebanese Arabic, Moroccan
Arabic, Tunisian Arabic, Algerian Arabic, and Libyan
Arabic). This test, where nonwords were no longer than
three syllables and with limited wordlikeness effects, was
able to identify bilingual children with DLD. They noted
that the scores of monolingual and bilingual children with
DLD dropped significantly on nonwords with consonant
clusters. Therefore, the authors concluded that there were
stronger effects of consonant clusters in comparison to the
weak effects of phonological storage.

NWR has been found to be unaffected by dialectal,
socioeconomic differences (Burt et al., 1999; Chiat &
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Polisenska, 2016; Dollaghan & Campbell, 1998; Engel et al.,
2008; Oetting & Cleveland, 2006) or differences in IQ (Bishop
et al., 1996; Conti-Ramsden et al., 2001; Ellis Weismer et al.,
2000). These qualities of NWR make it useful where there is
a dire lack of formal and informal tools to assess language
skills in languages such as GA (Shaalan, 2009), which is spo-
ken in Bahrain, Kuwait, Qatar, the United Arab Emirates,
and the eastern part of Saudi Arabia. Each of these regions
has their own variety of GA, though they share many lin-
guistic features and therefore are considered subdialects of
GA (Holes, 2000). In this study, we are examining the GA
variety spoken in Qatar.

There are a few studies that looked at NWR skills in
children with language impairments in Arabic varieties in
general and GA in particular. However, there were studies
that examined the role of NWR and other phonological
processing skills in reading in Arabic (e.g., Elbeheri et al.,
2011; Mahfoudhi et al., 2020; Taibah & Haynes, 2011).
Saiegh-Haddad and Ghawi-Dakwar (2017) conducted a
word and nonword repetition test with PA-speaking chil-
dren and found that children with DLD performed signifi-
cantly less well than their age-matched peers on both tasks,
adding evidence for the utility of NWR tests in this variety
of Arabic. They also studied the impact of diglossia and
phonological novelty on these children by manipulating the
phonological distance between Modern Standard Arabic
(MSA) and spoken PA. Diglossia in Arabic is characterized
by the presence of two linguistic systems that differ signifi-
cantly from each other in phonology, semantics, syntax,
and morphology and exist in different contexts. While the
spoken variety is the native language of the child and she is
exposed to it most of the time, MSA is the variety used in
education, literacy texts, news and media, and formal cor-
respondence. Saiegh-Haddad and Ghawi-Dakwar (2017)
showed that NWR in children with DLD was affected by
the phonological distance between PA and MSA. They dem-
onstrated that kindergarteners and first-grade PA-speaking
children with DLD had more difficulties repeating nonwords
that comprised novel phonemes (phonemes existing in MSA
but not in PA) and across all syllable lengths. The stimuli
used were one- to four-syllable long nonwords and had sim-
ple syllabic structures (i.e., none of the stimuli had consonant
clusters). These findings revealed that the phonological skills
of PA-speaking children with DLD were particularly im-
pacted by this phonological novelty when compared to their
TD peers. GA, however, has a different phonological sys-
tem, and therefore, this effect of phonological distance may
warrant further investigation in children with DLD.

In GA, Khater (2016) developed a GA word and
nonword repetition test and used it with toddlers and pre-
schoolers with and without language impairment. This word
and nonword repetition test (WNRep) followed the design
of the Preschool Repetition Test (Roy & Chiat, 2004). Forty-
eight 1- to 3-syllable words and nonwords were created by
transforming nonwords from existing words (e.g., the word
/ki:s/ [bag] was transformed as the nonword /sa:k/). The par-
ticipants.consisted.of 44 TD.children.and.a.clinical group of
15 children aged 2-4 years. The clinical group consisted of

children who were referred to the speech therapy department
at the main public hospital in Qatar and who did not have
any other concomitant disorders. The results showed signif-
icant difference on the WINRep test between the two groups,
and this supported the utility of this NWR test in GA. How-
ever, there is some uncertainty about the characteristics of
the clinical group in this study. These very young children
did not receive diagnoses, some could be late talkers, and
some of them performed within the TD range. Moreover,
the WNRep test did not control for wordlikeness and sub-
lexical effects. For example, “la.kus” (which is transformed
from the real word “se:.kel” [bike]) has the syllable “la,”
which means “no” in GA.

The results from Saiegh-Haddad and Ghawi-Dakwar
(2017) and Khater (2016) show that NWR tasks can be a
potential clinical marker of language impairment in Arabic.
The design of these tests, however, did not try to control
systematically for wordlikeness effects. Some of the non-
words followed some common patterns in Arabic, for ex-
ample, /qa:.fu:s/ in Saiegh-Haddad and Ghawi-Dakwar
(2017) and /yas.sa:.ri/ in Khater (2016). Neither of these
tests did have nonwords with consonant clusters as they are
not preferred in certain contexts in PA and MSA (Saiegh-
Haddad & Ghawi-Dakwar, 2017) and due to the young age
of participants in the study of Khater (2016). Both of these
studies compared the performance of children with DLD to
a group of their age-matched peers only. Many studies of
DLD in older children prefer to add a language-matched
group, as this will help identify processes and linguistic struc-
tures that reveal where children with DLD lag behind their
age- and language-matched peers. The presence of such per-
sistent deficits supports the deficit versus delay hypothesis
of language impairment and help identify potential clinical
markers of DLD across languages.

In the following study, we examine the performance
of school-age children with DLD and their ACs and LCs
on a new Gulf Arabic nonword repetition (GA-NWR) test
to assess if it will be able to distinguish between the perfor-
mance of children with DLD and their TD peers. Such
finding will support the viability of this GA-NWR test in
identifying children with DLD in this population. We will
also examine the contributions of three important NWR
factors, namely, syllable length (as an index of PSTM) and
wordlikeness and phonological complexity (as phonologi-
cal processing factors).

