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Preface to ”Language Development in Children:
Description to Detect and Prevent Language
Difficulties”

The present book is devoted to publish studies on language acquisition in children. We are

especially focused on the description of language development and the variables affecting the

early detection and prevention of language difficulties. Although language difficulties are very

common (14% of children present a primary or secondary language difficulty), these difficulties

are misdiagnosed due to the lack of visibility and updated knowledge from professionals of their

long-term consequences in education and mental health. To prevent the misdiagnosed identification

and assessment of language difficulties, more typical and atypical language studies are needed. In

this sense, a good description of language acquisition could help to detect and prevent language

difficulties. Nevertheless, most of the research on child language development has been conducted

in English. However, studies in other languages and cross-linguistic studies have shown that some

results about language development in English may not be directly transferred to other languages.

Despite the increase in the number of studies, there is still little research about typical and atypical

language acquisition in other languages and in bilingual populations. Therefore, this work aims

to fill the current void in these studies, to give them visibility, and show the latest research about

language acquisition in children. In this regard, this book addresses works with several perspectives

of child language from a psycholinguistic, psychological, linguistic and/or educational point of view,

including theoretical and empirical studies on typical and atypical child language acquisition and

their association with other variables (either social or genetic) that could affect them.

Eva Aguilar Mediavilla, Miguel Pérez Pereira, Elisabet Serrat-Sellabona, and Daniel

Adrover-Roig

Editors
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Editorial

Introduction to Language Development in Children:
Description to Detect and Prevent Language Difficulties
Eva Aguilar-Mediavilla 1,* , Miguel Pérez-Pereira 2 , Elisabet Serrat-Sellabona 3 and Daniel Adrover-Roig 1

1 Institute of Educational Research and Innovation, Universitat de les Illes Balears, 07122 Palma, Spain;
daniel.adrover@uib.es

2 Department of Developmental and Educational Psychology, Faculty of Psychology, University of Santiago de
Compostela, 15705 Santiago de Compostela, Spain; miguel.perez.pereira@usc.es

3 Department of Psychology, Universitat de Girona, 17004 Girona, Spain; elisabet.serrat@udg.edu
* Correspondence: eva.aguilar@uib.es; Tel.: +34-971172566

1. Introduction

The present Special Issue focuses on studies of language acquisition in children. We
particularly addressed the description of language development and the variables affecting
it for early detection and prevention of language difficulties. Although language difficulties
are very common (14% of children present a primary or secondary language difficulty),
these difficulties are misdiagnosed [1,2]. This might be due to the lack of visibility and the
scarcity of knowledge in professionals in terms of the long-term consequences of language
disorders in education and mental health. To prevent misdiagnosed identification and
boost assessment of language difficulties, more typical and atypical language studies are
needed. In this sense, a good description of language acquisition could help to detect
and prevent language difficulties. Nevertheless, most of the research on child language
development has been conducted in English. However, studies in other languages and
cross-linguistic studies have shown that some results regarding language development in
English may not be transferred into other languages [3]. Despite the increase in the number
of studies, there is still a dearth of research on typical and atypical language acquisition in
other languages and in bilingual populations. Therefore, this Special Issue aims to fill the
current void in these studies, give them visibility, and show the latest research in language
acquisition in children.

This Special Issue address child language from different perspectives. In this sense, it
includes theoretical and empirical studies on typical and atypical child language acquisition.
The contributions include studies about markers of language development in typical
development, studies about language development in bilingual populations and several
studies about language development in atypical populations including Developmental
Language Disorder (DLD), reading disorders, Autism Spectrum Disorder (ASD), preterm
children, hearing loss and genetic syndromes.

2. Markers of Language Development

Several studies in this Special Issue describe important factors that affect language
development at different ages, thus depicting several key aspects to be considered in
the prevention of communication and language difficulties throughout childhood. These
studies range from the beginnings of word production [4] or gestures [5] to the impact
of the use of technological devices in preadolescent children [6]. In addition, they cover
different aspects or linguistic components, from phonetics [7], vocabulary [4], or syntax [8],
to non-referential gestures related to narrative development [5].

The study by Serrat et al. [4] shows that prelinguistic factors have a greater weight
than sociodemographic factors in explaining initial expressive vocabulary. This study
shows that children under 18 months of age who imitate more are those who have a greater
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amount of vocabulary. In a related study, in the Special Issue Rujas et al. [8] shows that
imitation or repetition of sentences, as an assessment task, is a useful tool for detecting
language difficulties in older children. On the other hand, the study by Liu et al. [7]
allows us to observe that the acoustic analysis of the production of certain consonants
can provide accurate information on speech development and, therefore, is presented as
an aspect to be considered in the evaluation of children’s speech. In their review, Vilà-
Giménez et al. [5] note another indicator, not much explored previously, according to which
non-referential gestures act as predictors of narrative performance. This suggests that
these gestures have important pragmatic functions that help to frame discourse. In older
children, the study by Acebedo et al. [6] analyzes a variable that has a negative influence on
language development: greater access to and use of media devices. The authors show that
preadolescent children who use media devices more frequently and for communication
purposes (not for school aid, or to learn new things) present lower language scores, without
being influenced by sociodemographic factors.

In short, these studies show the importance of various markers of language develop-
ment, both as indicators that may be related either to adequate development [4,5,7] or may
contribute negatively to language development [6]. On the other hand, repetition of words
(imitation) or sentences appears as an indicator of adequate development [4], as well as an
important assessment tool to identify difficulties in language development [8].

3. Bilingual Development

In terms of bilingual language development, this Special Issue includes two studies.
The first study by Kan et al. [9] explores the detection of language impairment in bilingual
children by monolingual adults, and the second study by Diaz et al. [10] looks at the
mutual longitudinal associations between vocabulary and executive functioning (EF) in
monolingual and bilingual children.

As stated, Kan et al. [9] aimed at detecting the risk of language impairment in bilingual
children by monolingual adults. The authors focused on how bilingual children’s response
speed during a narrative task can serve for categorizing language impairment. To do so,
monolingual adults listened to several audio clips from an interactive story-retell task in
both Cantonese and in English. Children were six sequential Cantonese-English bilinguals
of 4 years of age; three of them had a language impairment and three were TD. Results
showed that the interrater reliability was high for both languages, logistic regression and
ROC curves revealed that adults were able to identify language impairment in bilingual
children by judging their response speed, with higher sensitivity and specificity values
in L1 conditions (Cantonese) than in L2 (English). These results highlight the potential
relevance of looking at response speed to complement language assessment in bilingual
children with language impairment.

Focusing on the potential links between EF and receptive vocabulary, Diaz et al. [10]
tested monolingual and bilingual children with 4 years of age on average. The authors used
a longitudinal approach with two temporal moments spread one year and departed from
the theory of dual language processing as one of the potential sources for the frequently
reported gains in EF in bilinguals. Their main goal was to determine whether EF exerted a
direct influence on language proficiency or vice versa. Several measures of vocabulary and
cognitive flexibility were administered to a sample of bilingual children and to a control
group of monolingual preschool children. Results revealed that, only in the monolingual
group, vocabulary at moment 1 predicted EF at moment 2. However, EF did not predict
vocabulary at moment 2. The authors interpret the lack of longitudinal relations between
EF and language abilities in the bilingual group together with the absence of differences
in EF between both groups as a potential challenge to the purported advantage in EF in
bilinguals and claim for the need of future similar studies.
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4. Atypical Language Development

The Special Issue included several papers that focused on atypical language devel-
opment, considering different conditions such as DLD, reading disorders, ASD, preterm,
deafness and genetic syndromes.

4.1. Developmental Language Disorders (DLD)

DLD, previously named specific language impairment (SLI), is a persistent language
delay affecting everyday social interactions or educational progress, in the absence of
other biomedical conditions such as ASD, brain injury, hearing loss, genetic conditions
or intellectual disability [11,12]. Four of the papers in this Special Issue focused on DLD,
evidencing the increasing interest and the need of further studies of this atypical language
condition. The works presented covered syntactic processing, lexical and syntactic errors,
the use of non-word repetition task as a marker of DLD, and the relation between structural
aspects of language, pragmatics, social cognition, and executive functions.

The work by Roa-Rojas et al. [13] explored a common error in Spanish children with
DLD, the gender agreement in clitics, with a real-time processing technique of event-related
brain potentials (ERP). Their results evidenced that children with DLD, contrary to their
controls, did not show an enhanced anterior negativity between 250 and 500 ms post-target
onset when they listened to gender-agreement violations. This result evidences a weaker
lexical representation of morphosyntactic gender features in children with DLD.

Additionally, Kornev and Balčiūnienė [14] focused on the grammatical and lexical
errors in children with DLD in narrative tasks in Russian. They found that the genre
of discourse and age of assessment impacted not only the error distribution in children
with DLD, but also in their controls, showing a relation between the cognitive load of
the task and the number of errors produced. Their results support the resource deficit
model that considers that the DLD is a delay in language performance but not in language
competence, with errors being directly influenced by the cognitive demands of utterance
and text production.

Following this hypothesis that children with DLD exhibit a limited cognitive load,
and thus that language processing can easily overload their cognitive systems, non-word
repetition has been proposed as a measure of the phonological working memory capacity
and a marker of DLD [15,16]. In this sense, the work of Ahufinger et al. [17] explored
the consistency of a non-word repetition task of 3-, 4-, 5- and 6-syllables presented in a
random order and with varied wordlikeness ratings. Their results showed that the task
discriminated correctly children with and without DLD (from 5 years and 16 years) speak-
ing Catalan–Spanish (bilinguals) and European Portuguese (monolinguals). In this sense,
children with DLD were less accurate repeating syllables than typical language developing
(TD) children. Interestingly, children with DLD were more accurate repeating non-words
with high wordlikeness than low, a pattern that had not been found in TD children. In
addition, bilingual children performed worse than monolingual ones. Therefore, this task
identified correctly children with DLD and differentiated them from TD children in the
three languages (Catalan, Spanish and Portuguese) and in bilingual and monolingual
children, making non-word repetition a promising task to detect children with DLD.

The last work in this section, by Andres-Roqueta et al. [18], focused on the association
between the results of the parents’ reports in the Children’s Communication Checklist-2
(CCC-2) and several direct-child measures of structural language (phonetics, receptive
and expressive grammar, receptive and expressive vocabulary and a composite score),
pragmatics (receptive and expressive pragmatics and a composite score), social cognition
(strange stories), and executive functions (sustained attention, inhibitory skills and a
composite score). The results showed that children with DLD (between 3; 10 and 9 years
old) performed worse than their TD peers in all the direct-child measures. The CCC-2
correlated with all direct child assessments in the group of DLD, but only formal measures
of structural language predicted parent’s reports in CCC-2. This indicates that CCC-2

3
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answered by parents is a reliable measure to assess formal language, being structural
language its best predictor.

4.2. Reading and Writing Disorders

Close to DLD and commonly comorbid with this disorder are reading and writing
learning disabilities. Reading and writing disabilities are the most prevalent type of
learning disabilities, with a prevalence between 7 and 10% and one of the main factors
of school failure [19]. It includes impairments in reading decoding (i.e., letter–phoneme
correspondence) resulting from problems in phonological processing skills and/or naming
problems [20]. Children with RD also show impaired oral language skills, although not as
severe as children with DLD [21].

One paper in the present Special Issue focused on reading and writing learning
disabilities. González-Valenzuela et al. [22] explored the relationship between the type
of delivery (vaginal or caesarean) and the occurrence of learning disabilities in reading
(reading accuracy) and writing (phonetic and visual orthography), controlling for several
gestational, obstetric, and neonatal variables (maternal age at delivery, gestational age,
foetal presentation, Apgar 1, and new-born weight), in six-year-old children born in twin
births. Their results showed a relation between the caesarean delivery and the presence of
difficulties in reading accuracy, and phonetic and visual orthography. Although the authors
advise that more evidence is needed, these findings could be useful in clinical practice to
avoid the use of caesarean section on demand or without specialised indication.

4.3. Autism Spectrum Disorder (ASD)

Children with ASD show a communication deficit that sometimes is accompanied
by formal language difficulties. Two papers in this Special Issue aboard the language and
communication deficits in ASD.

One paper in this Special Issue looked at the integration of multimodal information
within the communicative setting in toddlers at risk of developing ASD by means of
eye-tracking measures. The study by Camero et al. [23] investigated visual attention to
establish potential early markers of ASD. A group of 10 age-paired TD children and another
group composed of 10 children with an increased likelihood of developing ASD looked
at a human face when pronouncing pseudowords on a monitor, which were associated
with several pseudo-objects. They found that children with higher odds of developing
ASD showed a lower number of fixations to the eyes and larger number of gaze fixations to
the mouth than the TD children. ASD children also had a slightly larger non-significant
pupil dilation to faces, which was constant during the distinct task periods. They also
looked more at the pseudo-object and for a longer time than TD children. In contrast, TD
children showed a greater pupil dilation when hearing the pseudowords. The authors
discuss that objective measures of eye tracking could be considered as potential markers
for early detection of ASD and serve as relevant measures of word processing in both ASD
and TD toddlers.

In another paper dedicated to ASD, Torrens and Ruiz [24] explored language and
communication in preschool children with ASD compared to other developmental disorders
using direct measures and parental reports of language. Results revealed that ASD children
show a delay in language comprehension in contrast to language production, together
with several problems in non-verbal communication, as compared with children with
other developmental disorders. A high association was also observed between participant
measures and parental reports of language and communication. These results lead the
authors to suggest that complementing participants’ measurements with parental reports
is a valuable tool for language assessment. They also suggest that language comprehension
deficits and difficulties in non-verbal communication might help diagnostic purposes
between children with ASD and children with other neurodevelopmental disorders.
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4.4. Preterm

Preterm children (very and extremely preterm in particular) are generally considered
to present atypical language development. In this Special Issue, two papers are related
to this topic. The first one by Pérez-Pereira [25] is a longitudinal study on the prevalence
and determinants of language delay carried out with low-risk preterm children. The study
spans the period between 10 and 60 months of age, with four measuring points. The partic-
ipants were grouped into four groups of different gestational ages (GA) corresponding to
(1) Extremely and Very preterm, (2) Moderately preterm, (3) Late preterm, and (4) Full-term
children. Comparisons of the results obtained in the different language tests indicate that
there are hardly any differences between the GA groups in the incidence of language delay
(scores below the 10th percentile). The results found suggest that healthy preterm children
do not seem to have a higher risk of language delay than full-term children. Logistic
regression analyses permitted the identification of those factors that better predicted lan-
guage delay at different ages, highlighting among these factors, previous language, and
cognitive delay.

The second study by Joensuu et al. on the topic of preterm children’s language devel-
opment [26] investigates the associations between early language development at 2 years
and literacy skills at seven years of age, in a sample of 136 very preterm (VP)/very low
birth weight children (VLBW) and 137 full-term controls. Their results indicate that lexical
production and MLU (Mean Length of Utterances) of the three longest utterances (measured
through the Finnish CDI) and the expressive language score (from the Bayley Scales of Infant
Development-II) are quite good predictors of prereading skills, reading, and writing at 7 years
of age. In addition, most VP/VLBW children who were below the 10th percentile in language
measures at 2 years of age had weak literacy skills at 7 years of age.

4.5. Deafness

Children with hearing impairment without hearing implants use to show a delay or
difficulties in language development. Research with hearing children has revealed that
the combination of music (rhyme and rhythm) with phonological awareness activities
in intervention programs increments language outcomes. The paper by Holcomb and
Wolbers [27] attempts to test the benefits of American Sign Language (ASL) rhyme, rhythm,
and phonological awareness for deaf children. An intervention program was provided to
five deaf children between 3 and 6 years of age to examine the effects of explicit handshape
rhyme awareness instruction on increasing engagement behavior and accuracy in recitation.
The findings indicate that recitation skills (although not engagement) in young deaf children
can be supported through interventions utilizing ASL rhyme and rhythm supplemented
with ASL phonological awareness activities.

4.6. Genetic Syndromes

Most genetic syndromes involve cognitive and language developmental impairments.
In the present Special Issue, the study by Zanaboni et al. [28] investigates oral motor, speech
and language abilities of eight Italian-speaking children (aged 4.6 to 15.4 years) with glucose
transporter type 1 deficiency syndrome (GLUT1DS). This syndrome, due to mutations in
SLC2A1 gene, implies impaired glucose transport into the brain. Congruently, patients
are treated with the ketogenic diet (KD) to meet the energy demands of the developing
brain, as it was the case for the participants in this study. The children were assessed
with different standardized tests. The results indicated that the patients showed deficits
in orofacial praxis, the speech domain, and the language domain (semantic/phonological
fluency and receptive grammar, in particular), as well as in the development of several
cognitive functions. The authors highlight the importance of a complete speech and
language evaluation in GLUT1DS patients to obtain a typical linguistic phenotype, which
could guide and improve early diagnosis and intervention.
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5. Conclusions

The present Special Issue focuses on the major topics of typical and atypical language
development with monolingual and bilingual children, covering new and highly innovative
studies that have increased the evidence for detecting and preventing language impairment
especially in several languages such as Spanish, Catalan, Portuguese, Italian, Russian,
Cantonese, Finnish, and American Sign Language.

Author Contributions: Writing—original draft preparation, E.A.-M., M.P.-P., E.S.-S., D.A.-R.; writing—
review and editing, E.A.-M., M.P.-P., E.S.-S., D.A.-R. All authors have read and agreed to the published
version of the manuscript.

Funding: This work was supported by the Grant EDU2017-85909-P funded by MCIN/AEI/10.13039/5
01100011033 and by “ERDF A way of making Europe”. The funding sources was not involved in the
study design, analysis, and interpretation of data, and writing of the report or submission for publication.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Acknowledgments: We would like to thank all the authors and reviewers who offered their manuscripts
and their constructive comments for this Special Issue.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Tomblin, J.B.; Records, N.L.; Buckwalter, P.; Zhang, X.; Smith, E.; O’Brien, M. Prevalence of Specific Language Impairment in

kindergarten children. J. Speech Lang. Hear. Res. 1997, 40, 1245–1260. [CrossRef] [PubMed]
2. García-Mateos, M.; Mayor Cinca, M.Á.; de Santiago Herrero, J.; Zubiauz de Pedro, B. Prevalencia de las patologías del habla, del

lenguaje y de la comunicación. Un estudio a lo largo del ciclo vital. Rev. De Logop. Foniatría Y Audiol. 2014, 34, 163–170. [CrossRef]
3. Leonard, L.B. Specific language impairment across languages. Child Dev. Perspect. 2014, 8, 1–5. [CrossRef] [PubMed]
4. Serrat-Sellabona, E.; Aguilar-Mediavilla, E.; Sanz-Torrent, M.; Andreu, L.; Amadó, A.; Serra, M. Sociodemographic and pre-

linguistic factors in early vocabulary acquisition. Children 2021, 8, 206. [CrossRef]
5. Vilà-Giménez, I.; Prieto, P. The Value of Non-Referential Gestures: A Systematic Review of Their Cognitive and Linguistic Effects

in Children’s Language Development. Children 2021, 8, 148. [CrossRef]
6. Acebedo, L.; Buil-Legaz, L.; Adrover-Roig, D.; Aguilar-Mediavilla, E. Impact of the Use of Media Devices within the Family

Context on the Language of Preteens. Children 2020, 7, 281. [CrossRef]
7. Liu, C.-T. A First Step toward the Clinical Application of Landmark-Based Acoustic Analysis in Child Mandarin. Children 2021, 8, 159.

[CrossRef]
8. Rujas, I.; Mariscal, S.; Murillo, E.; Lázaro, M. Sentence Repetition Tasks to Detect and Prevent Language Difficulties: A Scoping

Review. Children 2021, 8, 578. [CrossRef]
9. Kan, P.F.; Miller, A.; Still, S. Identifying Bilingual Children at Risk for Language Impairment: The Implication of Children’s

Response Speed in Narrative Contexts. Children 2021, 8, 62. [CrossRef]
10. Diaz, V.; Borjas, M.; Farrar, M.J. Is there an association between executive function and receptive vocabulary in bilingual children?

A longitudinal examination. Children 2021, 8, 44. [CrossRef]
11. Bishop, D.V.M.; Snowling, M.J.; Thompson, P.A.; Greenhalgh, T.; CATALISE-2 Consortium. Phase 2 of CATALISE: A multinational

and multidisciplinary Delphi consensus study of problems with language development: Terminology. J. Child Psychol. Psychiatry
2017, 58, 1068–1080. [CrossRef] [PubMed]

12. Bishop, D.V.M.; Snowling, M.J.; Thompson, P.A.; Greenhalgh, T.; CATALISE Consortium. CATALISE: A multinational and
multidisciplinary Delphi consensus study. 1. Identifying language impairments in children. PLoS ONE 2016, 11, e0168066.
[CrossRef] [PubMed]

13. Roa-Rojas, P.; Grinstead, J.; Silva-Pereyra, J.; Fernández, T.; Rodríguez-Camacho, M. Syntactic Gender Agreement Processing on
Direct-Object Clitics by Spanish-Speaking Children with Developmental Language Disorder: Evidence from ERP. Children 2021, 8, 175.
[CrossRef]
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Abstract: Here, we studied the beginnings of language development, jointly assessing two groups of
precursors, sociodemographic and pre-linguistic, that have previously been studied separately. Thus,
the general objective of this study was to explore which factors best explained the acquisition of
initial expressive vocabulary. The sample consisted of 504 participants from Catalan-speaking homes
with ages ranging between 10 and 18 months. The data were obtained through the MacArthur–Bates
Communicative Development Inventories (MCB-CDIs). Vocabulary development shows a lexical
spurt at 17 months. Regression analyses show that pre-linguistic factors have more explanatory power
of than sociodemographic ones. Within the sociodemographic variables, age, birth order and birth
weight explain part of the vocabulary variance. With respect to pre-linguistic variables, imitation, late
gestures and phrase comprehension are predictors of the initial vocabulary acquisition. Specifically,
imitation and late gestures were the pre-linguistic behaviours that made it possible to distinguish
between children with higher and lower levels of vocabulary. We discussed these findings in relation
to their relevance for language acquisition and for the early assessment of linguistic competence.

Keywords: MacArthur-Bates CDI; Catalan; lexical spurt; sex; birth order; birth weight; parental
education; imitation; gestures; comprehension

1. Introduction

The aim of this work was to study the influence of factors traditionally considered
related to initial language acquisition. Until now, personal, and sociodemographic factors
have often been considered separately from pre-linguistic factors, but here we present a
joint evaluation of how these two factors affect initial language acquisition.

The cognitive abilities of children and their relationship with the environment are
two variables that are in constant interaction and are responsible for determining a child’s
communicative, cognitive, and affective development. With regard to communicative
development, typically developing children have already discovered patterns of meaning
in speech by the end of their first year of life [1,2]. It is around this time that children start to
discover connections between language and the world around them [3,4]. Any disruption
at this initial stage will affect a child’s linguistic development as well as other related forms
of development and subsequent learning experiences [5].

Thus, it is during the first and second years of life that the foundations for commu-
nicative and linguistic development are laid. While this kind of development is important
enough in itself, it also has repercussions for other aspects of development. Accordingly,
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our study recognizes the relevance of exploring and evaluating this initial stage of lan-
guage development and the factors that influence it. To examine some of these factors more
closely, we first review the sociodemographic variables that have been considered to play
a role in language development, and then examine some of the pre-linguistic skills also
considered relevant during initial language acquisition.

1.1. Sociodemographic Variables Related to Language Acquisition

Previous studies have shown that some demographic, personal, and social variables
are related to language development. These include sex, birth weight, history of ear
infections, birth order, parents’ level of education, and parents’ education level, and their
socio-cultural and economic status.

Although the male sex has traditionally been linked with lower language abilities [6]
and a greater prevalence of language difficulties [7], there is still no evidence of any biolog-
ical causes that explain this [8]. Besides, more recent and large-scale studies have found
a more balanced ratio and fewer differences between boys and girls [9]. With respect to
brain differences related to language development, a systematic review by Etchell et al. [8]
showed that brain differences between the sexes may be more prominent during certain
developmental stages but are negligible in other stages, suggesting that such differences
are not as significant as previously thought. However, most studies that evaluate linguistic
performance between boys and girls during language acquisition have found differences
between the sexes. For example, Huttenlocher et al. [10] found sex differences related to
lexical growth in children from 22 to 26 months. Galsworthy et al. [11] found that 2-year-old
girls outperformed boys in verbal development. Various large-scale studies conducted us-
ing the MacArthur–Bates Communicative Development Inventories (CDIs) [12] found early
sex differences that increase with age in children from 8 to 36 months, both from English
and non-English-speaking backgrounds, with girls outperforming boys in early commu-
nicative gestures, vocabulary, and word combinations [13–16]. However, other studies also
conducted using the CDIs, such as Kovačević et al. [17], Jackson-Maldonado et al. [18], and
Berglund and Eriksson [19], failed to find differences in language development between
boys and girls.

Birth weight has also been related with language development. Children born with
a low weight are at higher risk of experiencing language problems [20–22]. The risk of
language problems increases the lower birth weight was [23]. The relation between birth
weight and language development is also influenced by other factors such as medical
complications and born prematurely [22]. Thus, healthy children with weights upper than
1900 gr. at born show language abilities adequate to their gestational age [24]. Contrary, a
weight lower than 1500 gr. at born is related with a higher incidence of medical complica-
tions such as conductive hearing loss, which can interfere with language acquisition and is
considered a risk factor for deafness [25].

Despite the fact that hearing loss is a clear factor in delaying spoken language devel-
opment, the association between otitis (i.e., inflammation that occurs within the middle-ear
cavity and causes mild-to-moderate hearing loss) and language development is not so
clear [26]. Although traditionally [27] otitis has been linked with a major risk of suffering
language development delays, a review by Roberts et al. [28] found that otitis media with
effusion may not be a substantial risk factor for later speech and language development in
typically developing children. Despite these results, otitis is still considered a risk factor
for language delay in clinical settings [29].

Birth order is another variable that has traditionally been linked with language devel-
opment, with firstborns exhibiting better language abilities than later-born children [13].
In this regard, Fenson et al. [14] noted significant negative correlations between birth
order and gestures, vocabulary production, Mean Length of Utterances (MLU) and word
combinations measured using the CDI. Berglund et al. [13] found better vocabulary com-
prehension and production in firstborns assessed at 18 months using the Swedish Early
Communicative Development Inventories. Firstborn advantage in language acquisition
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has not only been found using parent inventories, but also through direct observations.
For example, by observing natural language, Hoff-Ginsberg [30] showed that firstborns
had an advantage in lexical and grammar development at 18 to 29 months. Neverthe-
less, the evidence of quantitative differences between firstborn and later-born infants is
inconclusive; for example, Pine [31] found that firstborns reached the 50-word milestone
earlier than secondborns, but found no differences in reaching the 100-word milestone.
Oshima-Takane et al. [32] reported no differences in the MLU, number of intelligible utter-
ances, total vocabulary (types) and total number of words (tokens) between firstborns and
secondborns at 21 and 24 months, but an advanced use of pronoun productions was found
in secondborns.

Some social aspects have also been linked with language development. Of particular
interest to researchers is the relationship between socioeconomic status (SES) and language
outcomes, which has been found to be incredibly convoluted and complex [30,33–37].
For example, socioeconomic status is decisive for other variables that can affect language
development such as the family home, neighbourhood, child’s school, and the resources to
which he/she has access [38]. Besides, the relation between SES and language is mediated
by other variables, such as parent’s educational level, cultural differences and the linguistic
input that the child receives [38–40]. Previous studies have highlighted the importance of
quantity of input exposure, but most acknowledge that the quality of language that the
child is exposed to is more salient [41,42]. In this sense, some studies [33,38,43] have found
that a higher maternal education could be a protective factor against language difficulties
and a predictor of better child language development. For example, Hirsh-Pasek et al. [36]
show in low incoming families that maternal education is related with sensitive parenting,
the quantity of language input the child received, the quality of communicative interactions
(e.g., use of routines and rituals) and child expressive language. Accordingly, previous
studies have found maternal educational level related to early language development, as
measured by the MacArthur Communicative Development Inventories [44,45], although
others have failed to find this relationship when linguistically, culturally, and developmen-
tally appropriate instruments are used [46].

1.2. Pre-Linguistic Factors

During the pre-linguistic period, children’s language develops as follows: (a) a focus
on the sounds of speech; (b) understanding first words; (c) communicating needs through
language; (d) random vocalizations; and (e) uttering familiar speech sounds. At this time,
they also progress from an initial multimodal perception of their postnatal environment
to attaching symbolic representations and references to actions, objects, and significant
people. While studying this period, researchers have focused mainly on intentional com-
munication, vocalizations, and gestures as precursors and possibly facilitators of a child’s
first words [47,48].

1.2.1. First Signs of Understanding

Over recent decades, many studies have focused on how babies know and compre-
hend aspects of the language in early development and before they say their first words.
These studies show how babies recognize the voice of their mothers [49,50] and are able to
discriminate their language from others [51]. Saffran et al. [52,53] showed how children
are able to extract regularities of speech and recognize parts and patterns in the flow of
speech heard. These authors found that after just 2 minutes of exposure, 8-month-old
infants could extract words embedded in a continuous stream of spoken artificial language.
This type of learning has been called statistical language learning [52]. It has also been
shown that crying [54] and the intonation of babbling vary depending on the language of
exposure [55], which is a sign that children are attentive and analyzing the speech to which
they are exposed and trying to approximate those patterns.

Before they say their first words, babies can also understand the pragmatic intention of
adults from highly context-dependent situational clues. At 9 months, children understand
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some words and expressions of adults. They react to their name or respond in some way to
very specific words or expressions spoken with a certain intonation and in repetitive or
familiar contexts [48,56]. Around the first year of life, children already react to some words
or expressions and understand some very simple instructions or phrases related to routines
or very familiar situations such as “A dormir” (to bed), “Ja està” (it is over), “Què vols?”
(what do you want?) [48,56]. For example, at 12 months, babies would move their head in
response to their own name and can begin to understand simple commands or phrases
related to routines. At 18 months, they can understand simple commands (one step) such
as “Put it here”, “Give me a kiss” or “Say goodbye” [57–59]. Additionally, at around the
age of 2 years, children use syntactic clues, such as word order, to understand transitive
sentences [60,61].

It is possible that the difficulties in understanding spoken language at early ages is
one of the main predictors of experiencing a language development disorder later on [62].
In line with this, several studies have found a strong correlation between sentence com-
prehension in the first 12–18 months and subsequent language level [45,63]. For example,
Watt et al. [64] analysed which pre-linguistic skills and behaviours at 1 and 2 years of age
predict language abilities at 3 years of age, using communication and symbolic behaviour
scales to measure this [65]. The results showed that early comprehension abilities predict
subsequent receptive and expressive language outcomes. Several studies have been con-
ducted to assess these early signs of understanding in children with communication or
language difficulties. This is the case in a study of children at risk of autistic spectrum
disorder (ASD), which observed low scores in the children’s social interest or in responding
to theirs names and in understanding initial sentences [66]. Another study conducted
with English-speaking infants with and without ASD showed that parents reported fewer
sentences understood and fewer gestures produced by 12 months of age in children at risk
of ASD measured using the CDI. Luyster et al. [67] reported similar results with “first signs
of understanding” and “understanding of phrases” in children with ASD. Finally, Charman
et al. [68] also observed, using parental reports, delays in early signs of understanding
(e.g., “reacting to mother’s/father’s name”) in children with ASD. In this same line of
research, the new conception of Developmental Language Disorders (DLD) includes the
presence of comprehension problems between the ages of 2 and 3 years as a factor of early
detection, which correlates with the subsequent diagnosis [62].

1.2.2. Imitation

Imitation is another precursor to language development. Verbal imitation, or the
repetition of new words or parts of sentences, is a pervasive and innate behavior in
early development and is used for diverse functions during language acquisition [69].
One of these functions is to internalize language [70]; in this sense, during our everyday
interactions we can see that as children learn language, they spontaneously imitate the
speech of those around them. Despite the importance of imitation, few studies have been
conducted on its role in language acquisition since the seminal studies by Snow in the
1980s. These first studies focused on verbal imitation and mimicry in the early stages. In
accordance with Snow [71], the results of these studies can be placed on a continuum that
ranges from the non-contribution of verbal imitation in language development [72,73]
to the idea that imitation is at least partially credited for parts of a child’s language
development such as the acquisition of vocabulary [74–76], grammar [77], morphology
and syntax [78,79].

With regard to the development of expressive vocabulary, in a recent study conducted
by Masur and Olson [80], children who demonstrated more verbal imitations of the lan-
guage produced by their mothers were found to have a more advanced vocabulary at 17
and/or 21 months. Research carried out with children with atypical development, such
as that of Feeley and Jones [81] on children with Down syndrome, or that of Yoder and
Layton [82] and Smith et al. [83] on children with ASD, also describe this relationship
between verbal imitation and expressive vocabulary.
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Studies that deny the contribution of imitation argue that there is considerable indi-
vidual variance in imitation among children and that only a subgroup of children learn
language, or part of it, through imitation. On the other hand, studies that accept a partial
contribution of imitation to language development base their assumption on the idea that
children imitate syntactic structures when they cannot produce them spontaneously.

Contemporary research has focused primarily on the role of socio-cognitive abilities
in verbal imitation, such as understanding the intentions of others or the context in which
the sentence is produced. The results of studies conducted by Over and Gattis [84] and
Bannard et al. [85] showed that children use the intention perceived in others [84,85] and
the functional context of an utterance [85] to imitate a verbal model.

Finally, a last group of studies provide evidence in favour of verbal over non-verbal
imitation in humans and the diversity of purposes of the former. For example, instrumental
imitation may have the purpose of (a) transmitting language from one individual to another;
(b) engaging in a conversation; and (c) establishing affiliation with others [86–89]. Beyond
these purposes we can add an additional purpose from the study conducted by Matthews
et al. [90] that is unique to the verbal domain: (d) facilitating communication, because the
conversation becomes more efficient when speakers construct referential pacts.

1.2.3. Gestures and Actions

As several authors have recognized, gestures are one of the most important precursors
of language acquisition [91,92]. In this sense, gestures have been considered as behaviours
that precede and prepare the emergence of expressive language [93].

Some authors have focused on deictic gestures, such as the gesture of pointing, which
is considered a precursor of child vocabulary. Nevertheless, more research is needed to
establish whether it can be considered a predictor of language development (see [94]),
because authors such as McGillion et al. [95] found that the presence of pointing gesture
does not predict expressive vocabulary, although the presence of pointing gestures is
related to receptive vocabulary.

