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Abstract

This study aims to investigate the perception of phonological, grammatical, and semantic structures by 8 children (age
range: 8;2-9;5) with developmental language disorders (DLD). Another 8 age-matched (age range: 8;4—10;0) typically
developing (TD) children served as controls. The results demonstrated that children with DLD had lower performance
than children with TD in the phonology and grammar tests, corroborating earlier findings, which reported difficulties
of children with DLD in discriminating voicing contrasts and perceiving grammatical structures. However, both groups
had similar performance in the semantic test. The absence of semantic atypicality can be explained possibly due to the
simplicity of the sentences included in the test. The study offers important clinical implications for the identification and

treatment of the disorder.
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Introduction

Children with developmental language disorders (DLD)
encounter more difficulties in both perceiving and produc-
ing expressive/receptive oral language compared to their
age peers in the absence of any hearing, neurological, or
cognitive impairments (e.g., low 1Q performance) (Bishop
& Leonard, 2014; Kidd et al., 2017; Rice, 2013). These
difficulties are present in every language domain includ-
ing phonology (e.g., Jackson et al., 2019), morphology
(e.g., Kueser et al., 2018), syntax (e.g., Sasaki et al., 2021),
semantics (e.g., Mainela-Arnold et al., 2010), and pragmat-
ics (e.g., Narayanan et al., 2021) and impact both the per-
ception (i.e., identification/discrimination) and production
of language (i.e., articulation). The present study focuses
on the investigation of the language perceptual abilities
of children with DLD, which have received less scientific

>4 Georgios P. Georgiou PhD
georgiou.georg@unic.ac.cy

Department of Languages and Literature, University of
Nicosia, Nicosia, Cyprus

Department of Rehabilitation Science, Cyprus University of
Technology, Limassol, Cyprus

Published online: 20 April 2022

DLD

attention compared to production abilities, with emphasis
on the domains of phonology, grammar, and semantics.
Phonological processing is often atypical in children
with DLD, as they present with poor speech perceptual
abilities and strong difficulties in the identification, dis-
crimination, and categorical perception of sounds or sound
features (Collet et al., 2012; Ziegler et al., 2011; Quam et
al., 2021; Stark & Heinz, 1996). For example, Quam et al.,
(2021) found that 4-5-year-old English-speaking children
with DLD less successfully mapped pitch categories to
meanings and had lower sound discrimination scores than
children with TD. Evidence from different native languages
demonstrates challenges of children with DLD as compared
to neurotypical children in the processing and comprehen-
sion of several grammatical aspects including subject-verb
agreement (Dube et al., 2019), tense and aspect (Duman &
Topbas, 2016; Leonard & Deevy, 2010), wh-questions (van
der Lely et al., 2011), and relative clauses (De Lopez et al.,
2014; Montgomery, 2000; Talli & Stavrakaki, 2020) among
other. For instance, Talli & Stavrakaki (2020) concluded
that monolingual Greek children with DLD with an average
age of 8;11 experienced difficulties in comprehending sub-
ject-object relative clauses compared to their TD peers. In
addition, research in children with DLD shows difficulties
in semantic and lexical processing (for English, see Haebig
et al., 2017; for French, see Leclercq et al., 2014) and poor
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understanding of multiple word meanings and/or confined
vocabulary (Bishop et al., 2017).

The aim of this study is to investigate the perception of
linguistic structures belonging to the domains of phonol-
ogy, grammar, and semantics by Cypriot Greek-speaking
children with DLD. Children’s abilities were compared
with those of age-matched typical peers. To our knowledge,
this is the first study that examines the language percep-
tion skills of Cypriot Greek children with DLD. Previous
work has focused mostly on the children’s production skills
and was confined to grammar (e.g., Theodorou & Grohm-
ann 2015; Kambanaros, 2014). Further research in Cypriot
Greek speakers with DLD will not only allow us to pro-
vide better assessment and treatment to these speakers, but
it will also let us know which difficulties are found only
in Cypriot Greek and which are found in similar structures
of other languages in an attempt to design an assessment
tool that can be used in several languages. The experimental
protocol of this study was based on two-alternative forced-
choice tasks conducted on a personal computer (PC). These
tasks required children to choose one of the two responses
on the PC, after listening to the auditory stimulus. The study
is expected to provide useful insights into the identification
of difficulties in the perception of phonological, grammati-
cal, and semantic structures, contributing to the treatment of
these language difficulties.