Method
Participants

Thirty-three GA-speaking children from Qatar partici-
pated in this experiment: 11 diagnosed with DLD (M = 7,9,
SD = 10.5 months), 11 TD AC children (M = 7;9, SD =
10.7 months), and 11 TD LC children (M = 6;0, SD = 8.3
months). The LC group was matched with the DLD group
based on their scores on the Gulf Arabic Sentence Compre-
hension Test (Shaalan, 2017). Children were recruited from
two kindergartens (for the LC group) and four primary
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schools, and three children were recruited through personal
acquaintance. All institutional review board and necessary
administrative approvals were obtained before the start of
the study. All the participating children lived in Doha, the
capital of Qatar, and come from Qatari GA-speaking house-
holds. They all received general language tests, and children
with DLD were selected based on the following criteria: All
of them scored —1.5 SD or below on at least two out of four
language tests from Shaalan (2017), or they had a score of
—2.0 SD on one of these tests. The tests were the Sentence
Comprehension Test, the Expressive Language Test (which
examines the production of various morphosyntactic struc-
tures in GA), the Sentence Repetition Test, and the Arabic
Picture Vocabulary Test (APVT; see Shaalan, 2017, for a
description of these tests). These tests showed high levels of
reliability and validity; however, no information was available
on the specificity and sensitivity of the cutoff points for these
tests. All children scored within normal range on either the
Test of Nonverbal Intelligence, Third Edition (Brown et al.,
1997) for children aged 6;0 and above or on two performance
subtests from Wechsler Preschool and Primary Scale of In-
telligence-Third Edition (Wechsler, 2002) for children who
were younger than 6 years. The Wechsler Performance 1Q
subtests were the Block Design and the Picture Completion
subtests, and they were recommended as an appropriate short
form of nonverbal IQ (see LoBello, 1991; Tomblin et al.,
1997). Both the DLD and AC groups consisted of eight
boys and three girls, while the LC group had six boys and
five girls. Table 1 summarizes participants’ characteristics.
There was a good matching between the DLD group
and the LC group based on their scores on the Sentence
Comprehension Test. The DLD group was not significantly
different from the LC group on the Digit Span subtest score
(which included forward and backward digit span) of the
Wechsler Preschool and Primary Scale of Intelligence—
Third Edition (Wechsler, 2002) or the APVT (Shaalan,
2017). The LC group was not significantly different from
the AC group on the APVT or the Digit Span subtest. The
difference on the nonverbal IQ scores between the DLD
and AC groups was not significant. All children passed ar-
ticulation and childhood apraxia of speech screening tests.

Materials and Procedure

About the Phonology of Qatari GA

Arabic poses some challenges to those who want to
create an NWR test. Arabic, such as other Semitic lan-
guages, is a nonconcatenative language where words consist
of intertwined roots and templates or patterns (McCarthy,
1982). Roots consist of three or four consonants that carry
the basic semantic meaning. For example, the root “K T B”
(write) is used to derive words where vocalic templates are
intertwined with the roots, so the template “i-a:” and the
same root produce /kita:b/ (book), while the template “a:-1”
with the same root produce /ka:tib/ (writer) and so forth.
Therefore, the phonological structure of Arabic is con-
strained.by.its.morphological structure,.and.it is difficult to
tease them apart.

Table 1. Descriptive summary data for the children with developmental
language disorder (DLD; n = 11), language-matched control group
(LC; n = 11), and age-matched control group (AC; n = 11).

Group Age SC APVT DS TONI-3

DLD
M (years;months) 7;9 25.0 485 81 93.0
SD (months) 10.5 4.5 156 1.2 7.4
Range (years;months) 6;3-9;1 18-31 28-76 6-11 85-109
C

M (years;months) 6;0 26.2 59.2 9.1 a

SD (months) 8.3 2.9 166 2.9 2

Range (years;months) 5;0-6;11 22-31 38-89 5-14 a
C

M (years;months) 7;9 33.1 71.7 113 995

SD (months) 10.7 2.3 199 1.3 7.8

Range (years;months) 6;3-9;0 30-38 47-110 9-14 88-111

Note. SC = Sentence Comprehension Test raw score (Shaalan,
2017); APVT = Arabic Picture Vocabulary Test raw score (Shaalan,
2017); DS = Digit Span task from the Wechsler Preschool and Primary
Scale of Intelligence (Wechsler, 2002) raw score; TONI-3 = Test of
Nonverbal Intelligence, Third Edition standard score.

8All the language-matched control children scored above the cutoff
score of 16 on the shorter version of Wechsler Performance 1Q (see
LoBello, 1991; Tomblin et al., 1997).

The Sound System of Qatari GA

Qatari GA has 30 consonants and the following eight
vowels: /a/ and /a:/, N/, i/, Ivl, [vl, le:/, and /o:/ (Mustafawi,
2006). When compared to MSA, Qatari GA shares all the
MSA consonants except /d°/, and in addition, it has the fol-
lowing phonemes that are not part MSA: /tf/, /g/, and /I
(Bukshaisha, 1985). Bukshaisha (1985) listed 12 types of
syllables in Qatari GA; 10 of them are common, while the
other two are not. The 10 common types are /cv/, /cv:/, Iccvl,
leevid, Ievel, Ieviel, Ieveel, Ieevel, Ieviee/, and feevic.

Stress in Qatari GA. Like many other varieties of
Arabic, stress in Qatari is regular and depends on syllable
weight. The final syllable is stressed if it has a long vowel
[/ev:/ or consonant clusters (cvec), including geminate con-
sonants; otherwise, stress falls on the penultimate syllable
(Holes, 1989).