The communicative gestures that children make during their first years are not limited
to the gesture of pointing. Nelson [96] suggested that gestures and actions, including those
integrated in symbolic play, contribute to the development of the representational abilities
that are fundamental to language acquisition. A longitudinal study by Cadime et al. [97],
with the MacArthur Bates CDI-I, found that gestures predicted vocabulary comprehen-
sion at 9, 12, and 15 months, although gestures only predicted expressive vocabulary at
12 months.

Regarding more complex gestures and actions, such as actions that children perform
with dolls or through games in which they imitate the actions of adults, it is important
to note that these actions can be interpreted as part of symbolic play. In this sense, the
relationship between language development and symbolic play has been shown to be
robust throughout development [98,99]. Furthermore, despite the fact that there are dif-
ferent interpretations of this relationship, symbolic play can be considered a precursor of
language [98].

1.3. Present Study

Given the results of the studies reviewed above, several sociodemographic and pre-
linguistic factors can influence language acquisition. This study seeks to add to the field by
investigating two main questions:

RQ1: Which of the sociodemographic or pre-linguistic variable(s) studied explain
early vocabulary acquisition?

RQ2: Which of the sociodemographic or pre-linguistic variable(s) studied discriminate
children with a high level of vocabulary from those with a low level of vocabulary?

The influence of sociodemographic and pre-linguistic factors in early language de-
velopment would be evident in the comprehension and production of first words. In this
study, we focus on vocabulary production, as it is a more valid measure of the MacArthur
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Bates CD1-I questionnaire in early learners [100]. As we have previously stated, this work
aims to study the beginnings of language development, jointly assessing two groups of
precursors that have previously been studied separately, that is, sociodemographic and
pre-linguistic factors. To ensure that the data are treated collectively rather than separately,
data were collected using a single instrument, the MacArthur–Bates CDI, which has been
shown to be reliable and valid for child language assessment [14].

Thus, the general objective of this study was to explore which factors best explain
the acquisition of initial expressive vocabulary and to what extent they do so. We aimed
to describe the course taken in the initial acquisition of expressive vocabulary through
the use of parental reports. In this study, this description will allow us to verify that our
data conformed to the expected course of vocabulary across the ages studied. Then, we
aimed to explore and quantify which factors have the most explanatory power in terms of
the acquisition of initial vocabulary, contrasting personal and sociodemographic factors
with pre-linguistic factors. Finally, we aimed to measure the contribution of these factors
to discriminate children with a high level of vocabulary (>25th percentile) from those
who are at risk of suffering delays in their language acquisition. A better understanding
of the influence of these aspects on language acquisition is important to design effective
assessment tools and interventions.

2. Materials and Methods
2.1. Participants

The total sample consisted of 504 participants (259 girls) from Catalan-speaking
homes with ages ranging from 10 and 18 months (M age = 14.23; SD = 2.5). Premature
children with a weight below 1900 g were excluded due to the medical complications
associated with this condition. Table 1 shows the characteristics of the sample, including
sociodemographic factors.

Table 1. Main descriptive data of the participants.

Personal and Sociodemographic Characteristics N = 504

Age in months, M (SD) 14.23 (2.5)
Sex as % female 51.4

Birth weight in kg, M (SD) 3.26 (0.48)
Number of ear infections per year, M (SD) 0.52 (1.29)

Birth order in % of children
First 56.8

Second 36.8
Third 5.4

Fourth, onwards 1
Mother’s educational level, %

No studies 0.2
Primary 4.4

Secondary 29
University 66.4

Father’s educational level, %
No studies 0.2

Primary 12.3
Secondary 40.9
University 46.6

Note: M = mean; SD = standard deviation.

2.2. Materials

The data in this study were obtained using the MacArthur–Bates Communicative
Development Inventories (MCB-CDIs) adapted for Catalan [101,102]. Specifically, CDI-I
was used for this study as it is appropriate for children between the ages of 8 and 18 months.
The inventory has two main sections with different sub-sections.
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For the first part, the parents were asked about their child’s first words based on
his/her first signs of understanding (the child’s name, “no”, and the names of the parents),
how the child understands frequently spoken phrases, the child’s capacity to imitate
language, and the list of vocabulary understood and produced. In the second part of the
instrument, the parents were asked about the child’s gestures and actions through the use
of first gestures of intentional communications, games with adults, turn-taking routines,
actions with objects, and symbolic play (e.g., with dolls, imitating adults, and using objects
for a different purpose). In the current study, most of the sections of the MCB-CDI-I were
considered as independent variables, except the section “Checklist of total vocabulary”
that was considered as dependent variable.

The first part of the MCB-CDI-I was divided in several sections as described below.
The section “First signs of understanding” contained three items and recorded whether
the children reacted when hearing certain words. Specifically, the items in this section
referred to whether the child stopped what he/she is doing upon hearing “no” said to
him/her; whether he/she responds when called by their name; and whether the child
looks around when hearing his/her mother or father be called by name. In the section
“Phrases”, which contained 27 phrases or utterances, the number of phrases that the
children understood from the section was counted. This section refers to the ability of the
children to understand frequently spoken linguistic utterances in speech directed at the
children [57–59]. Examples of this type of utterance are: “Què és això?” (What is that?),
“A dormir” (Go to sleep), “Fes-me un petó” (Give me a kiss), “Quiet!” (Stop!), “Digues
adéu” (Say bye-bye), etc. The section “Starting to talk” contained two items (Imitation and
Naming), and in this work we only used “Imitation” because “Naming” was considered
to be the same as or similar to the “Vocabulary Checklist”. In the “Imitation” section
the parents were asked whether the children imitate any words or parts of phrases. The
possible answers were “Not yet”, “Sometimes”, and “Often”. The section “Checklist of
total vocabulary” contained items from different lexical categories that the child “can
understand” or “understand and produce”, such as sound effects and animal sounds,
animals (real or toys), vehicles (real or toys), toys, food and drink, clothes, parts of the
body, furniture, domestic objects, objects from outside the home and places to visit, people,
games, routines and social formulas, actions, times, qualities and attributes, pronouns and
possessive and demonstrative pronouns, questions, prepositions, quantifiers, and articles.

The second part of the MCB-CDI-I evaluates gestures and actions and was divided
into two main sections, as described below. The first section is called “First gestures and
actions”, and contained a sub-section of communicative gestures (e.g., saying “bye” with
your hand) and a sub-section of nursery rhymes, children’s songs and routines (e.g., peek-
a-boo). The second section is called “Late gestures and actions”, and contained three
sub-sections: (1) Performing actions with objects such as the child putting the telephone to
his/her ear; (2) playing at being an adult, where the participants are asked about symbolic
play activities with a doll (e.g., combing a doll’s hair); and (3) pretending or trying to do
adult activities (e.g., pretending to take photos, pretending to sweep, etc.). This section
includes many actions or activities of symbolic play.

Several bibliographic sources on language acquisition show that parental reports are
reliable and valid, and represent the linguistic abilities of the children in the short and long
term [12,103,104]. It is worth noting that Marchmann and Martínez-Sussman [105] have
referred to a high concurrent validity between the development of productive vocabulary
measured using the CDI questionnaire and that measured in laboratories. In addition,
the MacArthur–Bates questionnaire offers the possibility to analyse the communicative
and linguistic development of broad samples of participants, as in our case (see [12]).
Specifically, the Catalan version of the MCB-CDI-I has an internal consistency of α = 0.893;
a test-retest reliability of α = 0.800 for word comprehension; and a concurrent validity
(MCB-CDI-II inventory with display of spontaneous speech) of r = 0.577 [102].
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2.3. Procedure

The participants were recruited through professional and personal contacts of the
authors of the adapted questionnaires, as well as through the participation of several child
education centres. The CDI-I forms were delivered to the families either personally, in
which case they were given instructions on paper that were briefly discussed, or through the
early childhood education centres (0–3 years) by giving families an information letter and
consent form, with the instructions provided later along with the booklet. The instrument
itself contained instructions in each of the sections and the families were explicitly informed,
either verbally or through the letter and informed consent, that they should only record
the words/usage that their child produced in any variant of the Catalan language, even if
there was a mispronunciation.

The study used the total vocabulary produced by the children as a dependent variable.
To calculate the size of each participant’s vocabulary, the total number of words marked by
the parents in the “Checklist of total vocabulary section” (one point for each word) was
added up. The maximum possible point score was 423 (total number of items in the list).

The information items in the “General information” section of the MCB-CDI-I were
used as independent personal and sociodemographic variables—sex, birth order, birth
weight, how many ear infections per year, and mother’s and father’s level of education. As
for the pre-linguistic independent variables, all sections were scored as indicated in the
scoring manual for the instrument.

A stepwise multivariate regression analysis was performed. Preliminary analyses
were conducted to ensure that the assumptions of the multiple regression were met. A
logistic regression analysis was also carried out. In this case, the dependent variable
was dichotomized based on a child’s normative scores [102]. Participants were grouped
according to whether they showed a high level of vocabulary (≥25th) or a low level of
vocabulary (<25th). The data were analysed using SPSS v. 23.

3. Results

First, curvilinear estimation (a type of regression analysis) was used to determine
which model best fit the course of acquisition of expressive vocabulary. Linear, quadratic,
and exponential models were chosen for the analysis, as they are appropriate for the field
of child development [106].

It was observed that the vocabulary acquisition process began slowly, increasing
gradually until 16 months of age. However, from the age of 17 months, a substantial
change in trend was noted (see Figure 1). The children’s vocabulary at this age increases
from two words at 10 months to around 20 words on average at 16 months. From this age
onwards, and in just two months, the vocabulary increases to over 60 words at 18 months.

Accordingly, the results of the curvilinear estimation reflect the fact that the linear,
quadratic, and exponential models adequately conform to the curve. The ANOVA of each
model gave the following statistical values: linear (F(1.502) = 132.276; p < 0.001; R2 = 0.209),
quadratic (F(2.501) = 81.451; p < 0.001; R2 = 0.245) and exponential (F(1.502) = 281.978;
p < 0.001; R2 = 0.360).The model that best fits the data is the exponential model, which has
the highest R2 value and explains more of the variability in the data than the other two
models (36% of variance).

3.1. Which of the Sociodemographic or Pre-Linguistic Variable(s) Studied Explain Early
Vocabulary Acquisition?

A summary of the data for the pre-linguistic variables is shown in Table 2. The signifi-
cant findings from these data are that most children (88.6%) displayed the three behaviours
corresponding to first signs of understanding, a large minority of the sample (40.9%) did
not imitate words or parts of phrases, and 59.1% imitate them sometimes or often.
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Figure 1. Production of words according to child’s age in months.

Table 2. Descriptive data on language precursors.

Language Precursors N = 504

First signs of understanding, %
0 or 1 behaviour 0.8

2 behaviours 10.6
3 behaviours 88.6
Imitation, %

Not yet 40.9
Sometimes 41.9

Often 17.2
Phrases, M (SD) 17.93 (7.09) a

First gestures, M (SD) 14.73 (4.12) b

Late gestures, M (SD) 17.02 (9.52) c

a Maximum score: 27, b Maximum score: 25, c Maximum score: 44.

For the second objective of the study, we used a stepwise regression analysis to identify
which were the best predictors of vocabulary size. In this regression method, all variables,
sociodemographic and pre-linguistic, were considered as predictors, and automatically in
each step, the variable accounting for the most proportion of variance was introduced in
the model, thus reducing the number of variables in the final model. The significance of
the variables in the models, coefficient of determination (R2) and standardized coefficients
(β) were used to interpret the significant predictors, proportion of explained variance and
the relative weights of each predictor variable, respectively.

Table 3 shows the data from the sixth model generated by the multivariate regression
analysis, based on the data from the stepwise method. The regression coefficient is pro-
vided with confidence intervals, the standardized score (β) and the statistical significance.
Specifically, in the multiple regression analysis, the six predictors explain 65.1% of the
variance in the score for expressive vocabulary (F = 133.695; p < 0.001; adjusted R2 = 0.651).
All the steps that the regression analysis generated can be found in the Appendix A.

Only six of the predictors explained the acquisition of expressive vocabulary in the
ages studied, namely, imitation, the understanding of phrases, late gestures and actions,
age, birth order, and birth weight. Looking at the standardized scores (β), it can be observed
that imitation had the greatest predictive power, followed by late gestures and actions and,
to a lesser extent, the understanding of phrases, age, birth order, and birth weight.
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Table 3. Multivariate regression analysis of expressive vocabulary with respect to potential pre-
linguistic and sociodemographic predictors.

Predictors Coefficient (95% CI) β p

Age 0.1 (0.05 to 0.15) 0.167 <0.001
Birth weight 0.19 (0.02 to 0.36) 0.063 0.031
Birth order −0.15 (−0.28 to −0.02) −0.081 0.021
Imitation 0.85 (0.73 to 0.98) 0.445 <0.001

Late gestures and actions 0.04 (0.03 to 0.05) 0.245 <0.001
Phrases 0.03 (0.01 to 0.04) 0.140 0.002

CI indicates confidence interval; R2 = 0.656; Adj. R2 = 0.651.

3.2. Which of the Sociodemographic or Pre-Linguistic Variable(s) Studied Discriminate Children
with a High Level of Vocabulary from Those with a Low Level of Vocabulary?

The children were classified according to the dependent variable (expressive vocab-
ulary) based on their normative scores [102]. The cut-off point was applied at the 25th
percentile score. Children were grouped according to whether they showed a high level of
vocabulary (≥25th percentile) or a low level of vocabulary (<25th percentile). Based on this
grouping, a binary logistic regression analysis was then carried out (stepwise method).

A total of 352 children (69.8%) obtained vocabulary scores above the 25th percentile,
while 152 children were below this percentile. From this sample, the logistic regression
analysis included a total of 428 participants (76 missing values). Table 4 shows that out
of the ten possible predictors, only two (imitation and late gestures) are associated with
vocabulary scores above the 25th percentile at a significance level of 5%.

Table 4. Multivariate logistic regression analysis of large vocabulary.

Predictors OR (95% CI) p

First model
Imitation 6.889 (4.455 to 10.651) <0.001

Second model
Imitation 5.348 (3.400 to 8.411) <0.001

Late gestures and actions 1.067 (1.036 to 1.099) <0.001

CI, confidence interval; N = 428 (76 missing values); R2 Nagelkerke: 0.374; OR = Odds ratio.

According to Nagelkerke’s determination coefficient, the model explains 37.4% of the
variance in the dependent variable.

To assess whether the predictor variables enabled the discrimination between a high
level of vocabulary and a low level of vocabulary, Table 5 shows the specificity and
sensitivity of the model generated by logistic regression analysis. The classification table
shows that the model has good specificity (83.3%) but low sensitivity (53.9 %). We can
therefore interpret from the results that when the predictor variables are present to a greater
degree, there is a high probability that children show a high level of vocabulary, with little
concern of vocabulary difficulties occurring. However, an absence or limited presence of
imitation and late gestures does not discriminate adequately between children with a low
or high level of vocabulary, that is, we cannot distinguish whether or not a vocabulary
delay would be present when a child shows low levels of imitation and gesture use.

Table 5. Specificity and sensitivity of the model.

Observed Percentile

Predicted percentile <25 >25

<25 69 50
>25 59 250

Sensitivity Specificity Accuracy
53.9% 83.3% 74.5%
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4. Discussion

The results of our study show that both sociodemographic and pre-linguistic variables
affect the acquisition of the initial vocabulary, although the latter has more explanatory
weight than the former, except for age. In terms of the personal and sociodemographic
variables, only the age, birth order and birth weight, in descending order of importance,
significantly predicted vocabulary development. With respect to pre-linguistic factors,
imitation, late gestures and first sentences comprehension were significant predictors of
initial vocabulary production. Thus, demographic factors in conjunction with pre-linguistic
ones are useful in explaining the initial vocabulary acquisition with a high amount of
variance explained (65.1%). In a detailed analysis, the results of multiple regression and
logistic regression indicated that imitation had the greatest explanatory weight. Moreover,
the presence of this behaviour can adequately discriminate children with high and low
levels of vocabulary.

4.1. Initial Vocabulary

Age is a predictor of vocabulary level, but is not as good as it might seem, as its impact
was third in the order of weighting predictors used in this study and was preceded by
pre-linguistic variables. It was the best sociodemographic variable in terms of explanatory
weight. The effect of age on vocabulary growth reflects a long-established fact regarding
the initial course of vocabulary learning: The transition from slow to rapid word-learning
in the first half of the child’s second year [107,108]. Authors such as Bloom [107] and
Nelson [108] observed a sudden increase in new word learning from the age of 17 months,
which is the age at which in our data we observed an increase in the rate of vocabulary
acquisition. More recently, Fenson et al. [12], using the English MacArthur–Bates CDIs, also
observed a considerable gain in the 16–18 month period. Therefore, the results obtained in
our study reflect the phenomenon known as the vocabulary or lexical spurt, according to
which most children increase their vocabulary notably between these months, as shown
by the fact that the function that best explains the rate of acquisition of vocabulary has
an exponential nature. This abrupt increase in vocabulary learning can be cognitively
interpreted as the acquisition of a new learning procedure. When a “critical mass” of
vocabulary is reached (approximately after 50 items, independently of age), words go from
being simple gestures or acoustic signals to progressively decontextualized signs. Then,
new labels and later words, accepting morphological marks according to their category, are
quickly incorporated [48,109,110]. Children are then said to have acquired a new learning
strategy which opens the path towards full adult competence [111].

4.2. Sociodemographic and Pre-Linguistic Predictors of Early Vocabulary

Birth order has been associated with language development at earlier ages, with better
grammatical and vocabulary skills in firstborns [13,14,30], a finding our results support.
In our sample of 10–18-month-old children acquiring Catalan, firstborns show a higher
vocabulary production than later-borns. The relation between vocabulary growth and
birth order is probably mediated by the direct adult–child speech parents can establish,
and is associated with the quantity and quality—more input received from siblings and
less directly from parents—of the language received by the child [30,36,37]. However,
other studies failed to find this relationship (see for example, [32]), or have found it
only temporarily during development [31]. The results of Pine [31] indicated that this
relationship could be stronger at the beginning of language acquisition [112] and as the
child grows this relationship weakens. Previous studies have also found that second-born
children show better communication skills [30] because communication depends largely
on socialization, as highlighted by different authors [113]. Thus, as different authors have
shown, birth order cannot be considered a risk factor of language delay [30,114]. Differences
due to birth order in language development are a reflex of different language contexts
where first-borns receive more direct-adult speech that improves grammar and lexical
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development, and later-borns receive a greater variety of conversations and communication
opportunities that improve communication skills [30,114].

Birth weight was also a significant predictor of vocabulary size at 10–18 months in our
study. However, its impact compared to the other variables was small, maybe because we
only included healthy children with a weight over 1900 g. In fact, a low birth weight has
been found to be related with medical complications, such as deafness and cerebral palsy,
which could cause subsequent language and developmental difficulties [22], but these
children were excluded from our study. Meanwhile, moderately low birth weight (between
1900 and 2500 g) in healthy children has shown divergent results across studies, some
indicating that birth weight affects early vocabulary development and others not [24,115].

We failed to find a relationship between vocabulary score and the other sociode-
mographic factors (sex, otitis episodes, and mother’s level of education) previously re-
lated with language development in our sample of young Catalan language learners. It
may be that the relationship between these sociodemographic factors and language ac-
quisition is mediated by other variables or that they have an influence during later
language development.

Sex did not predict a higher vocabulary rate in 10 to 18-month-old Catalan children
when pre-linguistic variables were included in the regression model. This result is contrary
to other studies of English and non-English languages [13–16]. Our data are in better
agreement with a recent large-scale study that found few differences between girls and boys
in language development [9]. Some researchers in language development and language
disorders have stated that during the last decades, especially in clinical contexts, there has
been a diagnostic bias of language difficulties regarding boys, and a misdiagnosis of girls
because the latter show less evident symptoms and go unnoticed more often [34,116,117].

With regard to temporal mild hearing loss, our results are consistent with those of a
meta-analysis by Roberts et al. [28], which indicated that the number of otitis episodes is
not related to the variance of vocabulary production. This is a variable that was considered
to be a risk factor for spoken language difficulties in clinical settings [29], but our evidence
does not support this.

With respect to the mother’s education level, diverse studies have pointed out its
influence in language development [33,38,43]. Nevertheless, this influence seems to be
mediated by the linguistic input that the child receives [38] and the quality of parental
communication (e.g., direct speech, routines . . . ) [118]. Our data do not indicate that the
mother’s education level explains any noticeable variance in early vocabulary development.
Although other studies also failed to find this relation in our context [118], it is possible
that this variable has a greater impact in later development.

Among prelinguistic factors, our results show that the comprehension of frequent
phrases is a significant predictor of vocabulary. This fact is relevant and give rise to
some reflections on how the simple fragments and phrases that conform this section (“a
dormir”/“go to sleep”, “anem a banyar”/“let’s take a shower”, “fes-me un petó”/“give me
a kiss”, “obre la boca”/“open your mouth”, “molt bé”/“very well”, “Què és això?”/“what
is that?”, “Vols . . . ?”/“do you want...?”, “T’has fet caca?”/“did you poop?”) are facili-
tators and precursors of vocabulary learning. This typical language directed at children
is redundant, highly contextualized, and with overlapping clues (gestural, visual, and
contextual), features that help children to analyse and recognize words and intentions.
Thus, children pay attention to language not only by observing the formal composition
of parental productions, but also their function, meaning, and referentiality. They profit
from gathering the initial understanding of the first orders or demands, the understand-
ing of the pragmatic intentions in the speech acts, and the exchange of questions highly
contextualized about actions. In that sense, our findings are aligned with the experimental
studies of Cartmill et al. [119], who showed that the quality of parental input, in particular
the opportunities they offer for understanding and producing words in a contextualized
and informative medium at 14 and 18 months, is a good predictor of the vocabulary level
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at 3 years of age. Another recent study [120] confirmed that the parent coaching in 8 and
14-month-old infants correlates with vocabulary levels at 18 months.

Parental input is one of the best predictors of a child’s later language performance
and our study has shown that the understanding of these prototypical examples of child-
directed speech is related to the course of learning words. This result agrees with those that
have reported a strong correlation between the comprehension of sentences in the initial
years and the later language level [45,63,64]. Future studies should analyze more carefully
whether the understanding of these first and repetitive adult productions, together with
the acquisition of the other pre-linguistic and linguistic factors reported here, is a necessary
condition for progress in vocabulary learning.

Verbal imitation was the variable with the strongest predictive power of vocabulary
growth in our study. Together with Tennie et al. [121], we consider imitation central to
any explanation of our complex culture. Language according to many authors is the most
powerful cultural artefact transmitted from one generation to another [122]. Nevertheless,
the number of studies on verbal imitation are still scarce compared to the large body of
research that exists on the imitation of instrumental actions. In this study, we tried to
resume the interest in the study of the role of imitation in language acquisition, specifically
in the production of vocabulary during the early years of life. Our study clearly shows
that, among pre-linguistic factors, verbal imitation explains the highest percentage of
the variance of expressive vocabulary, as was also found in previous studies [74–76,80].
Children who showed more verbal imitations of their mothers’ productions at 13 months
were those who at 17–21 months had more advanced vocabulary skills.

Similar studies carried out including children with atypical development also corrobo-
rate our results. Yoder and Layton [82] found that imitation ability positively predicted the
size of the initial spoken vocabulary in children with ASD. In another recent study carried
out with children with ASD [83], it was observed that verbal imitation at 20 and 71 months,
as evaluated by the CDI inventories, is associated with a subsequent rapid growth of
expressive vocabulary. In a study conducted including children with Down syndrome, it
was found that poor verbal imitation may negatively influence the extent to which words
enter the child’s repertoire [81]. Therefore, imitation can be seen as a strategy that infants
use for representing and encoding new verbal behaviors, and incorporating them into an
existing repertoire involves reproducing and acquiring a new ’word’ in its appropriate
form and function [123,124]. Imitation also can be seen as a behavior for interacting with
others—it can serve to acknowledge interactions with others, maintain the topic, or take
turns. Although not all children use imitation, it has the potential to advance vocabulary
acquisition by facilitating the processes of mental representation, analysis, and practice of
linguistic structures. As a strategy, beyond the first half of the second year it may not be as
effective [108].

From our results it can be concluded that verbal imitation can be used to distinguish
between children who are going to have good linguistic development and those who are at
risk of presenting some difficulties or delay in the development of language. While our
results point to a significant effect of verbal imitation in language development, in child
development assessments it will be important to explore it as a warning sign to detect
atypical children or those who are at-risk in their early development. Furthermore, based
on the results of our study, verbal imitation can be understood as an effective pre-linguistic
training strategy for professionals working with young children. Thus, in children with
early language development difficulties, verbal imitation could be a strategy to favour later
language development.

In addition to imitation, our results have shown the importance of late gestures
and actions as predictors for initial vocabulary. Beyond deictic gestures or emblems, it
was observed that complex actions or gestures constitute the second strongest predictor
of vocabulary acquisition. As described in Section 2, “later gestures” include actions of
symbolic play or activities related to it. Therefore, the data obtained do not support the
idea that communicative gestures or routines (“early gestures”) as a whole are adequate
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predictors of vocabulary acquisition in the age range we have studied. As some authors
have argued [93], it is possible that they are only behavioural antecedents that prepare
the emergence of expressive language. By contrast, late gestures or actions related to
symbolic play are good predictors of the level of vocabulary, in line with the findings of
another study [98]. Language and symbolic play reflect the development of underlying
mental representative functions. Several studies concerning the relationship between early
language and symbolic play have established temporal correlations in functional and
structural development [99,125–127]. In the present study, this relationship was also found.
Vocabulary acquisition is related to symbolic play, so symbolic play can predict the rate
and size of the expressive vocabulary. However, more research is needed to clarify this
relationship at other ages and for other language components in order to explain the causal
direction of these influences.

Although the present study presents several strengths, including the joint analysis of
relevant factors in language development in a large sample, it also has some limitations.
One of the most important limitation is the use of a cross-sectional analysis instead of
a longitudinal analysis. Future studies would benefit from following children through
their development to show how these variables influence the full developmental language
process. Another aspect that must be further studied is the time that parents stay at
home with their children, whether they work, and whether the child attends preschool
centers. These data would allow us to gain a broader overview of the factors related to
learning vocabulary.

Our results have several practical implications. First, they highlight that although so-
ciodemographic variables play a role in identifying early language difficulties, they cannot
be used alone to detect children at risk and must be combined with other prelinguistic risk
factors. Second, our results provide further evidence that the presence of verbal imitations
and symbolic play in the first two years of life are indicators of a positive prognostic of
language development. In this sense, a greater number of risk factors seem to increase
the probability of language delay [128,129]. We recommend that the progress of those
children who show low levels of imitation and restricted symbolic play during their first
and second years should be followed closely, especially if they were born with a low birth
weight and are not the firstborn. It would also be recommended to promote imitation and
symbolic play through language interventions delivered in naturalistic contexts (home or
kindergarten preschool teachers or parents). In this sense, language interventions based
on imitation and symbolic play have shown effective results in children with language
difficulties [130–132]. Nevertheless, it is important to note that associated risk factors may
differ depending on the age of the child and may change as children develop [128].

5. Conclusions

In this study we have shown that the relationship between pre-linguistic abilities
and vocabulary competence is strong and that the former can predict either normal or
delayed progress. Although the age, birth order and birth weight of the child are related
to vocabulary size, these sociodemographic (non-linguistic) factors have low explanatory
power and cannot be used in isolation as an early warning sign for vocabulary delays. The
imitation of words or statements, participation in symbolic play activities, and the un-
derstanding of highly contextualized phrases are powerful predictors that identify the
linguistic functions, the meanings and use of the first words of children and, thus, aid
their learning. These results are highly relevant and helpful in early child communication
and language development, either for the prevention of difficulties and, if necessary, for
early interventions.
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Appendix A

Table A1. Statistics from the stepwise regression model.

Model Predictors Coefficient (95% CI) β p AdjR2

1 Imitation 1.31 (1.18 to 1.45) 0.677 <0.001 0.456

2 Imitation 0.94 (0.82 to 1.07) 0.486 <0.001 0.622
Late gestures and actions 0.07 (0.06 to 0.08) 0.450 <0.001

3 Imitation 0.90 (0.78 to 1.02) 0.464 <0.001 0.637
Late gestures and actions 0.05 (0.04 to 0.06) 0.327 <0.001

Age 0.11 (0.06 to 0.16) 0.183 <0.001

4 Imitation 0.87 (0.74 to 0.99) 0.477 <0.001 0.645
Late gestures and actions 0.04 (0.03 to 0,05) 0.266 <0.001

Age 0.08 (0.03 to 0.13) 0.142 0.001
Phrases 0.03 (0.01 to 0.05) 0.139 0.001

5 Imitation 0.86 (0.74 to 0.99) 0.445 <0.001 0.648
Late gestures and actions 0.04 (0.03 to 0.05) 0.270 <0.001

Age 0.09 (0.04 to 0.14) 0.154 0.001
Phrases 0.03 (0.01 to 0.04) 0.129 0.003

Birth order −0.14 (−0.27 to −0.01) −0.063 0.032

6 Imitation 0.85 (0.73 to 0.98) 0.445 <0.001 0.651
Late gestures and actions 0.04 (0.03 to 0.05) 0.245 <0.001

Age 0.1 (0.05 to 0.15) 0.167 <0.001
Phrases 0.03 (0.01 to 0.04) 0.140 0.002

Birth order −0.15 (−0.28 to −0.02) −0.081 0.021
Birth weight 0.19 (0.02 to 0.36) 0.063 0.031
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Abstract: Sentence repetition tasks (SRTs) have been widely used in language development research
for decades. In recent years, there has been increasing interest in studying performance in SRTs as a
clinical marker for language impairment. What are the characteristics of SRTs? For what purposes
have SRTs been used? To what extent have they been used with young children, in different languages,
and with different clinical populations? In order to answer these and other questions, we conducted
a scoping review. Peer reviewed studies published in indexed scientific journals (2010–2021) were
analyzed. A search in different databases yielded 258 studies. Research published in languages other
than English or Spanish, adult samples, dissertations, case studies, artificial models, and theoretical
publications were excluded. After this exclusion, 203 studies were analyzed. Our results show that
most research using SRT were conducted with English monolingual speakers older than 5 years of age;
studies with bilingual participants have mostly been published since 2016; and SRTs have been used
with several non-typical populations. Research suggests that they are a reliable tool for identifying
language difficulties and are specifically suitable for detecting developmental language disorder.

Keywords: early detection; sentence repetition task; sentence imitation task; early language assess-
ment; specific language impairment; developmental language disorder

1. Introduction

Sentence repetition tasks (SRTs) have been widely used in language development
research for decades [1,2], with sentence repetition being part of the language batteries
commonly used by clinicians to evaluate children’s language skills [3]. Despite its apparent
simplicity, repeating a sentence is more than a simple memorization task. To accurately
recall a sentence, participants must parse the sentence, analyze the thematic relations
(i.e., order of events), interpret the underlying syntactic representation, elaborate an artic-
ulation plan, and finally, produce it [4]. It has also been argued that sentence repetition
converges with comprehension data and with data from spontaneous production. In this
vein, it was found that both quantitative (mean length of utterances) and qualitative mea-
sures of children’s spontaneous productions correlate with measures obtained from a
repetition task in Italian [5]. Given these properties, in recent years, there has been increas-
ing interest in studying SRT to detect and prevent language difficulties [6]. Carrying out
these tasks with very young children increases the possibilities of early detection and pre-
vention. Even though language disorders are usually diagnosed after 4 years of age, it has
already been stated that there are early signs in communicative and language development
that predict further difficulties [7].

In a seminal paper [8], the authors conducted a study with 11-year-old children with
and without a history of developmental language impairment. The results showed that
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the sentence repetition task in English yielded high levels of sensitivity and specificity for
diagnosing specific language impairment (SLI) in monolingual children. We are aware that
the new terminology, developmental language disorder (DLD), has become increasingly
accepted since 2017. However, as the term SLI has been more widely used in the studies
reviewed from 2010, we have maintained it through this article. In fact, the authors
observed that sentence repetition performance in recalling sentences from the Clinical
Evaluation of Language Fundamentals-Revised (CELF-R) [9] was the most accurate of four
clinical marker candidates of SLI; the other three markers were non-word repetition, past
tense, and third person singular use. However, in a meta-analysis [10], it was concluded
that although the evidence for sentence repetition as an identifier of SLI was positive, it
was still inconclusive. For that research, 13 studies, undertaken with English speaking
participants, were compared regarding the use of three markers for language impairment:
verb tense use, non-word repetition, and sentence repetition. Sentence repetition either
outperformed all other tasks or was equivalent to all other tasks in terms of identification
accuracy in each of the studies that included more than one identification task. The author
emphasized the need to design and carry out more studies to confirm the effects and
refine the stimuli. More recently, in a community-based study [11], it was concluded that,
together with an index of past tense marking in English, a sentence repetition task was
sufficiently reliable for use as a language screener.

SRTs can be used not only to explore their relationship to language development in
monolingual children and contribute to derive possible diagnoses, but also to explore
the abilities of bilingual and multilingual children. It is important to bear in mind that,
despite the fact that the majority of the world’s population is bi/multilingual, most of
the phenomena related to language development have initially been carried out with
monolingual samples. In this regard, it has also been suggested that SRTs have a potential
advantage in second language (L2) assessment, as it has been shown that performance on
this kind of task is less influenced than any other tests (e.g., standardized tests) by length
of exposure to L2 and experience, which are known to be limited in L2 [12].

Regarding the construction of SRT in different languages, it is important to remember
that languages can drastically differ from each other in a number of linguistic features, and
this can have an impact on performance in these tasks. For this reason, cross-linguistic
assessment using SRTs seems particularly relevant both in monolingual, bilingual, and
multilingual participants. These kinds of tasks should be developed in different languages,
according to their linguistic characteristics and particularities, and can be used afterwards
with different populations. A number of studies with monolingual children who speak
languages other than English, and with bi/multilingual participants with typical and
non-typical language development have been carried out in recent years (see [13] for
Hebrew-Russian; [14] for (European) Spanish; [15] for Welsh-English; [16] for Catalan; [17]
for Arabic-German; [18] for Hungarian; [19] for Vietnamese; [20] for Czech; [21] for Can-
tonese; [22] for (Latino) Spanish-English; and [23] for Danish). However, drawing on
the review in [13], until relatively recently, little work had focused on diagnostic accu-
racy of repetition tasks (SRTs and non-word repetition) in bilinguals with SLI that speak
languages other than English. This situation has been compensated for in the last few
years as SRTs have been developed for a European project on bilingual children with SLI
within the context of a multilingual project (COST Action IS0804 “Language Impairment
in a Multilingual Setting: Linguistic Pattern and the Road to Assessment” (LITMUS),
http://www.bi-sli.org, accessed on 1 July 2021) [24]. Within this project, linguistically
motivated sentence repetition tasks were developed for identifying bilingual children with
SLI aged 5 to 8. These studies have revealed clear differences between children with SLI
and typically developing (TD) children in several languages [25,26].