Methods
Participants

Two groups of Cypriot Greek-speaking children participated
in the study: one group of 8 typically developing children
(TD) with an age range of 8;4-10;0 (Mage =9;3, SD=0;7)
and one group of 8 children with language developmental
disorders (DLD) with an age range of 8;2-9;5 (Mage =88,
SD=0;5). The two groups were matched for chronological
age [#(14) = -1.81, p=0.09] and IQ [#(14) = -2.06, p=0.06]
(Raven’s Colored Progressive Matrices test; Raven et al.,
2003). Initially, speech and language therapists diagnosed
those individuals based mostly on their clinical judgments,
and our team then confirmed the diagnosis using the Diag-
nostic Verbal IQ test (DVIQ) (Stavrakaki & Tsimpli, 2000).
DVIQ measured children’s vocabulary, morphosyntactic,
and recall skills. Table 1 presents the individual characteris-
tics of the participants.

Stimuli

One adult Cypriot Greek speaker was used to record the
stimuli for all language measures. For the purpose of the
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Table 1 Participants’ individual characteristics

Code Group Age 1Q Language scores (V; M; R)*
FP TD 8:4 90 V:27/27; M:22/23; R: 48/48
MC TD 86 125 V:25/27; M:22/23; R: 48/48
MC2 TD 8:8 85 V:24/27; M:23/23; R: 48/48
AS D 9;4 105 V: 24/27; M:19/23; R: 46/48
FP2 TD 9;10 115 V:25/27; M:21/23; R: 48/48
SD D 10 115 V:25/27; M:22/23; R: 48/48
(0)3 TD 10 105 V:24/27; M:20/23; R: 48/48
ML TD 10 90 V:25/27; M:18/23; R: 48/48
IL DLD 82 80 V:21/27; M:10/23; R: 44/48
MC3 DLD 83 80 V:20/27; M:16/23; R: 39/48
GI DLD 8:4 85 V:23/27, M:15/23; R: 41/48
LK DLD 8:5 75 V: 18/27; M:7/23; R: 36/48

EM DLD 9 100 V:19/27; M:15/23; R: 46/48

MV DLD 9;3 120
PM DLD 9;3 90 V:21/27; M:13/23; R: 46/48
KP DLD 9;5 80 V:19/27;, M:17/23; R: 47/48
*V =vocabulary; M = morphosyntax; R =recall

V:24/27; M:16/23; R: 45/48

phonology test, the speaker produced ten Cypriot Greek
consonants: 5 fricative/stop voiced consonants [b d g v z]
and their voiceless counterparts [p t k f s] embedded in
trisyllabic /CCV.CV.CV/ (C=consonant, V=vowel) non-
sense words, which corresponded to the phonotactics of real
words. The target sounds were part of consonantal clusters.
In addition, the speaker produced the stimuli of the gram-
mar and the semantic tests with a normal speaking pace as
speaking to a friend. The sentences in both tests had a simi-
lar structure. They started with “Everyday” and then con-
tinued with an action depending on the target grammatical/
lexical item under investigation (e.g., “Everyday, I eat the
food I like”). The productions of the speaker were recorded
at a 44.1 kHz sampling rate.

Procedure

The children completed a phonology, grammar, and seman-
tic test in quiet rooms. All tests were performed on a com-
puter-based Praat script (Boersma & Weenink, 2021) and
were completed within an hour (range: 30—60 min; average:
45 min). Prior to each main test, children completed 4-trial
familiarization tests, which included different items from
the main tests.