Variables considered in the design of the GA-NWR
test. The design of NWR tests and the stimuli chosen can
affect children’s performance on the test (see Archibald &
Gathercole, 2006). The GA-NWR test was designed to
compare the effects of phonological storage (indexed by
syllable length), wordlikeness effect, and the effects of pho-
nological complexity (consonant clusters). Therefore, care-
ful consideration was taken to control variables that have
been found to influence NWR. These include articulatory
complexity (output processes), lexicality effects, respecting
phonotactic rules of Arabic, morphological information,
syllable number, and wordlikeness.

Articulatory complexity. In order to control for effects
of articulatory complexity, all consonants chosen were early
developing consonants and are typically mastered by the
age of 4 years in GA (Alqattan, 2015). Therefore, while
Qatari GA has 30 consonants, only nine consonants were
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selected to form the nonwords. These sounds were /b/, /d/,
Itl, Ik/, Ifl, Isl, Im/, /n/, and /l/. Moreover, following the rec-
ommendation of Dollaghan and Campbell (1998), only
tense vowels were chosen. Therefore, short tense vowels
(a, u, 1), which are common in MSA, GA, and most spoken
varieties of Arabic, were employed to form the nonwords.
No diphthongs or long vowels were included.

Lexicality effects. In order to reduce lexicality effects
and neutralize the influence of previous vocabulary knowl-
edge, an effort was made to minimize the number of sylla-
bles that are actual words inside the nonwords. Due to the
design of the test and the limited number of consonants, it
was difficult to eliminate all syllables that can be actual
words. Therefore, out of the 140 syllables, 18 were possible
words (i.e., 12.9% of the total number of nonwords). How-
ever, many of these syllables are MSA words that may not
be in the lexicon of these children at this time (e.g., /xad/
“worked hard,” /mas/ “touched”). As for sublexical effects,
which are related to phonotactic probability of phoneme
sequences (see Gathercole, 2006; Stokes et al., 2006), no data-
base that lists consonant probabilities in GA is available,
and therefore, it was difficult to determine the influence of
phonotactic probability on the performance of children
with DLD and TD children in this experiment. Although it
is expected there is little phonotactic probability effects due
to the use of nonexistent roots.

Language-specific phonotactic rules. Alongside attempts
to control articulatory complexity and lexicality effects, non-
words in the GA-NWR test obeyed the phonotactic rules of
Arabic. Therefore, no words with initial clusters were in-
cluded, because most of these initial clusters are formed by
shortening a vowel and then deleting it to form a consonant
cluster (e.g., /hisfain/ “horse” to /hs‘a:n/), and sometimes, a
short vowel is introduced in front of initial consonant clus-
ters /ths‘a:n/ (Bukshaisha, 1985). To avoid this controversy
of whether there is an initial cluster or not, none of the non-
words composed started with an initial cluster. Language-
specific phonotactic rules were respected when forming the
trilateral nonroots. For example, the Obligatory Contour
Principle on place of articulation (OCP-Place) was respected.
The OCP-Place states that roots with homorganic conso-
nants are disfavored or rare in Arabic (Frisch et al., 2004;
Frisch & Zawaydeh, 2001; McCarthy, 1986). Therefore,
certain consonants belonging to some classes (e.g., labials,
coronal obstruents, gutturals) are not commonly found in
proximity to each other. For example, the cooccurrence of
labial consonants (b, f, m) in the same root is infrequent
compared to other consonants. The OCP-Place constraint
is gradiently influenced by the similarity of the consonants
within each consonant class (see Frisch et al., 2004). Based
on these phonotactic constraints and the consonants cho-
sen, the following seven roots were selected: /S T L/, /K D
F/,/DLS/,/ISBN/,/DN F/,/KMS/,/DF L/. All these
roots are nonexistent in GA. These roots were checked in
dictionaries (e.g., Holes, 2000; Qafisheh, 1997), and their
nonexistence was confirmed. When consulting the biggest
dictionary-of Classical Arabic.compiled.in.the 13th century
(Ibn Manzur, 1290/1981), two of these roots were found,

namely /D L S/ and /D N F/, but it was very unlikely that
any of the children in the study had encountered any of these
two roots from Classical Arabic. Ten college-educated
teachers were given these seven roots in the common a-a
vocalic pattern (e.g., /dalas/, /kadaf/). Two out of these
10 teachers identified the root /D L S/ and knew its mean-
ing, while the rest did not identify the meaning of any of
the roots, though they recognized that they could be possi-
ble Arabic words.

Morphological information. Another language-specific
factor that was controlled in the design of the GA-NWR
test was accessing morphological information. In Arabic,
grammatical morphemes are affixed initially, medially, or
finally to the root and therefore the nonwords were care-
fully selected to avoid including such morphemes. There-
fore, none of the nonwords started with /b/ (a preposition
in Arabic as in “bi” [in]), /f/ (a conjunction as in “fa” [and]
or preposition as in /fi/ [in]), /I/ (a preposition as in “li”” [for]),
/n/ (a pronoun as in “na?kol” [we eat]), /t/ (a feminine third
person pronoun), and /m/ (which is commonly used to derive
nouns, places, etc.). Possible suffixes, such as /m/ (used in
plural third person pronouns), /k/ (second-person pronoun),
and /t/ (used in feminine pronouns and to indicate past tense)
were avoided. Based on this, all nonwords included in the
test ended with the following consonants only: /b/, /f/, /1/,
n/, /s/, and /d/. Moreover, since some of the Arabic patterns
could have some extra consonants in nonroot internal posi-
tions (e.g., /t/, /s/, and /n/), these consonants were not added
to the consonantal roots used in this experiment.

