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Abstract

The deficit in verbal working memory (vWM) skills has been frequently reported in chil-
dren with developmental language disorder (DLD) and may contribute to their problems in
language. This study aimed to compare the phonological short-term memory (pSTM) and
linguistic skills between Persian-speaking children with DLD and typical language devel-
opment (TLD) to explore the role that pSTM plays in lexical and grammatical problems of
children with DLD. This study included 32 Persian-speaking children who were divided
into two groups of DLD (n=16) and TLD (n=16) within the age range from 6 to 8 years.
The Persian non-word repetition test was employed as the measure of pSTM. Lexical and
grammatical indices were extracted from narrative generations. Independent-samples ¢ test
was used to analyze the group-related differences in vVWM, lexical, and grammatical skills.
Moreover, the one-way ANCOVA analysis by controlling for NWR was utilized as the
covariate to investigate the effects of vWM on linguistic performances. According to the
results, the children with DLD scored significantly lower on NWR task and all lexical and
grammatical measures, compared to TLD children (P <0.01, d > 1). The group-related dif-
ferences disappeared after controlling for NWR (P> 0.05). The results show that Persian-
speaking children with DLD experience significant difficulties in pSTM skills, which affect
their lexical and grammatical performances.

Keywords Developmental language disorder (DLD) - Lexical performance - Morpho-
syntax - Non-word repetition - Verbal working memory

Introduction

Language is a well-organized device for human communication and thinking. The acqui-
sition of language by young children is an automatic process and occurs easily through
interaction with the environment. However, not all children develop it effortlessly. Devel-
opmental language disorder (DLD) refers to children with apparent problems in spoken
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language and communication with unknown biomedical or neurodevelopmental causes
whose problems persist beyond 5 years of age (Norbury 2017). Until recently, this disor-
der has been mostly known as specific language impairment or primary language impair-
ment by researchers and clinicians. However, the term DLD was suggested and agreed by
the international CATALISE consortium of clinicians, educators, parents, and researchers
(Bishop et al. 2016).

The DLD affects both comprehension and production modalities in different aspects of
language and results in apparent language difficulties, such as obvious morpho-syntactic
errors, limited vocabulary, errors in the production of sounds, as well as difficulties in
retrieving the words and understanding sentences (Leonard et al. 2007; Norbury 2017).
This disorder is prevalent and affects two children in each classroom on average (Norbury
2017). Evidence obtained from more than two decades of the studies on children with DLD
indicates that the problem in linguistic knowledge is more obvious; however, it is not the
only problem in this group of children. Despite normal intelligence, children with DLD
show substantial difficulties in some cognitive domains, specifically in verbal working
memory (VWM) (Leonard et al. 2007).

The WM is a capacity-limited storage system under attention control that is likely
underlies language learning, decision making, adherence to instructions, reading, and
problem solving (Baddeley 2003). Baddeley’s multicomponent model introduces WM as a
multi-dimensional system that includes a central attention-control component (i.e., central
executive) and two capacity-limited specialized components for storage (i.e., the phono-
logical loop and the visuospatial sketchpad). The phonological loop, which is also called
the phonological short-term memory (pSTM), is responsible for the temporary storage of
phonological information and preserve them via rehearsal process. Visuospatial sketchpad
has the same responsibility for visual materials (Baddeley 2003). The episodic buffer, the
fourth and last added component to the model, allows information to be integrated within
the WM system and links them to the stored knowledge in long-term memory (Baddeley
2000).

The function of the phonological loop is often evaluated through verbal retrieval tasks,
such as non-word repetition or serial retrieval of a list of non-related digits/letters/words
(Haresabadi and Shirazi 2015; Dehn 2011). It is believed that non-word repetition pro-
vides the most popular and accurate estimation of verbal-STM performance due to the less
dependency on linguistic stimuli (Estes et al. 2007). Tasks, such as backward digit recall
or backward word span, which require the simultaneous storage and processing of auditory
stimuli, are used in children to assess verbal working memory span (i.e., the coupled per-
formance of phonological loop and central executive) (Dehn 2011).