The phonology task was an AX discrimination test. The
participants listened to a pair of target words through a set
of headphones and they were asked to select whether these
words were the same or different by clicking through the
mousepad on the relevant script label. The children discrim-
inated a total number of 20 consonants each, which con-
sisted of 10 “same” trials (SAA, 5BB) and 10 “different”
trials (SAB, 5SBA). The interstimulus interval was 700 m.s
(following Georgiou 2021). The grammaticality judgment
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test asked participants to judge whether different sentences
that were heard from the PC loudspeakers were syntacti-
cally correct or not by clicking on the relevant label. There
were three different subtests: (a) a subject-verb agreement
test, (b) a clitic test, and (c) a pu-relative clause test, which
were included in a single test. Each child judged 30 sen-
tences (5 correct and 5 wrong sentences for each subtest:
e.g., “Every day, the dog plays/play* in the garden”). The
participants also completed a semantics judgment test. The
protocol was similar to that of the grammar test but, instead,
in this test, they were called to identify if different sentences
were semantically correct or not. Each child judged 20 sen-
tences (5 correct and 5 anomalous verbs: e.g., “Every day,
the phone rings/runs* for a long time”, and 5 correct and 5
anomalous nouns: e.g., “Every day, Helen reads the news-
paper/image*”). The stimuli of all tests were automatically
presented in random order and there was an optional two-
minute break.

Statistical analysis

We fitted a binomial logistic mixed-effects model in R
(Bates et al., 2021). Response was the dichotomous depen-
dent variable, fest (phonology, grammar, semantics), group
(TD, DLD), and test x group were the fixed factors and par-
ticipant was the random factor.

Table 2 Results of the binomial mixed-effect model

response

Predictors Estimate  Std. Error zvalue Pr(>|z|)
(Intercept) 1.257011  0.181252  6.935 4.06e-12 ***
test [phonology] -0.239098 0.237412 -1.007 0.313886

test [semantics]  0.361988  0.262810 1.377 0.168396
group [TD] 1.011645 0.298866 3.385 0.000712 ***
test [phonology] -0.002337 0.405374 -0.006 0.995400

* group [TD]

test [semantics] * -0.261335 -0.442161 -0.591 0.554494

group [TD]

Signif. codes: 0 “****0.001 “***0.01 ***0.05.>0.1 “’ 1

Results

The results showed that there was a significant effect of
group (f=1.01, SE=0.3, z=3.39, p<0.001). The results of
the model are illustrated in Table 2. To investigate further
this effect, we used pairwise comparisons with the emmeans
package (Lenth et al., 2021). The Tukey posthoc test demon-
strated that children with TD performed significantly better
than children with DLD in the phonology (Myp = 88.1%,
Mpip = 73.1% correct responses) (f = -1.01, SE=03, z =
-3.39, p=0.009) and in the grammar tests (Mrp = 90.4%,
Mpp = 77.5% correct responses) (8 = -1.01, SE=0.33, z
= -3.06, p=0.027), but the performance of the two popula-
tions in the semantic test did not differ (Mrp = 90.2%, Mp; p
= 83.1% correct responses) (f = -0.75, SE=0.38, z = -2.00,
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Fig. 1 Predicted probabilities of correct responses in the three tests by children with DLD and TD
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p=0.34). Figure 1 shows the predicted probabilities of cor-
rect responses in all tests by children with DLD and TD.

Discussion

The study examined the abilities of children with DLD in
the perception of phonological, grammatical, and seman-
tic structures of their native language. Their responses
were compared with those of age-matched typical peers.
The results yielded that children with DLD are character-
ized with difficulties in the perception of phonological and
grammatical structures, but their abilities in the perception
of semantic structures were typical.

Specifically, in the phonology test, children with DLD
experienced challenges in the discrimination of voiced vs.
voiceless consonants found in clusters. This corroborates
the earlier findings of Collet et al., (2012) and Ziegler et
al., (2011) who observed difficulties of French-speaking
children with DLD in discriminating voicing contrasts.
Although the peripheral and central auditory systems of
children with DLD perform well in the encoding of acous-
tic information, their auditory system is characterized as
incomplete with respect to the mapping of acoustic infor-
mation onto phonetic features which allows phonological
recognition (Ziegler et al., 2011).