Criteria to Construct, Present, and Score Sentence Repetition Tasks

In relation to the previously mentioned issue, i.e., the significant differences between
languages (for instance, English is a relatively simple language concerning inflection, while
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Finnish is very complex), SRTs vary in the way they are constructed and may, consequently,
differ in the linguistic and cognitive abilities they measure. The construction of the SRTs
will differ according to the participants to be tested. Logically, depending on the age of
the children to be assessed, the type and length of the sentences must be different, leading
to another difficulty when comparing results across studies. For example, for school age
children, [24] recommended that all sentence repetition tasks include structures that are
difficult for children with SLI across languages, including wh-questions and relative clauses.
Another important factor to be considered when developing a sentence repetition task
is the way it is presented. In this regard, different possibilities exist, that is, the task can
be presented orally or be pre-recorded and using different presentation formats (with or
without visual images). Some authors suggest that although recording the items adds
homogeneity, it disrupts communication between the child and the person conducting the
test, while a live voice helps engage children in the task [27]. Together, all these factors
add a wide range of variability in the ways the list of sentences to be repeated can be
constructed and presented.

Finally, different scoring systems can be used, from the simplest system, where the
whole sentence must be repeated correctly in order to receive credit (binary scoring or
0/1), to more detailed approaches that index the number (scaled-score system) or even the
types of errors per sentence. When using sentence repetition for clinical purposes, however,
trade-offs may arise in using more detailed scoring systems, as simple scoring ones are
faster and possibly more reliable to implement.

Summarizing, the evidence concerning SRT is complex to address because not only
were typically developing children and children with SLI tested, but also a number
of other populations (e.g., attention deficit hyperactivity disorder in [28]; consistent
speech/phonological disorder in [29]; resolved late talkers in [30]; and children with
autism spectrum disorder and SLI in [31]). Additionally, SRTs have been used to explore
monolingual, bilingual, and multilingual children with different languages as their L1 and
L2. Furthermore, the tasks constructed followed different criteria depending on the age
of the participants, their experimental vs. clinical use, the specific interest in particular
characteristics of a given language, etc. Considering these variations, different aspects
of language and cognitive processing can be at play depending on the SRT developed or
used. Moreover, given this broad heterogeneity in research, drawing clear conclusions
regarding the use of sentence repetition tasks is not as simple as expected. For this reason,
we conducted a scoping review with the aim of shedding light on the following research
questions (RQ).

Regarding languages:
RQ1: To what extent have SRTs been used in different languages?
Regarding the populations studied:
RQ2: Are these populations monolingual, bilingual, or multilingual?
RQ3: What populations have been studied using SRT?
RQ4: Can SRTs be administered to very young children (e.g., under four years of age)?
Regarding the task:
RQ4: What kinds of SRTs have been used?
Regarding the aim:
RQ5: For what purposes have SRTs been used?

2. Materials and Methods

We followed the guidelines of the Preferred Reporting Items for Systematic reviews
and Meta-Analyses (PRISMA) statement [32] for conducting this scoping review.

2.1. Identification of Studies and Inclusion Criteria

The process of identifying studies for this scoping review is summarized in the
PRISMA flow diagram in Figure 1.
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Figure 1. PRISMA Flow Diagram.

The search was conducted in March 2021 using 11 electronic databases: Academic
Search Premier; APA PsycArticles; APA PsycBooks; APA PsycInfo CINAHL Complete;
EBESCO eClassics Collection (EBESCOhost); Education Source ERIC; Medline; PSICODOC;
and Psychology and Behavioral Sciences.

In addition, Google Scholar was used to complete the search for studies published
in 2021.

The search was limited to peer reviewed studies published in indexed scientific
journals between 2010 and 2021, in English or Spanish. Search terms included “sentence
repetition task”, OR “sentence imitation task”, OR “sentence recall”. Age was limited to
participants under 18.

2.2. Exclusion Criteria

Studies that did not meet the inclusion criteria were excluded, that is:
Theoretical studies, meta-analysis, computational modeling, case studies, dissertations

and conference proceedings.
Studies published in languages other than English or Spanish.
Studies that only included adult samples (ones that included both participants under

18 and adult samples were considered).

2.3. Data Analysis

The initial search led to 258 studies. After removing the 16 duplicates, 242 were
screened. Thirty-nine were excluded because they did not meet the inclusion criteria.
Finally, 203 full text articles were considered for the analysis. Appendix A Table A1 lists the
empirical studies included in the scoping review, and the full database can be found in the
(Supplementary Material Table S1). For each study, we obtained the following information:

Authors and year of publication.
Journal.
Number of languages spoken by the participants: monolingual, bilingual, both, other.
Language studied.
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Populations studied: typically developing children vs. non-typically developing children.
Sample size.
Age range of the total sample included in the study.
Type of repetition task: belonging to an assessment battery, not original (taken from a

previously published task), adapted (modified from a previously published task), original
task (specifically developed for the particular study).

Number of sentences included in the task.
Aim of the task: we analyzed whether the SRT was used as a tool for language assess-

ment, as a tool for cognitive assessment, as a clinical marker for language or development
difficulties, or for other purposes.

3. Results
3.1. RQ1: To What Extent Have SRTs Been Used in Different Languages?

We found 33 different languages in the studies analyzed. Half of the studies included
English speaking samples (103/203) and 11% (23/203) included Spanish speaking partici-
pants. The rest of the languages appeared in less than 10% of the studies. Table 1 shows
the frequency of the languages included in the studies (the total is higher than 203 because
several studies include more than one language).

Table 1. Frequency of languages included in the studies published between 2010 and 2021.

Language N

English 104
Spanish 23
French 15
Italian 11

German 10
Hebrew 9

Hungarian 8
Russian 7
Arabic 6
Catalan 5
Finnish 4
Greek 4

Norwegian 4
Swedish 4

Czech 3
Danish 3
Dutch 3

Cypriot Greek 2
Kannada 2
Mandarin 2

Persian 2
Polish 2

Portuguese 2
Turkish 2
Welsh 2

Albanian-Greek 1
Cherokee 1

Farsi 1
Indian 1

Romanian 1
Vietnamese 1

British Sign Language 1
Other 1

Language Not Specified 2
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The percentage of studies including English remains around 50% across years. Con-
sidering the tendency towards an increase in bilingual studies, this suggests they include
mostly English speaking samples as a monolingual comparison group.

3.2. RQ2: Are These Populations Monolingual, Bilingual, or Multilingual?

Most of the studies carried out between 2010 and 2021 included only monolingual
samples (74%; 149/203). A total of 22% (45/203) included bilingual samples (13% only
bilingual participants and 9% bilingual and monolingual groups). Of the studies, 1%
(3/203) included other populations, mainly L2 learners, while another 2% (4/203) provided
no information on the number of languages spoken by the participants.

As can be seen in Figure 2, despite the predominance of monolingual studies, the last
decade has witnessed an increase in the inclusion of bilingual samples in the studies.

Figure 2. Proportion of monolingual and bilingual studies published between 2010 and 2021.

3.3. RQ3: What Populations Have Been Studied Using SRT?

Most of the studies (68%; 139/203) were carried out with children with non-typical
development (NTD) with or without a TD control group, compared to 32% (64/203) of
studies including only typically developing samples. For this study, we have used the term
“non-typical” to cover both children with developmental disorders and children at risk of
developmental difficulties (due to biological or social variables).

Of the studies, 139 included children with special characteristics. Table 2 shows
the most frequent ones. As can be seen, more than half of these focused on language
impairment (understanding this as a broad term covering language delay, specific language
disorder, or developmental language disorder).
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Table 2. Sample characteristics studied between 2010 and 2021.

Sample Characteristics N

LI or SLI or DLD or language delay 76
Deafness, hearing difficulties, or hearing loss and/or cochlear implant 14

Autism spectrum disorder 14
Children at risk for language or learning difficulties 7

Reading difficulties or dyslexia 6
Cleft palate 4

Genetic syndrome 5
Cerebral palsy or brain damage 4

ADHD 5
Speech sound disorder 5

Stuttering 2
Learning disabilities 2

Anorexia 1
Auditory processing disorders (APD) 1
Developmental coordination disorder 1

HIV-infected and HIV-exposed 1
Infantile Thiamine deficiency 1

Oncological patients 1
Pediatric bipolar disorder 1

Phonological processing deficit (PPD) 1
Preterm (very low birth weight) 1

Adopted kids 1
Note: Some studies included groups with different conditions in their samples, and thus, the total from the table
is higher than 139.

Sample size varies from 5 participants to 2212. However, almost 80% of the studies
included samples of fewer than 150 participants, and 64% included 100 participants or less.
Figure 3 shows the number of studies according to sample size.

Figure 3. Number of studies according to the sample size.
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3.4. RQ4: Can SRTs Be Administered to Very Young Children (e.g., under Four Years of Age)?

The age of the participants varied from 1, 10, to 25 years of age. Half of the studies
(51.72%) had initial ages of between 5 and 8 years, and only 10% had initial ages of 9 years
or above. Considering participants younger than 5 years, we found that 37.9% of the studies
had participants aged 4 years or below. Only 15% of the studies included participants of
below 4 years of age.

Regarding the final age, that is, the age of the oldest participant or at the final point of
longitudinal studies, we also found that half of the studies had final ages between 5 and
8 years. Only 25% had final ages between 9 and 12 years.

As can be seen in Figure 4, we found the highest density of studies corresponded to
age ranges from 5 years to around 6 years.

Figure 4. Distribution of studies according to the age range of the samples included.

3.5. RQ4: What Kinds of SRTs Have Been Used?

Most of the studies (41%; 83/203) opted to use SRTs that had been developed and
published before, that is, “not original” tests, or they partially modified previously used
tests, thus being “adapted” tests. A total of 33% (68/203) of the studies used SRTs belonging
to a language/cognitive assessment battery (for example, the CELF, the NEPSY, or the
TOLD). Only 25% (50/203) of the studies developed original sentence repetition tests that
were specifically created for the research. Two papers (1%) did not specify the SRT used in
the study.

Regarding the number of sentences included in the different SRTs, the shortest one
was comprised of 10, while the longest one was comprised of 180. Not all studies that
used standardized tests or “not original” tasks provided information on the number of
sentences included. If we only considered the SRTs that were specifically created (original)
for the research, most of the studies designed 20 sentence tasks (Mode = 20), while the
mean number of sentences included was 38.
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3.6. RQ5: For What Purposes Have SRTs Been Used?

Most of the research (62%, 125/203) based on SRTs used them as a tool to assess
different language abilities; 14% (28/203) used the SRT to measure cognitive abilities
(for example, short-term verbal memory); and 12% (25/203) employed the SRT for other
purposes (for example, to study the psychometric properties of a particular SRT or to study
specific linguistic units). It is worth mentioning that 18% (36/203) of the research leveraged
SRTs as a tool to identify language difficulties (clinical marker).

3.7. Sentence Repetition Tasks as a Clinical Marker for Language Impairment

As shown before, 36 studies were specifically undertaken to analyze the potential of
sentence repetition performance to identify children with language impairment. Most of
these studies (69.44%; 25/36) were designed to assess the value of SRTs used as a clinical
marker for SLI; 22.22% (8/36) aimed to evaluate the potential of the SRT to identify children
with language impairment, language delay, or low language abilities; 5.55% (2/36) used
SRT as a clinical marker for language impairment in children with reading difficulties or
dyslexia; and only two studies used SRT as a clinical marker for ASD.

Regarding the ages of the participants included in this group of studies, mean range
was 5; 4 to 8; 6 (years; months) years of age. Most of the studies were conducted with
participants over 4 years of age and only two studies included children below this age.
Compared to the complete set of studies reviewed, a slightly lower percentage of papers
using SRT as a clinical marker included monolingual participants (66.66% compared to
74% of the whole set). Studies including bilingual populations and children with language
impairment (SLI above all) have increased since 2016.

Regarding the type of task, a third of the studies (12/36) used an original format,
followed by an adapted task (10/36; 7 being adaptations from the original LITMUS task to
other languages), standardized batteries (9/36), and a non-original task (5/36).

Finally, in relation to the number of sentences included in the tasks, the observed
range varied from 19 to 70 items (mean = 37, 26), with around 20 items being the most
frequent length of SRT (mode = 20).

4. Discussion

The scoping review carried out with the terms “sentence repetition task”, “sentence
imitation task”, and “sentence recall” revealed more than two hundred studies in the
last ten years. This first result is indeed significant as it showed that SRTs have been a
topic of great interest in the last decade. This is not surprising given that it is a simple
task to administer, with several advantages over other language assessment tasks. For
instance, as [29] highlights, SRTs enable a good number of carefully selected targets to be
elicited in a more systematic way than is possible with spontaneous production. Moreover,
the sentences to be repeated can include different lexical or morphosyntactic targets that
are difficult to elicit with other materials or through spontaneous production. However,
beyond these practical aspects, language evaluation through SRTs must be supported by
experimental and empirical evidence confirming its appropriateness, for instance, for the
clinical diagnosis of language impairment. In this review, we analyze evidence from the
last ten years in order to offer a clear picture of the state of the field in relation to the use of
different kinds of sentence repetition tasks in developmental research.

A first step towards this goal is to consider the languages under study. For this
purpose, it is crucial to bear in mind that the search was limited to studies published
in English (199/203) or Spanish (4/203). Considering this set of papers, data seem to
be clear, with English being the most widely explored language. Spanish, being the
second language in our results, was studied in more than half of the cases with Latino
bilingual children (e.g., [33–36]), and research with monolingual Spanish speaking children
is scarce (e.g., [14,37–39]). The representation of other languages is low, with most of them
having only one or two published studies (e.g., in Arabic [40,41]; in Czech [20,42]; and
in Kannada [43]). This set of results clearly shows that the evidence regarding the use of
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SRTs is biased towards English. The fact that most of the empirical evidence is related
to English is important and must be considered a significant issue because differences
between languages can be enormous and, therefore, in a task such as an SRT, the results
for a given language do not necessarily apply to other ones. Additionally, English is a
particularly simple language in terms of morphosyntax, so if we consider morphosyntactic
complexity as a continuum, English can be situated at a great distance from other languages
such as Finnish or Polish, which have very complex morphosyntactic structures. This is a
critical trait when considering a task devoted to exploring language development, such
as SRTs. Therefore, a key conclusion of this paper is that results biased towards a single
language cannot represent the outcomes for other languages. This statement also holds
for the studies with bilingual and multilingual participants. In these cases, English tends
to be one of the participants’ languages. In fact, only 20% of the studies that included
bilingual participants compared languages other than English (e.g., Arabic-German [17];
Russian-German [44]; and Spanish-Catalan [45]). In our view, it is critical that new studies
with bilingual and multilingual children incorporate participants with different languages.
It is true, however, that the number of studies conducted both with monolingual and
bilingual children in languages other than English are slowly increasing. This, to our
understanding, is of great importance, as it allows researchers to have a clearer and deeper
view of the task and its value in assessing language development.

Regarding the participants involved in the research, we observed that most of the
studies included children with different developmental conditions; in fact, only 32% of
the studies were conducted with only TD children. Of the remaining studies (68%), most
included children with SLI, but this was not the only group of non-typically developing
children considered. As shown in Table 2, a considerable number of studies assess cases of
children with other conditions, from cerebral palsy [46] to ASD (e.g., [47–50]). These data
reflect that SRTs are not only suitable for assessing the development of children with SLI,
but can also provide important information for researchers and clinicians interested in the
language development of children with a number of other difficulties. Thus, these kinds of
tasks have been used, for example, to explore the severity of a case of stuttering [51] or as a
marker of language skills in children with dyslexia [52].

This diversity of conditions of the participants in the reviewed studies might explain,
but only partially, the variability in the sample size. It is difficult to find large samples of
children with rare genetic conditions, for example, but this does not hold for TD children
or even for children with language disorders. The range of participants varies from 5 [53]
to 2212 [54], but even if we remove these two studies, the differences are still immense (see
Figure 4). Nevertheless, the important issue now is not merely the differences between
studies, but the fact that the majority of them included fewer than 100 participants, with
studies with groups of between 30 and 60 participants being the most numerous. It should
be noted that the computation of the sample sizes reported includes all participants per
study as a whole, i.e., a study on children with SLI with 60 participants will probably
include only 30 children with this impairment and 30 TD children as control. This implies
that despite the total number of children taking part in all these studies being large, the
research is usually underpowered, and only a relatively small proportion of the papers
report results from large samples. This is even more important, considering the small
number of studies concerning languages other than English or specific conditions such as
cerebral palsy, etc. In summary, although this review shows that SRTs have been used in
research with a wide range of languages and developmental conditions, a deeper analysis
indicates there is still plenty of room for more studies to be conducted.
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Regarding the age of participants, most of the studies focused on children between
five and eight years old. This is for two reasons. The first is that clinicians and researchers
are able to engage these children in the task and obtain valid data more easily than with
younger children. The second is that with a careful construction of the set of sentences
to be repeated, it is possible to focus on morphosyntactic or lexical aspects of language
development that are unreasonable when children are younger or older. However, our
results also clearly show that the task has scarcely been used with children under 4 years
of age, and less frequently with children under 3. This outcome might seem surprising,
given that SRTs are devoted to assessing language development, and lower performance
on the task can be used as a clinical marker for language impairment. It is a fact, however,
that the administration of an SRT is complex with very young children as it is difficult
for them to keep their attention focused on the task, and the results are heterogeneous
and difficult to score. In any event, research has shown that is possible to conduct SRT
with children under 4 years of age (see, for example, [14] for Spanish language, or [55]
for English language). Nevertheless, it is an issue of major importance for clinicians and
also for researchers interested in more theoretical aspects of SRTs to have data referring to
children of this age. The clear gap identified in the use of sentence repetition tasks with
children under 4 years old was an unexpected, but significant outcome.

Regarding the type of sentence repetition task used in the reviewed studies, 65%
administered a task included in a wider battery assessment, with the CELF (in any of its
versions, 4, 5, or Pre-school) being clearly the most frequently used standardized test. There
are, however, a good number of other studies that developed their own set of sentences.
As many as 50 created these corpora, meaning that at least, there are 50 different original
tasks). Nevertheless, this number does not represent all the languages, but only part of
them. Interestingly, some researchers making use of languages with little representation
developed their own sets, simply because there were no previous sets to be administered
(e.g., in Kannada language [43]). Therefore, although there are many languages with few
studies published, most of them have their own set of sentences. In fact, the 50 studies
reporting an original corpus cover 17 different languages. This number is larger than
expected if we consider all the previous outcomes regarding the languages explored.

As we mentioned in the results section, not all studies that use standardized tests or
“not original” tasks provide information on the number of sentences included. Considering
the ones that do inform about it (see Supplementary Material), we found out that the
number of sentences in the tasks widely varies from one to another. Examining the data,
most of the studies use around 20. This number, being the mode, broadly represents the
number of sentences typically used for the evaluations. Therefore, such a low number of
sentences seems to be sufficiently representative of the linguistic structures needed for
appropriate proper material for language assessment in every language.

Focusing on the aim of the studies, it has been stated that most of them use SRTs as a
tool to assess different language abilities. In addition, 18% of the papers reviewed analyze
the potential of these tasks to identify children with different language impairments, mainly
children with SLI. This outcome is critical both for theoretical and clinical purposes. If a
child with language problems is not identified early and does not receive the necessary
intervention, behavioral and academic problems may appear.

Even though we have not analyzed the evidence that supports the effectiveness of SRTs
as a clinical marker for SLI, it seems to be well stated in the literature that the performance
on SRTs contributes to the detection of children with SLI [23,56]. This is important because,
as it is well known, there is currently no gold standard for the diagnosis of SLI [57] that
requires the assessment of different language skills [24].
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In the case of bilingual children, the number of studies using SRTs to identify children
with SLI is still small and, therefore, the conclusions must be taken with caution. However,
it is worth mentioning that we have observed an increase of research that include bilin-
gual/ multilingual children in the last years, showing that SRTs are also suitable for this
population. Moreover, the evidence suggests this is especially true when using the task in
both the languages known by the children, as diagnostic accuracy increases in comparison
to when it is administered in just one language.

For future research concerning the use of SRTs, there are still many key issues to
be explored. For instance, more qualitative analyses of the results (i.e., error profiles)
can be helpful to better understand the difficulties underlying SLI and also to better
frame linguistic interventions. To date, few studies have addressed qualitative aspects
of children´s responses, but this is a promising path for a deeper understanding of the
linguistic development of children with and without typical development.

As highlighted above, future research should focus more on children under 4 years of
age. More evidence is needed to ascertain whether these tasks provide useful information
to detect and prevent language difficulties in young children. Should the task also prove
useful for this purpose, then clinicians would have an efficient tool for assessing and
guiding early intervention.

From a theoretical point of view, it remains unclear if these tasks only measure lan-
guage abilities [58]. Several aspects of verbal memory, lexical knowledge, and morphosyn-
tactic skills appear to be involved in performing the task, but more experimental designs
should be carried out to obtain new data to answer the question of what the task measures.

In spite of the different needs that have been detected in this scoping review, the
results in this study highlight the utility of SRTs as useful tools for assessing language
abilities, and detecting and preventing language difficulties in children.
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42. Smolík, F.; Vávrů, P. Sentence Imitation as a Marker of SLI in Czech: Disproportionate Impairment of Verbs and Clitics. J. Speech
Lang. Hear. Res. 2014, 57, 837–849. [CrossRef] [PubMed]
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Abstract: As an initial step for the clinical application of landmark-based acoustic analysis in child
Mandarin, the study quantified the developmental trajectories of consonants produced by four-to-
seven-year-old children who acquired Taiwanese Mandarin as their first language. The results from a
total of 80 children (20 in each age group, with gender balanced) indicated that younger age groups
produced more +b landmark features than seven-year-olds did, showing that the development of
obstruents was not completed by the age of six. A multiple regression showed that the participants’
speech intelligibility scores could be predicted by landmark features. Additionally, the +b landmark
feature demonstrated the strongest net effect on speech intelligibility scores. The findings indicated
that: (a) the landmark feature +b was an essential indicator of speech development in child Mandarin
and; (b) the consonantal development in child Mandarin could be predicted by the physiological
complexity of the articulatory gestures. Future studies focusing on a wider range of population (e.g.,
typically developing adults, aging and other clinical groups) with different language backgrounds
are encouraged to apply landmark-based acoustic analysis to trace the linguistic development of a
particular group.

Keywords: acoustics; landmark analysis; Mandarin Chinese; language acquisition; consonant

1. Introduction

A massive body of literature has pointed out that the traditional manual segmentation
and acoustical analyses of speech are too laborious and time-consuming (c.f. [1–6], among
many others). As the transcription and coding are labor-intensive, the number of instances
included in analyses is usually limited (c.f. [1,7]). This issue is particularly critical for
pediatricians and language therapists because young children with high risks of speech
disorders usually have limited energy and attention span. Therefore the speech evaluation
sessions are less likely to be long enough to include a larger corpus of speech data produced
by the children. In view of this limitation, several newly created devices and software have
emerged with the aim of enabling researchers to analyze a larger body of samples with
high validity and reliability without consuming too much time. SpeechMark© (Boston,
MA, USA) [8] is one of those products and is built upon previous works by Liu [9] and
Howitt [10].

SpeechMark© has been developed based on the landmark-based theory proposed by
Stevens [11–15]. Unlike the traditionally proposed articulator-bound features (c.f. [16,17]),
landmark-based analysis is an articulator-free analysis that focuses on the rapid change
in spectrum or amplitude. These abrupt changes in spectrum or amplitude are said to
correlate with speech intelligibility [18–22]. That is, listeners rely on those changes to
judge what the perceived speech sounds are. At first, there were three types of landmarks,
including ±g (lottis), ±b (urst) and ±s (onorant) (c.f. [9]), where the symbols ‘+’ (positive)
and ‘−’ (negative) refer to the onset and the offset of the feature, respectively. Additional
features are added when researchers develop SpeechMark© based on their observations
of speech recordings. The specifications and the articulatory interpretations of the six
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abrupt-consonantal landmarks based on DiCicco and Patel [23], MacAuslan [24], Ishikawa,
MacAuslan and Boyce [19], Atkins, Boyce, MacAuslan and Silbert [21], Huang, Epps and
Joachim [25] and Ishikawa, Rao, MacAuslan and Boyce [22] are summarized in Table 1.
Landmark-based acoustic analysis has been used to study the linguistic behaviors of
several populations, including typically developing (TD) adults [18,19], individuals with
dysarthria [23], children with cleft lip and palate [20], simultaneous bilingual children [26]
and individuals with dysphonic speech [22].

Table 1. Acoustic rules and articulatory interpretations of the six abrupt-consonantal landmarks.

Symbol Mnemonic Acoustic Rule 1 Articulatory Interpretation

±g Glottal Beginning/end of sustained laryngeal
vibration/motion Onset/offset of vocal folds’ free vibration

±p Periodicity Beginning/end of sustained periodicity (syllabicity)
lasting for at least 32 milliseconds

The presence of ±p reflects the speaker’s
ability to properly control the subglottal

pressure and cricothyroid muscle.

±b Burst

At least three of five frequency bands show
simultaneous power increases/decreases of at least 6

dB in both the finely smoothed and the coarsely
smoothed contours in an unvoiced segment (not

between +g and the next −g)

Presence of a fricative, affricate or aspirated
stop burst consonant (i.e., +b) or cessation of

frication or aspiration noise (i.e., −b)

±s Syllabic

At least three of five frequency bands show
simultaneous power increases/decreases of at least 6

dB in both the finely smoothed and the coarsely
smoothed contours in a voiced segment (between +g

and the next −g)

Closure or release of a nasal or /l/

±f Unvoiced
frication

At least three of five frequency bands show
simultaneous 6 dB power increases/decreases at
high frequencies and decreases/increases at low

frequencies (unvoiced segment)

Onset/offset of an unvoiced fricative

±v Voiced
frication

At least three of five frequency bands show
simultaneous 6 dB power increases/decreases at
high frequencies and decreases/increases at low

frequencies (voiced segment)

Onset/offset of a voiced fricative

1 The descriptions of the rules are from [24].

For the following reasons, landmark-based acoustic analysis, by using SpeechMark©,
would be particularly informative for researchers, pediatricians and language therapists
to quantify the developmental trajectory of consonants produced by Mandarin-acquiring
children. First, infants and young children’s productions are quasiphonetic [27] or are
protophones [28,29]. That is, their productions might or might not have clear vowels
and consonants and could not be sensibly transcribed with the symbols found in the
International Phonetic Alphabet. Additionally, human listeners perceive sounds in the
categorical fashion [30]. Therefore, categorizing and studying children’s productions with
the articulator-bounded method might risk incorporating children’s protophones into
adults’ existing sound inventories and failing to reliably represent those children’s produc-
tions. For instance, Zhu and Dood [31] and Zhu [32] study the consonantal acquisition of
Mandarin-acquiring children by inviting human judges to transcribe those children’s word
productions. The results indicate that the voiceless alveolo-palatal fricative/C/and the
voiceless alveolar fricative/s/are acquired sometime before those children are three years
old and four and half years old, respectively. However, by studying the same segments
with acoustical analyses, Li and Munson [33] show that the spectral energy distribution
and the values of the second formant onset frequency of the following vowels generated
by five-year-olds (the oldest age group in the study) are still different from those produced
by adults. This shows that the adoption of acoustical methods in child language research is
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essential and could enable researchers to analyze and compare children’s speech without
associating their quasiphonetic productions with a transcriber’s mental phonetic inventory.

Second, an objective and reliable reference of the consonant developmental trajectory
in Mandarin Chinese provides a significant contribution in clinical settings. Although
many studies have investigated how Mandarin-acquiring children acquired consonants,
those studies set different correction rates, including 70, 75, and 90%, as the criteria for
acquisition (c.f. [31,32,34–45]; and also [46] for a relevant literature review). That is, once the
correction rate of a certain segment produced by a child is higher than the predetermined
percentage (i.e., 70, 75, or 90% depending on independent studies), the acquisition of the
segment is said to be completed. The differences in the criteria of acquisition results in the
inconsistent order of consonantal acquisition reported in the literature. For instance, while
some studies claim that the voiceless labiodental fricative /f/ is acquired later than the
voiceless alveolar fricative /s/ [35,36], other studies claim that the segment /f/ is acquired
earlier than the segment /s/ [31,32]. With the inconsistency of the order of the segmental
acquisition, pediatricians and language therapists do not have a reliable and valid reference
from the typical population when they assess the speech development of a potentially
high-risk individual or when they wish to evaluate the progress in speech development of a
particular atypical population. By using landmark-based acoustic analysis and the program
SpeechMark©, the developmental trajectories of Mandarin consonants could be efficiently
and reliably quantified, which in turn serve as essential references in clinical settings.

As the first step toward the clinical application of landmark-based acoustic analy-
sis in child Mandarin, the purpose of the current study is to quantify the consonantal
productions from four-to-seven-year-old Mandarin-acquiring TD children in Taiwan by
using landmark-based acoustic analysis. Furthermore, the relationship between landmark
features and speech intelligibility is explored. Children ranging from four to seven are
selected because the literature shows that most consonants in Mandarin Chinese are ac-
quired before five years old, with some fricatives and affricates being acquired after the
age of six (c.f. [39,42–45]). The study is significant in the following aspects. First, based
on the review in this section, it is clearly shown that an objective, efficient and reliable
reference of the consonantal development of child Mandarin is in great need. The program
SpeechMark©, based on the landmark-based theory proposed by Stevens [11–15], might
be particularly informative in this respect. Second, the results could be used to test the
prediction from the Biological Model of phonetic/phonological development proposed by
Kent [27] and Locke [47]. Specifically, the Biological Model claims that the order of the seg-
mental acquisition could be predicted based on the complexity of the speech motor control
ability required in the articulation. According to the model, the articulatory gestures for
producing fricatives and affricates require higher physiological demand in speech motor
control ability. Therefore, those segments are said to be acquired sometime after children
are six years old. Based on the model, it is predicted that the ±b and ±f features might be
the informative indices, and the oldest age groups would demonstrate differences in these
two features. Finally, the results of the study could shed light on the relationship between
the landmark features and speech intelligibility.

2. Methods
2.1. Participants

Speech samples from 80 participants were included in the analysis. Table 2 summarizes
the demographics of the participants. The author actively contacted and visited several
kindergartens and elementary schools. After knowing the purpose, the methodology
and the inclusion criteria for the participants, the chairpersons or class advisors of the
institutions helped first screen the potential participants in the institutions. Specifically,
the inclusion criteria required that all the participants acquired Taiwanese Mandarin
as their first language and, according to the teachers and those children’s caretakers,
did not have language-, learning- or hearing-related disorders. After that, the teachers
at the institutions contacted the parent(s) or the caregiver of the potential participants.
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One of the parents of each participant was required to sign the consent form so that the
experimenters could invite the child participants to join the recitation task individually at
the kindergarten/elementary school they attended.

Table 2. Demographics of the participants in the current study.

Participants Total Participants (Number of Girls) Mean Age in Month (SD) 1

4-year-olds 20 (10) 52.25 (2.552)
5-year-olds 20 (10) 64.20 (2.821)
6-year-olds 20 (10) 76.20 (2.353)
7-year-olds 20 (10) 88.20 (2.238)

1 SD stands for standard deviation.

2.2. Equipment, Procedures and Materials

The unidirectional microphone RODE (NTG3B) was linked to the interface Babyface
Pro, which was linked to the DELL Inspiron 15-5570 laptop. The same laptop was used to
display the pictures used to elicit the participants’ productions. Praat [48] was the software
used to record the speech productions from the participants. The sampling rate was set at
44.1 kHz. All the devices had been settled in a quiet room before the experiment formally
started. As the unidirectional microphone was used, the ambient noise, if any, could be
minimized or eliminated while recording.

A trained experimenter conducted all the recordings. When a child participant entered
the quiet classroom in the kindergarten or the elementary school he/she attended, the
experimenter invited the child to sit in front of the laptop. After that, the experimenter
first verbally interacted with the child with the unidirectional microphone so that the child
could be familiar with speaking to the microphone. When the experiment formally started,
the experimenter invited the child participant to name the picture they saw. When the
participants failed to produce the target word, the experimenter would recite the correct
word and invited the child to repeat it. The microphone was held by the experimenter
and he would constantly pay attention to the distance between the microphone and the
participant’s lips. When children’s productions overlapped with noise (e.g., the bell ring at
the elementary school), the experimenter would invite the child participant to reproduce
those words again. After each participant completed the recitation task, he/she could
choose three cartoon stickers as rewards.

Ten disyllabic words were included in the analysis and are listed in the Appendix A. The
data were collected based on the two projects conducted by the author. As the contents and
the length of the word lists used to elicit productions differ among different age groups, the
10 words that were shared among these age groups were included in the analysis.

2.3. Data Analysis
2.3.1. Landmark-Based Acoustic Analysis

One trained assistant first screened the collected sound files and edited them so that
the irrelevant sounds (e.g., the sounds from the experimenter and the disyllabic words that
were not included in this study) could be deleted. The author double-checked the resulting
edited sound files to make sure that all and only the 10 critical disyllabic words were included.
After that, the same trained assistant ran the program SpeechMark© (WaveSurfer Plug-in,
Windows Edition, Version 1.0.39) to generate the acoustic landmarks for each participant. The
“infants” option was selected so that the range of fundamental frequency in the analysis was
adjusted to the range from 1200 to 8000 Hz [24]. A custom-written program was used to
automatically sum up the number of instances of each landmark symbol.

2.3.2. Intelligibility Scores

A full-time licensed language therapist with more than 17 years of experience in
practice was invited to provide the intelligibility score for each participant. The language
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therapist did not know the purpose of the study and the data presented to her were
randomized. A 5-point Likert scale was adopted where a score from 1 to 5 represents
that the speech productions were completely unintelligible (1), mostly unintelligible (2),
somewhat intelligible (3), mostly intelligible (4), and completely intelligible (5), respectively.
The language therapist gave a score to each disyllabic word production, and the final
intelligibility score of each participant was the average score from his/her 10 productions.