It is thought that WM plays an essential role in language learning and functioning
(Adams and Gathercole 1995; Baddeley et al. 1988). Some researchers have found a strong
correlation between the pSTM span and the size of the vocabulary of preschool children
and suggested that pSTM supported vocabulary learning at least in the early years of lan-
guage development (Gathercole 2006; Gathercole et al. 1992). Ramachandra et al. (2011)
have proposed that phonological working memory is involved in forming stable phonologi-
cal representations in the mental lexicon through the storage and processing of phonologi-
cal aspects of new lexical items.

Apart from the connection between vocabulary and WM, some researchers argue that
WM could play an important role in learning of the grammatical forms and syntactic struc-
tures (Baddeley et al. 1998; Duinmeijer et al. 2012; Marini et al. 2014).

Tomasello (2000) argues that language acquisition is nothing other than simple imita-
tive learning from adult utterances; these utterances are represented in memory and then
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the words, rules, morpho-syntactic categories, and structures that are discovered through
a chunking mechanism. Presumably, WM plays a role as an intermediary mechanism in
this analytical process (Archibald 2017; Montgomery et al. 2010). Andrade and Badde-
ley (2011) suggested that the phonological loop contributes to the acquisition of grammar
by the impact on vocabulary learning. The results of a study carried out by Blake et al.
(1994) indicated that the pSTM span can predict the mean length of utterances (MLU) of
preschool children even better than the chronological or mental age. Adams and Gather-
cole (1995) also proposed that pSTM span could be served as the predictor of the quality
and quantity of the spontaneous speech of 3-year-old children. Their results revealed that
children with higher pSTM produce longer sentences, which simultaneously contain more
expanded syntactic structures and lexical variability. The results of studies conducted by
Sansavini et al. (2007), as well as Williams and Lovatt (2003) are consistent with these
findings.

As noted previously, deficits in pSTM have been frequently reported in children with
DLD (Alt 2011; Montgomery 2006). Many studies in recent years have revealed that the
performances of children with DLD in non-word repetition lag significantly behind their
age-matched and even their younger language-matched peers (Gathercole and Baddeley
1990). Bishop et al. (1996) specified that non-word repetition could be used as a sensi-
tive identifier for DLD, even when the problems of children in different language domains
are resolved or compensated. Hill et al. (2015) also suggested that the presence of signifi-
cant and persistent deficits in non-word repetition in the group of children with DLD is the
primary difference between these children and those with autism plus language impair-
ment. In addition to apparent pSTM deficits, significant weaknesses in controller mecha-
nisms within the WM system have also been stressed in the group of children with DLD
(Archibald and Gathercole 2006, 2007; Im-Bolter et al. 2006).

Notable difficulties of children with DLD in non-word repetition and other WM related
tasks have played a significant role in the development of theories of DLD. Gathercole
and Baddeley’s “phonological storage deficit hypothesis™ argued that children’s difficulty
in storing the entering phonological information was likely to be the cause of lexical and
grammatical defects of these children (Baddeley 2003; Baddeley et al. 1998). The results
of a study carried out by Duinmeijer et al. (2012) showed that the individual differences
of children with DLD in the tasks of pSTM, such as digit recall, were in positive correla-
tion with MLU and grammar learning capacity. Dodwell and Bavin (2008) showed that
the linguistic performances of children with DLD in narrative production were linked to
their scores on a VWM test. These authors suggested that the efficiency of the “auditory
processing system” of children with DLD might not be as well as their typical language
development (TLD) peers. Vugs et al. (2017) found that verbal working memory proficien-
cies at age four could strongly predict language skills at age seven. There were no differ-
ences in the developmental influences of WM on the language between language-impaired
and normally developing children. Interestingly, there were few children with DLD and
normal levels of vWM, and it was observed that these children produced longer utterances
and obtained higher scores in tests assessing linguistic skills (Archibald 2017; Botting and
Conti-Ramsden 2001).

Furthermore, in children with DLD plus WM impairment, it was specified that vocab-
ulary defects were also highly inherited (Peterson et al. 2013). Given the importance of
pSTM for language functioning in literature, the present study explored how accurate
Persian-speaking children with DLD are in non-word repetition test, compared to children
with TLD, and what the impact of their non-word repetition skills is on their lexical and
grammatical performances. Non-word repetition task was chosen to evaluate the pSTM
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skills due to its more sensitivity in evaluating the phonological loop function than other
measures, such as the digit span (Baddeley et al. 1998). In non-word repetition, the par-
ticipants are asked to accurately repeat the unfamiliar spoken forms; therefore, there are no
lexical supports for repetition of these unexperienced sound patterns, and the children must
heavily rely on phonological loop as a mean, which provides a temporary representation of
non-words (Gathercole and Baddeley 1990).