The results of the grammar test are consistent with those
of other studies which investigated the comprehension of
subject-verb agreement (Kosteletou-Kassotaki et al., 2017),
clitics (Chondrogianni et al., 2015), and relative clauses
(Talli & Stavrakaki, 2020) in other Greek-speaking popu-
lations (i.e., Standard Modern Greek speakers), although
these studies employed different methodologies (e.g., self-
paced listening tasks, syntactic comprehension tasks, etc.).
They also agree with the findings of other studies that
examined the comprehension of grammatical structures
such as relative clauses, subject-verb agreement, and clitics
by DLD populations with other native languages (e.g., for
Danish, see De Lopez et al., 2014; for English, see Dube et
al., 2019; for Spanish, see Girbau et al., 2017), suggesting
that these structures are also difficult for speakers with other
native language backgrounds. Such a conclusion might be
explained through the tenets of generative grammar (Chom-
sky, 1957) as the existence of linguistic universals might
be responsible for the common difficulties among speakers
with different native languages.

Surprisingly, the perceptual ability of semantic struc-
tures by children with DLD, namely, sentences that involve
anomalous verbs and nouns, was not atypical. Typical
semantic components were found by Arosio et al., (2017)
as children with DLD did not experience any problems
with the semantic component associated with the meaning
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of quantifiers. However, the results do not agree with those
presented in a significant body of studies (e.g., Haebig et
al., 2017; Leclercq et al., 2014; Van—Alphen et al., 2021)
and which report atypical semantic processing and com-
prehension in populations with DLD. Perhaps, the fact that
the sentences of the semantic test in our study had a simple
structure caused no problem to children with DLD, con-
sidering that challenges are mostly found in the process of
complex sentences (Montgomery & Evans, 2009). Further
research is needed to examine how these children process
more complex semantic structures.

The study can offer clinical implications. The observation
of perceptual abilities at various language domains might
serve as a criterion for the identification and classification
of DLD using an assessment tool. Also, the results can be
used as a reference point to develop the appropriate clinical
therapies. Evidence about the nature of the difficulties with
respect to the perception of specific language structures by
children with DLD will allow clinicians to target these diffi-
culties and consequently treat them. Finally, the findings of
this study demonstrate that the difficulties of children with
DLD in the structures under investigation are also apparent
in similar structures found in different languages (e.g., Dan-
ish, English, Spanish). This might allow researchers to cre-
ate an assessment tool that can be used in several languages.

Limitations

This work is part of a larger research project, offering some
preliminary findings regarding the perception of language
structures by children with DLD. Therefore, a limited num-
ber of participants was recruited. Also, gender differences
were not considered in this study.

Acknowledgements The study has been approved by the Cyprus Bio-
ethics Committee [EEBK/EIT/2021/28]. Both children and their par-
ents/legal guardians gave their written consent for the participation of
the former in the experiments.

Funding This work has been funded by the Cyprus University of
Technology under the postdoctoral scheme “Metadidaktor”, which
was granted to the first author [no. 1/102]. The second author acted as
the scientific director.

Conflict of interest We have no conflicts of interest to disclose.

References

Arosio, F., Foppolo, F., Pagliarini, E., Perugini, M., & Guasti, M. T.
(2017). Semantic and pragmatic abilities can be spared in Italian
children with SLI. Language Learning and Development, 13(4),
418-429



Journal of Autism and Developmental Disorders

Bates, D., et al. (2021). Linear Mixed-Effects Models using ‘Eigen’
and S4. R package version 1.1-27.1

Bishop, D. V., & Leonard, L. (Eds.). (2014). Speech and language
impairments in children: Causes, characteristics, intervention
and outcome. NY: Psychology Press