Syllable number. GA can have up to seven syllabic
words (Bukshaisha, 1985). However, most of the words
longer than three syllables are formed by adding inflec-
tional morphemes; therefore, all the nonwords included
in the task were either two or three syllables. Due to the
root-and-pattern nature of the language, it was not pos-
sible to create monosyllabic nonwords that are phono-
tactically possible. Creating one-syllable nonwords that
respect Arabic phonotactics could add some lexical or
morphological information that will provide advantage
to TD children over those with DLD. For example, one
of the one-syllable nonwords created by Khater (2016)
was “sa:k,” which has the vocalic pattern indicating past
tense in GA and many of the other single syllable non-
words could be parts of other words. Many studies found
that differentiation in performance of children with DLD
starts on three-syllable words and upwards (Dollaghan &
Campbell, 1998; Gathercole & Baddeley, 1990; Montgomery,
2004). Therefore, syllable number effects can be examined by
comparing the performance of children on two- versus three-
syllable nonwords.

Wordlikeness. Since Arabic is a root-and-pattern lan-
guage, triliteral roots cannot exist by themselves and need
a pattern of vocalic sounds. However, patterns should re-
spect phonotactic rules of Arabic, and therefore, using a
nonexistent pattern will violate these rules. Therefore, we
opted to use patterns that are infrequent in GA. The fol-
lowing vocalic patterns were employed to generate the ex-
perimental nonwords in combination with the consonantal
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roots: a-u, a-v-a, u-1, and v-1-a. These vocalic patterns are
used in MSA to form passive voice structures (e.g., /kusir/
and /kusira/ “was broken”), but passive voice in GA has a
different structure (e.g., /inkisar/ “was broken”) and does
not employ the one from MSA. The test included eight
control nonwords, which had one of the most frequent vo-
calic patterns in Arabic, namely, /a—a/ and /a—a—a/ (Holes,
2000). Therefore, the experimental nonwords were charac-
terized by their low wordlikeness effect, while the control
nonwords had higher wordlikeness effects.

About the GA-NWR Test

The NWR test consisted of 56 nonwords: 48 experi-
mental nonwords and eight control nonwords. The exper-
imental stimuli contained six nonexistent triconsonantal
roots that do not appear in the Qatari GA lexicon, and
they were used to construct two- and three-syllable non-
words with four types of cluster conditions (no clusters,
medial clusters, final clusters, and medial + final [M + F]
clusters), so each root was used to construct eight non-
words. The vocalic patterns used with these roots were
existing but infrequent patterns in GA. See Table 2 for
an example for one of the six triconsonantal roots.

The eight control nonwords were created by taking a
nonexistent root and using the same types of clusters; how-
ever, the vocalic patterns used were (“a-a” and “a-a-a”),
which are considered two of the most frequent vocalic pat-
terns in Arabic.

These 56 nonwords were recorded by a female native
speaker of Qatari GA. Recording of stimuli was conducted
in a soundproof room using the Computerized Speech Lab
(CSL 4300, Kay Elemetrics). The stimuli were then ran-
domized and put into two lists, and children were assigned
randomly to one of these nonword lists (see List A and List B
in Supplemental Material S1). A ¢ test was conducted at the
end of data collection, and it showed no significant difference
between children’s performance on these two lists, #(31) =
-0.37,p=.71.

Procedure

All sessions were conducted in a quiet room by the
author who is a licensed speech-language pathologist
and native speaker of GA. The average time it took to
complete the experiment was 8-10 min; children expressed
no fatigue, and none asked for breaks as this was the only
task completed on that day. The instructions for each

child were the equivalent of the following (in Arabic):
“You will listen to funny and mixed up words and I
want you to repeat them the way you hear them. Now
let’s try this....” This was followed by four trial items.
Stimuli were presented from a laptop through a pair of
external speakers. Children’s productions were audio-
taped through a Sony microphone attached to the lap-
top and using PRAAT software (Boersma & Weenink,
2004). Children’s responses were transcribed online by
the examiner, and when needed, the recorded stimuli
were checked. Each repetition was scored either correct
(1) or incorrect (0). Minor misarticulations (especially
distortion of /s/ or substituting /6/ for /s/) were counted
as correct. No repetition of the stimuli was allowed. An-
other speech-language pathologist, who is a native speaker
of GA, scored the full recordings of five children (two
with DLD and three TD), and the interrater reliability
was 95%.

Results and Analysis

NWR accuracy was scored at word level, so each
word received a score of 1 (correct) or 0 (incorrect). Raw
scores were then converted to percentages. Table 3 shows
the percentage of correctly recalled words for all groups.
It is evident from Table 3 that the DLD group found the
NWR task more challenging than both control groups,
especially as the number of marked structures increases.

The distribution of the scores of all children on the
NWR test is displayed in the box plot in Figure 1. It clearly
shows the significant difference between the group of children
with DLD and the two TD groups, especially the clear lack
of any overlap between AC children and those with DLD.

The data were analyzed using mainly analyses of
variance (ANOVAs) and ¢ tests for follow-ups due to the
robustness of ANOVAs with small populations; however,
due to concerns about normal distribution, we will also re-
fer to the results of nonparametric tests (e.g., the Kruskal—-
Wallis test, the Mann—Whitney U test, and the Wilcoxon
signed-ranks test). The skewness and kurtosis of the scores
on the GA-NWR test for the three groups were as follows:
DLD (0.75 and 2.0, respectively), LC (—1.7 and 3.7, re-
spectively), and AC (-0.4 and —1.3, respectively). Shapiro—
Wilk tests of normality results were significant for the LC
group only (p = .5 for the DLD group, p = .035 for the LC
group, and p = .13 for the AC group). The use of Kruskal—-
Wallis test was recommended by Khan and Rayner (2003),

Table 2. An example of a root and vocalic patterns used to create a list of two- and three-syllable nonwords.

Syllable type
No. of
Root syllables Pattern No cluster Medial cluster Final cluster M + F cluster
/STL 2 syllables a-u Sa.tul Das.tul Sa.tulb Das.tulb
3 syllables a-u—a Da.su.tal Das.bu.tal Da.su.talb Da.sum.talb

NotesFull:stopssindicatessyllablesboundary. M + F = medial + final.
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Table 3. Group descriptive statistics (in percentages of correct repetitions) for the children with DLD (n = 11), age-matched control (AC) children
(n = 11), and language-matched control (LC) children (n = 11) on the nonword repetition task.