Several studies suggested that children with DLD performed worse than their TLD
peers in non-word repetition, and this task could be served as an accurate and less cul-
turally biased measure to identify the children with DLD (Bishop et al. 1996; Campbell
et al. 1997). However, the results of at least one study conducted by Stokes et al. (2006)
showed that Cantonese preschool children with DLD did not score significantly lower than
their age-matched peers on non-word repetition tasks. These researchers argued that there
might be no limitations in working memory skills of Cantonese-speaking children with
DLD although other important reasons may also exist (Maleki Shahmahmood et al. 2016).
Apart from the reason, such results confirm the necessity of conducting studies in different
languages and cultures. The results of a study conducted by Kazemi and Saeednia (2017)
on preschool Persian-speaking children with DLD and TLD showed significant differences
between the two groups in terms of non-word repetition. However, Ahadi and Mokhlesin
(2016) found no significant correlation between the non-word repetition and language
scores of typically developing Persian preschoolers. Such contradictory findings emphasize
the need for further studies.

This study aimed to compare the morpho-syntactic, lexical, and pSTM abilities of
6-8-year-old Persian children suffering from DLD with their typically developing peers.
Moreover, it was attempted to explore the role that could be potentially played by pSTM in
grammatical and lexical processing of children with DLD. Our initial hypothesis was that
the levels of pSTM skills, which assessed in terms of non-word repetition, could affect the
grammatical and lexical language performances of children with DLD. Therefore, in line
with the hypothesis expressed by Marini et al. (2014), it was assumed that the significant
differences between the groups of Persian-speaking children with DLD and TLD regarding
grammatical and lexical measures affected by pSTM skills would disappear when control-
ling non-word repetition in the statistical analyses. Storytelling task was used to provide a
clear picture of the grammatical and lexical performances of children. It is proposed that
storytelling is the most comprehensive way of linguistic assessment since it elicits a wide
range of linguistic capacities (Duinmeijer et al. 2012). Moreover, it is sensitive to the lexi-
cal and grammatical defects of children with DLD, even when they can overcome their lin-
guistic problems in the test situation and even up to adulthood (Wetherell et al. 2007a, b).

Materials and Methods
Participants

In total, 32 monolingual Persian-speaking children participated in this study and
were divided into two groups of DLD (M=6;6, SD=5 month) and TLD (M=6;6,
SD =6 month). It is worth mentioning that the two groups were matched in terms of num-
ber (n=16), gender (11 boys and 5 girls), and age. All the participants were monolingual
Persian-speakers.
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The participants in the DLD group were all children who referred to the special-educa-
tion services in schools, as well as private or governmental speech therapy clinics in Mash-
had, Iran, for 6 months. The inclusion criteria were: (1) no signs of known biomedical con-
ditions that can cause language impairment, such as autism spectrum disorder, intellectual
disability, sensory disorders, brain damage or seizure according to the parental reports and
the child’s health dossier, (2) passing a hearing screening at 20 dbHL at 500, 1000, 2000,
and 4000 Hz, (3) successful performance in an oral-motor functioning assessment with no
signs of dysarthria, (4) IQ scores within the normal limits (above 70) in Persian revised
version of Wechsler intelligence scale for children (WISC-R) (Shahim 2008) and no sign
of limitation in adaptive behaviors, and (5) performing at least 1.5 standard deviations
below the mean (mean=71.3, SD=5.4) in the Persian version of TOLD-P:3 (Hassanzade
and Minayi 2010).

The clinical judgment of the examiner, as an experienced speech and language patholo-
gist (SLP) in the domain of language disorders, verified the diagnosis of DLD. Children
with TLD were selected from kindergartens and elementary schools in Mashhad, Iran.
Each child was individually matched with one child in the DLD group based on three crite-
ria, including the chronological age (+ 1 month), gender, and socio-economic status (based
on parental education and the place of residence). None of these children had a history of
speech or language problems, intellectual deficits, neurological or psychiatric illnesses, and
sensory problems in hearing or vision according to the teachers’ reports and the school
records. Informed consent was obtained from the parents of all children at the time of
participation.