Boersma, P., & Weenink, D. (2021). Praat: doing phonetics by com-
puter [Computer program]. Retrieved from http://www.fon.hum.
uva.nl/praat/

Chomsky, N. (1957). Syntactic Structures. The Hague/Paris: Mouton

Chondrogianni, V., Marinis, T., Edwards, S., & Blom, E. (2015). Pro-
duction and on-line comprehension of definite articles and clitic
pronouns by Greek sequential bilingual children and monolingual
children with specific language impairment. Applied Psycholin-
guistics, 36(5), 1155-1191

Collet, G., Colin, C., Serniclaes, W., Hoonhorst, I., Markessis, E., Del-
tenre, P., & Leybaert, J. (2012). Effect of phonological training in
French children with SLI: perspectives on voicing identification,
discrimination and categorical perception. Research in develop-
mental disabilities, 33(6), 1805-1818

De Lopez, K. J., Olsen, L. S., & Chondrogianni, V. (2014). Annoy-
ing Danish relatives: Comprehension and production of relative
clauses by Danish children with and without SLI. Journal of child
language, 41(1), 51-83

Dube, S., Kung, C., Brock, J., & Demuth, K. (2019). Percep-
tual salience and the processing of subject-verb agreement in
9-11-year-old English-speaking children: Evidence from ERPs.
Language Acquisition, 26(1), 73-96

Duman, T. Y., & Topbas, S. (2016). Epistemic uncertainty: Turkish
children with specific language impairment and their compre-
hension of tense and aspect. International journal of language &
communication disorders, 51(6), 732744

Georgiou, G. P. (2021). Toward a new model for speech perception:
The Universal Perceptual Model (UPM) of Second Language.
Cognitive Processing, 22(2), 277-289

Girbau, D. (2017). On-line processing and comprehension of direct
object pronoun sentences in Spanish-speaking children with
Specific Language Impairment. Clinical linguistics & phonetics,
31(3), 193-211

Haebig, E., Weber, C., Leonard, L. B., Deevy, P., & Tomblin, J. B.
(2017). Neural patterns elicited by sentence processing uniquely
characterize typical development, SLI recovery, and SLI persis-
tence. Journal of Neurodevelopmental Disorders, 9(1), 1-21

Jackson, E., Leitao, S., Claessen, M., & Boyes, M. (2019). Fast map-
ping short and long words: Examining the influence of phono-
logical short-term memory and receptive vocabulary in children
with developmental language disorder. Journal of communication
disorders, 79, 11-23

Kambanaros, M. (2014). Context effects on verb production in specific
language impairment (SLI): confrontation naming versus con-
nected speech. Clinical linguistics & phonetics, 28(11), 826-843

Kidd, J. C., Shum, K. K., Wong, A. M. Y., Ho, C. S. H,, & Au, T. K.
(2017). Auditory perception and word recognition in Cantonese-
Chinese speaking children with and without Specific Language
Impairment. Journal of child language, 44(1), 1-35

Kosteletou-Kassotaki Alexandra, Apostolopoulou Sofia, & Effrosyni.
(2017). Apostolopoulou Sofia, & Subject-Verb Agreement in
Greek SLI: Evidence from production and grammaticality judge-
ment. In Conference on Interdisciplinary Approaches to Linguis-
tic Theory 1

Kueser, J. B., Leonard, L. B., & Deevy, P. (2018). Third person singu-
lar-s in typical development and specific language impairment:
Input and neighbourhood density. Clinical linguistics & phonet-
ics, 32(3), 232-248

Leclercq, A. L., Majerus, S., Jacob, L., & Maillart, C. (2014). The
impact of lexical frequency on sentence comprehension in

children with specific language impairment. Research in develop-
mental disabilities, 35(2), 472481

Lenth, R., Singmann, H., Jonathon Love, J., Buerkner, P., & Herve, M.
(2021). Estimated Marginal Means, aka Least-Squares Means. R
package version 1.7.1-1

Leonard, L. B., & Deevy, P. (2010). Tense and aspect in sentence inter-
pretation by children with specific language impairment. Journal
of Child Language, 37(2), 395418