2.3.3. Statistical Analysis

Kruskal–Wallis H Test, the non-parametric equivalency of one-way ANOVA, was used
to explore if there were differences in the total number of landmark features and within each
landmark type among the four age groups. The total number of each landmark was the
dependent variable, and the age was the independent variable. IBM SPSS Statistics Version
26.0 was the software used to run the statistical tests. Two notes are appropriate here. First, the
landmark features whose total instances were fewer than 80 were not included for statistical
analyses. As 80 participants were included in the current study, a landmark feature with
a total number of instances less than 80 implies that on average each of the participants
generated the feature less than once in the speech sample. In this case, the specific landmark
feature was not sensitive enough to detect the speech signals produced by the participants
and would not be able to inform us much about the developmental trends of the specific
aspects of those children’s consonantal productions. Second, as this study is the first study
to analyze Mandarin-acquiring children’s consonantal development by using the acoustic
landmark analysis, increased risk of Type 1 errors was considered less of a concern than Type
2 errors. Therefore, the significant alpha value was set at 0.05. However, when there was a
main effect for a specific landmark feature, six specific post hoc comparisons (age 7 vs. age
6, age 7 vs. age 5, age 7 vs. age 4, age 6 vs. age 5, age 6 vs. age 4, and age 5 vs. age 4)
were computed to investigate if there were any differences in each landmark feature across
different age groups by using Mann–Whitney U Test. In this case, the Bonferroni correction
method was adopted, and the p value was set at 0.008 (i.e., 0.05/6).

A multiple regression was run using IBM SPSS Statistics Version 26.0 software to inves-
tigate how much of the variation in speech intelligibility scores could be explained by the
landmark features. The dependent and independent variables were the individual partici-
pants’ speech intelligibility scores and the numbers of each landmark feature, respectively. As
there was only one test for the regression analysis, the p value was set at 0.05.

3. Results
3.1. Descriptive Results

The results of the landmark-based acoustic analysis and the intelligibility scores
were summarized in Tables 3 and 4, respectively. According to the standard described in
Section 2.3.3, four landmark features, including +f, −f, +v, and −v, were excluded from the
later statistical analyses. In terms of the speech intelligibility scores, the four age groups
demonstrated highly intelligible speech productions.

3.2. Inferential Results

Nine Kruskal–Wallis H Tests were performed to explore whether there were any
differences in the number of landmark features (total landmarks without ±f & ±v, +g, −g,
+p, −p, +b, −b, +s, and −s) among different age groups. The results showed that there
was a statistically significant difference in the number of +b landmarks among different
age groups, χ2(3) = 14.07, p = 0.003. No other comparisons were statistically significant.
Six post hoc tests, using Mann–Whitney U Test, were performed to compare the number
of +b landmarks produced by age 7 vs. age 6, age 7 vs. age 5, age 7 vs. age 4, age 6
vs. age 5, age 6 vs. age 4, and age 5 vs. age 4. The results indicated that the differences
among three comparisons were statistically significant (age 7 vs. age 6: U = 73.5, z = −3.46,
p = 0.001; age 7 vs. age 5: U = 103, z = −2.64, p = 0.008; age 7 vs. age 4: U = 92.5, z = −2.92,
p = 0.003). In short, the results from the statistical analyses revealed that, except for +b,
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the differences in the numbers of the landmark features produced among 7-year-olds,
6-year-olds, 5-year-olds and 4-year-olds were not statistically significant. Seven-year-olds
produced fewer +b acoustic landmarks than did other age groups.

Table 3. Mean and standard deviation (in parentheses) of the landmark features produced by each
age group.

Landmark Features Age 4
(n = 20)

Age 5
(n = 20)

Age 6
(n = 20)

Age 7
(n = 20)

+g 19.25 (2.79) 18.55 (2.54) 18.4 (1.7) 18.9 (3.49)
−g 19.25 (2.79) 18.5 (2.48) 18.45 (1.73) 18.85 (3.5)
+p 26.9 (7.82) 23.95 (4.71) 24.8 (5.03) 25.55 (6.33)
−p 24.6 (5.753) 22.35 (3.56) 23.3 (4.14) 24 (5.54)
+b 10.05 (3.33) 9.75 (3.73) 10.5 (3.17) 7 (3.1)
−b 3.45 (2.31) 2.75 (1.68) 2.8 (1.58) 2.8 (2.09)
+s 5.55 (3.09) 5.2 (3.3) 4.7 (3.23) 4.95 (3.4)
−s 5.3 (2.96) 5.55 (3.1) 5.4 (2.8) 4.6 (4.31)
+f 0.15 (0.49) 0 (0) 0 (0) 0 (0)
−f 0.1 (0.31) 0.05 (0.224) 0.15 (0.366) 0 (0)
+v 0.05 (0.22) 0 (0) 0.1 (0.31) 0.05 (0.22)
−v 0.45 (0.83) 0.25 (0.55) 0.05 (0.22) 0.15 (0.366)

Total 115.1 (17.47) 106.9 (11.35) 108.65 (12.87) 106.85 (16.6)
Total without ±f & ±v 114.35 (17.37) 106.6 (11.39) 108.35 (12.93) 106.65 (16.69)

Table 4. Mean and standard deviation (in parentheses) of the intelligibility scores produced by each
age group.

Age 4 (n = 20) Age 5 (n = 20) Age 6 (n = 20) Age 7 (n = 20)

4.825 (0.259) 4.905 (0.267) 4.855 (0.305) 4.975 (0.079)

A multiple regression analysis was performed in order to investigate how much of
the variation in speech intelligibility scores could be explained by the landmark features.
The results showed that these landmark features statistically significantly predicted speech
intelligibility scores, F (8, 71) = 2.405, p = 0.023, R2 = 0.213. That is, 21.3% of the total
variation in speech intelligibility scores could be accounted for by all the eight landmark
features (excluding +f, −f, +v, and −v). The landmark feature that added statistically
significantly to the prediction was the +b feature (p = 0.0002, B = −0.031). For every
one point increase in the number of the +b feature, speech intelligibility scores would be
expected to decrease by 0.031 point.

4. Discussion

As the first step toward the clinical application of landmark-based acoustic analysis
in child Mandarin, this study was designed to quantify the consonantal productions
from Mandarin-acquiring children in Taiwan by using landmark-based acoustic analysis.
Furthermore, the relationship between the landmark features and speech intelligibility
scores was explored. The disyllabic word productions from 80 children (from four to
seven years old) were collected and analyzed by using the program SpeechMark©. The
results indicated that seven-year-olds produced statistically significantly fewer +b landmark
features than did other age groups. No other statistically significant differences were found
among these children’s productions. Additionally, all the participants hardly generated ±f
and ±v landmark features. The results from a multiple regression analysis indicated that
the eight landmark features (excluding +f, −f, +v, and −v) could statistically significantly
account for 21.3% of the total variation in speech intelligibility scores. The net effect of the
landmark feature +b was the strongest. For every one point increase in the number of the
+b feature, speech intelligibility scores would be expected to decrease by 0.031 point. Based
on the obtained results, several issues are discussed.
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Three landmark features, +b, ±f and ±v, are first discussed below. First, the presence
of the +b landmark represented the presence of bursts among obstruents [21,22]. The
presence and absence of bursts had been consistently reported to be an essential indicator
in speech intelligibility in both English and Chinese [49,50]. Empirical studies also demon-
strated that TD young children produced more bursts for affricates than for fricatives [51].
That was an expected phenomenon as a release burst was expected for the first half stop
in an affricate (e.g., the/t/in/ts/). Additionally, literature generally agreed that even the
consonants with the more complicated articulatory gestures (e.g., the voiceless retroflex
fricative/ù/) were virtually mastered around six years old [39,42–45]. Therefore, the fact
that younger children (four to six years old) produced too many +b landmark features
indicated that their finer-grained ability to properly control the speech motor was still
developing and that progress was observed by the time children reached seven years old.
Second, the scarcity of the two speech landmarks, ±f and ±v, deserves some attention.
According to Huang, Epps and Joachim [25] and Ishikawa et al. [22], ±f is an indicator of
the onset/offset of voiceless fricatives while ±v is an indicator of the onset/offset of voiced
fricatives. As all the six fricatives in Taiwanese Mandarin (i.e., /x, C, s, ù, üf/) are voiceless,
the scarcity of the landmark feature ±v is understandable. At first glance, the scarcity of
the landmark feature ±f might suggest that even the oldest children in the experiment
might not be able to properly produce fricatives. However, a closer look at the acoustic
rules in Table 1 and the existing literature might reveal a different picture. In fact, the ±f
and ±b landmark features partially share acoustic rules (i.e., at least three of five frequency
bands show simultaneous power increases/decreases of at least 6 dB). Nevertheless, ±f
(and also ±v) further required the lower frequency bands to simultaneously decrease (or
increase) when the higher frequency band showed power increases (or decreases). As the
acoustic rules for ±f were more complicated and might be designed to detect a very rare
case of fricatives, it was not surprising to learn that the ±f landmark features were scarce, if
not totally unavailable, even among TD adult speakers in Chinese [52] and English [19,22].
These phenomena also indicated that the addition or modification of the landmarks that
could be used to distinguish among stops, affricates and fricatives would be especially
informative. The redefinition of the acoustic rules for detecting the landmark features
±f and ±v might be a solution. At first, the rules for detecting ±f and ±v must be less
complicated so that fricatives in general could be detected. Second, as fricatives are the
only obstruents that are produced without a stop burst, the acoustic rules for +f and +v
should specify the timing of the detection. Specifically, the landmark features +f and +v
could only be detected without a preceding +b feature within a certain time domain. In
short, the +b landmark features, but not the ±f features, are more sensitive to the quality of
the voiceless obstruents produced by Mandarin speakers. The redefinition of the acoustic
rules for the landmark features ±f and ±v is required in order for the analysis to precisely
determine the differences among different obstruents.

The current findings also lent strong support to the Biological Model of phonetic/
phonological development proposed by Kent [27] and Locke [47]. According to the model,
the phonetic/phonological development of children was substantially affected by their
speech motor control ability. Based on Kent [27], consonants involving the fine force
control to generate frication (i.e., fricatives and affricates) were acquired the latest, and
the completion of the acquisition was sometime after children were six years old. The
current findings matched the developmental trajectory predicted by the Biological Model.
According to the experimental results, by age seven, Mandarin-acquiring children had
made progress in the production of the +b landmark features (i.e., producing fewer +b
landmark features). Please recall that the +b landmark features indicated the presence
of a burst consonant. The higher number of +b landmark features among younger age
groups implied that those children were more likely to generate stop bursts for segments
even when such stop bursts were not expected (i.e., for fricatives). This phenomenon in
turn showed that four-to-six-year-olds were less likely to properly generate the fine force
regulation for frication and therefore produced the bursts that were not supposed to be
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present. In short, the current findings showed that the landmark feature +b is particularly
sensitive to those children’s speech motor control ability.

A note about the relationship between landmark features and speech intelligibility
is appropriate here. Boyce et al. [18] showed that speakers with clearer speech produced
a higher number of landmark features. Similarly, Ishikawa, MacAuslan and Boyce [19]
hypothesized that the greater number of landmark features produced by female speakers
in their study might indicate greater intelligibility of their speech. However, according to
the current findings from the landmark feature +b, the relationship between the number
of landmark features and the degree of speech intelligibility might not always be “the
more, the better”. According to the results from the multiple regression in the current
study, the increase of the landmark feature +b resulted in the decrease in the speech
intelligibility scores. Similar patterns were also reported in Ishikawa et al. [22]. In their
study, Ishikawa et al. [22] compared the acoustic landmark features produced by dysphonic
speakers and TD speakers. The findings indicated that the speakers from the clinical group
produced a statistically significantly higher number of ±g and ±b features than did the
control group. If the higher number of the landmark features indicated speakers’ better
speech intelligibility, it was hard to justify why those individuals with dysphonic speech
produced higher numbers of the landmark features ±g and ±b. Therefore, the findings
from the literature and the current study suggest that, with regard to landmark features,
“the more, the better” is inaccurate. Rather, it is more accurate to say that too many and
too few acoustic landmark features would exert equally negative influences on speech
intelligibility. As different languages encompass different segmental inventories, the
critical landmark features that are strongly related to speech intelligibility might vary
from language to language. Future studies focusing on languages other than Taiwanese
Mandarin are suggested to directly explore the relationship between each of the acoustic
landmark features and speech intelligibility so that researchers could identify the key
landmark features that could account for the variation of speech intelligibility in the
particular language.

The landmark-based acoustic analysis reported in the current study could be practi-
cally applied to several domains. First, as the landmark feature +b reflects the Mandarin-
acquiring children’s speech motor control ability and exerts influences on speech intelli-
gibility, future clinical applications of the analysis should focus on the quantity of the +b
landmark feature that Mandarin-acquiring children with speech related disorders generate
in their word productions. Second, it has been reported that aging people and elderly
people with Parkinson’s disease generally have decreased speech motor control ability and
lower speech intelligibility. In this case, for Mandarin-speaking adults, it is expected that
seniors would produce more +b landmark features than did the younger generations. In
addition, those Mandarin-speaking individuals with Parkinson’s disease might also pro-
duce more +b landmark features than did their TD counterparts. In short, the application of
landmark-based acoustic analysis to various TD or disordered populations would inform
us about the nature of those individuals’ speech motor control ability.

5. Conclusions

By using landmark-based acoustic analysis, the current study quantified the conso-
nantal developments among children ranging in age from four to seven years. The results
of the disyllabic word recitation task indicated that the younger children (four, five and
six-year-olds) produced a significantly higher number of the +b landmark features than did
the seven-year-olds. In addition, the number of the +b landmark features were negatively
correlated with the participant’s speech intelligibility scores. The experimental results could
be elegantly accounted for by the Biological Model of children’s phonetic/phonological
development [27,47], which claimed that consonants requiring finer-grained speech motor
control ability were acquired sometime after the age of six. Additionally, based on the
literature and the current study, it could be concluded that the relationship between the
number of landmark features and speech intelligibility is not always “the more, the better”.

56



Children 2021, 8, 159

Instead, too many and too few acoustic landmark features would exert equally negative
influences on speech intelligibility. Additionally, the acoustical rules for detecting the
landmark features ±f and ±v should be refined so that the distinctions among obstruents
could be more precisely identified. Pediatricians and language therapists are encouraged
to apply landmark-based acoustic analysis in clinical sessions, and the findings from the
TD children presented in the current study could serve as essential references for the
Mandarin-acquiring population.
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Appendix A

The 10 disyllabic words that were analyzed in the study. Please note that the partici-
pants saw pictures of the object and did not read the contents below.

Table A1. Ten disyllabic words included in the present study.

No. Chinese Characters Transliteration (Pinyin) Gloss

1. 鳳梨 fèng lí Pineapple
2. 飛機 fēi jı̄ Airplane
3. 火車 huǒ chē Train
4. 漢堡 hàn bǎo Hamburger
5. 蝦子 xiā zi Shrimp
6. 小鳥 xiǎo niǎo Bird
7. 森林 sēn lín forest
8. 松鼠 sōng shǔ squirrel
9. 薯條 shǔ tiáo french fries

10. 手錶 shǒu biǎo watch
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Abstract: Speakers produce both referential gestures, which depict properties of a referent, and non-
referential gestures, which lack semantic content. While a large number of studies have demonstrated
the cognitive and linguistic benefits of referential gestures as well as their precursor and predictive
role in both typically developing (TD) and non-TD children, less is known about non-referential
gestures in cognitive and complex linguistic domains, such as narrative development. This paper is
a systematic review and narrative synthesis of the research concerned with assessing the effects of
non-referential gestures in such domains. A search of the literature turned up 11 studies, collectively
involving 898 2- to 8-year-old TD children. Although they yielded contradictory evidence, pointing
to the need for further investigations, the results of the six studies–in which experimental tasks
and materials were pragmatically based–revealed that non-referential gestures not only enhance
information recall and narrative comprehension but also act as predictors and causal mechanisms for
narrative performance. This suggests that their bootstrapping role in language development is due
to the fact that they have important discourse–pragmatic functions that help frame discourse. These
findings should be of particular interest to teachers and future studies could extend their impact to
non-TD children.

Keywords: non-referential gestures; prosody; pragmatics; children; language development; cognitive
development; narrative development; information recall; narrative discourse comprehension; oral
narrative discourse performance

1. Introduction

Gesture is a powerful embodied form of communication. Apart from their rich
communicative value, gestures have been shown to act as cognitive bootstrappers, as
they can contribute to changes in children’s linguistic knowledge (see [1–3], for reviews).
Understanding the relative value of different types of co-speech gestures is crucial to
unraveling how gestures pave the way for language development. However, the field
of language development has tended to focus on the role of referential gestures, such as
deictic or iconic gestures, which imagistically represent the properties of a referent and thus
bear a close relationship to the semantic content of the speech. The value of non-referential
gestures, such as hand movements which typically associate with prosodically prominent
positions in speech but do not encode specific semantic content, has been comparatively
neglected. It is the small amount of research on the latter—-non-referential gestures—-that
we will systematically review in this article, limiting our focus to typically developing
children (henceforth TD), since to our knowledge no studies have been conducted on the
role of non-referential gestures in non-TD children. By means of this review, we hope to gain
insight into the link between the important discourse–framing properties of non-referential
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gestures and their potential bootstrapping role in cognitive and language development. An
understanding of this relationship will allow us to point to some practical implications for
the teaching of TD children, as well as ideas for promoting multimodally-based narrative
and pragmatic trainings, and some directions for future research. Future investigations
could also extend these findings to non-TD children.

Current research has demonstrated that co-speech gestures are tightly linked to speech
production and perception, suggesting that the two modalities are very closely intertwined
in creating meaning and make up a well-integrated communicative system (see [4–6], and
many others). Previous studies focusing on referential gestures have shown that children’s
gestures serve as forerunners of future linguistic skills in many populations including not
only TD children (e.g., [7–9]; see [10] for a review), but also late talking toddlers (e.g., [11]),
and children with an Autism Spectrum Disorder (ASD) diagnosis (e.g., [12–14]; see [15] for
a review). It has also been well established by a variety of studies that referential gestures
have a positive effect on adults’ and children’s cognitive and linguistic abilities (see [16] for
a meta-analysis review), boosting memory recall, for example, in TD children [17–21].

Typically developing children start producing their first gestures, typically deictic
or pointing gestures that identify objects, people, events, or locations, between 9 and 12
months of age and before they produce their first words [22–24]. These gestures help
children carry out successful dyadic interactions with their parents and caregivers (see [25],
for a review on the development of deictic pointing in infancy). Already in the transi-
tion between the babbling stage and single-word period, infants start to semantically and
temporally coordinate their pointing-speech combinations, and gesture is used to comple-
ment or reinforce speech [26,27]. Deictic declarative gestures have proven to be a reliable
predictor of language skills not only in TD [7,28–30], but also in children with speech
and language impairments, such as ASD infants [14] (see also [31] for a meta-analysis
review). This type of gesture has also been identified as the most markedly impaired in
ASD [32–34]. Importantly, the fact that deictic gestures place high social and interactive
demands on early interactions is an indication that these gestures constitute a powerful
tool for early interventions in ASD programs (see also the positive effects of a pointing
gesture intervention in generating larger vocabulary repertoires in TD children by [35]).

At this early stage, TD children also start producing iconic gestures that allow them to
represent information about a referent in speech, such as an object, an action, or a space.
Early iconic gestures are used to depict actions or attributes associated with objects, such
as raising arms to indicate big size or flapping arms to represent a bird flying (see [36])
[22,23,37,38]. At around two years of age, there is a sharp increase in the number of iconic
gestures produced (e.g., [39–41]), corresponding with the period in which children also
show an increased sensitivity to iconicity in gesture comprehension [42,43]. For instance,
a study assessing spontaneous gestures performed by 40 TD children observed from 14
to 34 months of age reported a spurt in iconic gesture production at roughly 26 months,
with children past this threshold not only using iconic gestures more frequently but also
employing them to convey a more varied set of meanings [40]. Moreover, a longitudinal
study by [41] also found an increase in the production of iconic gestures between 22 and
26 months of age, which were usually used to convey action meanings not yet conveyed
in the first verbs (e.g., “go like this” + move fisted empty hand in circles as if stirring,
p. 9). Other studies have reported that TD children benefit from observing referential
iconic gestures in complex linguistic processes, such as narrative comprehension [44,45].
There is also evidence that a specific type of iconic gesture (“character-viewpoint” or CVPT
gestures, in which the gesturer takes on the role of a character in a story; see [6]) can serve
as the precursor [46] and predictor [47] of more complex narrative abilities undergoing
development. Concerning non-TD children, while research shows that young children with
ASD produce deictic gestures less often than TD children, empirical evidence about the
role of other forms of gesture in ASD language development comes from only one study.
The study by [14] explored the gesture-language relation in autistic children by tracking
gesture type production (deictic, give, iconic, or conventional) and subsequent language
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outcomes of 18-month-old TD and 30-month-old ASD children (n = 23). They found that
only deictic gestures predicted vocabulary growth in both TD and ASD children, but such
gestures occurred at significantly lower prevalence (70% ASD vs. 96% TD) and frequency
(45% ASD vs. 60% TD) rates in the ASD group.

Later on, between 2 and 3 years of age, another type of gesture starts to emerge,
the non-referential gesture, often called a beat gesture (McNeill [6] describes this type of
gesture as being a rhythmically short and quick “simple flick of the hand or fingers up
and down, or back and forth” (p. 15) that lacks referentiality and associates with prosodic
prominent positions in speech. For this reason, following a McNeillian classification of
gestures, many studies have called such gestures “beat” gestures (i.e., as if marking a
beat). More recently, this traditional view of non-referentials has been challenged and a
more inclusive definition of non-referential gestures has been adopted that emphasizes
their rhythmic, pragmatic and discursive properties. Within this view, “beat gestures” are
considered as non-referential gestures that do not only act mainly as rhythmic highlighters,
but also contribute clear pragmatic and discursive meanings that help frame oral discourse
structure [48–51].) [52,53]. The study by [53] documented the appearance of beat gestures in
French-English bilingual children in the period from 2 years to 3 years 6 months of age, and
observed that the children began to produce these gestures once they were able to perform
sentence-like or more linguistically complex spoken utterances (in other words, when the
mean length of their utterances increased). The literature on the acquisition of these gestures
is sparse and has focused on how children gesture with non-referential gestures while they
are narrating. Some studies have shown that non-referential gestures start appearing in
complex narrative discourses at around 4–5 to 6 years of age [6,54,55] (see also [56] for
specifically language-impaired children). A cross-sectional study with French-speaking
children aged 6 and 10, and adults by [54] found that, in contrast to the average number
of representational (i.e., iconic) gestures, the average number of non-representational
gestures (i.e., non-referential gestures) increased with age and that these gestures served
both discursive functions (by accompanying connectors, highlighting important linguistic
units, or performing anaphoric functions) and framing functions. Similarly, another cross-
sectional study by [57] with 5- and 10-year-old French, American, and Italian children
demonstrated that the older children tended to produce more non-referential gestures
that helped to structure speech or mark cohesion in discourse than the younger ones.
Recently, a longitudinal study assessing multimodal narrative development in children
5–6 to 7–9 years of age revealed that, in contrast with referential iconic gestures, the use of
non-referential gestures increased noticeably with age, as narrative skills matured [58] (see
also [59] for similar results).

As mentioned above, the literature on multimodal language development has tended
to focus on the value of referential gestures in paving the way for early language devel-
opment in children, with less attention being paid to the precursor and predictive role of
non-referential gestures as well as their bootstrapping impact on language development.
The obvious question is whether non-referential gestures have the same beneficial role in
cognitive and linguistic dimensions as referential (i.e., deictic and iconic) gestures. This re-
search gap was already noted a decade ago in a meta-analysis study conducted by [16], who
called for further research to examine the nature and impact of non-referential gestures.

In our view, there are strong reasons to believe that non-referential gestures are impor-
tant in children’s language development. Though the classic McNeillian classification of
gestures [6] has highlighted the rhythmic character of non-referential “beat” gestures and
their consequent link to prosody, the fact that non-referential gestures have been relatively
understudied may be due to the general theoretical claim coming from this view that
these gestures lack abstract semantic content. Indeed, many studies have assumed that
because these gestures lack referential meaning, their contribution to language learning
and development is negligible (e.g., [20,45,60–62], and others). However, it is well known
that non-referential gestures in adult discourse mark information structure and focused
information, as well as new or accessible referents [62,63]. In this way, non-referential ges-
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tures can act as multimodal pragmatic cues which highlight important linguistic functions
in speech that help frame complex oral discourse in later stages of language development
([6,50,51,64–67], among others) (e.g., [68]). We thus hypothesize that non-referential ges-
tures are important in the processing and acquisition of more complex language skills such
as narratives, as they play an important role in framing discourse.

The present review will systematically assess, evaluate, and compare the available
research concerned with the scaffolding role of non-referential gestures in three important
areas of child learning and language development, namely information recall, narrative
discourse comprehension, and oral narrative discourse performance. With regard to the
second and third of these areas, it should be noted that the development of narrative
discourse abilities as an oral language skill is an important achievement for children,
as it has been typically associated with children’s complex linguistic development and
successful school literacy [69,70] (see [71] for a review). Simultaneously, we will seek
answers for three main research questions related respectively to the association, predictive,
and causal effects of non-referential gestures, as follows.

(1) Association effects. Does observing another speaker’s non-referential gestures en-
hance information recall and narrative discourse comprehension in TD children?

(2) Predictive effects. Does the frequency of use of non-referential gestures by TD children
predict better narrative production skills later in development?

(3) Causal effects. Can training TD children with non-referential gestures bring about an
improvement in narrative production scores in a subsequent posttest?

2. Methods

The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
statement (e.g., [72,73]) guided the methodology and reporting of this systematic review.

2.1. Identification of Studies and Inclusion Criteria

As stated above, the principal aim of this systematic review was to address and com-
pare the available research devoted to the effects of non-referential gestures on children’s
cognitive and linguistic skills. The process of identifying studies is summarized in the
PRISMA flow diagram in Figure 1. First, a comprehensive search strategy was conducted
during the second semester of 2020 using four electronic databases: Scopus, Web of Science,
PubMed, and PsycInfo. The database searches were limited to English language works
dated between 1970 and 2020. Search terms used in the databases included: (“children*”
OR “preschooler*”) AND (“beat gesture*” OR “non-referential beat gesture*” OR “non-
referential gesture*” OR “non-referential beat*”) AND (“memory recall” OR “recall” OR
“comprehension” OR “narrative comprehension” OR “narrative performance” OR “pro-
duc*” OR “observ*”). The reference lists of articles retrieved were screened to identify any
relevant additional studies on the topic. Both conference proceedings and papers that were
under review were also included in the identification process (one conference proceeding
paper was identified via Google Scholar).

Once the literature had been identified, the titles and abstracts of the compiled list of
retrieved articles were screened for relevance by the first author and duplicated or irrelevant
articles were removed using Mendeley reference software. Articles which warranted
further examination were selected for full-text review.
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To this end, all the potentially relevant articles that were identified and that could
answer the questions were assessed as full text independently by the two authors according
to the following eligibility criteria, so as to reduce the risk of inclusion bias:

• The article was written in English and published (or under review) in a peer-reviewed
journal or in peer-reviewed conference proceedings.

• The study was published by 1970 or later.
• The study reported in the article followed an experimental design yielding quanti-

tative data. Thus, studies which assessed gesture use and development in a merely
descriptive fashion without manipulating variables (e.g., [54,55]) were excluded.

• Participants were TD children, aged from 2 to 8 years who did not present any
language or developmental disorder that affects communication. To our knowledge,
there is no previous research that has dealt with the effects of non-referential gestures
in children with language disorders.

• The experimental design involved speech with the presence or absence of non-
referential gestures (either by investigating the children’s observation of another
speaker’s gestures or the children’s own gesture production) as an isolated variable.
Thus, studies that tested the impact of all kinds of gestures simultaneously (i.e.,
multimodal training studies) were excluded.

• The outcome of the experiment was measured in terms of memory recall, comprehen-
sion, or language production.
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2.2. Data Extraction

The assessment process yielded a total of 11 full text articles which met the inclusion
criteria. All were published between 2012 and 2020 except for one, which is currently
undergoing the final review process prior to publication. Likewise, in all 11 studies a non-
referential gesture experimental condition was compared to other gesture or no gesture
conditions. The total sample size of all the studies was 898 children between 2 and 8 years
of age whose native language was English, Catalan (Catalan-Spanish bilingual), or Turkish.
One study was conducted in Singapore, three in Australia, six in Catalonia, and one
in Turkey. The Standard Quality Assessment criteria for evaluating primary research
papers from a variety of fields (Kmet checklist Appraisal Tool) was used to assess the
methodological quality of the studies [74]. The overall quality of the studies was found to
be acceptable, with clearly stated research questions and appropriately used experimental
methods.

For each study, the following information was extracted:

• Reference: author(s) and year of publication
• Aim of the study
• Study population, including number, gender, age range (mean and standard devia-

tion), and language of participants
• Study design
• Control and experimental conditions
• Outcome measure
• Main results

This data (except study aims) can be seen in Table 1, with the main results framed
in terms of the extent to which they answered the question “Did non-referential gestures
have a positive effect on children’s outcome measure?” All the information summarized in
the tabular form was observed to find the main similarities between studies meeting the
inclusion criteria.

Table 1. Empirical studies included in the systematic review.

Author, Year Study
Population Study Design

Control and
Experimental

Conditions

Outcome
Measure

Did Non-Referential
Gestures Have a Positive

Effect on Children’s
Outcome Measure?

Austin & Sweller
(2014)

91 children (49
girls and 44
boys); M = 4
years 3 months,
SD = 4 months;
range = 3 years 4
months to 4
years 9 months;
Australian-
English
speakers

Between-
subjects

experiment

(1) No gesture; (2)
Beat gesture; (3)
Combined gesture
(5 beats, 5 deictics,
5 metaphorics, and
5 iconics)

Spatial
information

recall

Yes→ Beat gesture
condition and Combined
gesture condition (vs. No
gesture condition)

Austin & Sweller
(2017)

172 children
(original sample:
77 girls and 97
boys); M = 4
years 5 months,
SD = 4 months,
range = 3 years 0
months to 5
years 4 months;
Australian-
English
speakers

Between-
subjects

experiment

(1) Iconic/deictic
gesture; (2) Beat
gesture; (3) No
gesture

Spatial
information

recall and cued
recall

No→ Iconic/deictic
gesture condition (vs. Beat
gesture condition and No
gesture condition)
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Table 1. Cont.

Author, Year Study
Population Study Design

Control and
Experimental

Conditions
Outcome Measure

Did Non-Referential
Gestures Have a

Positive Effect on
Children’s Outcome

Measure?

Igualada et al.
(2017)

106 children (47
girls, 59 boys); 3
years: M = 41.74,
SD = 3.58; 4
years, M = 53.93,
SD = 3.79; 5
years: M = 64.91,
SD = 3.16;
Catalan speakers

Within-subject
experiment

(1) Beat; (2)
No-beat Word recall Yes→ Beat condition

(vs. No-beat condition)

Kartalkanat &
Göksun (2020)

67 children
(original sample:
36 girls and 35
boys); M = 64.00
months, SD =
4.97; Turkish
speakers

Between-
subjects

experiment

(1) Iconic gesture;
(2) Beat gesture; (3)
No gesture

Path and event
information recall

No→ Iconic gesture
condition (vs. Beat
gesture condition and
No gesture condition)

Llanes-
Coromina et al.

(2018)

51 preschool
children; M =
4.57, SD = 0.26;
Catalan-Spanish
bilingual
speakers
(Experiment 1)

Within-subject
experiment

(Experiment 1)

(1) Non-prominent
speech; (2)
Prominence in
speech alone; (3)
Prominence in
both speech and
gesture (beat
gestures)
(Experiment 1)

Information recall
in contrastive

discourse
(Experiment 1)

Yes→ Prominence in
both speech and gesture
condition (vs.
Non-prominent speech
and Prominence in
speech alone conditions)

55 children; M =
5.84, SD = 0.56;
Catalan-Spanish
bilingual
speakers
(Experiment 2)

Between-
subjects

experiment
(Experiment 2)

(1) Beat; (2)
No-beat
(Experiment 2)

Narrative
comprehension
(Experiment 2)

Yes→ Beat condition
(vs. No-beat condition)

Macoun &
Sweller (2016)

101 children (57
girls and 44
boys); girls: M =
4.62, SD = 0.40;
boys: M = 4.70,
SD = 0.57; total
M = 4.65, SD =
0.47; Australian-
English
speakers

Between-
subjects

experiment

(1) Iconic gesture;
(2) Deictic gesture;
(3) Beat gesture; (4)
No gesture

Narrative recall
and narrative

comprehension

No→ Iconic gesture
condition and Deictic
gesture condition (vs.
Beat gesture condition
and No gesture
condition)

So et al. (2012)

36 children (18
girls and 18
boys); 4 to 5
years; English
speakers

Within-subject
experiment

(1) Iconic gesture;
(2) Beat gesture; (3)
No gesture

Word recall

No→ Iconic gesture
condition (vs. Beat
gesture condition and
No gesture condition)
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Table 1. Cont.

Author, Year Study
Population Study Design

Control and
Experimental

Conditions
Outcome Measure

Did Non-Referential
Gestures Have a

Positive Effect on
Children’s Outcome

Measure?