Materials and Procedures

Participants were tested individually in a quiet room at a speech therapy clinic (for DLD
group) or at a quiet class at schools (for the TLD group) by the same qualified SLP. The
administration of all language and memory tasks, including narrative, one lexical probe,
one morpho-syntactic probe, and non-word repetition, required two 45-min sessions for
every participant.

Narrative analysis was used as the main tool to assess the participants’ lexical and
grammatical skills. Moreover, two additional linguistic probes were also administered to
complete and confirm the results of narrative analysis. The oral vocabulary subtest of the
Persian version of TOLD-p:3 (Hassanzade and Minayi 2010) and Photographic expressive
Persian grammar test (PEGT) (Haresabadi et al. 2016) were used as lexical and morpho-
syntactic indices, respectively. Furthermore, the non-word repetition test for the Persian
children (Soleymani et al. 2014) was employed to measure the WM in this study.

Linguistic Assessments
Narrative Elicitation Task

Farsi Narrative Norms Instrument (Soleymani et al. 2016) was utilized to extract storytell-
ing samples. Children’s language samples were recorded by a Phillips-VTR-7100 digital
voice recorder during the storytelling and were orthographically transcribed. Decisions
about the utterance segmentation, morphemes, and word roots were made based on the
Persian-adapted conventions of systematic analysis of language transcripts (SALT) called
Persian transcription conventions protocol (PTCP) (Kazemi 2013). All complete and
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intelligible utterances were included in calculating the grammatical and lexical measures.
The transcriber rechecked all transcribed and coded files. Intra-rater reliability was also
determined for a random set of 20% of recorded language samples transcribed by a trained
undergraduate student of speech therapy. Pearson’s test of association showed an overall
correlation above 0.9 (range 0.83—1.0) between the two transcribers. Moreover, within-sen-
tence analysis of narrative samples carried out by focusing on lexical-semantic and gram-
matical aspects of language. Lexical indices derived from narrative samples were speech
rate, percent of semantic errors, type-token ratio (TTR), and semantic enhancement index
(SEI). Grammatical skills of participants were assessed in terms of MLU, percentage of
grammatical utterances (% GU), syntax complexity, and morpho-syntactic organization
(Table 1).

Photographic Expressive Persian Grammar Test (PEGT)

This grammar production test is a fast- and easy to administer tool that comprises 40 image
items and designed to evaluate the production of important morph-syntactic structures of
Persian in 4-6-year-old children (Haresabadi et al. 2016). This test assesses the most basic
and critical Persian syntactic structures that are extremely difficult to be learned by chil-
dren with DLD even in older ages. Due to the lack of formal tests of grammar in Persian,
this test was applied as an available valid task to evaluate the participants’ competences in
morpho-syntactic production alongside the storytelling task.

Oral Vocabulary Subtest of TOLD

This scale is the semantic sub-test of the Persian version of TOLD-p: 3 (Hassanzade and
Minayi 2010), which measures participants’ ability to produce verbal definitions for the
words. This task encompasses 28 stimuli and each stimulus includes a common Persian
word that is introduced to the child verbally and must be described accurately. This sub-
test of TOLD was applied, and its standard score was calculated for every participant to
evaluate the participants’ competences in lexical production along with the story genera-
tion task.

Assessment of Working Memory

The Persian non-word repetition (NWR) task was used to examine the verbal work-
ing memory skills and the performance of the phonological loop sub-component of WM
(Soleymani et al. 2014). The Persian NWR consists of two counterpart checklists, each of
which contains 25 one- to- four syllables non-words. To maintain the same test conditions
for all participants, a single checklist was used for assessment. All the non-words were
audio-recorded on DVD. The children’s responses were scored both online (while the task
was administered) and offline using the child’s audio-recorded voice. A trained bachelor
student of speech and language pathology computed the reliability check for 20% of the
children’s recorded data. The original scoring was used in case of disagreement between
the raters due to the low intelligibility of the recorded voice. Inter-rater reliability was
obtained above 93% (range 90-100%).
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Analysis

The data were analysed in R software. Regarding the normal distribution of the data for
all variables (which was identified by drawing the Q—-Q plots in R software), a series of
independent-samples t-tests were used to analyze the group-related differences on the
measures evaluating WM, as well as lexical and grammatical production. To control the
family-wise error rate, the Bonferroni correction was utilized for multiple comparisons.
A p-value less than 0.01 (0.05/5 dependent variables) was considered statistically sig-
nificant for lexical and grammatical indices after Bonferroni correction.