Mainela-Arnold, E., Evans, J. L., & Coady, J. A. (2010). Explaining
lexical-semantic deficits in specific language impairment: The
role of phonological similarity, phonological working memory,
and lexical competition. Journal of Speech, Language, and Hear-
ing Research, 56(3), 1742-1756

Montgomery, J. W. (2000). Verbal working memory and sentence com-
prehension in children with specific language impairment. Jour-
nal of Speech, Language, and Hearing Research, 43(2), 293-308

Montgomery, J. W., & Evans, J. L. (2009). Complex sentence compre-
hension and working memory in children with specific language
impairment. Journal of Speech, Language, and Hearing, 52(2),
269-288

Narayanan, S., Vijayan, K., Mekhala, V. G., & Barman, A. (2021).
Pragmatic Language Difficulties in Children with Specific Lan-
guage Impairment—A Systematic Review.Journal of Child Lan-
guage Acquisition and Development-JCLAD,306-320

Quam, C., Cardinal, H., Gallegos, C., & Bodner, T. (2021). Sound
discrimination and explicit mapping of sounds to meanings in
preschoolers with and without developmental language disor-
der. International journal of speech-language pathology, 23(1),
26-37

Raven, J., Raven, J., & Court, J. (2003). Manual for Raven's progres-
sive matrices and vocabulary scales. Harcourt. [measurement
instrument]

Rice, M. L. (2013). Language growth and genetics of specific language
impairment. International journal of speech-language pathology,
15(3), 223-233

Sasaki, M., Schwartz, R. G., Hisano, M., & Suzuki, M. (2021). Rela-
tive Clause Sentence Comprehension by Japanese-Speaking Chil-
dren With and Without Specific Language Impairment. Journal of’
Speech, Language, and Hearing Research, 64(6), 1929-1943

Stark, R. E., & Heinz, J. M. (1996). Vowel perception in children with
and without language impairment. Journal of Speech and Hear-
ing Research, 39, 860—-869

Stavrakaki, S., & Tsimpli, I. M. (2000). Diagnostic verbal 1Q test for
Greek preschool and school age children: Standardization, sta-
tistical analysis, psychometric properties. In Proceedings of the
8th symposium of the Panhellenic Association of Logopedists
(pp. 95-106). Athens, Greece: Ellinika Grammata

Talli, I., & Stavrakaki, S. (2020). Short-term memory, working mem-
ory and linguistic abilities in bilingual children with Develop-
mental Language Disorder. First Language, 40(4), 437-460

Theodorou, E., & Grohmann, K. K. (2015). Object clitics in Cypriot
Greek children with SLI. Lingua, 161, 144-158

van Alphen, P., Brouwer, S., Davids, N., Dijkstra, E., & Fikkert, P.
(2021). Word Recognition and Word Prediction in Preschool-
ers With (a Suspicion of) a Developmental Language Disorder:
Evidence From Eye Tracking. Journal of Speech, Language, and
Hearing Research, 64(6), 2005-2021

van der Lely, H. K., Jones, M., & Marshall, C. R. (2011). Who did
Buzz see someone? Grammaticality judgement of wh-questions
in typically developing children and children with Grammatical-
SLI. Lingua, 121(3), 408-422

Ziegler, J. C., Pech-Georgel, C., George, F., & Lorenzi, C. (2011).
Noise on, voicing off: Speech perception deficits in children with
specific language impairment. Journal of experimental child psy-
chology, 110(3), 362-372

@ Springer


http://www.fon.hum.uva.nl/praat/
http://www.fon.hum.uva.nl/praat/

Journal of Autism and Developmental Disorders

Publisher’s note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

@ Springer



	﻿Abilities of children with language developmental disorders in perceiving phonological, grammatical, and semantic structures
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Participants
	﻿Stimuli
	﻿Procedure
	﻿Statistical analysis

	﻿Results
	﻿Discussion
	﻿Limitations
	﻿References