DLD (n =11) LC (n = 11) AC (n=11) All groups

Syllable
length Cluster type M SD M SD M SD M SD
2 Syllables No cluster (n = 6) 86.3 16.4 92.4 11.5 100 0

Medial cluster (n = 6) 77.2 23.9 87.8 10.8 97 6.9

Final cluster (n = 6) 68.2 21.7 89.4 171 93.9 11.2

Medial + final cluster (n = 6) 425 251 71.2 31.7 80.4 221

All 2 syllables 68.6 26.9 85.2 20.7 92.8 4.5 82.3 16.7
3 Syllables No cluster (n = 6) 63.6 20.9 78.8 15 92.4 11.5

Medial cluster (n = 6) 43.9 27.2 69.7 31.5 77.2 171

Final cluster (n = 6) 30.3 25.6 68.2 229 83.3 16.7

Medial + final cluster (n = 6) 21.3 225 45.6 225 53.1 26.7

All 3 syllables 39.8 28.4 65.5 259 76.6 23.3 60.7 23.6
Overall mean (n = 56) 55.8 17 77.4 16.4 84.1 9.6

especially when kurtosis is high. For the sake of brevity, we
will only report areas of agreements and/or disagreements
between parametric and nonparametric tests.

A 3 ANOVA group (DLD, LC, AC) x 2 length (two
syllables, three syllables) x 4 cluster type (no clusters, me-
dial clusters, final clusters, and M + F clusters) was conducted.
It revealed a significant main effect of group, F(2, 30) = 12.4,
p <.001, np2 = .45; syllable length, F(1, 30) = 71.7, p < .001,
1, = .70; and cluster type, F(3, 90) = 60.9, p < .001, n,* = .67.
Cluster x Group interaction was also significant, F(6, 90) =
2.5, p=.021, npz = .15; however, Syllable Length x Group

interaction was not significant, F(3, 90) = 2.7, p = .08. Length
x Cluster interaction was not significant either, F(3, 90) = 1.5,
p = .22, nor was the Group X Syllable x Cluster interaction
significant, F(6, 90) = 1.25, p = .29. In the following, the main
effects of independent variables are discussed. This is followed
by examining the significant interaction effects.

Analysis of Main Effects

Main effects of group. Post hoc test with Bonferroni cor-
rection revealed that the DLD group performed significantly

Figure 1. A box plot showing the distribution of scores of all three groups. DLD = developmental language disorder group; LC = language-

matched control group; AC = age-matched control group.
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worse than both the LC group (p < .01) and the AC group
(p < .001) on the overall accuracy of the NWR test. There
was no significant difference between the AC and LC
groups. Similar results were obtained from the nonparamet-
ric tests (the Kruskal-Wallis test and the Mann—Whitney

U test).

Main effects of syllable length. The NWR task used
bisyllabic and trisyllabic nonwords only. Two syllable non-
words were recalled more easily than three-syllable words,
t(32) = 9.1, p < .001. This significant difference was also
seen in the results of the Wilcoxon signed-ranks test.

The results of the Kruskal-Wallis test showed that
there was a statistically significant difference between the three
groups on both two- and three-syllable nonwords. A
Mann-Whitney U test with Bonferroni correction showed
that there was no significant difference between the DLD and
LC groups on both the two- and three-syllable nonwords;
however, the AC group performed significantly better
than the DLD group, with the two TD groups not differ-
ing in their performance on either syllable length. These
are consistent with the lack of Syllable x Group interaction
reported in the main ANOVA.

Main effects of cluster types. The ANOVA showed
a significant main effect of cluster type, F(3, 90) = 60.9,
p <.001, npz = .67. There were four types of nonwords
used in the NWR task: nonwords with no clusters, non-
words with a medial cluster only, nonwords with a final
cluster only, and those with M + F clusters. Table 4 sum-
marizes the overall performance of groups on the four
types of clusters.

Further analysis using post hoc tests with Bonferroni
correction revealed that there was a significant difference
on the performance of all groups on nonwords with no clus-
ters versus all other types of clusters. There was a signifi-
cant difference between nonwords with M + F clusters on
one hand and M + F clusters on the other hand, #30) = 23.3,
p <.001, and #30) = 20, p > .001, respectively. However,
there was no significant difference between medial-only and
final-only clusters. The results from Wilcoxon signed-ranks
tests were similar to the results of the ¢ tests. Therefore, the
following generalization about hierarchy of cluster diffi-
culty holds:

0 cluster > 1 cluster (M or F) > 2 clusters (M + F)

Table 4. Means and standard deviations (in percentage of) correct
nonword repetitions for each type of cluster.

DLD LC AC Total
Cluster type M (SD) M (SD) M (SD) M (SD)

No cluster 75.0 (16.2) ) 96.2 (5.7) 85.6(14.8)
Medial cluster 60.6 (22.8) ) 87.1(8.8) 75.5(20.4)
Final cluster ~ 49.3 (19.7) 78.8(18.1) 88.6(10.7) 72.2 (23.4)
M + F clusters  31.8 (21.0) ) 66.7 (19.7) 52.3 (25.4)
Overallmean  54.2 (23.0) ) (

Note. DLD = developmental language disorder group; LC = language-
matched control group; AC = age-matched control group; M + F =
medial + final.

Analysis of Interactions

Group X Cluster Type interaction. There was a signif-
icant Group X Cluster Type interaction. Figure 2 depicts
the interaction between cluster types and groups. It clearly
shows a pattern of increasing difficulty with nonwords as
they increase in phonological complexity. This effect had a
greater impact on the DLD group than it did on the other
TD groups.