The differences in performance between the two groups were transformed into effect
size that measured in terms of Cohen’s d, computed as the difference between the scores
of the TLD and DLD groups divided by the pooled standard deviation for both groups.
It defines the magnitude of the findings and could be interpreted in terms of standard
deviation units (Durlak 2009). For instance, d=1 indicates that typically developing
children performed one SD better than children with DLD, and d=0.8 demonstrates a
generally accepted minimum level of power and desirability of the higher powers (Dur-
lak 2009).

The test of analysis of covariance (ANCOVA) by controlling the scores on the Per-
sian NWR test as the covariate factor was used to test the effects of pSTM on linguistic
performances. It was assumed that there were significant differences between the NWR
scores of the two groups, which can be the basis for observed differences in language
performance. The prerequisite assumptions for applying ANCOVA and specifically the
homogeneity of slopes were also examined in this study. It is worth mentioning that
ANCOVA is not appropriate to compare the mean values if the significance level of
covariate X factor interaction is less than 0.05.

Results

Table 2 tabulates the descriptive statistics and statistical analysis of both groups in
terms of language and memory skills.

As shown, there are significant differences between the performances of DLD and TLD

groups in all indices that measure memory (P <0.001), lexical skills (P<0.01), and gram-
mar production (P<0.01). Based on Durlak (2009), all effect sizes are large enough. In
Tables 3 and 4, p2 column represents the group-related differences in lexical and gram-
matical indices, respectively, after controlling for NWR. For better comparisons, a column
with the heading pl is also included that represents the p values before covariation (t-test).
The significant levels of covariate X factor interaction are also reported.
Tables 3 and 4 show that P, . aci0n 1S above 0.05 for all lexical and grammatical
variables and confirm the homogeneity of the slopes. According to Table 3, although
the group-related differences are significant for all lexical indices before covariation
(t-tests), they are no longer significant for all lexical production indices after controlling
for NWR (ANCOVA). Similarly, Table 4 indicates that after carrying out the ANCOVA
analysis, the group-related differences are not significant for four of the grammar pro-
duction indices, including MLU, syntax complexity, morpho-syntactic organization, and
the scores of the PEGT. However, among grammatical indices, the significant group-
related difference is survived for % GU.
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Table 3 Group-related

differences in lexical indices P @ cohen ANCOVA
before and after covariation P . p
interaction 2

Speech rate 0.000%* 1.99 0.43 0.28
Semantic error 0.002* 2.07 0.39 0.06
TTR 0.002* 1.23 0.34 0.69
SEI 0.001* 1.38 0.72 0.41
Oral vocabulary 0.000* 1.12 0.34 0.26

*Significant group-related differences; p, reports the between-groups
significance level before covariation (t-test); Pjperaciion 1ndicates the
significance level for covariate Xfactor interaction for checking the
homogeneity of slopes assumption; p, shows the p value after control-
ling for NWR as covariate

Table 4 Group-related

P d ANCOVA
differences in grammatical ! cohen
indices before and after i . P
o interaction 2
covariation
PHEPGT 0.000* 2.99 0.12 0.46
MLU 0.000* 2.34 0.20 0.66
%GU 0.000* 5.68 0.62 0.000*
Syntax complexity 0.004* 1.13 0.61 0.13
Morho-syntactic 0.000* —-2.18 0.72 0.4
organization (errors)
p; reports the first between-groups significance level; pi,raction 1ndi-
cates the significance level for covariate X factor interaction for check-
ing the homogeneity of slopes assumption; p, shows the p value after
controlling for NWR as the covariate. *: significant group-related dif-
ferences; *: significant group differences after controlling for NWR;
PHEPGT = Photographic expressive Persian grammar test
Discussion

This study aimed to examine the association among morphosyntactic, lexical, and pSTM
skills in a group of 6-8-year-old Persian children with and without DLD. In the first step,
the lexical, grammatical, and pSTM skills of these two groups of children were compared.
Subsequently, a comparison was made between the lexical and grammatical variables
while controlling the effects of pSTM on linguistic performances.