Vilà-Giménez
et al. (2020)

83 children (43
girls, 40 boys);
Time 1: M = 5.9,
SD = 0.55; Time 2:
M = 7.98, SD =
0.60;
Catalan-Spanish
bilingual
speakers

Longitudinal

(1) Non-referential
beat gesture; (2)
Referential iconic
gesture

Later oral narrative
productions

(narrative structure
scores)

No→ Referential iconic
gestures (vs.
Non-referential beat
gestures)

Vilà-Giménez
et al. (under

review)

45 children; Time
1: between 14 to
58 months of age;
Time 2: M = 6,
SD = 0.42;
American-
English
monolingual
speakers

Longitudinal

(1) Non-referential
beat gesture; (2)
Non-referential flip
gesture; (3)
Referential iconic
gesture

Later oral narrative
productions

(narrative structure
scores)

Yes→ Non-referential
beat gestures (vs.
non-referential flips and
referential iconics)

Vilà-Giménez
et al. (2019)

44 children (20
girls and 24
boys); M = 5.94
years; SD = 0.57;
Catalan-Spanish
bilingual
speakers

Between-
subjects training
(pretest-posttest

design)

(1) Beat; (2)
No-beat

Oral narrative
performance

(narrative structure
scores)

Yes→ Beat condition
(vs. No-beat condition)

Vilà-Giménez &
Prieto (2020)

47 children; M =
5.92, SD = 0.54;
Catalan-Spanish
bilingual
speakers

Between-
subjects training

study
(pretest-posttest

design)

(1) Beat
encouraging; (2)
Beat
non-encouraging

Oral narrative
performance

(narrative structure
and fluency scores)

Yes→ Beat encouraging
condition (vs. Beat
non-encouraging
condition)

Formal meta-analysis was not considered feasible and therefore not undertaken due
to the low number of studies and to the fact that the study designs and reported outcome
measures varied markedly. Thus, a narrative synthesis seemed to be the most appropriate
way to compare the results of these studies and draw overall conclusions.

3. Results

Because these 11 studies did not use the same outcome measures, they were divided
into three groups on that basis for purposes of comparison. It is important to mention
that only comparable variables within experimental designs were extracted for all studies.
Below, we first compare studies that reported results related to the association effects
between non-referential gestures and children’s cognitive and linguistic abilities, such as
information recall and narrative discourse comprehension (Section 3.1). Next, we compare
studies that examined the predictive value of non-referential gestures in children’s later
narrative productions (Section 3.2). Finally, we compare studies that examined the causal
effects of gesture training paradigms using non-referential gestures on children’s oral
narrative discourse performance (Section 3.3).
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3.1. Association Effects
3.1.1. Information Recall

Seven of the 11 studies of this systematic review assessed the effects of observing non-
referential gestures on information recall in TD children aged between 3 and 6 years. While
three of these studies examined the effects on children’s recall of words [20,75,76], three
others dealt with their ability to memorize spoken spatial directions or paths and event
information [77–79], and the remaining one focused on their free recall of narratives [45].
Overall, 3 of the 7 experimental studies (two dealing with word recall and one with verbal
spoken spatial directions) showed a positive effect of observing non-referential gestures on
children’s information recall, whereas the remaining studies (one on word recall, two on
verbal spoken paths and event information, and one on free narrative recall) did not.

Regarding the three studies that reported non-referential gestures having beneficial
effects on recall, it is noteworthy that they presented the information in contexts that were
pragmatically relevant for children. Two of them followed a within-subject experimental
design [75,76], while the other one had a between-subjects design [77]. The study by [77]
examined whether the presence of different gesture types in the verbal descriptions of a
target path (presented in a single small-scale spatial array constructed from Lego materials
and with a Lego character taking a certain route through the spatial array) would have
an impact on the extent to which spatial information about this route (i.e., location and
movement terms) was recalled by both adults and children. Participants were given the
verbal description of the target path in the assigned condition and were then asked to recall
the path (e.g., “Can you tell me the path that Lego man took through the scene without
taking Lego man along with you?,” “Can you now show me the path that Lego man takes
through the scene, taking Lego man along with you?”). A total of 95 adults (M = 28 years;
SD = 7.6; range = 17 to 49) and 93 children (M = 4 years 3 months, SD = 4 months, range
= 3 years 4 months to 4 years 9 months) participated in the experiment; however, the
final sample consisted of 94 adults and 91 children. Participants were randomly assigned
to one of three conditions: combined gesture (including 5 deictic, 5 beat, 5 iconic, and 5
metaphoric gestures), beat gesture, or no gesture. Results revealed that children in either
the combined gesture condition or the beat gesture condition showed better verbal recall
of spoken spatial directions than children in the no gesture condition. Overall statistical
analysis using ANOVA found a large main effect of age group (F(1, 173) = 272.73, p < 0.001,
partial η2 = 0.61), showing that the children recalled less information than the adults, and
a small main effect of gesture condition (F(2, 173) = 3.17, p = 0.045, partial η2 = 0.03),
revealing that gesture conditions (beat or combined) were more beneficial than the no
gesture condition for information recall (ANOVA effect sizes are interpreted following
the benchmarks suggested by [80].). The researchers took the average of the two gesture
conditions and created a new “gesture” vs. “no gesture” variable and calculated the
interaction between this new variable and age. A significant interaction between age group
and the difference between the no gesture condition and the average of the two gesture
conditions was found (F(1, 179) = 5.16, p = 0.024), with a small effect (partial η2 = 0.03),
revealing that the difference in recall between age groups was greater for the no gesture
condition than for the gesture conditions. Simple effects showed that for the total recall of
spatial information by children there was a significant difference between the no gesture
condition and the average of the two gesture conditions (F(1, 179) = 9.75, p = 0.002), with
a small effect (partial η2 = 0.05). As for the adults, no significant differences were found
between the no gesture condition and the average of the two gesture conditions on the
total recall of spatial information (F(1, 179) = 0.006, p = 0.934, partial η2 < 0.01). Further, no
significant difference between the two gesture conditions was found (p > 0.05) and there
was no interaction between age and the two gesture conditions (F(1, 179) = 0.36, p = 0.551,
partial η2 < 0.01).

In their within-subject study, [75] investigated whether the presence of non-referential
gestures would improve word recall in 106 children aged 3 to 5 years (3-year-olds: M = 41.74
months, SD = 3.58; 4-year-olds: M = 53.93 months, SD = 3.79; 5-year-olds: M = 64.91 months,
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SD = 3.16) when presented with a list of things that Elmer, an absent-minded elephant,
needed to remember before he went on a trip. Children completed the experimental task
under two different audiovisual conditions, a beat condition and a no-beat condition,
presented successively in counterbalanced orders. In the beat condition, each target word
was accompanied by a beat gesture, whereas in the no-beat condition no beat gestures were
used. Children were asked whether they could help Elmer to remember all the items on his
to-do list, as he was very absent-minded and would really appreciate their help. Statistical
analysis of the results using a Generalized Linear Mixed Model (GLMM) only showed a
main effect of condition (F(1, 418) = 4.01, p < 0.05), indicating that the children recalled
significantly more words in the beat condition than in the no-beat condition (β = 0.124,
SE = 0.062, p < 0.05; no-beat condition: M = 0.38, SD = 0.48; beat condition: M = 0.49,
SD = 0.50) (If the beta coefficient is positive, the interpretation is that for every 1-unit
increase in the predictor variable, the outcome variable will increase by the beta coefficient
value.). No effect of age (F(2, 418) = 2.80, p = 0.062) and no interaction between gesture
condition and age (F(2, 418) = 0.11, p = 0.849) were found. Importantly, these findings show
that observing non-referential gestures had a positive impact on word recall in children
aged 3 to 5 years.

Along the same lines, the study by [76] showed that observing non-referential ges-
tures can positively influence the memorization of contrastively focused items as well as
information related to those items within contrastive discourse (i.e., containing a set of
contrastively focused items). In this experiment, 51 4-year-old children (M = 4.57 years,
SD = 0.26) were presented with discourse contexts in which a female human reminds
Elmer the elephant about what they have done in their trips together (e.g., “Elmer, do you
remember our trip to the field? In the morning, we went for a walk in the field. [ . . . ] We
noticed that near the lake there were roses and leaves, and you picked the roses [ . . . ]”).
These contexts contained a set of contrastively focused items (e.g., “roses and leaves”) in
three conditions in a counterbalanced order: non-prominent speech, prominence in speech
alone, and prominence in both speech and gesture (beat gestures). The children were then
asked whether they could help Elmer to remember the questions that were related to what
he and his friend had done together (e.g., “Now, help Elmer remember what he picked
up when he went to the field. What did he pick up?”). A GLMM analysis of the results
showed a significant main effect of condition (F(2, 288) = 5.28, p = 0.006), revealing that
the children recalled more contrastively focused items in the prominence in both speech
and gesture condition, compared to either of the speech-alone conditions (prominence in
both speech and gesture vs. prominence only in speech, β = 0.241, SE = 0.077, p = 0.006;
prominence in both speech and gesture vs. non-prominent speech, β = 0.191, SE = 0.081,
p = 0.038). Moreover, regarding the proportion of items recalled between the prominence
only in speech vs. non-prominent speech conditions, no difference was found (β = −0.050,
SE = 0.082, p = 0.537).

By contrast, the 4 other studies found that observing non-referential gestures had no
beneficial effect on children’s recall of information. In a study involving 30 adults (Experi-
ment 1) and 36 4- to 5-year-old children (Experiment 2), [20] tested whether beat gestures
and iconic gestures would enhance word recall by showing a video presentation of a list
of verbs shown in isolation without a relevant discourse context in three counterbalanced
within-subject experimental conditions: the verbs were accompanied by either an iconic
gesture, a beat gesture or no gesture. Concerning the findings for the children, a main
effect of gesture condition was found (F(2, 68) = 20.16, p < 0.001), with a large effect (η2 =
0.37), revealing that the children recalled a higher proportion of words in the iconic gesture
condition than in either the beat gesture condition or the no gesture condition (p > 0.001).
No significant difference between the beat gesture condition and the control condition was
found, which indicates that non-referential gestures (i.e., the beat gesture condition) did
not facilitate children’s word memory recall. However, results for the adults found a large
main effect of condition (F(2, 56) = 7.87, p = 0.001, η2 = 0.21), showing that the participants
displayed better recall scores when words were accompanied with iconic gestures than in
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the no gesture condition (p = 0.002), and when they were accompanied with beat gestures
compared with the no gesture condition (p = 0.009). No difference between the number of
items recalled in both gesture conditions was found. Further analyses comparing results
from children and adults showed a large main effect of age group, revealing that the
adults recalled a higher proportion of words than the children (F(1, 64) = 192.69, p < 0.001,
η2 = 0.75), and a large main effect of condition (F(2, 128) = 22.11, p < 0.001, η2 = 0.26). A
significant interaction between condition and group was found (F(2, 128) = 6.91, p = 0.001,
η2 = 0.10). All in all, the proportion of words recalled was higher in the iconic gesture
condition than in the no gesture condition for all participants. While the children recalled
comparable proportions of words in the beat gesture and no gesture conditions, the adults
recalled more words in the beat gesture condition than in the no gesture condition. These
results suggest that non-referential gestures may entail a higher cognitive demand for
children than for adults, who benefited from the presence of either iconic or beat gestures.
In contrast to previous experimental designs, in this study each word was accompanied by
a beat gesture, which may have reduced the highlighting function of beats. Moreover, the
list of verbs was presented in isolation and not in a pragmatically natural discourse context.

Null results for non-referential gestures were also found in a study carried out by [78]
in a between-subjects route direction task in which the participants were presented with a
set of instructions to guide visitors through a zoo and then asked to recall and reconstruct
the instructions. Like in [77], the goal was to examine the effects of gesture observation on
the recall of the spatial information, but in this case the spatial direction task performed
was larger in scale (i.e., when the spatial environment cannot be viewed from a single
viewpoint). Participants were 172 3- to 5-year-old children (M = 4 years 5 months, SD = 4
months, range = 3 years 0 months to 5 years 4 months), who were randomly assigned to
either the iconic/deictic gesture condition, the beat gesture condition, or the no gesture
condition, and were presented with three videos of the head zoo-keeper verbally giving
route directions through the zoo. In the two gesture conditions, key spatial or movements
descriptors in the instructions were accompanied by nine gestures (e.g., “walk forward for
a little bit,” “go past the frogs,” with underlined words indicating gesture points), which
were either iconic/deictic or beat gestures, depending on the condition. A mixed-design
ANOVA of the results revealed a main effect of gesture condition (F(2, 169) = 3.85, p = 0.023),
with a small effect (partial η2 = 0.04), demonstrating that the children verbally recalled more
items in the iconic/deictic gesture condition than in the beat gesture condition (F(1, 169) =
6.30, p = 0.013), with a small effect (partial η2 = 0.04). Moreover, no difference between the
no gesture condition and the average of the two gesture conditions was found in terms
of the number of verbally recalled items (F(1, 169) = 1.56, p = 0.213, partial η2 = 0.01). A
possible explanation given by the authors for these findings is that referential gestures
“may be processed more deeply due to their semantic value, leading to great recall without
the presence of environmental cues” [78] (p. 10). To explain the lack of effects of non-
referential gestures, the authors point out that “it is possible that the communication of
spatial information accompanied by either no gestures or beat gestures may have seemed
unusual or odd to preschoolers given that they would usually experience such messages
accompanied by iconic and deictic gestures” (p. 11).

Interestingly, a second experiment was performed within this study involving the
same route direction task but using a more pragmatically relevant instruction for the child.
In this case, the child was asked to go to a location in the zoo where he/she remembered
the zookeeper giving a particular instruction, and the experimenter recorded the path of
movement on a paper map of the zoo. A mixed-design ANOVA regarding cued recall
(i.e., the amount of route recalled verbally and during physical route retracing) showed
a medium-sized main effect of condition (F(2, 169) = 5.72, p = 0.004, partial η2 = 0.07),
indicating that the children presented with the materials in the two gesture conditions
(beat condition or iconic/deictic condition) reported more at cued recall than the children
presented with no gesture (F(1, 169) = 10.06, p = 0.002), with a medium effect size (partial
η2 = 0.06). No difference between the amount recalled at cued recall in the iconic/deictic
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and beat gesture conditions was found (F(1, 169) = 1.60, p = 0.208, partial η2 = 0.01).
Importantly, in this second experiment, although iconic gestures improved the children’s
recall most, beat gestures also had some positive effect, suggesting that “the benefit of beat
gestures may be apparent only when recall is cued by the environment” [78] (p. 10).

In the study by [79], a total of 67 4- to 6-year-old (54–73 months) children (M = 64.00
months, SD = 4.97) and 54 adults (M = 21.50 years, SD = 1.95) were asked to listen to a story
about a character who followed different paths to find her friend’s house and then recount
the information they had heard. The story included path descriptions (five alternative
routes with various details) which were followed by event sequences with no spatial
content (e.g., path: “she walked around the mountains;” event: “she saw a bank and took
a rest on the bank;” again, underlined words indicate gesture points). In total, the story
consisted of ten sentences each accompanied by one gesture (the underlined segment in the
preceding examples). In a between-subjects design, participants were randomly assigned to
one of these three conditions: iconic gesture condition, in which participants observed the
stories with iconic gestures depicting the described path or action; beat gesture condition, in
which speech was accompanied with rhythmic hand movements; or no gesture condition,
in which the participant heard the narrative without any gesture. Participants were then
asked a free recall-eliciting question (e.g., “Can you tell me everything you remember
from the story?”) and their answers were subsequently scored for amount of content by a
researcher. A mixed-design ANOVA found a large main effect of age group (F(1, 119) =
117.31, p < 0.01, partial η2 = 0.51), showing that the adults recalled more information than
the children, and also a medium-sized main effect of gesture condition (F(2, 119) = 3.92, p =
0.022, partial η2 = 0.07). Post hoc analyses showed that when participants observed iconic
gestures, they recalled more information than in the other conditions (beat gesture and no
gesture condition) (Bonferroni, ps < 0.05). No significant interaction between age group
and gesture condition was found (F(2, 119) = 0.39, p = 0.676, partial η2 = 0.007). Descriptive
statistics showed that, for the children, the mean total free recall was 27.06 (SD = 12.30,
min = 0, max = 45) in the iconic gesture condition, 21.63 (SD = 15.38, min = 0, max = 52.5)
in the beat gesture condition, and 20.34 (SD = 12.82, min = 0, max = 45) in the no gesture
condition. As for the adults, the mean total free recall was 60.29 (SD = 14.22, min = 40, max
= 92.5) in the iconic gesture condition, 45.00 (SD = 22.64, min = 0, max = 95) in the beat
gesture condition, and 48.44 (SD = 18.84, min = 15, max = 72.5) in the no gesture condition.
It is important to mention that in this experiment, iconic gestures merely reinforced content
and did not provide additional information. Therefore, these findings suggest that iconic
gestures not only provide semantic cue, but also direct attention to certain parts of the
story. By contrast, although the beat gestures were embedded in sentences to highlight
target information in a naturalistic fashion, they made no contribution to participants’
recall performance.

Finally, the study by [45] reported no enhancement effects of beat gestures on the free
narrative recall of 101 preschoolers aged 3.25 to 5.58 years (M = 4.65 years, SD = 0.47). In
this experiment with a between-subjects design, children were asked to watch a video of
a storyteller telling a two-minute narrative about a girl’s afternoon at the park with her
family in one of four randomly assigned gesture conditions: iconic gesture, deictic gesture,
beat gesture, or no gesture. In all conditions, gestures occurred at a total of ten points in the
story. In the iconic gesture condition, the gestures represented the shape or action of the
object described in the speech; in the deictic gesture condition, the gestures indicated the
position of items referred to in the speech; and in the beat gesture condition the narrator
produced rhythmic hand movements with no representational meaning and in focused
positions. The different gesture types occurred at the same points in the narrative across
conditions. After they had watched the video, the children were asked a free recall-eliciting
question (e.g., “Please tell me everything you remember about the story you saw told on the
computer”). Results demonstrated that children in the iconic and deictic gesture conditions
scored higher on recall task than children in either the beat gesture or no gesture condition,
between which there were no differences. A one-way between-groups ANOVA showed
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a main large effect of gesture condition on narrative recall (F(3, 97) = 6.69, p < 0.0005,
partial η2 = 0.17). Further analyses showed that observing iconic gestures (F(1, 97) = 10.14,
p = 0.010, partial η2 = 0.09, with a medium effect size) or deictic gestures (F(1, 97) = 18.17,
p < 0.0005, partial η2 = 0.16, with a large effect size) increased narrative recall compared
with no gesture condition. No other comparisons were found to be significant (p > 0.10).
Perhaps unsurprisingly, when the recall of information available only through gestures
and not present in the content of the narrative was analyzed, pairwise comparisons in a
binary logistic regression (χ2(3) = 14.33, p = 0.002) found that the odds of reporting this
information was higher for the deictic (B = 2.23, Wald = 10.59, p = 0.001, odds ratio = 9.33)
and iconic (B = 1.74, Wald = 6.60, p = 0.01, odds ratio = 5.69) conditions than for the no
gesture condition (The odds of success are defined as the ratio of the probability of success
over the probability of failure. An odds ratio greater than 1 is a positive association (i.e.,
higher number of the predictor means group 1 in the outcome), while an odds ratio less
than 1 is a negative association (i.e., higher number for the predictor means group 0 in the
outcome). However, results for the beat gesture condition did not differ in this regard from
those for the control condition (B = 1.02, Wald = 2.24, p = 0.14, odds ratio = 2.78), indicating
that these gestures conferred no advantage.

All in all, it is worth noting that the three abovementioned studies reporting benefits
of exposure to non-referential gestures relied on naturalistic uses of non-referential gestures
in their experimental materials and assessed their role within discourse contexts that were
pragmatically relevant for preschool and school children (e.g., small-scale route directions,
list of things that an elephant needed to do before travelling, contrastive discourse).

3.1.2. Narrative Discourse Comprehension

Two of 11 of the papers included in this systematic review addressed the potential
role of observing non-referential gestures on narrative comprehension processes using a
between-subjects experimental design. These two papers were also reviewed in the preced-
ing section (see Section 3.1.1) because they analyzed the effects of observing non-referential
gestures on information recall. As in that section, while the study by [76] showed positive
effects of non-referential gestures in 5- and 6-year-old children’s narrative comprehension,
the study by [45] found no such benefits (though the age of their participants was somewhat
lower at 3.25–5.58 years).

The second part of the study by [76] tested the benefits of observing beat gestures
in 55 5- and 6-year-old children (M = 5.84 years, SD = 0.56) in a narrative discourse task.
Each participant was randomly assigned to one of two between-subjects conditions: beat
gesture condition and no-beat gesture condition. In the no-beat condition, discourses were
presented with prosodic prominence and no beat gestures in the target words, while in the
beat condition, discourses were with prosodic prominence and with beat gestures in the
target words (i.e., both performed on discourse markers and focal content words). The
children were first shown a set of videos in which a storyteller told—-with or without
gestures accompanying discourse markers and focal content words—-short six one-minute
stories involving some farm animals that were friends of a sheep. After viewing each video,
the children were asked to help the sheep find out what had happened to each animal
and were asked two comprehension questions (e.g., “Why did the pig have to go home
back early?” and “So how did the pig solve his problem?”). The children’s responses to the
questions were then scored for comprehension. The results of a statistical GLMM analysis
revealed a significant main effect of condition (F(1, 657) = 4.21, β = 0.572, SE = 0.279,
p = 0.041, odds ratio = 1.772), indicating that the children comprehended the stories better
when they were performed with beat gestures. It is important to note that in order to
design the experimental materials, a preliminary study was conducted to determine what
kinds of beat gestures naturally accompany child-directed narratives and at what points in
the narratives they are typically used. This preliminary study guided both the form of the
non-referential gestures and the placement of those gestures within the narrative discourse.
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These results contrast with the findings of a second task reported in [45], in which
(as described above) preschool children were asked to listen to a two-minute story in
either iconic gesture, deictic gesture, beat gesture, or no gesture conditions. However, this
second task was intended to test the effect of gesture conditions on the children’s narrative
comprehension. Thus, in this task, after they had been exposed to the story, the children
were asked 15 randomized specific questions related to the content of the narrative. As
previously mentioned, the gestures only occurred at ten places in the narrative. Importantly,
in the beat gesture condition, rhythmic hand movements without reflecting contextual
meaning of the speech were performed in focused positions within discourse. Five of
these questions took into account general story content (non-gesture-related questions),
another five concerned gestures that reinforced but did not add to story content (redundant
gesture-related questions), and the other five concerned gestures that conveyed information
not present in the verbal narrative (non-redundant gesture-related questions). Results
demonstrated that while the beat gesture condition and no gesture condition yielded
similar narrative comprehension scores, meaning that beat gestures in no way enhanced
comprehension, iconic and deictic gestures led to higher scores. Analyses to determine
the effect of condition on non-gesture-related question scores using a one-way between-
groups ANOVA found no significant difference between conditions in terms of narrative
comprehension (F(3, 97) = 2.19, p = 0.093, partial η2 = 0.06). Finally, results on the effect of
condition on gesture-related question scores using a one-way between-groups ANOVA
showed a main large effect of gesture condition (F(3, 97) = 6.45, p < 0.0005, partial η2 = 0.17).
Further analyses found the same outcomes as in the free recall results (iconic, F(1, 97)
= 10.37, p = 0.009, partial η2 = 0.10, with a medium effect size; deictics, F(1, 97) = 6.98,
p = 0.047, partial η2 = 0.07, with a medium effect size). Moreover, children produced higher
comprehension scores on gesture-related items when they were accompanied by iconic (F(1,
97) = 12.34, p = 0.004, partial η2 = 0.11, with a medium effect size) or deictic (F(1, 97) = 8.58,
p = 0.022, partial η2 = 0.08, with a medium effect size) gestures relative to children in the
beat gesture and no gesture conditions, scores from which showed no significant differences
(p = 0.994). Differences between scores in the iconic and deictic gesture conditions were
likewise not significant (p = 0.938).

A potential reason for the difference between the results yielded respectively by [76]
and [45] lies in the experimental materials employed. While (as noted above) the former
study conducted a preliminary study in order to construct a more natural set of experi-
mental materials, this was not the case in the latter study. In our view, it is important that
beat gestures in discourse are assessed in terms of both the shape of the hand during the
gesture and the point in the narrative at which the gesture occur, because both factors can
mediate the gesture’s effect.

3.2. Predictive Effects

Two of the articles selected for this review were recent longitudinal studies that
examined the predictive effects of the early frequency of use of non-referential beat gestures
in children’s later more complex linguistic skills [68,81]. While both studies addressed
predictive effects, they differed in two aspects. While the study by [68] examined the effects
of 45 children’s production of non-referential gestures between 14 and 58 months of age in
parent-child naturalistic interactions, the study by [81] tested the effects of the production
of these gestures in older 5- to 6-year-old children while performing narrative discourses.

The main objective of the longitudinal study by [68] was to investigate whether the
early production of non-referential beat and flip gestures (Non-referential flip gestures,
a subtype of non-referential gestures, are performed by turning the wrist of the hand
and opening it up to present the flat palm, accompanied or not with a shrug of the
shoulders. They typically convey a judgmental or epistemic value of ignorance (e.g., [82]))
(vs. referential iconic gestures) produced by 45 children in the total developmental window
from 14 to 58 months of age predicted later narrative productions at 60 months (5 years
old), measured in terms of narrative structure scores. On average, the children produced
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1.19 beat gestures per session (SD = 1.74, range = 0 to 10.23), 1.86 flips per session (SD = 1.87,
range = 0.15 to 9.15) and 3.58 iconic gestures per session (SD = 2.73, range = 0.31 to 11.46).
Results from a GLMM analysis showed that the average number of beat gestures produced
at baseline significantly predicted narrative skills at age 5 (β = 0.299, SE = 0.111, z = 2.689,
p < 0.01). By contrast, the average number of flips (β = −0.163, SE = 0.109, z = −1.489,
p = 0.137) and iconic gestures (β = 0.029, SE = 0.077, z = 0.381, p = 0.703) did not predict later
narrative productions. This model explained 88.4% of the variance in children’s narrative
outcomes (R2 = 0.884). Moreover, a second GLMM analysis also showed that the average
number of non-referential beat gestures produced between 14 and 42 months of age were
still predictors of children’s later narrative productions at age 5 (β = 1.386, SE = 0.583,
z = 2.377, p = 0.017), while no significant effect was found for flips (β = −0.136, SE = 0.112,
z = −1.212, p = 0.225) or iconic gestures (β = 0.009, SE = 0.067, z = 0.137, p = 0.891). This
model explained 80.1% of the variance in children’s narrative outcomes (R2 = 0.801).

The second longitudinal study [81] reported the predictive value of both referential
and non-referential gestures produced during narrative discourse by 5- to 6-year-olds
(M = 5.9 years, SD = 0.55) on their later narrative productions (measured in terms of
structural wellformedness) two years later, at 7 to 9 years of age (M = 7.98 years, SD = 0.60).
On average, when they were 5–6 years the children produced 0.90 referential iconic gestures
(SD = 1.54, n = 149) and 0.63 non-referential beat gestures (SD = 0.91, n = 105) in their
narratives. A linear stepwise regression analysis was run to predict their narrative abilities
at 7–9 years old based on the number of referential iconic gestures and non-referential
beat gestures the children produced in their narratives at 5–6 years of age (F(1, 81) = 5.64,
p = 0.020). Results demonstrated that the use of referential iconic gestures during narrative
performance at 5–6 years predicted narrative structure scores two years later, when children
were 7–9 years of age (β = 0.154, SE = 0.065, p = 0.020). However, no significant results
were found for non-referential beat gestures (p = 0.432).

3.3. Causal Effects

Only two of the studies included in this review assessed the possible causal effects
of narrative training that includes non-referential beat gestures in children’s narrative
performance. Both studies involved 5- and 6-year-old children and used a between-subjects
pretest-posttest experimental design. However, the studies differed in the main goal of
the research. While the study by [83] examined the effects of having children observe
beat gestures as part of a short narrative training task on their narrative performance in
a posttest, the study by [84] investigated whether encouraging children to produce beat
gestures could also affect their subsequent narrative performance.

In the first of these studies [83], following a pretest measuring their ability to produce a
well-formed narrative, 44 5- and 6-year-old children (M = 5.94 years, SD = 0.57) underwent
training which involved watching six one-minute stories presented under two randomly as-
signed experimental conditions: a beat gesture condition, in which a storyteller performed
a narrative with prosodic prominence and beat gestures whenever she said a discourse
marker or focal content word, and a no-beat gesture condition, where narratives were per-
formed with prosodic prominence and no beat gestures in target positions within the story.
Again, a preliminary study was carried out to identify the types of beat gestures that are
spontaneously produced in child-directed narratives as well as to detect at what points in
the narrative discourse these beat gestures tend to occur in natural circumstances. Children
were simply asked to observe the stories. Children’s pretest and posttest narratives were
then scored and compared by a researcher in terms of their structural wellformedness.
Results of a GLMM analysis examining condition against structural wellformedness scores
showed a main effect of condition (F(1, 172) = 8.04, p = 0.005), specifically in the beat gesture
condition (β = 0.441, SE = 0.156, p = 0.005); and a main effect of test (F(1, 172) = 19.69,
p < 0.001), with better posttest narrative structure scores than pretest scores (β = 0.597,
SE = 0.135, p < 0.001). Moreover, the interaction between condition and test was found to
be significant (F(1, 172) = 4.71, p = 0.031). Further post hoc analyses showed that gesture
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conditions differed in the posttest part, showing that higher narrative structure scores
were produced by children in the beat gesture condition (β = 0.733, SE = 0.207, p < 0.001)
than in the no-beat gesture condition. However, differences in gesture conditions were not
reflected in pretest scores (β = 0.149, SE = 0.205, p = 0.467). Significant differences between
pretest and posttest narrative scores were found in the beat gesture condition, with better
scores in the posttest (β = 0.889, SE = 0.186, p < 0.001) than in the pretest. Differences
between pretest and posttest scores in the no-beat gesture condition were not found to be
significant (p = 0.119).

The second study [84] used the same narrative training paradigm employed in the
previous study but assessed whether having children not only observe but also encouraging
them to produce beat gestures would enhance the effects seen in [83]. In this case, 47
5- to 6-year-old children (M = 5.92 years, SD = 0.54) were randomly assigned to one
of two experimental conditions: beat encouraging condition and beat non-encouraging
condition. Following a pretest which measured not only structural wellformedness but
also fluency on their narrative output, the children were shown videos of the same six
narratives used in the previous study, though in this case both groups saw the version
of the video in which the storyteller performed prosodic prominence and beat gestures
in target positions. Children were then asked to retell the story they had just heard.
However, while children in the beat non-encouraging condition were asked to retell the
stories without any instructions regarding gesture, in the beat encouraging condition
they were encouraged to use hand movements (i.e., beat gestures) like those they had
seen the storyteller use while recounting what they had heard. Children’s pretest and
posttest narratives were then scored and compared. Results from a first GLMM analysis
found a main effect of test (F(1, 184) = 25.19, p < 0.001), with higher narrative structure
scores in the posttest (β = 0.834, SE = 0.166, p < 0.001) than in the pretest, and a significant
interaction between condition and test (F(1, 184) = 6.17, p = 0.014). Further post hoc
analyses revealed that the gesture conditions differed in posttest narrative structure scores,
with higher narrative structure scores in the beat encouraging condition (β = 0.697, SE =
0.265, p = 0.009) than in the beat non-encouraging condition. However, conditions did not
differ in terms of pretest scores (β = 0.129, SE = 0.265, p = 0.628). Significant differences
between pretest and posttest narrative scores were found in the beat encouraging condition,
with higher scores in the posttest (β = 1.246, SE = 0.240, p < 0.001) than in the pretest.
Differences between pretest and posttest scores in the beat non-encouraging condition were
not found to be significant (p = 0.069). A second GLMM analysis revealed a main effect
of test (F(1, 184) = 18.28, p < 0.001), with higher fluency scores in the posttest (β = 0.803,
SE = 0.188, p < 0.001) than in the pretest, and an interaction between condition and test
(F(1, 184) = 4.65, p = 0.032). Further post hoc analyses showed no significant difference
between pretest scores (β = 0.214, SE = 0.468, p = 0.647) and also posttest scores (β = 0.596,
SE = 0.533, p = 0.265) across conditions. Moreover, pretest and posttest scores for the beat
non-encouraging condition did not significantly differ (β = 0.398, SE = 0.249, p = 0.112).
However, pretest and posttest scores did differ for the beat encouraging condition, with
higher fluency scores in the posttest (β = 1.208, SE = 0.281, p < 0.001) than in the pretest.

Overall, the two studies showed that either asking children to observe, or encouraging
them to produce non-referential gestures in a short narrative training task, had immediate
short-term effects on their narrative performance in terms of both narrative structure and
narrative fluency.

4. Discussion and Conclusions

The aim of this systematic review was to search for and compare the findings of any
experimental research that addressed the question of whether non-referential gestures can
play a scaffolding role in both children’s cognitive and linguistic abilities, as well as in
the development of more complex language skills, like narrative performance. A total
of 11 articles, all published within the last decade, met the eligibility requirements for
inclusion. These studies —-some within-subject and others between–subjects in design—-
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measured the effect of non-referential gestures on three different domains of cognitive or
linguistic skill, namely information recall, narrative discourse comprehension, and oral
narrative discourse performance. Immediate comparison of study findings was therefore
only possible when the studies explored the same domains. At the same time, their
findings revealed the presence or absence of three sorts of effects, namely association
effects, predictive effects, or causal effects, leading to our three fundamental research
questions. Importantly, it should be noted that there is a discrepancy in the number of
studies concerning the different outcome measures. While seven papers are reporting
recall and comprehension effects, only two articles focus on causal effects, and two more
on predictive effects. In what follows, we will discuss what light this collective body of
research sheds on each of these areas.

It must first be noted that the results of these 11 studies are not in full agreement.
With regard to the effect of observing non-referential gestures on information recall, the
contradictory findings can be explained by two factors, namely the pragmatic appropri-
ateness and complexity of the task for child participants on the one hand; and on the
other the choice of stimuli/materials used in each study. First of all, the studies that re-
ported positive results [75–77] used ecologically valid instances of non-referential gestures
in tasks that were pragmatically appropriate for children (small-scale route directions
in [77]; a list of things that an elephant needs to do before travelling in [75]; contrastive
discourse in [76]). On the other hand, although both studies by Austin and Sweller used
pragmatically appropriate contexts, it may be that the larger scale route directions that
the children had to recall in [78] nullified the potential benefit of non-referential gestures,
which was not the case for the less complex and small-scale spatial array employed in [77].
The null results in [20] and [79] could also be explained by the lack of pragmatic appro-
priateness in the task for 4- to 6-year-olds. While [20] presented the gesture stimuli in
isolation (i.e., lists of verbs accompanied by iconic gestures, beat gestures, or no gestures)
and not in a pragmatically felicitous discourse context, [79] asked children to remember
a list of sentences of a story that included both path descriptions and event sequences.
Moreover, in relation to the naturalness of the experimental materials, and specifically the
appropriateness of gesture co-occurrence with specific target words, the study by [79] and
another study with null results [78] used beat gestures in co-occurrence with both path
and event information (e.g., with target prepositions encoding spatial information, like
“walk forward for a little bit”, with underlined word indicating gesture point), which the
authors themselves acknowledged might be perceived as unnatural. For instance, [78] note
that “the communication of spatial information accompanied by either no gestures or beat
gestures may have seemed unusual or odd to preschoolers given that they would usually
experience such messages accompanied by iconic and deictic gestures” (p. 10). Therefore,
it could be that beat gestures co-occurring with these target words did not seem natural to
the participating children.