One-way ANOVAs were performed to investigate
the effect of groups at each cluster level. Results showed
that the three groups differed significantly at each level: no
clusters, F(2, 30) = 8.27, p = .001, np2 = .36; medial clusters,
F(2,30)=6.7, p = .004, np2 = .31; final clusters, F(2, 30) =
16.8, p < .001, np2 =.53; and M + F clusters, F(2, 30) = 8.2
p =.001,n,> = .35.

Post hoc tests with Bonferroni correction revealed that
the AC group consistently performed better than the DLD
group on all types of clusters and the AC and LC groups
were not significantly different on any of the cluster types.
Therefore, the following section will focus on the difference
between the DLD group and the LC group on each cluster
condition.

On nonwords with no clusters, the DLD group was
not significantly different from the LC group, #30) = —10.6,
p = .15. The difference between these two groups on medial
cluster nonwords using Bonferroni correction was close to
significance, #(30) = —18.3, p = .06. However, on final clus-
ter nonwords, the difference was significant, #(30) = 30.0,
p = .001. In addition, on nonwords with M + F clusters, the
difference between the DLD and LC groups was significant,
1(30) = -9.0, p = .019.

A Kruskal-Wallis test showed that there was a statis-
tically significant difference between the three groups on all
types of clusters. A Mann—Whitney U test with Bonferroni
correction showed that the DLD group performed signifi-
cantly worse than the AC group on all types of clusters,
and it performed significantly worse than the LC group on
nonwords with final clusters and M + F clusters only. The
two TD groups were not significantly different from each
other. Therefore, these results do not differ from those
reported in the ANOVASs and follow-up 7 tests.

Wordlikeness Effects

To compare the effects of wordlikeness on the perfor-
mance of the three groups, their scores on the experimental
(n = 48) versus control nonwords (n = 8) were examined.
While the experimental nonwords contained low-frequency
patterns (i.e., patterns that are rarely used in GA), the con-
trol nonwords consisted of highly frequent vocalic patterns
that are very common in GA and other varieties of Arabic.
Table 5 summarizes the results of the three groups on both
types of the nonwords patterns.

A repeated-measures ANOVA showed there was a
main effect of wordlikeness, F(1, 30) = 6.6, p = .015, np2 =
.18. Overall, children found the high-frequency patterns,
which were more wordlike, easier to recall than the other
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Figure 2. Group x Cluster interaction. DLD = developmental language disorder group; LC = language-matched control group; AC = age-

matched control group; M + F = medial + final.
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less frequent patterns, #32) = 2.37, p = .02. Results showed
that there was a significant effect of group, F(2, 30) = 7.0,
p < .01, Tlp2 = .31, with the DLD group being outperformed
by both the LC and AC groups (p = .009 and p = .009).
Moreover, there was a significant Wordlikeness X Group
interaction, F(2, 30) = 3.9, p = .03 np2 =.20. Subsequent
analysis using Bonferroni correction showed that the DLD
group did not benefit significantly from wordlikeness effects
when compared to the LC group. A paired-sample 7 test with
Bonferroni correction showed that the difference between the
DLD group’s performance on high- versus low-frequency
patterns was not significant, #(10) = 1.74, p = .11. The LC
group on the other hand benefitted significantly from word-
likeness effect with its performance increasing significantly
on the high-frequency patterns, #(10) = 5.0, p < .001. As for
the AC group, there was no significant difference between
their performance on low- versus high-frequency patterns,
1(10) = —0.8, p = .4. No significant difference was found
between the two TD groups. A one-way ANOVA of non-
words with low-frequency (experimental) nonwords was
significant, F(2, 30) = 12.4, p < .001, with the DLD group
being outperformed by the LC group (p = .006) and the
AC group (p < .001). A one-way ANOVA of nonwords with

Table 5. Means and standard deviations (in percentages) of the
scores of all groups on experimental nonwords that have nonfrequent
patterns (n = 48) versus control nonwords that have very frequent
patterns (n = 8).

DLD LC AC
Type of patterns (n=11) ((=11) (n=11)
Nonfrequent
(Experimental nonwords) M 54.2 75.4 84.7
SD 17.2 17.2 9.4
Frequent
(Control nonwords) M 66.0 89.9 80.9
SD 26.2 19.0 18.0

Note. DLD = developmental language disorder group; LC =
language-matched control group; AC = age-matched control group.

high-frequency (control) patterns was significant (p = .04);
however, the only difference among the groups was that the
DLD was outperformed by the LC only (p = .04).

Similar to the parametric test results, a Wilcoxon
signed-ranks test found a significant effect of wordlikeness
in that the three groups of children were more likely to
correctly recall nonword with high-frequency patterns.
The results of Wilcoxon signed-ranks tests on the perfor-
mance of the three groups on low- versus high-frequency
pattern nonwords were similar to the parametric tests.
Moreover, a Kruskal-Wallis test showed that there was
a statistically significant difference in the performance of
the three groups on the nonwords with low-frequency pat-
terns with the Mann-Whitney U test showing that the DLD
group performed significantly worse than the AC group on
low-frequency patterns. However, the difference between the
DLD and LC groups did not reach significance (p = .069)
due to the adjusted Bonferroni. This difference was signifi-
cant in the parametric test. A Kruskal-Wallis test showed
that the performance of the three groups on nonwords with
high-frequency patterns did not reach significance (p = .06),
thus differing from the reported parametric test.

Overall, although the results of the parametric tests
might indicate the presence of a strong wordlikeness effect,
with qualitative and quantitative differences in the perfor-
mance of the three groups on nonwords with low- and high-
frequency patterns, the fact that the effects of high-frequency
patterns were seen in one group only (the LC in the paramet-
ric test) and the difference on worldlike nonwords did not
reach significance in the nonparametric tests might imply a
possibly weakened wordlikeness effect.