It was expected that Persian-speaking children with DLD fall significantly behind their
TLD peers on lexical and grammatical measures. The results verified this assumption and
revealed that before controlling for NWR, children with DLD demonstrated notable prob-
lems in the lexical and grammatical measures, compared to their TLD peers. In comparison
with TLD children, the language samples produced by participants with DLD were char-
acterized by lower MLU, shorter and simpler sentences, higher incidence of semantic and
grammatical errors, and reduced amounts of diversity and informativeness of lexical items.
These results are in line with the findings of the previously conducted studies on children
speaking different languages, such as Persian, English, Italian, and Dutch (Duinmeijer et al.
2012; Ghayoumi-Anaraki et al. 2018; Kazemi et al. 2015; Maleki Shahmahmood et al.
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2011; Marini et al. 2008, 2014). Moreover, as expected, significant differences were found
between the mean scores of children with DLD and TLD in terms of PEGT and the mean
standard scores in the oral vocabulary subtest of TOLD (P <0.01).

Alongside the notable lexical and grammatical problems, there was a significant differ-
ence between the performances of children with DLD and TLD regarding non-word repeti-
tion (P <0.01, d=3.92) that suggested a substantial impairment in WM, specifically pSTM
skills in Persian children with DLD. Kazemi and Saeednia (2017) have proposed NWR as
a potential identifier for Persian-speaking children with DLD in their study.

Previous studies on different languages indicated that children’s ability to repeat non-
words or a list of digits or words are significantly correlated with their lexical and gram-
matical development. Moreover, it was proposed that pSTM played a substantial role in
language learning and functioning in preschool years (Archibald 2017; Baddeley et al.
1998; Gathercole et al. 1992; Maleki Shahmahmood et al. 2018). It is assumed that WM
deficiencies can limit the amount of language information, which can be dealt with and
also can reduce the efficacy of encoding and storing the new information (Kronenberger
et al. 2011). Furthermore, it is hypothesized that poor repetition of non-words remains rela-
tively stable across development in children with DLD even when problems with linguistic
domains are resolved or disappeared (Bishop et al. 1996).

For as much as the language performances of children with DLD might be affected by
the levels of pSTM skills, it is assumed that group-related differences in language meas-
ures would be disappeared if non-word repetition is controlled. The results provided such
evidence and verified that WM skills have a substantial impact on children’s lexical and
grammatical performances. After controlling the non-word repetition, between-groups dif-
ferences were disappeared in all lexical and grammatical indices (P> 0.05), except for the
percentage of grammatical utterances (P <0.001) (Tables 3 and 4). One possible explana-
tion for this finding could be that children’s ability to produce grammatically well-formed
sentences during the storytelling is more influenced by other factors, such as the ability to
apply learned grammatical rules when trying to create longer utterances or a coherent story.
This result is compatible with the findings of a study conducted by Marini et al. (2014) in
which they investigated the effects of vWM on macro- and micro-linguistic performances
of 7-11-year-old Italian-speaking children with DLD.

Among measured grammatical indices in their study, the only measure that was not
meaningfully affected by vWM was the percentage of grammatical utterances, whereas
other grammatical measures, including MLU, sentence completion, and percent of gram-
matical errors were significantly affected. Authors proposed that this awkward finding
eventually resulted from different factors, such as macro-linguistic processing capaci-
ties, which are strongly correlated with micro-linguistic aspects of language processing
and might affect the production of well-formed complete sentences in storytelling tasks.
Although the results of a study performed by Marini et al. suggested the significant effect
of vWM on grammatical skills, this effect was not supported for lexical processing. They
claimed that these findings support the theories that suggested the impact of pSTM on
learning the new lexical items weakened at older ages (Marini et al. 2014).