Regarding the influence of non-referential gestures in narrative comprehension pro-
cesses, the contradictory results might again be related to the stimuli used. First, as we
have noted, in order to ensure the validity and naturalness of the experimental materials,
the study by [76] conducted a preliminary study prior to the experiment in order to deter-
mine precisely what kinds of non-referential gestures naturally accompany child-directed
narratives and at what points they typically occur within the discourse. On the basis of
this preliminary study, beat gestures were used in the experiment to highlight both focal
content words and discourse markers. In [45], by contrast, gestures were simply placed
at ten places in the narrative. Moreover, another issue to be considered is the number of
gestures relative to the length of the narrative: while the stories in [76] were relatively short
narratives containing between eight and eleven beat gestures each, the stories in [45] were
four times longer and contained ten gestures each.

The two longitudinal studies that aimed to address the predictive role of non-referential
gestures also yielded contradictory results. On the one hand, [68] provided evidence that
the early frequency of use of non-referential beat gestures produced during naturalistic
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parent-child interactions in the developmental window from 14 to 58 months was pre-
dictive of higher narrative skill levels later at 60 months. These results contrasted with
the lack of predictive value offered by non-referential flip gestures and referential iconic
gestures. On the other hand, [81] examined the predictive value of both referential iconic
gestures and non-referential beat gestures produced in narrative discourses by children
aged 5–6 for the quality of their narrative production at 7–9 years. In this case, results did
not show non-referential gestures having significant predictive value. These null results
may be due to the higher number of referential iconic gestures produced at 5–6 years of
age, which might have been triggered by the narrative retelling task. Another explanation
for the different predictive results between studies could be related to the fact that in
naturalistic parent-child interactions, children might have included all kinds of referential
iconic gesture types, whereas referential iconics produced in narrative corpora could also
include different viewpoints in narrative (e.g., CVPT or “observer-viewpoint”, OVPT, ges-
tures [6], in line with [47]). All these factors might have reduced the effect of non-referential
gestures, whose use has been demonstrated to significantly increase with age in narrative
development [58]. All in all, further studies should investigate the predictive effects of the
use of non-referential gestures for later stages of narrative production, when such gestures
occur more frequently and are thus more stably acquired in complex narrative discourses.

Finally, the two training studies in our selection revealed that training in oral narratives
using non-referential gestures offers benefits, in terms of not only narrative structure but
also oral fluency [83,84]. Both studies showed that a brief training session with non-
referential gestures is valuable for narrative production, revealing a causal link between
these gestures and narrative gains in the production of narratives —-a complex linguistic
skill—-at 5 to 6 years of age.

Overall, though the findings reviewed in this manuscript are mixed regarding the
effects of observing non-referential gestures for recall and comprehension, results were
positive when these were used in pragmatically relevant and non-complex tasks for children
and when they reflected a natural co-occurrence with target words. Six of the 11 studies
assessed in this systematic review provide evidence of the positive effects of non-referential
gestures in children’s information recall, narrative discourse comprehension processes,
and oral narrative discourse performance. Even though the empirical evidence of the
value of non-referential gestures is not yet as strong as the evidence in favor of referential
gestures, it is clear that there are sufficient grounds to claim that non-referential gestures
play an important role in boosting children’s learning and language development. It is of
interest to note that the mixed findings obtained in the developmental literature resemble
the contradictory patterns reported by studies assessing the role of non-referential gestures
in adult speech processing (see [85] for a review). While some research has shown that non-
referential gestures positively affect adults’ ability to recall information [20,86,87], this has
not been true of other studies [77,79,88] (see also [85]). According to [85], a potential reason
for the lack of the beneficial effect of non-referential gestures reported in some studies
could be related to the stimuli used, as positive results have generally been shown when
non-referential gestures are used in pragmatically natural and restricted contexts, such as
for marking contrastively focused information. Similar to the child experiments reviewed
here, it is clear that experiments involving non-referential gestures that use ecologically
valid tasks and materials have reported positive results.

In general, the present systematic review points to the need for further research to
assess the role of non-referential gestures. In terms of methodology, experiment design
must clearly take into account task appropriateness as well as the pragmatic function of
non-referential gestures in discourse. This is because non-referential gestures emphasizing
some spatial or event information can be perceived as unnatural in discourse, and thus it
is important to assess which parts of the discourse the speaker should accompany with
non-referential gestures. Conducting previous preliminary analyses can help to precisely
define the visual features of gestures as well as their patterns of association with target

78



Children 2021, 8, 148

words in a natural and spontaneous context (see the preliminary study used by [83]),
thereby ensuring the ecological validity of the experimental materials.

All things considered, the evidence presented here would seem to support the view
that the significant bootstrapping and predictive role of non-referential gestures is re-
lated to the pragmatic, discursive, and prosodic functions they perform in discourse.
Non-referential gestures may serve important linguistic functions in discourse, associated
with rhythmic marking, discourse structure marking, and information structure marking
([6,48,50,51,62,63,67], and others), such as new or accessible referents in discourse [62,63].
The developmental findings reported in the present review also lend support to the hypoth-
esis that non-referential gestures develop in parallel with narrative development [54,57]
(see also [58]). Importantly, non-referential gestures can help children focus on critical parts
of a story, by providing them with visual markers that facilitate the parsing and processing
of narrative discourse.

Though the studies here represent a first step in this direction, further research is
needed to evaluate the potential of narrative training and sociopragmatic paradigms that
include a strong multimodal component involving both referential and non-referential
gestures. The fact that non-referential gestures are a strong discourse framing mechanism
([48,51,67], and others) is an indication that they might constitute a powerful tool for
assessment in TD populations. We reviewed here two studies in which non-referential
gestures were successfully used in narratives to improve the narrative production skills
of TD children [83,84]. Moreover, future investigations could extend these findings to
populations with language disorders. In this sense, the inclusion of non-referential gestures
could be of benefit in language intervention programs for non-TD children. Reinforcing
the production of these types of gestures during narratives might provide children with
an important means of non-verbal discourse marking that can help them improve their
narrative and interactional abilities.

Interestingly, some recent studies assessing multimodal training have suggested that
such techniques can enhance children’s social cognition and expressive pragmatic skills [89]
and that having children observe audio-visual stimuli involving all kinds of gestures can
improve their narrative productions [90]. On the one hand, the study by [89] showed that
3- to 4-year-old preschoolers improved their expressive pragmatic skill through training in
which they were asked to embody mental states using prosodic and gestural cues. On the
other hand, findings in [90] revealed that both 5-year-old children with early brain injury
(who had difficulty in structuring narrative) and TD children were more likely to produce
better-structured narrative retelling when the storyteller performed story-relevant gestures
while speaking. All in all, additional research exploring the multimodal components of
narrative and sociopragmatic treatments is needed. Our view is that the spontaneous use
of gesture in discourse involves a combination of referential and non-referential gestures,
and that non-referential gestures cannot be neglected as they have an important function
in multimodal trainings.

Concerning the findings of the reported quantitative studies, we consider that future
research could address the application of gesture-based narrative interventions under more
specific populations, considering for example non-TD children’s language and communi-
cation, which could be of help for clinicians, teachers, families, and researchers concerned
with language development in such children. Various classroom training studies involving
narratives have already been successfully carried out with preschool non-TD children
(e.g., [91,92]). In this regard, [92] demonstrated that narrative interventions are a promising
and effective strategy to teach oral narration to children with risk factors and narrative
language delays, who may benefit from it in terms of their short-term and long-term
narrative retelling skills (see also [93–96]). We claim that more effective interventions
should include training focused on not only children’s speech but also their gestures and
general multimodal behavior. An example of this is the study by [91], which proposed an
intervention based on activities combining voluntary storytelling with group story-acting
carried out as a regular part of the preschool curriculum (see also [97], for the benefits in
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social competence of theatre-based intervention involving role-playing, improvisation, and
play performance with autistic children). The results showed that story-acting training
(i.e., story dictation and dramatization) promoted the abilities of preschool children from
low-income and otherwise disadvantaged backgrounds in three major areas that contribute
to their readiness for success in formal education, namely narrative and other oral language
skills, emergent literacy, and social competence.

Previous systematic review and meta-analysis studies [98–100] have provided evi-
dence that using social pragmatic, pragmatic language, and narrative interventions can
support the social communication and language abilities of children with ASD or with other
language disorders. However, to our knowledge, there are no studies that have assessed
whether multimodal (gesture-based) training with non-TD children could also contribute
to their language development. We claim that paying attention to the gestures that learners
produce can help professionals determine any existing underlying delays in acquiring more
complex linguistic or cognitive skills in populations with atypical development. As ges-
tures are likely to give clues not yet evident in their speech about a learner’s understanding
of a task, this can help professionals determine whether learners are ready to take further
steps in their learning. Also, gestures can help diagnose any existing language or cogni-
tive difficulties (see [101–105] for reviews) that result in an atypical language profile (e.g.,
children with early brain injury, autism, Down syndrome, etc.; [106,107]). Because both
narrative production and gesture can index individual differences in typical development
profiles, a better understanding of gesture-speech development could help improve clinical
practices regarding children’s language assessment and intervention. All things considered,
these reviewed studies may extend the findings of the TD children to non-TD children,
by offering clinicians and speech-language therapists some guidance by highlighting the
importance of including gestures in their cognitive and linguistic assessment tasks.

Although there are two training studies with TD children that have been reviewed
in this paper [83,84], training studies conducted with non-TD children have to date not
focused specifically on the role of multimodality. For instance, no previous training studies
involving gestures as an empirical condition have assessed the value of narrative and
sociopragmatic training in ASD or in language disorders [98–100]. The long-term effects
of these interventions and the extent to which learning thus acquired is generalized to
new contexts is largely unknown, and thus assessing multimodal interventions could help
teachers, clinicians, speech-language therapists, and also families to adapt new teaching
methodologies that emphasize the importance of the role of gestures in multimodal narra-
tive abilities in children. This suggests that the present study would be aptly complemented
by a systematic review covering research on multimodal interventions/training in both TD
and non-TD populations.

In conclusion, the present systematic review should clarify the state of the art with
regard to the link between non-referential gestures and children’s language development.
Based on this review, we feel that it is safe to claim that non-referential gestures are likely
to be helpful in both children’s cognitive development and their acquisition of complex
linguistic skills, although further investigation is needed to confirm this conclusion. This
impact could be deemed in both TD and extended to non-TD populations, as non-referential
gestures can represent an important multimodal tool that can be used to build up and
frame children’s processing and production of complex language.
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Abstract: Several studies have found a negative impact of media use on the language of children
under 5 years. This impact seems to be related to the linguistic input of their parents. However,
less is known about the influence of media on language in preteens. This study aims to analyze the
relationship between the use of media, the quantity of parental language input, and the linguistic
level of preteens. We assessed the language level of 60 bilingual Spanish–Catalan preteens aged
11–12 years with four subtests of the Spanish version of the standardized clinical evaluation of
language fundaments (CELF-5-Spanish) as well as media use at home through a multiple-choice
questionnaire. Results showed lower language scores in preteens who had access to more media
devices, who used them more frequently, and who talked less with their parents. Language scores
were also significantly lower in preteens who used media devices to communicate compared to those
who used it as a school aid or to learn new things. These results are not influenced by socioeconomic
level, sex, chronological age, or family language. The present results highlight the negative impact of
media use on the language level of older children, which is also related to the amount of linguistic
input received from their parents.

Keywords: video games; input; education; adolescent; media; language acquisition; preteens

1. Introduction

Nowadays, children and adolescents use media and technology in almost every area of their lives,
such as social life and education contexts, being thus in contact with technological devices since very
early in their development. We live in a society in which media is almost omnipresent and, in the case
of children, it is also part of their learning process, which makes this topic of high scientific interest.
In this vein, Prensky [1] labels “digital natives” those children and adolescents who are born and grow
up with media devices fully available, which they use with a distinctive naturalness in comparison to
other generations.

This situation happens to an extent in which even the youngest children and adolescents are
exposed to media within their family context. Recent studies show that many parents use media
for entertaining their children, which leads to long exposure periods to TV, tablets, and multiple
technological devices [2]. Accordingly, seven out of ten Spanish children (71%) are exposed to media
while eating—watching TV, or even using a tactile screen or a smartphone—as reported in the 5th
CinfaSalud Study [3], which has been certified by the Sociedad Española de Pediatría Extrahospitalaria
y Atención Primaria (SEPEAP; Spanish Society of outpatient paediatrics and primary attention).

At older ages, the use of devices increases, especially for watching videos and playing video
games, since up to 98% of children between 10 and 14 years of age have a smartphone with an internet
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connection [4]. As suggested by the results presented by the Spanish National Institute of Statistics,
the use of these devices increases rapidly from 26.1% of use at 10 years of age to 98% at 14 years
of age [5,6].

As shown, several authors recognize that the use of technological devices is progressively
becoming more common in our daily life. Even in the educational setting, the Spanish Real Decreto
(Royal Ordinance) by which the basic curriculum in Primary Education is established [7] highlights the
importance of CIT (Communication and Information Technology) at this educative stage, affirming that
one of the seven basic competencies that a student must acquire is digital competence.

While the use of technological devices increases, language development and literacy seems to be
affected. In this sense, some authors have suggested that the use of media can act as a strong predictor
of cognitive delay [8]. For young adults, recent studies [9] have pointed out that current university
students present a weakened expressive language, exhibiting errors that are more typical of earlier
educative stages, mostly, grammatical mistakes. Moreover, some studies emphasize two environmental
factors that can cause language delays: a diminished verbal parent–child interaction and children
exposure to technological media (TV, videos, computers), both having clear implications for language
development [10]. However, results are inconsistent, since there are studies that found that media
exposure could also have positive effects on language development. In this sense, several authors
report that viewing so-called educational programs at an early age of language acquisition could
contribute to increasing vocabulary [11,12], although the acquisition of vocabulary seems to occur when
the use of technologies is accompanied by the interaction with parents or caregivers [10]. Studies have
even shown that using media for reading-related activities can be beneficial for learning [13] and that
in certain cases, the use of certain applications can improve working memory [14]. Recent studies
recognize that there is an excessive use of media and point to different adverse effects that this
phenomenon can have on children and adolescents who abuse it [4,15]. As Christakis [16] pointed
out, exposure to TV, and other audio-visual devices, is one of the main risk factors associated with
language development in children under 5 years of age. In this sense, studies point out that the time
spent with technological devices could be detrimental to the children’s language skills because it
may displace language-enhancing activities and interaction with parents, resulting in less exposure
to language input [17]. Previous studies describe a clear relation between watching TV from early
ages (under 24 months of age) and language development problems [18]. For instance, as seen in a
sample of 45 children, ranging from 18 months to 5 years of age, watching television from early ages,
specifically before 2 years of age for more than 2 h per day, is considered as a risk factor for primary
language development delays [2]. Moreover, this same study described an increment in the previous
years of the number of requests for diagnostic evaluations regarding language maturation delays. In the
same line, the American Academy of Pediatrics (APP) [19] found that children who start watching TV
before they turn one year of age for more than 2 h per day are six times more likely to develop language
problems. Likewise, Zimmerman, Christakis, and Meltzoff [12] demonstrated in a sample of children
under 17 months of age that each daily hour watching television implied, on average, a diminution of
17 points in the MacArthur-Bates Communicative Development Inventories [20,21]. Another interesting
longitudinal study, initiated in 2010 with more than 250 families, assessed the influence of screen
exposure on developmental trajectories from childhood to adolescence. Their results showed that
children already exposed to screens when they were 6 months old exhibited a lower cognitive and
language development at 14 months of age, only 8 months later. Furthermore, no differences were
found in terms of the content, educative or non-educative, to which they had been exposed [22].

Furthermore, the interaction quality, both verbal and non-verbal, between children and their
parents is diminished by the simple presence of a nearby switched-on TV [23], suggesting an impact
of screen presence on children even when they are not paying close attention to it. For this reason,
several authors such as Pempek, Kirkorian, and Anderson [24] pointed out that television in the
background can affect the quantity and quality of parent’s infant-direct speech, this being closely
linked to children’s language development. These authors hypothesize that this negative influence
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can be generalized to all information and entertainment technological devices used by parents in the
presence of their children. Hence, it is not only children’s exposition to screens and digital devices that
is harmful to their development but also their parents’ exposition when they are present.

Therefore, the studies cited above suggest that media can affect language development, which is
an interaction that seems mediated by the diminution of both the quantity and quality of the linguistic
input provided by parents when media devices are present. Language stimulation is important
since birth, and the quality of the linguistic input from caregivers, who are the first and primary
interlocutors, is crucial for its adequate acquisition. As a child grows up, the relation between her or
his language input and linguistic productions becomes more obvious, for the language that he or she
learns depends on the input received from the environment over the years [25,26]. There is plenty of
evidence regarding the importance of language input on children’s overall development, particularly in
terms of language [27–29], and it seems that the use of media can act as a risk factor for this input when
it is either reduced or impoverished. Nevertheless, some authors indicate that moderate amounts of
media exposure may not be a negative influence on children’s language development. In this sense,
it seems that co-viewing could act as a buffer regarding the relationship between media use and early
language skills [30].

To summarize, the presence of technological devices within the family and educative settings can
negatively affect language at early ages, because it can diminish the quantity and quality of linguistic
input received by the child. However, studies assessing this topic in older children and adolescents are
still needed.

Given the exponential growth of the use of media within the family and educative settings
during adolescence, the importance of both parent’s language quantity and their implication on
development [31–33], and the presence of studies suggesting that young adults’ language level is
worsening, we sought to analyze the relationship between the use of media, the quantity of parental
language input, and preteens’ language development. We aimed to explore the potential relationship
between media use and the linguistic level of preteens of 11 and 12 years of age. Furthermore,
we evaluated the association between the quantity of parental language input, as reported by preteens,
and their actual language level.

2. Materials and Methods

2.1. Participants

The total sample included 60 preteens from different schools in Mallorca (Spain). All the participants
were in the 5th or 6th grade of Primary Education (age in years: M = 11.63, SD = 0.486). Twenty-two of
them (3 females) were 11 years old, and 38 (14 females) were 12 years old. All preteens were
Catalan–Spanish bilinguals and used Catalan and Spanish as the school language. The language used
in their family context was mostly Spanish except for seven participants who used mainly Catalan
with their families. Regarding the socioeconomic status of the families, and considering the Spanish
socioeconomic context, 33 participants fell into the middle category, and the other 27 were in the low
category [34]. Hence, it could be considered that all families could afford to acquire technological
devices and could use them daily if they wanted to.

None of the participants in our sample had a diagnosis of learning difficulties nor presented
educative education needs. A summary of the sociodemographic data of the sample can be
consulted in Table 1.

This study is part of a project funded by FEDER/Ministerio de Ciencia, Innovación y
Universidades_Agencia Estatal de Investigación/EDU2017-85909-P, and it was approved by the
Ethics Committee of the University of Balearic Islands (12 September 2017). All parents of the
participants included in the sample provided written informed consent at the beginning of the study,
all preteens consented as well to participate, and pertinent measures have been followed to maintain
their anonymity.
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Table 1. Sociodemographic data of the participants.

Frequency

Age
11 22
12 38

Sex
Female 17
Male 43

Socioeconomic status
Low 27

Middle 33
High 0

Family predominant language
Spanish 53
Catalan 7

2.2. Study Design

The present study followed a transversal design, and participants were evaluated with two tests
that gathered information on the frequency and types of media use, language interaction with their
parents, and participants’ expressive and receptive linguistic level.

2.3. Materials

A standardized validated questionnaire was used to obtain data regarding participant’s language
level, and an ad hoc questionnaire served to quantify the frequency and type of media use within the
family setting and the interaction frequency with their parents.

2.3.1. CELF-5

To assess language level, four subtests from the Spanish version of the standardized clinical
evaluation of language fundaments (CELF-5) were administered [35].

The CELF-5 is a clinical instrument designed for individual application that is composed of
different subtests that allow assessing multiple linguistic aptitudes. Specifically, it is formed of
12 subtests and includes several complementary resources. For the present study, we used the four
subtests that compound the Core Language Score (CLS) of the original Spanish version designed for
participants between 9 and 15 years of age, which were:

- Word classes: This subtest evaluates the participant’s ability to understand relationships between
words based on their semantic features. The participant must select the two words that are the
most semantically related from a list of four words (e.g., run, jump, read, listen; the correct answers
would be “run” and “jump”). This subtest includes 40 items.

- Recalling sentences: This subtest consists of repeating oral sentences of increasing length and
complexity. It is comprised of 26 sentences, allowing the assessment of morphosyntactic aptitudes
and phonological working memory capacity.

- Formulated sentences: The participant must orally formulate complete and appropriate sentences
of increasing complexity using two given words. This subtest, which assesses the capacity to
integrate semantic, syntactic, and pragmatic information, consists of 24 items in which an image
and a related word are presented to the participant, who must elaborate a sentence that relates
both items.

- Semantic relationships: This subtest evaluates the ability to understand sentences by either
comparing or identifying related elements. A total of 20 items are presented. In each of them,
the participant is asked to choose which two words out of a total of 4 words presented both
orally and visually are semantically more suitable to answer to a given question or to complete a
sentence (e.g., One hour is longer than . . . (a) a minute; (b) a day; (c) a second; (d) a morning).
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The CELF-5 subtests correction was conducted following its standard guidelines. Direct scores for
each subtest were transformed into scaled scores to control for the influence of chronological age on
participant’s results. The mean of the scaled scores is 10 with a standard deviation of 3, meaning that
scores below 7 would be indicative of language difficulties.

2.3.2. Media Use Questionnaire

To collect data on media and media devices use, we applied a questionnaire elaborated ad hoc
(see Appendix A). It was composed of six items that were designed to gather information about
how many technological devices are used daily by the participants. Moreover, respondents are
asked about when, how often, for how long they use them, and the usefulness they perceive in
them. This questionnaire also included items on their frequency of linguistic interaction with their
parents (see Appendix A).

2.4. Procedure

First, we contacted the schools to request their participation in the study. Before starting the
assessment, we requested that the parents of all participants included in the sample sign the written
consent form.

We first administered individually the four CELF-5 subtests in Spanish, since these were already
available and published in this language. After the evaluator ensured that the child had understood
the subtest’s instructions, the assessment began with several practice items. After the CELF-5,
we administered the self-reported written questionnaire of media use in-group sessions during the
school hours.

Analyses were performed using SPSS-25. The relation between media use, the frequency of
linguistic interaction with parents, and preteens’ language level was assessed using non-parametric
statistics because assumptions for parametric analyses were not met. Independent sample comparisons,
Chi-squared tests, and correlations were applied depending on the types of variables considered.

3. Results

3.1. Descriptive Data

We first conducted independent sample comparisons to ensure that language outcomes were
not affected by potential confounding variables, such as sex, family language, or socioeconomic
status. No significant differences were found between male and female participants (Word classes:
U = 384, p = 0.759; Formulated sentences: U = 324, p = 0.486; Recalling sentences: U = 382, p = 0.784;
Semantic relationships: U = 324, p = 0.489). Family language did not affect language level,
and no significant differences were found between participants who had Spanish or Catalan as
their family language (Word classes: U = 217.5, p = 0.456; Formulated sentences: U = 230.5, p = 0.288;
Recalling sentences: U = 231.5, p = 0.283; Semantic relationships: U = 235.5, p = 0.242). In addition,
no significant differences were found between preteens pertaining to the middle socioeconomic status
and those falling into the middle–low class in terms of language level (Word classes: U = 398.5, p = 0.48;
Formulated sentences: U = 451.5, p = 0.927; Recalling sentences: U = 405.5, p = 0.542; Semantic relations:
U = 453.5, p = 0.903).

Regarding media use, participants used on average 2.87 technological devices daily, TV being the
most frequently used (n = 60), followed by smartphones (n = 52), computers (n = 24), tablets (n = 18),
PlayStation (n = 15), and Nintendo Switch (n = 2). See Table 2 for more details about the mean scaled
scores and standard deviations of CELF-5 subtests as well as the number of technological devices used.
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Table 2. Mean scaled scores and standard deviations for language subtests and the number of devices
used by the complete sample (n = 60).

Mean SD

CELF-5
Word classes 9.05 2.740

Formulated sentences 8.72 2.762
Recalling Sentence 8.47 2.771

Semantic relationships 8.43 2.459
Number of devices used 2.87 1.186

Note: SD = standard deviation.

These devices were mostly used every day, for more than an hour, to watch TV and to play;
however, nearly half of the participants did not use any device while eating. Similarly, a little under
50% of the participants stated that they talk much with their parents (see Table 3).

Table 3. Frequency and percentage of media use and communication with parents.

Frequency Percentage

Media use
Daily 40 66.6%

Only weekends 20 33.3%
Usage time

Less than half an hour 3 5%
Half an hour 11 18.3%

One hour 15 25%
More than one hour 31 51.6%

Use given to media devices
Assistance in school tasks 14 23.3%

Learning new things 10 16.6%
Playing games 26 43.3%

Communication 10 16.6%
Devices used while eating

None 33 55%
Television 19 31.6%

Other devices 8 13.3%
Talking a lot with their parents

No 32 53.3%
Yes 28 46.6%

3.2. Media Use and Language Level

To explore the potential association between media use and language level, a set of correlation
analyses were conducted. Results showed a significant negative correlation between the number of
technological devices used daily and language scores for all the four CELF-5 subtests (see Table 4).
Furthermore, we found even stronger negative associations between the time of use of these devices
and the CELF-5 scores.

Following Figure 1, language scores were significantly lower for preteens who used technological
devices every day (n = 40) in comparison to those who used them only during the weekends (n = 20)
(Word classes: U = 606.5, p < 0.0001, r = 0.423; Formulated sentences: U = 725, p < 0.0001, r = 0.674;
Recalling sentences: U = 672, p < 0.0001, r = 0.557; Semantic relationships: U = 741, p < 0.0001,
r = 0.701). It is also worth noting that participants in the two groups were equivalent in terms of age
(U = 320, p = 0.133).
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Table 4. Spearman correlations between the number of devices, time of media use, and language scores.

1 2 3 4 5 6

1. Number of devices 1
2. Time of media use a 0.507 ** 1

3. Word classes −0.273 * −0.347 * 1
4. Formulated sentences −0.395 ** −0.714 ** 0.499 ** 1

5. Recalling sentences −0.358 ** −0.504 ** 0.844 ** 0.732 ** 1
6. Semantic relationships −0.395 ** −0.776 ** 0.523 ** 0.945 ** 0.76 ** 1

a Time of use per day; * p < 0.05; ** p < 0.01.
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Figure 1. Mean scores on language tasks and use of media along the week. * p < 0.001.

Regarding the use of media while eating (see Figure 2), results revealed significantly lower
language scores in participants who used media devices during this activity (n = 27), as compared to
those who did not use them (n = 33) in two of the CELF-5 subtests (Recalling sentences: U = 584.5,
p = 0.036, r = 0.270; Semantic relationships: U = 589.5, p = 0.030, r = 0.280). Similarly, the subtest
Formulated sentences showed a tendency (U = 570, p = 0.058), and Word classes did not differ between
both groups (U = 554.5, p = 0.101). Again, both groups did not differ with respect to their ages
(U = 508.5, p = 0.262).

To explore the potential differences in language level according to the use given to media devices,
independent sample comparisons were conducted with the use given to media as the between-subjects
factor (scholar assistance, learning new things, to play, to communicate) on all CELF-5 subtests
(see Figure 3). Results yielded significant differences in three of the CELF-5 scores (Formulated
sentences: H = 13.909, p = 0.003, ε2 = 0.235; Recalling sentences: H = 13.909, p = 0.003, ε2 = 0.15;
Semantic relationships: H = 13.909, p = 0.003, ε2 = 0.268), except for Word classes (H = 5.64, p = 0.13).
Post-hoc analyses evidenced that language scores were significantly higher in preteens who use
media for educative purposes. More in detail, post-hoc comparisons revealed that preteens who
use media “to help in scholar tasks” or “to learn new things” obtained larger scores in formulated
sentences and semantic relationships than those who use it “to communicate” (Formulated sentences:
p = 0.008, p = 0.024, respectively; Semantic relationships: p = 0.002, p = 0.020, respectively). Similarly,
students who use media “to help them with scholar tasks” obtained larger scores in recalling sentences
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than those who use it “to communicate” (p = 0.05). These outcomes were not modulated by participants’
ages, as it did not differ between groups according to the use given to media (H = 1.486, p = 0.686).Children 2020, 7, x FOR PEER REVIEW 8 of 15 
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Figure 2. Mean scores on language tasks and use of technological devices while eating.
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Figure 3. Mean language scores and main use of media. * p < 0.01.

To explore language scores between preteens who stated talking a lot with their parents in
comparison to those who reported not talking much with them, independent comparisons were
conducted for each language subtest (see Figure 4). More specifically, language scores were significantly
higher in participants who talk a lot with their parents in all CELF-5 subtests, as compared to those
who do not (Word classes: U = 664.5, p < 0.001, r = 0.419; Formulated sentences: U = 840, p < 0.0001,
r = 0.768; Recalling sentences: U = 746, p < 0.0001, r = 0.577; and Semantic relationships: U = 808.5,
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p < 0.0001, r = 0.699). These results were not affected by age, as participants in both groups did not
differ in this regard (U = 396, p = 0.356).
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Figure 4. Mean language score and amount of verbal interaction with parents. * p < 0.001.

Finally, the frequency distribution analysis between the use of media in minutes and the tendency
to talk with the parents (see Figure 5) showed that participants who considered that they did not
talk much with their parents used technological devices in higher rates of time (χ2 (2,60) = 19.495,
p < 0.0001). Post-hoc tests using standardized residuals revealed that among preteens with the lowest
amount of daily use of media, there were significantly more participants who talk frequently with
their parents (Zadj = 3.96, p < 0.001). In addition, participants who spent the highest rates of time with
media every day report talking with their parents less frequently (Zadj = 3.87, p < 0.001). There were
no differences in terms of the frequency of self-reported interaction with their parents among preteens
who spend intermediate time levels with media per day (one hour per day) (Zadj = 0.6, p = 0.835).
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Figure 5. Frequency of media use in hours in relation to the amount of interaction with
parents. * p < 0.0001.
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4. Discussion

This study aimed to evaluate the associations between media use and language skills in a sample
of preteens aged 11 and 12. As a secondary objective, this study assessed the potential impact of the
quantity of parental language input on preteens’ actual language skills.

Regarding technological use, most participants in our sample make daily use of technological
devices. Participants stated that they used between 2 and 3 devices daily, on average. In particular,
all of them had a TV at home, which was the most used device, and the second most used was the
smartphone. Considering that almost 90% of the participants have a smartphone, we can consider that
this sample has media as a daily element of their lives. Regarding this massive use of technological
devices, recent studies have shown that the smartphone is the most used device among the youth
between 10 and 14 years of age [4], which is a result that is not completely mirrored by the results of the
present study, given that TV was the most frequently used one. Participants in the present study stated
that they use technological devices for more than an hour and, mostly, to play. Regarding whether
or not they use the devices while eating at these ages, approximately half of the participants in our
sample did use them.

In terms of language skills, scores on the language subtests showed that values are slightly inferior
to those expected when standardizing, which should commonly yield a mean score of 10 and a standard
deviation of 3 points. We speculate that this might be because we only included bilingual participants
with middle or low socioeconomic status.

We also report a negative association between the number of devices, their time of usage,
and the CELF-5 scores. Considering the time of usage, results in all language subtests were lower
for participants who made daily use of technological devices, as compared to those who made a
more restricted use, mostly on weekends. These results are in consonance, but nuanced, with recent
studies showing that children who use a moderate amount of media show the largest language gains,
whereas both the lowest and the highest levels of media use are associated with smaller language
gains [30]. In addition, other studies have demonstrated that sustained exposure to screens at an
early age could even increase the risk of language delay [36]. Nevertheless, it has also been shown
that when parents or caregivers are involved in the use of technological devices (frequent media joint
engagement), the negative relationship between media exposure and language development has not
been found [10].

Another important aspect of this study concerns the self-reported use of technological devices
during meals. Recent studies have shown that children who regularly use technological devices
during mealtime show a delay in language development, as long as this media use may displace
language-enhancing activities, such as the interaction with their parents and siblings [30]. In our study,
and considering that all participants are preteens, this interaction still shows an effect, as participants
who eat while using technological devices show lower results in language subtest than those who do not
combine these two activities. In this vein, several experts recommend limiting the use of technologies
due to its negative effect on child development, not only in terms of language and cognition but also
on their daily habits and routines, such as eating or sleeping [19,36].

In terms of the different uses given to media, results showed that those participants who stated
to use media mainly to assist with their homework or to learn new things had higher scores on
most of the language subtests as compared to the participants who stated to use media mainly to
communicate with other people. In this vein, a meta-analysis examining the effects of children’s
exposure to international co-productions of Sesame Street, a program with clear learning content,
showed significant positive effects of exposure to the program in cognitive outcomes [37]. Other studies
have also shown that media used with educational purposes can improve language development,
especially in economically disadvantaged children [11]. Therefore, the use given to media can influence
language skills, which might mitigate their negative effect or even boost language development.

Another factor seems to mediate the relationship between media and language development.
In this study, participants were also asked about their perceptions of the amount of interaction with
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their parents. Approximately half of the sample did not perceive to have much linguistic interaction
with their parents or caregivers, and results showed that their language scores were lower as compared
to those who reported having frequent interaction with them. More in detail, participants who
reported having less communication with their parents spent more time using electronic devices. Thus,
the interaction between parental language input and children’s language level arises as a fundamental
factor for the adequate development of language. Previous studies support the view that both the
interaction with and the exposure to media are decisive factors for language development and suggest
that they are directly related [10]. There is also evidence showing that when the interaction between
parents and children is conditioned by the simple presence of a technological device in the background,
the quantity and quality of the language used seems to be diminished [24].