Discussion

This study set out to investigate two main issues about
NWR. First is whether the NWR test devised in this study
can distinguish the performance of GA-speaking children
with DLD from their ACs and LCs. Second, this study
endeavored to shed light on some of the competing theories
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of the nature of NWR deficits in children with DLD, espe-
cially those that attribute these impairments to a central
impairment in phonological capacity (Gathercole, 2006;
Gathercole & Baddeley, 1990) or phonological processing
theories that argue that, in addition to phonological storage,
there are other important factors that can impact NWR,
such as wordlikeness and phonological complexity (Chiat,
2001; Snowling et al., 1991).

Clinical Implications for the Study
of NWR in Arabic

The results of this investigation of NWR skills in
GA-speaking children with DLD show that these children
performed significantly worse than their TD peers matched
on age or language abilities. Therefore, these results extend
the viability of NWR task as a possible clinical marker of
DLD to Qatari GA. These results support the findings of
Saiegh-Haddad and Ghawi-Dakwar (2017), where they
found that NWR test differentiated the performance of
PA-speaking children with DLD from their age-matched
peers. They also concur with the results from Khater (2016),
whose clinical group had significant challenges with the
NWR task when compared to their age-matched peers.
Moreover, this study included both age- and language-
matched groups.

The usefulness of this task may not be constrained
to GA, as the design of the test and the stimuli used may
render it useful and clinically viable in other varieties of
Arabic. The stimuli used in this task consist of eight early
developing sounds that exist in all Arabic dialects, and the
syllable structures (cv), (cvc), and (cvee) used are common
in many dialects of Arabic (Watson, 2002). Therefore, this
task might be a useful tool in the identification of children
at risk of language impairments; especially with the paucity
of assessment tools in Arabic. Moreover, many studies
have found that NWR is less influenced by socioeconomic
factors and is therefore less prone to bias than other con-
ventional language measures (Campbell et al., 1997; Ebert
et al., 2008; Ellis Weismer et al., 2000). The NWR test could
avail itself to be used with a wider population than the
current sample of children, who mostly come from middle-
class households.

However, it is possible that dialect-specific factors
may influence the performance of school-age children who
are exposed to MSA and to their spoken variety. The pho-
nological distance between the two sound systems may
add another level of complexity to the NWR test (Saiegh-
Haddad & Ghawi-Dakwar, 2017). Therefore, larger scale
empirical studies are needed to confirm these findings in
various varieties of Arabic and further examinations of the
diagnostic accuracy of this test are warranted.

Theoretical Implication

The findings of significant differences between children
with. DLD.and. the other two.control.groups-on this NWR
task that comprises only two- and three-syllable words

organized according to their syllabic structures cannot be fully
explained by the PSTM account of DLD as proposed by
Gathercole and Baddeley (1990), as they are better accounted
for by the phonological processing account of NWR. Accord-
ing to the PSTM account, limitations in the phonological
loop, the part of working memory responsible for storing
phonological information, are the “main” cause of deficits
in NWR, vocabulary learning, and syntactic development
in children with DLD (Baddeley et al., 1998; Gathercole &
Baddeley, 1990). This account predicts a significant interac-
tion between syllable length and groups, where children with
DLD perform significantly poorer than their TD peers, indi-
cating a stronger effect of phonological storage over other
phonological processing factors. This prediction was not
borne out in this study. Although we cannot rule out that
the lack of significant interaction between syllable length
and groups could be due to the small size of the three groups,
the fact that there were significant Group x Cluster Type and
Group x Wordlikeness interactions reveals that wordlikeness
and, especially, phonological complexity might show better
differentiation when compared to length effects.

A detailed examination of the relationship between
length and cluster effects reveals that the presence or ab-
sence of clusters had a stronger effect on the performance
of children with DLD than syllable length. Seventy-five
percent of all nonwords used in this experiment had conso-
nant clusters in them, and when children with DLD were
compared with the LC children on bisyllabic and trisyl-
labic nonwords with no clusters, the difference was not sig-
nificant. This is in contrast to the significant difference
between the two groups (DLD vs. LC) on nonwords with
clusters regardless of syllable length. This weak effect of
clusterless nonwords versus the strong effect of nonwords
with clusters is not supported by the strong PSTM account
(Baddeley et al., 1998; Gathercole & Baddeley, 1990), which
posits that PSTM is the main factor in determining NWR
performance or even its latest version (Gathercole, 2006),
which acknowledges the contribution of other phonological
factors (such as prosody, wordlikeness, and lexicality ef-
fects), yet it continues to argue that PSTM has a central
role in NWR and its contribution exceeds those of the
aforementioned factors (Gathercole, 2006).

It is important, however, to reiterate that children with
DLD performed significantly worse than their AC group on
both two- and three-syllable nonwords. Therefore, the differ-
ence between the group of children with DLD and their ACs
in terms of capacity limitations in PSTM is evident and can-
not be ignored. However, this experiment shows that their
performance is better differentiated from their LCs by pho-
nological complexity and to a lesser extent by wordlikeness
as predicted by phonological processing accounts.

The results of the GA-NWR show that children with
DLD are sensitive to two important phonological process-
ing factors, namely, wordlikeness and phonological com-
plexity (consonant clusters).

Wordlikeness effects. Results of this study show that
wordlikeness effects could have significantly influenced the
performance of children with DLD on the GA-NWR task.
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The experimental nonwords used in the Arabic NWR test
were based on nonfrequent and therefore less wordlike pat-
terns, while the control stimuli contained more frequent
(more wordlike) nonwords. The results of both parametric
and nonparametric tests show that the difference in accu-
racy on low- versus high-frequency pattern was not signifi-
cant in the group of children with DLD, while the LC group
found the high-frequency patterns significantly easier to re-
call. Therefore, unlike TD children, children with DLD did
not benefit from previous linguistic knowledge stored in
long-term memory to form new phonological representa-
tions. The AC group did not benefit from pattern effects
due to possible maturational factors. Studies by Berman
(2003), Karwar and Sakran (1998), and Malenky (1997)
reported that pattern awareness develops at a later age
(7-10 years old) in TD Hebrew and PA-speaking children.
So, while the LC are developing their awareness of high-
and low-frequency patterns, those with DLD seem to be
lagging behind them, while the AC group could be in the
process of mastering this awareness or have already mas-
tered this skill.