Gathercole et al. (1994) assumed that the performance in non-word repetition in pre-
school children was supported by pSTM and later after approximately age 5 was supple-
mented by lexical representations from long-term stores. However, as mentioned earlier,
our results show that pSTM affects the speed of retrieval of lexical items, lexical variabil-
ity, and the rate of occurrence of semantic errors in the narrative productions of 6-8-year-
old children with DLD and confirm that WM plays an essential role in lexical production
skills.
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Association between pSTM capacity and the ability to store and learn the novel pho-
nological forms has been found in previous studies (Archibald 2017; Baddeley et al.
1998; Gathercole et al. 1992). Furthermore, it has been claimed that pSTM acts as a
basis for rule learning (Dodwell and Bavin 2008; Duinmeijer et al. 2012; Maleki Shah-
mahmood et al. 2018; Marini et al. 2014; Vugs et al. 2017; Williams and Lovatt 2003).
Our results that are consistent with the findings of previous studies suggest that lan-
guage and cognition are interacting developmentally. Unlike our results, the result of
a study carried out by Ahadi and Mokhlesin (2016) (the only study investigated the
interconnection between language and pSTM [NWR and forward digit span] in Per-
sian-speaking TLD children) did not support the straight and meaningful association
between NWR skills and language performances. However, they found positive statis-
tical correlations between language proficiencies and digit span scores. The observed
contradictions could be due to the nature of the used NWR task. Different non-word
repetition tasks might differ in structural features, such as non-word length, word-like-
ness, or articulatory complexity, which could affect the proficiency of the children’s per-
formance (Estes et al. 2007).

The non-word repetition task in a study carried out by Ahadi and Mokhlesin (2016)
consisted of 30 non-words, including 10 items, which lengthened between one to three
syllables. However, the number of syllables varies from one to four in the items of the
Persian NWR test, which has been used in our study. It is suggested that children with
DLD show significant deficits in the repetition of longer non-words (with more than
two syllables) while they have no significant problem in the repetition of shorter non-
words with just one- or two-syllables (Bishop et al. 1996; Gathercole and Baddeley
1990). Weak performances of children with DLD at repeating longer non-words can
confirm the underlying role of WM in language development. Gathercole and Baddeley
(1990) argued that if the repetition deficit is secondary to the low storage capacity of the
phonological loop, it is expected that children with DLD experience significant difficul-
ties at repeating longer sequences. This is exactly what is seen in this group of children
(children repeat shorter non-words more accurately than longer ones). Furthermore, in
children with DLD, the reduced phonological short-term storage resources lead to fail-
ures in the repetition of longer non-words to a greater extent, compared to TLD children
(Estes et al. 2007).

As the final remark, it is noteworthy to mention the limitations of this study. One
possible limitation is that no measure was included to investigate the central controller
mechanism in WM. Recent studies indicated the deficits in the central executive sub-
component of WM in children with DLD (Archibald and Gathercole 2006; Soleymani
et al. 2014; Vugs et al. 2014). This sub-component is responsible for maintaining atten-
tion and coordinating the flow of information in the WM system. Although the phono-
logical loop, as a temporary storage place for verbal information, typically has been
considered as a basis for language learning and functioning (Baddeley 2003; Baddeley
et al. 1988, 1998), it is necessary to specify how language is related to the other sub-
components of WM, specifically central executive. Therefore, for future studies, it is
suggested to examine the relationship between language and WM skills by those types
of WM tasks which let us surveying the counter-interaction of storage and processing
mechanisms. The small number of participants was another concern of this study, which
made it impossible to perform more sophisticated statistical analyses, such as regression
models. Further studies with higher sample sizes will allow researchers to make more
in-depth investigations of the complex interaction between different aspects of language
processing and WM skills.
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Conclusion

The results of the current study revealed that 6-8-year-old Persian-speaking children with
DLD performed significantly weaker in lexical and grammatical aspects of language pro-
cessing and non-word repetition, compared to typically developing age-matched children.
Moreover, the considerable effect size in non-word repetition (d=3.92) demonstrated the
high magnitude of the difference between children with DLD and their TLD peers in terms
of pSTM performance. Regarding the significant group-related differences between chil-
dren with DLD and their TLD peers with considerable effect size, the non-word repetition
could be proposed as a potential identifier for Persian-speaking children with DLD.

A series of one-way ANCOVA analysis provided supports for the idea that lexical and
grammatical knowledge of children eventually affected by their phonological short-term
memory skills. This finding has some valuable implications for clinical practice. Knowl-
edge in the probable underlying cognitive mechanisms for poor word processing and gram-
mar learning in children with DLD may provide more appropriate and focused approaches
for the assessment and intervention.
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