We suggest that the preadolescent population might be making an abusive use of media and,
adding the use given to it together with a low interaction with their parents or caregivers, can lead
to an impoverishment in their language skills. Hence, we can conclude that the linguistic skills of
preteens who have been considerably exposed to technological devices exhibit deficiencies and are
below the average level. Nevertheless, we cannot claim that this relationship is causal, since other
studies have described a larger motivation to use media for communicative purposes in children with
language difficulties. In this regard, adolescents with language difficulties use media to establish
social relationships and communicate, given that these communication formats (instant messaging and
e-mails) are more impersonal and tolerant with linguistic errors [38]. However, this same study did
not find differences in the frequency of media usage between children with language problems and
their normative peers. Instead, other studies suggest that parents of children with language difficulties
tend to talk less with them [39] and produce a language of worse quality [40]. Therefore, it seems that
the relation between the use of media, the interaction with parents, and adolescent’s language level is
rather complex. A bidirectional cyclic relation might work as a more suitable explanation, in which
the different factors influence each other. In this sense, we speculate that the use of media would
diminish the time of parent–adolescent interaction and would worsen its quality. In a complementary
way, having language difficulties might generate a weaker tendency by others to carry out appropriate
communicative behavior. In turn, this behavior would lead to increased use of media by adolescents
with language difficulties in an attempt to palliate this effect.

In general terms, the present results confirm the generalized spread of the use of media and,
thus, the need to study its effect on children and adolescents, especially in those with prolonged
exposures. Nevertheless, to the extent that parents or caregivers use technological devices with their
children to learn, the negative effects of media on language development can be reduced, as the joint
participation in learning activities with these devices can act a mitigating factor for the potential risks
of exposure to media [30,41].

However, the results of this study should be taken with caution due to several limitations.
The first limitation is the small sample size. Second, the Questionnaire on the Usage of Media in the
Family Setting has some questions that offer little variability in their response items. In particular,
for questions regarding the time spent daily using media—with the higher score (more than one
hour) including around 50% of participants—and the question regarding frequency of talking with
parents—with a dichotomous answer. Third, only parent’s language input has been analyzed in this
study not considering other agents such as siblings or peers. Finally, data collection was merely based
on self-perceptions on the use given to media, as well as the linguistic input that preteens consider
receiving from their parents. Consequently, the data used in this study are based on the associations
between self-reports and objective linguistic outcomes.

Hence, future investigations might benefit from evaluating the quality and quantity of language
input from parents, siblings, and peers through an observational approach, being advisable to include
objective measures on the time spent using media devices to explore its potential associations with the
language development of preteens in a larger sample. A more detailed differentiation regarding the
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duration of use of media devices and the frequency of talking with parents and other agents is needed
in future research.

5. Conclusions

To summarize, the data obtained in this study point to a generalized use of media devices among
preteens of 11 and 12 years of age, which is related to lower language scores and a perception of less
frequent communication with their parents. Therefore, it can be considered that media has an influence
on language skills depending on both the time spent using it and the type of use given to it. However,
it must be kept in mind that media use and language level do not have a direct causal relation but
rather a cyclic relation in which the involved factors mutually affect each other.

Considering our results, we recommend limiting the use of media devices to less than an hour per
day and with an academic purpose, and to use them for communicative and play only on weekends.
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Appendix A. English Translate Version of the Questionnaire on the Usage of Media in the
Family Setting

1. Which technological devices do you use every day (you can choose more than one option)?

a. Tablet
b. Computer
c. Television
d. Mobile phone
e. Nintendo Switch
f. PlayStation
g. Others: _________________________

2. How many hours do you think you approximately spend using these devices daily?

a. Less than half an hour
b. Half an hour
c. One hour
d. More than one hour

3. You use media devices . . .

a. Everyday
b. Weekends or festivities only

4. Do you usually use these devices while eating?

a. Yes, the television
b. Yes, other technological devices
c. No, I don’t
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5. Do you consider that you talk a lot with your parents?

a. Yes, I do
b. No, I don’t

6. Which is the most frequent usage you give to these devices? (Choose only one option)

a. Assistance in school tasks
b. To learn new things
c. To play
d. To communicate with friends or relatives

Thanks for your participation!
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Abstract: The purpose of the study was to examine whether monolingual adults can identify the
bilingual children with LI on the basis of children’s response speed to the examiner. Participants
were 37 monolingual English-speaking young adults. Stimuli were 48 audio clips from six sequential
bilingual children (48 months) who were predominately exposed to Cantonese (L1) at home from
birth and started to learn English (L2) in preschool settings. The audio clips for each child were
selected from an interactive story-retell task in both Cantonese and English. Three of the children were
typically developing, and three were identified as having a language impairment. The monolingual
adult participants were asked to judge children’s response times for each clip. Interrater reliability
was high (Kalpha = 0.82 for L1; Kalpha = 0.75 for L2). Logistic regression and receiver operating
characteristic curves were used to examine the diagnostic accuracy of the task. Results showed
that monolingual participants were able to identify bilingual children with LI based on children’s
response speed. Sensitivity and specificity were higher in Cantonese conditions compared to English
conditions. The results added to the literature that children’s response speed can potentially be used,
along with other measures, to identify bilingual children who are at risk for language impairment.

Keywords: processing speed; bilingual; impairment; screening

1. Introduction

Developmental language disorder (DLD) [1] affects approximately 7–11% of chil-
dren [2,3]. Children with DLD exhibit significant language deficits that cannot be attributed
to sensory, motor, neurological, or socio-emotional impairments [1,3,4]. Clinically, one
pressing problem is that young children who learn a minority language (L1) at home from
birth and start to learn a community language (L2) in school settings are at particular risk
for misdiagnosis with DLD [5–9]. There are three factors related to the over-identification
and under-identification: (1) the fluctuation of typically developing (TD) bilingual chil-
dren’s language skills as a function of L1 and L2 input and use [10–12], (2) the lack of valid
language assessment tools and norms for bilingual children [13,14], and (3) the shortage of
bilingual or bicultural speech-language pathologists who are trained to assess bilingual
children [15,16].

In the past decades, many alternative assessment approaches (e.g., processing tasks)
have been proposed to screen bilingual children who might be at risk for language im-
pairment [17–22]. One approach that involves examining bilingual children’s processing
speed has gained traction as the indicator for language impairment [20–24]. Accord-
ing to the processing-based accounts, the slow processing speed in children with DLD
might be related to their limited ability to process linguistic information [25,26] and at-
tention deficits [21,27]. Convergent evidence indicates that monolingual children with
DLD demonstrate slower processing speed than TD monolingual children on linguis-
tic and nonlinguistic tasks [23,25,28–30]. For example, children with DLD are slower to
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name pictures [31], judge whether a sentence is grammatically correct [24,32], recall vi-
suospatial information [28], distinguish nonlinguistic tones [21,22,26], and rotate shapes
mentally [23,30]. Park and colleagues [33] examined whether linguistic and nonlinguis-
tic processing speed measures can be used as clinical markers for monolingual children
with DLD. The binary logistic regression results showed that a combination of linguistic
and nonlinguistic processing speed tasks moderately predict monolingual children’s DLD
status. However, slow processing speed appears to be more predictive of the presence of
DLD, but not the absence of DLD.

Bilingual children’s language experience is an important factor in the investigation of
processing speed. Some studies found that bilingual experience could enhance TD bilingual
children’s executive function, resulting in faster processing speed in certain nonlinguistic
processing tasks that involve conflict resolution (e.g., card sort task) [34,35]. However, some
studies do not find such an advantage in other processing tasks (e.g., visually detecting
colors) [22,24]. These findings suggest that the variability in bilingual children’s response
time could be associated with their bilingual experience, and the type of tasks could
affect the diagnostic accuracy of processing speed. Ebert and Pham (2019) compared the
processing speed of Spanish-English school-aged bilingual children with DLD (n = 92; 6;
0–10; 11) and aged-matched TD bilingual children (n = 109) using a nonlinguistic task,
called visual detection. The task required the child to press a button that corresponded to
the red/blue circle on the computer screen. They found that bilingual children with DLD
were slower than their TD peers across all age groups. However, the sensitivity (ranging
from 0.41 to 1) and specificity (ranging from 0.27 to 0.9) varied across age groups. Another
consideration is the implementation of processing speed tasks for 3- to 5-year-old preschool
children. Many processing tasks used in previous studies are designed for school-aged
children and require the press of a button or strike of a key on a computer [21–23,27]. These
tasks, which require attention control, motor, and perceptual skills to encode auditory
and/or visual stimulus, might be difficult for young preschool-aged children [22,23,36].
The implementation of such processing speed tasks for young bilingual preschool children
could lead to larger variability, which could negatively affect its diagnostic accuracy.

In this study, we present an alternative method for identifying young bilingual
preschool children who are slower than their peers. Specifically, we examined the feasibility
of using a judgment task by adults to identify the slow bilingual children who might be
at risk for language impairment. Parental and teachers’ concerns, or ratings have been an
important early indicator of developmental issues in clinical settings [37–42]. Many pre-
screening and screening tools for bilingual children involve parents or teachers rating the
amount of L1 and L2 input [10,38] and/or rating bilingual children’s language skills [43].
To our best knowledge, no previous studies have examined whether the rating of children’s
response speed could be used as a tool for identifying at-risk bilingual preschool children
who are at risk for language impairment in the screening process.

Previous research has utilized auditory-perceptual judgment tasks to examine speech
characteristics such as respiration, voice quality, intelligibility, and fluency in individuals
with speech disorders [44–50]. In this study, we explored whether judging children’s
response speed to adults’ prompts in narrative contexts could be used to identify slow
bilingual children who might be at risk for language impairment. Methodologically,
two aspects should be noted in this investigation. First, the stimuli were extracted from
the audio clips of three typically developing bilingual children who speak Cantonese
as L1 and English as L2 and three Cantonese-English bilingual children who have been
clinically identified as having language impairment. The interactive story-retelling task
was implemented in two sessions for each child: one in Cantonese (children’s L1) and
one in English (L2). Second, the response-speed judgment task is done by monolingual
English-speaking adults. The use of monolingual adults was motivated by the shortage
of bilingual clinicians in the U.S. The primary objective of this study was to examine
whether monolingual adult speakers identify bilingual children with LI on the basis of
their response speed to the examiner. The results would contribute to our understanding

102



Children 2021, 8, 62

of the identification of at-risk bilingual children by monolingual clinicians. We specifically
asked the following questions:

1. What is the interrater reliability of the response speed ratings?
2. What are the classification accuracies of the response speed ratings at the audio clip

level? Are there any differences between L1 and L2 audio clips?
3. How well do the response speed ratings differentiate bilingual children with LI from

TD bilingual children?

2. Materials and Methods

This project has been approved by the Institutional Review Board of the University of
Colorado Boulder on 9 November 2018 (Protocol #: 18-0277).

2.1. Participants

Participants were 37 monolingual English-speaking adults (28 females and 9 males)
between 18 and 41 years old (Mean age = 23.35; SD = 5). They were recruited from the De-
partment of Speech, Language, and Hearing Sciences (SLHS) at the University of Colorado,
U.S. To qualify for this study, the individuals must meet the following criteria: (1) primarily
use English in his/her daily lives, (2) have no knowledge of Cantonese; (3) must have
completed at least two courses in SLHS. The participants reported that they had between
15 and 20 years of formal education, from first grade to their current educational year
(Mean = 16.08 years; SD = 1.38). Of the 37 participants, 27 were undergraduate students, 8
were in the post-baccalaureate or master’s program, and 2 were in the doctoral program.
Most of the participants (n = 27) were White; 3 were African American; 2 were Asian
American, and 5 were mixed race. None of the participants had exposure to Cantonese.
None of them reported that they had language, hearing, or vision problems.

2.2. Response-Speed Judgement Task

Stimuli of the Response-Speed Judgement Task were 48 short audio-clips (Mean = 23.7
seconds; SD = 9.83) of the adult-child interactions of 6 children (4 clips per child × 2 languages)
during a story-retell task (see Table 1). These samples were selected from 248 audio
recordings of a larger study led by the first author. All children had audio recordings in L1.
The third author used Praat [51] to identify the examiner–child interactions in the audio
recordings of the story-retell tasks in L1 and L2. The selection criteria of the clips included
at least three continuous exchanges between the examiner and the child. Children who only
had recordings in L1 or L2 were excluded. The children with LI and TD children were age-
matched. Because of the variation of the adult–child interactions, the clips varied in times.
The identity of the selected clips was blind to the rest of the research team; only the third
author, who was not involved in data collection, had the key to all the selected clips. The
48 selected audio clips, including those from TD and LI groups, were randomly combined
into two large audio files: one in Cantonese (24 clips) and one in English (24 clips). There
was a five-second interval of silence between each clip.

The six children were exposed to Cantonese (L1) at home from birth and started to
learn English (L2) when they started preschool. Three of the six children were typically
developing (TD) children (2 females, 1 male). The other three children (two females, one
male) were clinically identified as having language impairment (LI) and had an individual
educational program (IEP). The clinical diagnoses were based on clinicians’ interpretation
of children’s language performance on criterion-reference tasks, parents’ concerns, and
teachers’ reports, and clinical observations. All children had a standard score of 80 or
above on the brief IQ screening of the Leiter-R [52]. There were no significant differences
between the two groups F(1, 4) = 1,29, p > 0.05. Since there are no valid measures and
norms to make DLD diagnosis for Cantonese-English bilingual children [11], we use a
broad term, language impairment (LI), to describe the children who received language
intervention in this study. The story-retell task involved each child retelling a story, Frog,
Where Are You? [53] after the examiner told him/her the story. The story retell task was

103



Children 2021, 8, 62

administered in both Cantonese and English. The prompts by the examiner were open-
ended and minimal, including phrases such as “tell me more”, “uh-huh”, “and then what
happens?” to encourage the child to continue the story. The order of the language tested
first was counterbalanced. Table 1 summarizes the information of the audio clips. To
reduce biases, the measurements were done after the monolingual participants completed
the response-speed judgment tasks.

Table 1. Audio-clips information: LI and typically developing (TD) children by language.

LI (12 Clips) TD (12 Clips)

Cantonese English Cantonese English

Clip length (in seconds) 19.92 (1.26) 21.42 (7.51) 19.83 (5.54) 26.50 (11.07)

Turns 6.00 (4.16) 6.75 (4.41) 7.08 (3) 8.00 (2.95)

Examiner syllables per second 4.77 (0.73) 4.07 (1.26) 5.02 (0.43) 5.17 (1.12)

Examiner response-to-child
interval

(in seconds)
0.30 (0.28) 0.30 (0.26) 0.24 (0.14) 0.36 (0.22)

Child syllables per second 2.04 (2.24) 2.05 (1.05) 4.85 (1.57) 2.14 (.86)

Child response-to-adult
interval 3.24 (2.55) 2.25 (1.41) 0.67 (0.05) 1.2 (0.41)

Note. Child response-to-examiner interval = the interval between the end of the examiner’s prompt and the
onset of the child’s first syllable; Examiner response-to-child interval = the interval between the end of the child’s
utterance and the onset of the examiner’s first syllable.

Repeated measures analysis of variance (ANOVA) indicated that there was no signif-
icant effect of group (LI vs. TD clips) on clip length, F(1, 44) = 1.37, p > 0.05, or on turns
F(1, 44) = 1.2, p > 0.05. There was no effect of language (Cantonese vs. English) on clip
length, F(1, 44) = 1.96, p > 0.05, or on turns F(1, 44) = 0.61, p > 0.05. The findings suggest
that the clips were comparable across the two groups and across languages. In terms of
the responses by examiners, the repeated measures ANOVA results also showed that there
was no significant group effect (LI vs. TD clips) on examiner syllables per second, F(1, 44)
= 3, p > 0.05, or on examiner response to child interval F(1, 44) = 0.003, p > 0.05. There was
no significant language effect on examiner syllables per second, F(1, 44) = 2.28, p > 0.05,
or on examiner response-to-child interval F(1, 44) = 0.87, p > 0.05. The findings suggest
that the prompts by the examiner and the amount of time the examiner took to respond
to the child were comparable across the two groups and across languages. There was a
significant group effect (LI vs. TD clips) on children’s syllables per second, F(1, 44) = 1.77,
p < 0.05, suggesting there were fewer syllables per second in the clips of children with LI
than those of TD children. There was a significant language effect on children’s syllables
per second, F(1, 44) = 9.38, p < 0.05, suggesting children had more syllables per second in
Cantonese than in English. The results are consistent with the teachers’ report that children
had stronger Cantonese skills (L1) than English at the time of testing. Repeated measures
ANOVA results showed that there was a significant group effect on response-to-examiner
interval, F(1, 44) = 37.85, p < 0.001, suggesting children from the LI group took longer to
respond to the examiner than their TD peers. There was no language effect, F(1, 44) = 0.44,
p > 0.05 or group × language interaction on response-to-examiner intervals, F(1, 44) = 1.37,
p > 0.05.

To illustrate the variability of individual children’s response-to-examiner intervals (in
seconds), we summarize the means and standard deviations of the response-to-examiner
intervals of each child in Table 2. There are four clips for each child for each language; and
there were six to eight turns within each clip.
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Table 2. Mean and Standard Deviation of child response-to-examiner interval (in seconds).

Group Cantonese (L1) English (L2)

Child 2 LI 2.75 (0.75) 2.56 (1.05)

Child 3 LI 1.48 (0.44) 1.95 (0.65)

Child 5 LI 5.5 (0.45) 2.25 (0.26)

Child 1 TD 0.75 (0.71) 1.66 (0.47)

Child 4 TD 0.64 (0.38) 1.06 (0.77)

Child 6 TD 0.63 (0.53) 0.88 (0.14)
Note: TD = Typically-developing; LI = Language impairment.

2.3. Procedures

Each participant was tested separately in a quiet room in the laboratory. It took the
participant between 25 and 35 min to complete the practice trials and rate the audio clips
in the testing phase. Practice trials were administered before testing to ensure that the
participants understood the testing procedure. The practice trials involved four audio
clips, which were different from those used for the response-speed judgment task. Two
of the practice clips contained interactions of a child who had slow response speed, while
the other two practice clips were interactions of a child who had normal response speed.
The examiner read the following script to each participant: “You will listen to a series of
audio-clips, where you will hear an adult and a child’s voice. Please rate the speed that
you believe it takes the child to respond to the examiner. The scale ranges from 1 to 4.
“1” is a very slow response time, “2” is a slow response, “3” is a slightly slow response,
and “4” is a normal response time.” After the presentation of each clip, the participants
were instructed to mark the child’s response speed on a 4-point scale. To advance the
response-speed judgment task, the participants had to respond correctly to all four practice
items and verbally indicate that they understood the procedures. All participants reached
the criteria.

During the response-speed judgment task, the 48 target audio clips were presented
to each adult participant. The participants were not told that some clips were from chil-
dren with language impairment, and some were from TD children. The order of the
Cantonese and English clips was counterbalanced. Nineteen participants were presented
to the 24 Cantonese clips before the 24 English clips; 18 participants were presented to the
24 English clips prior to the 24 Cantonese clips. Before each clip was presented, a number
was shown on the computer screen in front of the participant to confirm the clip number,
which corresponded with the rating form. After the examination of interrater reliability
(see Section 3.1), the ratings of 1 and 2 were coded as “slow speed” and 3 and 4 as “normal
speed” for analysis.

3. Results
3.1. Interrater Agreement

Krippendorff’s α was computed to examine the reliability across the 37 raters for
items in each language. The Krippendorff’s α was developed for more than two raters
and various data types, including ordinal data [54]. In this analysis, each rater’s ratings,
ranging from 1 to 4, were examined. The 95% confidence intervals (CIs) were calculated by
bootstrapping (n = 10,000). As shown in Table 3, Kalpha was 0.82 (95% CI = 0.81, 0.82) for
the Cantonese items, suggesting high interrater agreement about the response speed of the
children in the clips in Cantonese, whereas Kalpha was 0.75 (95% CI = 0.75, 0.76) for the
English items, suggesting moderate interrater agreement about the response speed of the
children in the clips in English.
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Table 3. Interrater agreement: Krippendorff’s α (kalpha) for ratings across 37 raters.

Kalpha 95% CI p (Kalpha < 0.60)

Cantonese (L1) 0.82 [0.81, 0.82] <0.001
English (L2) 0.75 [0.75, 0.76] <0.001

3.2. Slow Speed Ratings and Audio Clips from Children with LI

The ratings of 1 and 2 were coded as “slow speed” and 3 and 4 as “normal speed” for
analysis. The distribution of slow response speed ratings is summarized in Table 4. Overall,
95% of the clips from the children with LI in the Cantonese condition were identified as
slow speed, whereas 77% of the clips from the children with LI in the English condition
were identified as slow speed.

Table 4. Distribution of slow response speed ratings by audio clip category (LI vs. TD) by language.

LI TD

Cantonese (L1) 420 (95%) 22 (5%)
English (L2) 332 (77%) 99 (23%)

Logistic regression analyses showed that the clips from children with LI in the Can-
tonese conditions were likely to be rated as “slow speed,” χ2 (1) = 33.27, p < 0.001; and chil-
dren with LI in the English conditions were likely to be rated as “slow speed,” χ2 (1) = 9.31,
p < 0.01. The ratings were assessed as a metric for determining the clip categories (i.e., LI
or TD). Receiver operating characteristic (ROC) curves are plotted in Figure 1 (1a for the
Cantonese and 1b English) and the areas under the ROC Curve (AUC) were calculated. For
the Cantonese conditions (24 clips), the sensitivity was 1, and the specificity was 1, with
AUC = 1 (see Table 5). The results indicated that the ratings were excellent at separating the
audio clips of children with LI from those of TD children (see Figure 1a). For the English
conditions (24 clips), the sensitivity was 0.7 and the specificity was 0.92, with AUC = 0.79
(see Table 5). The results indicated that the ratings were good at separating the clips of
children with LI from those of TD children (see Figure 1b).
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Table 5. Ratings associated with the best combination of sensitivity and specificity.

X Sensitivity Specificity False
Positive

False
Negative

Cantonese (L1) 13.00 1.0 1.0 0 0

English (L2) 34.00 0.75 0.92 0.08 0.25

3.3. Identification of Children with LI Using Response Speed Ratings

Figure 2 displays the total number of audio clip ratings for each child (37 participants
× 4 clips for each language). For the Cantonese conditions with four clips nested within
each child, the ratings (slow vs. normal) predict LI, χ2 (4) = 33.27, p < 0.001. The findings
suggest that the ratings of the Cantonese samples are excellent in differentiating the children
with LI from TD children. For the English conditions with four clips nested within each
child, the ratings (slow vs. normal) predict LI, χ2 (4) = 19.14, p < 0.01. The findings suggest
that the ratings of the English samples are likely to differentiate the children with LI from
TD children. However, there are some individual differences across children. As shown
in Figure 2, the ratings for Child 3 (with LI) and Child 4 (TD) for the English condition,
were at chance or almost at chance, respectively, although the ratings for these children’s
Cantonese clips identify Child 3 as LI and Child 4 as TD.
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4. Discussion

The present study was built from the literature about the slow processing speed in
children with DLD [21,25,26,33]. The study was designed to examine young bilingual
children who cannot complete the processing tasks. Rather than directly testing young
children, this study examined whether monolingual adults’ judgment of children’s response
speed in a narrative context could be used to identify bilingual children with LI (mean
age = 48 months). Thirty-seven normal monolingual English-speaking adults (28 females
and 9 males), who were enrolled in the SLHS Department, completed a response-speed
judgment task. The task stimuli were 48 audio clips of 6 bilingual preschool children
who began learning Cantonese (L1) from birth and English (L2) in a preschool setting.
Three of these children had been identified as having language impairment, and three
were typically developing bilingual preschoolers. The audio clips for each child were
selected from an interactive sample between an examiner and a child, where he/she was
asked to retell a story called, Frog, Where Are You?. Several key findings emerged from
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the analyses of this study. First, reliability is particularly notable across the 37 raters for
both Cantonese and English audio clips. Second, both sensitivity and specificity were
high for audio clips (Figure 1). Importantly, although the raters do not know Cantonese,
they were able to identify the audio clips of the children who were slow in responding to
the examiners. Their ratings were more consistent when rating clips in Cantonese than
in English. Third, variability was noted across raters in the English clips nested within
individual children. The English samples of two children, in particular, were rated at
chance or near chance level.

One important finding in this investigation is the high agreement among raters. The
participants were asked to rate the child’s responses to the examiner on a 4-point scale. It is
important to note that because the audio samples were taken from interactive narrative
samples, there was great variability in the response speed among the audio clips from each
group of children (see Table 2). The 37 monolingual English-speaking participants received
limited training about response speed before the task began. Yet, high interrater agreements
about the response speed of the children in the clips were found for the Cantonese items
(Kalpha = 0.82; 95% CI = 0.81, 0.82) and for the English items (Kalpha = 0.75; 95% CI = 0.75,
0.76). This finding indicates monolingual clinicians or teachers could rate the response
speed with a high agreement level. Future research is needed to replicate the high interrater
agreement in the response-speed judgment task using stimuli from bilingual children who
learn other languages as a home language.

In this study, the primary question is whether the response speed rating (slow vs.
normal speed) by monolingual adults predict the audio clip type (LI vs. TD). The 48 audio
clips were from 6 Cantonese-English bilingual children: 3 with LI and 3 TD children.
Consistent with prior findings [22,24,26], children with LI, as a group, had significantly
slower response speed than TD children in both Cantonese and English conditions (see
Table 2). Although the monolingual English-speaking participants did not speak Cantonese
(L1), they could still identify children who were slower to respond in Cantonese. For the
Cantonese clips, the monolingual adults’ ratings appear to have excellent sensitivity and
excellent specificity (100% and 100%, respectively; Figure 1a). For the English clips, the
ratings by the monolingual adults appear to have good sensitivity and excellent specificity
(75% and 92%, respectively; Figure 1b). There are three possible explanations for the
difference between the Cantonese and English conditions. The first explanation is related
to the monolingual participants’ knowledge of English. The participants are monolingual
English-speaking and have no knowledge of Cantonese. When making a judgment on the
English clips, they could be distracted by the linguistic contexts. Although the participants
were instructed to use response time in making their judgements solely, other linguistic
cues (e.g., prosody, vocabulary, grammar, or intonation) in the audio clips could have
implicitly affected their ratings. In contrast, because the participants did not have any
exposure to Cantonese, they were likely to focus solely on children’s response speed.
The second explanation is that the audio clips were sampled from children who were at
the beginning stage of learning L2. These children, as a group, had more L1 experience
and stronger L1 skills at the time of testing. As a result, the variability cross children’s
response-to-examiner in the L2 clips were high (SD = 4.13 for the TD children) compare to
the L1 clips (SD = 0.069 for the TD children). It is likely the variability for the clips in L2
contributes to the variability of ratings in L2. The third explanation might be related to the
response speed difference between the Cantonese and English samples. For the Cantonese
samples, the mean response speed of the TD children ranged from 0.64 to 0.75 s, but the
response speed of the children with LI was between 1.48 to 5.5 s. For the English samples,
the response speed of the TD children was from 0.88 to 1.66 s, but the mean response speed
of the children with LI was from 1.96 to 2.25 s. The larger LI–TD contrast in the Cantonese
clips may have contributed to the high sensitivity and specificity. Future studies are needed
to investigate the LI-TD contrast across L1 and L2 samples in diagnostic accuracy.

The present study examined the response speed ratings of the audio clips nested
within each child (four clips × two languages). One limitation is that the stimuli were
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developed using a small number of children’s narrative samples (n = 6). Although we had
a larger database of language samples from Cantonese-English children with LI, many
children with LI did not meet the selection criteria (e.g., three exchanges between the
examiner and child for both Cantonese and English). Some children did not have three
exchanges, while some children’s language samples in Cantonese met the selection criteria,
but their English samples did not. Future work should use less restrictive criteria to include
samples from more children to validate the response-speed judgment task. A second
limitation is that the clips were selected from children’s narrative samples. The response
speed to the examiner varies within each child. For the Cantonese samples, the overall
ratings appear to differentiate children with LI from TD children accurately (Figure 2).
However, the ratings for the English samples appear to be less accurate. In particular,
the ratings for Child 3 (with LI) and Child 4 (TD) were at chance or almost at the chance,
respectively. As noted in Table 2, Child 3, although had a diagnosis of LI, was faster than
the other two children in the LI group in the English conditions (Child 2 and Child 5). In
contrast, Child 4 did not appear to be significantly faster or slower than the other two
TD children. Future investigation with larger samples is needed in order to examine the
response speed threshold’s effect on listeners’ judgment.

In the search for screening tools across a wide variety of languages, this study explores
the methodology that allows clinicians to identify at-risk children on the basis of their
response speed. The findings in this study provide some preliminary evidence for including
a response-speed judgment task as a screening tool for monolingual English-speaking
speech-language pathologists who work with bilingual preschool children. Future work
needs to be done to examine how judging children’s response speed is incorporated in
classroom observation and parent or teacher reports.
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Abstract: Dual language management has been proposed as the reason for bilingual children’s some-
times enhanced executive functioning (EF). We sought to identify the directionality of the relation
between language proficiency and EF, using measures of receptive vocabulary, inhibitory control,
and cognitive flexibility. Data were collected twice, a year apart, on 35- to 66.8-month-old bilingual
(n = 41, M = 49.19 months) and monolingual preschool children (n = 37, M = 47.82 months). The
longitudinal results revealed that while the monolingual children’s vocabulary at Time 1 predicted
EF at Time 2, EF at Time 1 did not predict vocabulary at Time 2. In contrast, for bilingual children
the relation was not present at all. The results were similar after the one-time analyses. The absence
of relations between EF and language in bilinguals, while present in monolinguals, challenges the
current conceptualization of the EF advantage in bilinguals, and emphasizes the need for more
research on the development of bilingual children.

Keywords: bilingualism; executive functioning; receptive vocabulary; language development; longi-
tudinal

1. Introduction

The specific nature of the relation between language development and executive
functioning (EF) has been much examined and greatly debated (e.g., [1–3]). EF refers to
higher-order cognitive processes such as attention management, planning, monitoring,
and inhibition of habitual responses [1]. Previous longitudinal studies on this topic on
monolingual children have found varying associations in terms of directionality, suggest-
ing a number of possible underlying mechanisms. These suggested mechanisms include
simultaneous and interactive development [3]; primacy of EF relative to language devel-
opment [4]; the influence of a potential third factor, such as processing speed [5,6]; and
that language proficiency may act as a mediator between EF and other factors, such as
phonological awareness. Other studies have found that language proficiency mediates EF
group differences but not the reverse [7], or in the case of Slot and Suchodoletz (2018) [3],
that even when the relationship is bidirectional, earlier language proficiency is a stronger
predictor of later EF rather than the reverse. We will review these findings in greater detail,
as well as the available findings on bilingual populations.

For bilingual children, determining the directionality of the relation between receptive
vocabulary skills, a measure of language proficiency, and EF is particularly interesting in
light of the accumulating evidence showing differential development between bilingual
and monolingual children on a number of related socio-cognitive and psycholinguistic ca-
pacities. For example, we see performance differences between bilingual and monolingual
children in theory of mind development (i.e., [8]), metalinguistic awareness [9], as well
as on EF [10] and language development themselves [11]. In this paper, we are interested
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in the following question: Does potentially differential development in EF and receptive
vocabulary compared to monolingual children result in a comparatively different relation
between them in bilingual children?

Specifically, a number of studies have found that bilingual children have an advan-
tage when it comes to EF compared to monolingual children [12–16], although this has
been recently challenged (see [17,18]). This potential EF advantage in bilinguals has been
proposed as resulting from the nature of bilingual language use (i.e., [10]), which requires
efficient language monitoring, selection, inhibition of the non-selected language, and cog-
nitive flexibility to switch as appropriate, thus resulting in a strengthened EF system [19].
A bilingualism effect on EF has been reported in children of different ages and cultural
backgrounds, such as 8-year-old Canadian and Indian bilingual compared to monolingual
Canadian children [10], Spanish–English bilinguals compared to English monolinguals,
and English speakers enrolled in a second-language immersion kindergarten [1], as well
as in toddlers [15] and infants [20]. On the other hand, bilingual children have also been
shown to underperform in language proficiency, such as measures of receptive vocabulary,
a difference that has been shown to be stable over time [11], though these assessments
are usually limited to receptive vocabulary in their dominant language. Given the charac-
terization in previous research that the bilingual EF enhancement on cognitive flexibility
and inhibitory control comes from using these capacities to develop proficiency in two
languages, here we ask instead if the reverse could also be the case, could a strengthened
EF lead to improved language outcomes?

Previous longitudinal studies on the relation between EF and language proficiency
in monolingual children have produced several findings. In a recent longitudinal study
with measurements taken over a one-year period, language skills, assessed through re-
ceptive vocabulary and the comprehension and imitation of grammatical structures, were
a significant predictor of later EF performance for monolingual three- to four-year-old
children [3]. The authors used the Pencil Tapping task, Dimensional Change Card Sort
(DCCS) task, Forward Digit Span, and Copy Hand Movement task as their EF measures to
assess inhibitory control, attention shifting, and working memory. Although this relation
was bidirectional, language skills were a stronger predictor of later EF performance than EF
was of later language skills [3]. Based on this finding, the authors proposed that the nature
of a child’s language development may suggest that language skills and EF skills develop
simultaneously and interactively. In contrast, Weiland and colleagues (2014) [4] reported
a different pattern of relations in a sample of monolingual children. In their longitudinal
study, the authors found that EF skills at Time 1 predicted receptive vocabulary at Time
2 and, unlike Slot and Suchodoletz [3], they did not find this relation to be bidirectional.
The authors argued that the direction of this relationship is intuitive due to the fact that
preschool curricula tend to target receptive vocabulary, with not much emphasis on EF,
thus allowing EF to develop on its own [4]. It is worth noting that Weiland et al. (2013) used
the Pencil Tap task, Forward Digit Span task, and Backward Digit Span task to measure EF,
and the Peabody Picture Vocabulary Test to measure receptive vocabulary, similarly to Slot
and Suchodoletz [3]. Kaushanskaya and colleagues [21] reported a similar finding with
an older sample of eight- to ten-year-old monolingual children. They assessed EF using
the Flanker task, Go/No-Go task, n-back task, Corsi Block task, and the DCCS to measure
inhibition, working memory, and task shifting; and comprehensive language assessments,
including receptive vocabulary and the Clinical Evaluation of Language Fundamentals
(CELF). The authors reported a predictive relationship between working memory and
language proficiency, but there was an overall weak relation between language scores and
other aspects of EF, such as inhibition and shifting [21].