Wordlikeness effects were reported in PA-speaking
children with DLD (Saiegh-Haddad & Ghawi-Dakwar,
2017) and with GA-speaking children at risk of language
impairment in Khater (2016), where all groups performed
better on real words versus nonwords. One possible expla-
nation for the lack of wordlikeness effects in the DLD in
this group is the type of stimuli used here (nonwords with
high-frequency patterns vs. nonwords with low-frequency
patterns), while in the other two experiments, the stimuli
were real words versus nonwords. Finally, it seems that de-
spite the presence of a general strong wordlikeness effects
in parametric and nonparametric tests and the presence of
group and wordlikeness interaction effects in the paramet-
ric tests, the effects of high frequency patterns were seen in
one of the three groups only (the LC) and in the ANOVA
only, while the Kruskal-Wallis results did not reach signifi-
cance (p = .06). Therefore, wordlikeness effects were not
as strong as the effects of phonological complexity.

Phonological complexity (consonant clusters) effects.
The results of the GA-NWR test show that children with
DLD had increasing difficulties with nonwords as the num-
ber of consonant clusters increased, as predicted by the pho-
nological processing account of NWR (Bowey, 1996; Chiat,
2001). The presence of these marked structures increases the
phonological complexity of nonwords, and children with
DLD seemed more prone to such complexity than their
age- or language-matched peers. These results replicate the
finding of Gallon et al. (2007) and Marshall et al. (2002)
where children with DLD had difficulties repeating even
monosyllabic and bisyllabic nonwords when they contained
marked syllabic and metrical structures. Both Marshall et al.
(2002) and Gallon et al. (2007) found that the performance
of children with DLD deteriorated as the number of com-
plex structures increased, similarly to our findings of in-
creasing difficulties as the number of consonant clusters
increases-from.0.(no-cluster)to-l (medial orfinal cluster)
to 2 (M + F cluster).

This strong phonological complexity effect was also
found in bilingual French-Arabic—speaking children with
and without DLD who came from different Arabic linguistic
backgrounds (Algerian Arabic, Lebanese Arabic, Libyan
Arabic, Moroccan Arabic, and Tunisian Arabic), despite
the small number of syllables used in that study (no longer
than three syllables). They also limited wordlikeness effects
by not building their nonwords on any specific phonologi-
cal system. Similar to our results, they reported a significant
drop in the performance of monolingual and bilingual chil-
dren with DLD on nonwords with clusters, while the decline
from bisyllabic to trisyllabic items seemed smaller, thus sup-
porting their conclusion of the presence of stronger phono-
logical complexity effects.

Conclusions and Summary

This experiment examines the viability of NWR as a
clinical marker of DLD in an understudied language, namely
GA. The NWR test was designed to examine the role of
syllable length, wordlikeness, and phonological complexity
(consonant clusters) in light of two major theories of NWR:
PSTM (Gathercole & Baddeley, 1990) and phonological
processing theory (Chiat, 2001; Snowling et al., 1991).

Analysis of the data shows the GA-NWR test differ-
entiated between the performance of children with DLD
(Mage = 7;9) and LCs and ACs. Findings showed a stron-
ger effect for phonological processing factors (especially
consonant clusters) when compared to the role of syllable
length. Results revealed significant difference in performance
of children with DLD even on two-syllable nonwords due
to the presence of more phonologically complex structures.
Wordlikeness effects were also seen although they were
stronger in parametric tests and were not as strong as the
consonant cluster effects. Overall, these results show that
deficits in PSTM alone cannot explain all the results of this
NWR test. However, it is important to stress that phono-
logical processing accounts do not neglect the role of phono-
logical storage, as it is considered one of the important factors
in NWR (along with auditory, perceptual, phonological, and
output processes). One important factor to consider is that
we examined the effects of syllable length based on two- and
three-syllable nonwords only, and we were not able to com-
pare the three groups on a wider range of syllable lengths. It
is also possible that the lack of Syllable x Group interaction
seen here could be due to the small size of the groups; how-
ever, the results support a more prominent role for phono-
logical complexity and, to a certain extent, wordlikeness
effects. It is expected that the combination of increasing
length and complexity will pose a higher level of difficulty
for children with DLD. Therefore, it seems NWR accounts
such as the phonological processing skills (e.g., Chiat, 2001;
Snowling et al., 1991), which account for the various pro-
cesses influencing the performance of children with DLD,
might provide better explanations for the nature of NWR
deficits.

It is important to examine these findings taking into
consideration that replication with a larger sample is needed

3710 Journal of Speech, Language, and Hearing Research « Vol. 63 « 37003713 « November 2020

www.manaraa.com



and in different varieties of Arabic. Moreover, the diagnostic
accuracy of this NWR test should be examined with a repre-
sentative sample of GA-speaking children in order to assess
its clinical utility and diagnostic accuracy, including sensitiv-
ity and specificity. Moreover, no information was available
on the specificity and sensitivity of the cutoff points for the
tests used to diagnose children with DLD. It is important
to note that not all varieties of Arabic tolerate the presence
of clusters in M + F positions. Moreover, as older Arabic-
speaking children become more exposed to MSA patterns,
the experimental patterns (or infrequent patterns) used in
this study might be affected, and more attention should be
paid to the influence of diglossia on language impairment
with older school-age children.
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