For a different pattern of results, another longitudinal study on monolingual children
in which data were collected at ages 4, 5, 6, and 7, a stable relation between language and
EF was found at each time point, but interestingly, no directional association over time was
found between the two factors [5]. The tasks used to assess EF included the Head Toes
Knees and Shoulders task, Block Recall task, and the Go/No-Go task to measure inhibition,
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selective attention, and visuo-spatial memory. Language was assessed using the Receptive
One Word Picture Vocabulary Test (ROWPVT), Experimental Sentence Imitation Task, and
two subsets (sentence structure and expressive vocabulary) of the CELF. The authors argue
that these results may be due to a third factor, such as processing speed, influencing both.
In contrast, a study with a sample composed of deaf and hearing children found that
language mediated non-verbal EF differences between the groups, but that non-verbal EF
performance did not mediate language group differences [7]. The authors used a long array
of executive function measures, including the Odd One Out Span task, Backward Spatial
Span task, Design Fluency task, Children’s Color Trails Tests 1 and 2, Tower of London
task, and (computerized) Simon task to assess visuospatial working memory and cognitive
fluency, shifting, planning, and inhibitory control. The Expressive One-Word Picture
Vocabulary Test (EOWPVT) was used to assess language skills. These results suggest that
in a sample with non-normative language development, language proficiency became more
influential. For a different kind of language measure, Wilbourn and colleagues [6] looked at
the relation between phonological awareness, receptive vocabulary, and EF (assessed using
the Lexical Stroop task and the DCCS task to assess cognitive flexibility and attention) in a
sample of five- to eight-year-old English monolinguals. They proposed that vocabulary
proficiency may act as a mediator in the relation between performance on an EF task and
phonological awareness, suggesting a much more intricate relation between language
development and EF.

Overall, studies on monolingual children have found support for all three longitudinal
relationships: EF predicting language proficiency, language proficiency predicting EF, and
bidirectional relations. Taken together, we propose that this likely points to the relationship
between EF and receptive vocabulary skills, an aspect of language proficiency, at least in
monolingual children, as being simultaneous, interactive, and also bidirectional.

As reviewed, the majority of our current understanding of the longitudinal relation
between EF and language development comes from monolingual samples. When it comes
to bilingual children, a number of researchers have examined this question with the purpose
of finding out whether and when there is a bilingual advantage on EF [12–15]. For example,
in the only longitudinal study of this kind, the authors found an inhibitory control EF
advantage for bilinguals when testing two- to three-year-old monolinguals and bilinguals at
six months apart [22]. Specifically, knowledge of translation equivalents assessed through
a parental report vocabulary checklist was associated with better performance on the EF
tasks assessing cognitive flexibility, working memory, inhibitory control, and response
suppression (Reverse Categorization task, Shape Stroop task, Gift Delay task, and the
Multilocation task), suggesting a connection between proficiency on both languages and
EF [22]. Importantly, however, the directionality of this relationship was not examined.

When it comes to single time point studies examining the relation between language
development and EF in bilinguals, Carlson and Meltzoff [1] found enhanced EF abilities
for bilinguals related to specific language exposure. The authors found an EF advantage
for five- to seven-year-old bilingual children compared to both monolinguals and children
in an immersion program on the battery of conflict EF tasks compared to the battery of EF
delay tasks. In turn, Iluz-Cohen and Armon-Lotem [23] found that four- to seven-year-old
bilingual children with high language proficiency performed better at tasks assessing
inhibition and shifting than participants with low language proficiency, as measured by the
Goralnik Diagnostic Test for Hebrew and the CELF. So, while some studies have focused
on the nature of the relation between language proficiency and EF for this group, there
are no longitudinal investigations that draw their attention to the directionality of these
relations in bilingual children.

In the current investigation we examine the directionality of this relationship across
time in bilinguals and monolinguals to answer the following questions: Does more ef-
ficient EF at one point predict improved language proficiency a year later as measured
by receptive vocabulary? Does higher language proficiency, as measured by receptive
vocabulary, instead predict a more efficient EF later on? Is the relation bidirectional? To
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our knowledge, our study is the first to examine the longitudinal relation between EF and
receptive vocabulary skills in bilingual preschool children. Given the variations that exist
between language and EF for bilinguals and monolinguals, a longitudinal analysis may
enhance our understanding of the relation between EF and language for the two groups.

As described, the motivation for examining this question in bilingual children regards
the cognitive flexibility and inhibitory control required to manage dual linguistic represen-
tations by inhibiting one language and actively selecting another. What would the pattern
of a single time point and longitudinal associations be in this group given this particular
need, as well as the pattern of relations described above for monolingual children? For
bilingual children we see two possibilities. On the one hand, effective learning of two
languages as reflected in vocabulary scores at one time may predict later enhanced EF
through a generalization of the control mechanism, or language learning as a tool for atten-
tion control. On the other hand, stronger EF at one point may in turn facilitate subsequent
bilingual language development (demonstrated in vocabulary scores) by facilitating the
management of dual linguistic representations, thus enhancing cognitive flexibility and
inhibition, as well as receptive vocabulary skills. Both of these possibilities carry theoretical
significance, firstly for our understanding of the relation between language development
and EF, and secondly for our understanding of bilingual development.

Current Study

In the present study, we aim to identify the directionality of the relation between
language proficiency, as measured through receptive vocabulary, and EF using measures of
inhibitory control and cognitive flexibility, in samples of monolingual and bilingual children
using two time points a year apart. We are interested in analyzing whether receptive
vocabulary skills predict EF in monolingual and bilingual children and/or whether EF, in
turn, predicts receptive vocabulary skills. The absence in the literature on this relationship,
focusing on bilingual children specifically, leaves an important gap in our understanding
of bilingual children’s development. We are particularly interested in possible differences
in these relations for bilingual and monolingual children, which may suggest differences in
the mechanisms underlying development in these two groups.

Our specific research questions are as follows: (1) Does a longitudinal relation exist
between language proficiency, as measured by receptive vocabulary, and EF, similar to the
literature on monolingual children? If so, does this measure of language proficiency at Time
1 predict EF at Time 2, and/or does EF at Time 1 predict receptive vocabulary assessed at a
Time 2? (2) Are there identifiable differences in the directionality of the relation between re-
ceptive vocabulary skills and EF for monolingual and bilingual children? We use receptive
vocabulary as our language proficiency measure because it captures the understanding
of linguistic labels that young language learners may not yet feel comfortable producing,
which is particularly relevant for dual language learners. Moreover, we theorize that
bilingual learners would engage EF resources to manage dual linguistic representations as
denoted by their total vocabulary knowledge, which includes understanding of labels in
both languages. We selected EF tasks as well-established conflict measures tapping into
inhibitory control and cognitive flexibility.

2. Materials and Methods
2.1. Participants

Our sample was composed of 41 Spanish–English bilingual children and 37 En-
glish monolinguals. Their ages ranged from 35 to 66.8 months at Time 1 (Bilinguals
M = 49.19 months, SD = 7.32; Monolinguals M = 47.82 months, SD = 6.94). Because of
this range, we controlled for age on all of our analyses. Participants were recruited from
predominantly bilingual and monolingual preschools in the Southeastern United States,
and this protocol was approved by the University of Florida’s Institutional Review Board
(UFIRB #2011-U-451). Bilingualism was defined by regular exposure to both English and
Spanish, and parental reports of fluency in both languages. This was assessed through

116



Children 2021, 8, 44

parent language questionnaires where parents were asked “1. Which language/languages
does your child speak (may list more than one)?”; “2. Which one is your child’s preferred
language?”; “3. Which language/languages are regularly spoken in your home?”; and “4.
Which language/languages is the child exposed to in Preschool?”—among other language-
exposure questions. Only children whose parents listed two languages for Question 1 and
for either Questions 3 or 4 were considered bilinguals. All such parents listed Spanish
and English for Question 1. Of this sample of Spanish–English bilinguals, a large majority
(77.5%) were exposed to both languages since birth (see Table 1). The non-crib bilinguals
had all been exposed to their second language for one year or more.

Table 1. Bilingual children’s language exposure parental questionnaire.

% English Only % Spanish Only % Both

Language exposed at birth 6 15 77.5
Child’s preferred language 46.2 48.7 5.1

Spoken at home 12.5 55 27.5
Spoken at preschool 25.6 7.7 61.5

Language mother speaks to child 15.4 59 25.6
Language father speaks to child 10.3 53.8 30.8

Language other adult in the home
speaks to child - 66.7 33.3

No significant differences were found between the bilingual and monolingual groups
on gender and SES (parental marital status, and the education, employment, and occu-
pational status of both parents), nor for the primary caregiver’s level of education (all
p-values > 0.05; presented in Table 3). A year later, the children were assessed again.
The final sample was composed of 25 bilinguals and 27 monolingual children (Bilinguals
M = 56.97 months, SD = 5.25; Monolinguals M = 57.22 months, SD = 6.68). Because testing
was conducted over the summer months, attrition was due to the children moving away or
changing schools, and was not significantly different for the bilingual and monolingual
groups, thus not systematic for our main comparisons. In addition, we ran comparisons
on the demographic variables and our main variables of interest at Time 1 between those
children who returned for Time 2 and those who did not. We found no significant differ-
ences between the return and no-return sample on gender and parental education. We
did find differences for age (t(76) = 2.84, p < 0.01) and SES (t(69) = −2.47, p < 0.05). The
no-return sample was older (return M = 46.82, SD = 5.80 vs. no-return M = 51.98, SD = 8.32)
and had lower SES. These differences lead us to speculate that the older and lower-income
children were more likely to start attending Voluntary Prekindergarten (VPK), a free educa-
tional program for 4-year-olds in the region. In terms of our variables of interest (EF and
vocabulary), once controlling for differences in age, comparisons between the return and
no-return sample revealed no differences. These results give us confidence to report on the
entire Time 1 sample, as well as on the return sub-sample.

2.2. Vocabulary Measure

Receptive One Word Picture Vocabulary Test [24]: The ROWPVT is normed for ex-
aminees 2–80 years of age and has a median reliability of 0.97 across all ages. Children
are shown test plates with four pictures each and asked to point to the picture that best
represents a word spoken by the experimenter. Testing begins with words normed on the
child’s chronological age and increases in difficulty until eight consecutive errors are made.
The test is scored by deducting errors from the number of the final item administered.

The English monolingual version was used for the monolingual children at the begin-
ning of the testing session, followed by the EF measures. For bilingual children a Spanish–
English bilingual version of the test was used to assess proficiency in both languages using
the same test plates. The test was first administered in the child’s non-preferred language,
as reported in the parent language questionnaire (Table 1), because the test stimuli were the
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same for both languages. The test was then re-administered in their preferred language at
the end of the testing session, after the EF measures. For children whose parents listed that
the child had no preference, the child was asked for their preference to conduct the session
at the time of testing and followed the procedure above. The testing then proceeded with
the EF measures in the child’s preferred language. At the end of the session, the vocabulary
test was re-administered in the children’s preferred language by the same research assistant
who had native-like proficiency in both languages. Results for the bilingual children were
tallied for both a conceptual score and a total score, as described below.

Conceptual Score: A conceptual score was computed by adding the total number of
concepts the children pointed to correctly in either one or both languages. This effectively
assessed the number of “concepts” the children recognized, regardless of the language used
by the investigator. This is thought to more adequately represent their language competence
versus only analyzing their dominant language [25] compared to monolinguals.

Total Score: We computed a total language score by adding the bilingual children’s
separate scores in both Spanish and English. While it may not always be appropriate to use
this score in comparisons with monolinguals, because it counts translation equivalents as
two individual items, we were interested in whether competency in both languages may be
a good measure of EF’s involvement in the bilingual’s effective acquisition of two lexicons.
These values are presented in Table 2.

2.3. Executive Functioning Measures

Executive functioning was assessed using the following several measures focusing on
inhibitory control and cognitive flexibility. A composite score was created by obtaining the
z-score of each task due to differing number of items in each and adding these z-scores
together. Individual EF task group scores and correlations with vocabulary are reported in
Tables 2 and 3.

Bear/Dragon Task [26]: For this inhibitory control and cognitive flexibility Simon-Says
like measure, children were asked to follow the commands of a bear puppet and ignore
the commands of a dragon puppet. The children received points for ignoring the dragon’s
command, and for following the bear’s commands. There were 10 trials split evenly and
alternating between the bear commands and dragon commands. This task had a total of
10 possible points.

Happy/Sad Task [27]: For this inhibitory control measure, children were asked to
say “happy” when shown a picture of a “sad” face, and “sad” when shown a picture of a
“happy” face. The child was given a point for every correct response. There were 16 trials
split evenly between “happy” and “sad” faces in random order. This task has a total of
16 possible points.

Dimensional Change Card Sort Task (DCCS) [28]: For this cognitive flexibility measure,
the child was asked to sort pictures of red or blue boats and rabbits by color and then by
shape. The child was given a point for every picture that was correctly sorted. This task
had a total of 6 possible points. Only the switched trials were scored.

Table 2. Partial correlations controlling for age for bilinguals and monolinguals between receptive
vocabulary and executive functioning (total receptive vocabulary score between parentheses) at Time
1 and Time 2.

Receptive Vocabulary Time 1 Time 2

Monolinguals Bilinguals Monolinguals Bilinguals

Executive Function
Composite 0.41 * 0.13 (0.15) 0.50 * 38 (0.37 ˆ)

Happy/Sad task −0.04 −0.06 (−0.02) 0.52 ** 0.27 (0.32)
Bear/Dragon task 0.53 * 0.19 (0.24) 0.44 * 0.08 (0.02)

Card Sort task 0.25 0.17 (0.14) 0.21 0.33 (0.25)
Note: ˆ p < 0.10; * p < 0.05, ** p < 0.01.
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2.4. General Procedure

The data presented here were obtained as part of a larger study assessing the cognitive
development in bilingual children. At Time 1, consent was obtained from the parents of the
participants through signed letters returned to the children’s school with the demographic
and language exposure questionnaires. Parents were compensated for filling out the
questionnaires. The testing sessions lasted about 45 min and were conducted in quiet
offices or extra rooms at the children’s preschools. Testing was conducted in English for
English monolinguals and in the language selected by the parent as the preferred language
for bilingual children. This preference was corroborated by both the children and their
teachers. Time 2 data were collected about a year later, using the same procedure.

3. Results

Analyses were first conducted to detect possible demographic differences between
the monolingual and bilingual children. No significant differences were found between
bilinguals and monolinguals on age, gender, parental level of education, and SES for the
total sample at Time 1, nor for the return sample (all p-values > 0.05). In addition, we
performed regression analyses for the receptive vocabulary scores based on SES for both
groups combined, and separately for monolinguals and bilinguals using both the total
and conceptual scores controlling for age (Time 1 data). The analyses revealed a non-
significant effect of SES for both groups together, using the conceptual score for bilinguals
(β = 0.20 t(68) = 1.85, p = 0.068) and for each group separately (monolinguals β = 0.07
t(31) = 0.45, p = 0.65; bilingual conceptual β = 0.20 t(34) = 1.37, p = 0.17; bilingual total
β = 0.22 t(34) = 1.50, p = 0.14).

We then examined the receptive vocabulary and EF performance differences between
the groups, and the relation between receptive vocabulary and EF performance at Time 1,
Time 2, and between Time 1 and Time 2, using partial correlations controlling for age and
for autoregressive effects.

3.1. Time 1 and Time 2

Independent sample t-tests between bilinguals and monolinguals on EF at both time
points revealed only differences on the DCCS task at Time 2, with monolinguals outper-
forming bilinguals at t(50) = 3.53, p = 0.001, η2 = 0.20 (see Table 3). For vocabulary, in
contrast, we found that monolinguals outperformed bilinguals at both Time 1 (t(76) = 5.49,
p = 0.000, η2 = 0.28) and Time 2 (t(50) = 4.36, p = 0.000, η2 = 0.27) using the conceptual score
for bilinguals. In turn, bilinguals outperformed monolinguals when using the total score,
which added their Spanish and English vocabulary scores (Time 1 (t(76) = −2.42, p = 0.018
and Time 2 (t(50) = −3.13, p = 0.004). The total scores are a holistic reflection of language
competence in bilinguals and demonstrated no language deficiencies when knowledge
of their both languages is considered. These comparisons remained the same when only
considering the Time 2 return sample at Time 1.

The main focus of this investigation was the relation between language proficiency and
EF for each group. Starting with each time point separately, at Time 1, controlling for age,
receptive vocabulary was correlated with the EF composite (r(34) = 0.41, p = 0.014), but only
for the monolingual children (see Table 2). For bilinguals, the correlation between receptive
vocabulary and EF was not significant, using both the conceptual score (r(37) = 0.15,
p = 0.158) and the total score. For the return sample only, the results were similar with
only a significant correlation between receptive vocabulary and EF for the monolingual
sample (r(24) = 0.47, p = 0.018). Similar to Time 1, for Time 2, also controlling for age, there
was a significant relation between receptive vocabulary and EF for the monolingual group
(r(23) = 0.50, p < 0.05), but not for the bilingual group using either the conceptual or total
language score for bilinguals. All Time 2 and longitudinal analyses include the return
sample only.
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Table 3. Bilingual and monolingual children’s mean performance (standard deviation in parentheses) and group differences
at Time 1 and Time 2.

Time 1 Time 2

Monolingual
(n = 37)

Bilingual
(n = 41)

Monolingual
(n = 27)

Bilingual
(n = 25)

Age (months) 47.82 (6.94) 49.19 (7.32) 57.22 (6.68) 56.97 (5.25)
Gender 16 F, 21 M 19 F, 22 M 10 F, 15 M 9 F, 13 M

SES 29.64 (4.5) 28.02 (5.5) - -
Parental Education ˆ 5.24 (0.98) 5.0 (1.14) - -

Executive Function Composite −0.27 (1.99) 0.26 (2.20) 0.48 (2.17) −0.53 (1.76)
Happy/Sad task 10.30 (3.57) 11.56 (3.82) 12.26 (3.21) 12.96 (3.48)

Bear/Dragon task 8.65 (1.84) 8.83 (1.96) 9.70 (0.99) 9.44 (1.05)
Card Sort task 4.05 (1.79) 4.20 (1.57) 5.48 (0.98) * 4.20 (1.56) *

Receptive Vocab (Conceptual) 62.89 (12.29) ** 47.17 (12.91) ** 73.59 (14.19) ** 57.44 (12.34) **
English - 41.24 (16.40) - 52.70 (13.63)
Spanish - 34.05 (13.72) - 43.30 (18.62)

Bilingual Total Vocabulary - 73.44 (23.74) - 92.92 (28.10)

Note: * p < 0.01; ** p < 0.001; ˆ Primary caregiver level of education.

3.2. Longitudinal Relations

We were particularly interested in analyzing the longitudinal directionality of the
relation between receptive vocabulary and EF by using cross-lagged correlation analyses.
Specifically, we were interested in which factor (vocabulary, EF) at Time 1 predicted
performance on the other factor at Time 2, and in identifying any differences between the
groups in these patterns. As in the previous analyses, we controlled for age at both time
points. In addition, we also controlled for the effect of the target Time 2 variable at Time 1
to account for autoregressive effects (see Table 4).

Table 4. Partial correlations controlling for age and autoregressive effects between Time 1 and Time 2
executive functioning (EF) and receptive vocabulary for the bilinguals.

Executive
Functioning 2

Receptive (Conceptual)
Vocabulary 2

Receptive Total
Vocabulary 2

Bilinguals
Executive Functioning 1 0.22 0.09 0.13

Receptive Conceptual
Vocabulary 1 0.14 0.45 ˆ 0.15

Receptive Total
Vocabulary 1 0.09 0.44 ˆ 0.47 *

Monolinguals
Executive Functioning 1 0.15 0.24 -
Receptive Vocabulary 1 0.58 ** 0.67 ** -

Note: ˆ p < 0.10; * p < 0.05; ** p < 0.01.

For monolinguals, similar to their single time point results, we found that receptive
vocabulary at Time 1 was related to EF at Time 2, (r(21) = 0.58, p = 0.004). However, EF
at Time 1 was not related to receptive vocabulary at Time 2 (r(21) = 0.16, p = 0.602). This
suggests that, while for monolinguals language proficiency is significantly predictive of
later EF, this relation was not bidirectional. For bilinguals, in contrast, using the receptive
conceptual vocabulary score no longitudinal relation was significant; that is, in contrast
to our monolingual sample, Time 1 receptive vocabulary did not predict EF at Time 2 for
bilinguals (r(18) = −0.08, p = 0.728), nor did EF at Time 1 predict receptive vocabulary at
Time 2 (r(17) = 0.09, p = 0.708). Using the total vocabulary scores for the bilingual sample
did not change the findings (see Table 4). These differences can be observed in Figure 1,
where a linear trend between receptive vocabulary at Time 1 and EF can be observed for
monolinguals but not for bilinguals. We corroborated these results by running repeated
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measures ANCOVAs for each group and the EF Time 2 composite as the outcome variable.
Receptive vocabulary at Time 1 significantly predicted EF at Time 2, controlling for EF
at Time 1 and age at both time points for the monolingual group only (F (1, 25) = 8.56,
p = 0.004, η2p = 0.95).
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4. Discussion

For this investigation, we were interested in the relation between two centrally situ-
ated cognitive development skills: EF and language proficiency. We analyzed receptive
vocabulary, a measure of language proficiency, and EF across two time points a year apart
for English monolingual and Spanish–English bilingual children. Previous studies have
identified an EF advantage for bilinguals, often hypothesized to emerge from their effective
language management [1,13–15,22]. Following this line of reasoning, we hypothesized that
a relation should exist between receptive vocabulary and EF for bilingual children. One
such relation may involve higher EF, leading to more extensive vocabularies through the
effective management of dual linguistic representations as reflected in our total language
score, where translation equivalents were counted individually. We also hypothesized that
more receptive vocabulary skills could in turn lead to higher EF through a strengthening
of control mechanisms that bilinguals may employ during dual language processing and
acquisition. A third possibility involved both of these relations through bidirectional longi-
tudinal relations. In the monolingual literature there is support for all three directions of
effect between EF and vocabulary acquisition.

For our bilingual sample, we did not find any of the above scenarios. Results of the
single time point and longitudinal cross-lagged analysis revealed a relation between recep-
tive vocabulary and EF measures, but only for monolingual children. At both Time 1 and
Time 2, receptive vocabulary was significantly correlated with EF only for monolinguals.
Importantly, receptive vocabulary at Time 1 predicted EF at Time 2. When controlling for
autoregressive effects, the relation was not found to be bidirectional for the monolingual
group. These findings support those of previous studies that have identified a significant
relation between receptive vocabulary and EF in monolingual children [3–5], especially
those finding that receptive vocabulary predicts EF in monolingual children rather than
the reverse (i.e., [3,7]). In our sample, monolingual children’s language proficiency as
measured by receptive vocabulary was predictive of EF performance a year later. A num-
ber of possibilities may account for this. In our case, as it is for most EF tasks, there is
an important verbal component to the tasks, such as understanding the instructions and
the prompts. Another possibility regards the connection between the internalization of
private speech, language skills, self-regulation, and cognitive abilities [29,30]. It is possible,
for example, that in our sample of monolingual children language skills at Time 1 were
instrumental in the development of self-regulation and EF through Time 2. Regarding
the non-significant relation between Time 1 EF and later language skills, we posit that
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perhaps as the instructional environment becomes more rigorous, EF skills become more
instrumental for other types of knowledge acquisition than during the preschool years.

In contrast to the consistent findings on monolingual children, no significant relations
were found for the bilingual group between receptive vocabulary and EF. This stark dif-
ference raises questions about both the established relation between linguistic processes
and EF found in monolinguals in previous research in terms of its applicability for bilin-
gual populations, as well as how to characterize the advantage that bilinguals have been
reported to have when performing EF tasks (even though that was not the case in our
sample). As described, this bilingual advantage is often credited to their effective language
management. Given the lack of relation between EF and receptive vocabulary, even for the
two languages combined for bilinguals in the current study, there remains a need to better
characterize this phenomenon; that is, how effective bilingual children were at acquiring
and recognizing labels for normed vocabulary words of the same objects in their two
languages combined was not related to their EF skills, as it was for monolingual children
in their one language. These results suggest the need for a closer analysis of the relation
between language proficiency and EF, and the role these two variables play in children’s
cognitive development.

In line with our results, a recent study by Nicoladis et al. [31] also failed to find a
relation between EF cognitive flexibility, using the DCCS, and measures of either language
dominance (parental reports of dominance, relative scores on vocabulary tests, and knowl-
edge of translation equivalents) or language use (living in a bilingual or monolingual
community and a language separation task) in French–English bilingual children in Mon-
treal three to six years of age. In addition to the present study, this reiterates the need for
future research on the development of bilingual children. We propose that, given the lack
of relations detected in this sample, other variables related to language development and
EF should be analyzed as part of alternative ways of conceptualizing the development of
EF and language proficiency in bilingual children. For example, theory of mind (e.g., [8])
and metalinguistic awareness, such as syntactic awareness [9], have been shown to develop
differently in bilingual children and may be related to how bilingual children are making
sense of the particularly complex linguistic contexts they experience, instead of EF. Other
cognitive skills that may be particularly relevant to bilinguals’ receptive vocabulary de-
velopment (e.g., working memory, phonological awareness) may reveal different learning
routes for bilingual vocabulary skills compared to those of monolinguals, and should be
addressed by future studies. It follows, for example, that since the mapping between
concepts and lexical items is one-to-one in monolinguals and one-to-two in bilinguals,
different cognitive skills could be involved. A related issue is that some EF skills, such as
inhibition, may be more related to productive measures and not receptive ones, due to the
inhibition needed to select the language and produce a word. It is also important to expand
this topic of research across different languages and regions. While our monolingual data
was collected in Central Florida, the bilingual data was collected from Spanish–English
bilinguals in South Florida. South Florida has its own contextual particularities, such as a
high number of bilingual speakers (see Table 1), versus other bilingual contexts where the
languages may be more compartmentalized. It is possible, for example, that in this context
the children do not have to inhibit their language as often, thus accounting for the lack of
bilingual advantage in EF; but also that their language learning environment is particularly
challenging. This kind of sociolinguistic context may lead to a diminished interaction
between EF and linguistic processes compared to other kinds of bilingual contexts where
the languages are more compartmentalized than in this largely bilingual community. For
example, if one language is spoken at home and a different language is spoken at school,
children would need to recruit more EF resources in order to inhibit the “wrong” language,
and switch to the appropriate one. In this bilingual sample, however, only 25% of parents
reported that only English was spoken at their children’s school (see Table 1). This does not
explain, however, why there would be a lesser relation compared to monolingual children.
Other limitations of the current study include its relatively small sample size compounded
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by attrition, as addressed in our “Participants” section. In addition, there may be significant
variation within our bilingual sample’s language exposure and language use, thus making
correlations harder to detect. This may be particularly relevant coming from the parental
language questionnaires, which may not be entirely accurate at capturing the important
distinction between language use versus language exposure in bilinguals [32].

5. Conclusions

The current study further elucidates the relation between language proficiency, as
measured by receptive vocabulary, and EF in monolingual children by demonstrating
that future EF performance is predicted by previous language proficiency. This study
also demonstrates that relations between EF and language in monolingual children, such
as the one described, may not necessarily apply to bilingual children. This latter point
brings awareness to the importance of continued research on the development of bilingual
children. Our results were not congruent with the current conceptualization of the EF
advantage in bilingual children found in other samples. In turn, we suggest that future
research should examine alternative factors that may be supporting bilingual children’s
linguistic development, perhaps using a larger sample than the one we were able to retain
for the longitudinal analyses. What are bilingual children using to make sense of linguistic
input and contexts where two languages are used simultaneous by either the same or
different individuals, in the same or different contexts, and with more than likely different
levels of proficiency?
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Abstract: Children with developmental language disorder (DLD) have a psycholinguistic profile
evincing multiple syntactic processing impairments. Spanish-speaking children with DLD struggle
with gender agreement on clitics; however, the existing evidence comes from offline, elicitation tasks.
In the current study, we sought to determine whether converging evidence of this deficit can be
found. In particular, we use the real-time processing technique of event-related brain potentials
(ERP) with direct-object clitic pronouns in Spanish-speaking children with DLD. Our participants
include 15 six-year-old Mexican Spanish-speaking children with DLD and 19 typically developing,
age-matched (TD) children. Auditory sentences that matched or did not match the gender features of
antecedents represented in pictures were employed as stimuli in a visual–auditory gender agreement
task. Gender-agreement violations were associated with an enhanced anterior negativity between
250 and 500 ms post-target onset in the TD children group. In contrast, children with DLD showed
no such effect. This absence of the left anterior negativity (LAN) effect suggests weaker lexical
representation of morphosyntactic gender features and/or non-adult-like morphosyntactic gender
feature checking for the DLD children. We discuss the relevance of these findings for theoretical
accounts of DLD. Our findings may contribute to a better understanding of syntactic agreement
processing and language disorders.

Keywords: specific language impairment; clitics; ERP; gender agreement; Spanish

1. Introduction
1.1. The Phenomena

The development of direct-object clitics in Spanish and other languages has been the
subject of much study. This stems from the fact that typically developing Spanish-speaking
children pass through a stage during which they neither produce them in contexts where
adults obligatorily would, nor do they mark them with gender and number agreement
corresponding to their antecedents, as adults obligatorily would [1–4]. In this study, we will
be most interested in non-adult-like agreement in children diagnosed with developmental
language disorder (DLD); however, we will briefly describe both object omission and
agreement errors in typically developing children. In this way, we aim to distinguish
the kind of error we are interested in from the kind that is less directly relevant to our
theoretical claims.
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1.1.1. Null Objects

Typically developing children across a range of languages show evidence of using
direct objects of the verb in non-adult-like ways. One way in which their language is
non-adult-like is their failure to produce a direct object of a transitive verb (where the adult
grammar would require it), as in the following examples.

1. Spanish (Simon-Cerejido and Gutiérrez-Clellen [5] p. 336)

Child: El niño agarró.
the boy grabbed
“The boy grabbed.”

2. Bulgarian (Ivanov [6] p. 196)

Child: Ritna.
kicked
“He kicked.”

3. Greek (Marinis [7], p. 11)

Child: Aniki Ula.
open Ula
“Ula shall open.”
Sometimes these object omissions appear to take place in contexts that would require

a pronominal in the adult language, either a clitic pronoun, or a tonic, free morpheme
pronoun, according to the language. Other times, the omission occurs in a context in which
pronominalization would not seem to be called for. The pronominal contexts are those in
which the antecedent is made prominent in the immediately preceding discourse, while
the non-pronominal contexts are those that lack such an antecedent. Each is illustrated
in the following French examples from Pirvulescu and Roberge [8] from the Champaud
Corpus of the CHILDES (Child Language Data Exchange System) Data Base [9].

4. Pronominal Null Object Context (Grégoire, 1; 11.22)

Adult: La pièce elle est dedans, oui.
the coin it is inside yes
“The coin it is inside, yes.”
Child: Enlever.
take out
“Take out.”

5. Non-pronominal Null Object Context (Grégoire, 2; 5.13)

Child: Remonte tout seul (he is trying to pull up his pants).
pull up all alone
“Pull up myself.”
This generalization is true in languages that require referential objects to be overt,

such as Spanish (Here we refer to varieties of Spanish that do not allow referential null
objects, though other varieties of Spanish, including at least those that are in contact with
Euskera [10], Guaraní [11] and Quechua [12], do allow such null objects. See Schwenter [13]
for a review), and it is true in languages in which referential null objects are a legitimate
grammatical form in the adult language, including Portuguese [14] and Mandarin [15].
That is, children seem to use even more null objects in child Portuguese and child Mandarin
than do adults.

In their study of direct-object omission, Castilla and Pérez-Leroux [1] showed in a
sample of 103 monolingual Spanish-speaking children in Colombia that object omission
occurs in 25% of elicitations by 3-year-olds, 15% in 4-year-olds and 13% in 5-year-olds
(p. 14). Though other studies, using elicited production and other methodologies, find
different percentages (cf. [2,3]), at least in this large monolingual sample, using a standard
elicited production methodology, object omission seems to be well attested in child Spanish.
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Though there is an active debate regarding the cause of non-adult-like object omission
in child language, perhaps the most compelling evidence for lexical development as
the principal cause comes from Pérez-Leroux et al. [4], who showed, using a structural
equation model (SEM), that lexical development predicts object drop, while it does not,
for example, predict determiner drop. Determiners, unlike direct objects, do not appear
as a function of verb-specific lexical properties (i.e., transitive vs. intransitive), but rather
are fully morphosyntactically productive. This predictive relationship of lexicon on object
drop supports their claim that children have not yet learned which verbs are obligatorily
transitive (e.g., devour), which are optionally transitive (e.g., eat) and which are obligatorily
intransitive (e.g., laugh). This kind of information is, after all, lexically specific and would
have to be learned on an item-by-item basis. In contrast, such is not the case for definite
determiners, which are used as a function of regular, productive morphosyntax across
the board. We will not have anything more to say about this debate in the remainder of
this article, but rather limit ourselves to the simple observation that lexical development
would seem to be a conceptually critical component of the development of this aspect of
child language.

1.1.2. Agreement Errors

Failing to produce direct objects of verbs is not the only non-adult-like dimension of
this phenomenon, however. When children attempt to produce direct-object clitic pronouns,
they often produce errors of gender and number agreement with the 3rd person antecedent.
In Castilla and Pérez-Leroux’s [1] (p. 14) typically developing monolingual sample, gender
errors were produced in 3% of elicitations with 3-year-olds, 2% with 4-year-olds and
4% with 5-year-olds. Similarly, with number errors, there were 11% number errors with
3-year-olds, 8% with 4-year-olds and 5% with 5-year-olds.

Critically, Castilla and Pérez-Leroux [1] reported that object omissions and agreement
errors did not correlate in their sample, which is consistent with the idea that they arise
from different causes (While some studies concern themselves with person agreement
errors, also, we will limit ourselves, following Castilla et al. [1] and others, in focusing on
3rd person clitics). Among the possible errors that children can make with direct-object
clitics, then, gender agreement errors between the direct-object clitic pronoun and its
antecedent are what we will be concerned with in this study.

1.2. Interface Delay, Interface Deficit and Definites

What is theoretically interesting about agreement errors with object clitics in the
developing language of monolingual Spanish-speaking children? Does this kind of error
fit into a larger pattern of errors produced by children in general and children with DLD?
To answer these questions, it could help to think about the type of construction that we are
considering. Notice that direct-object pronominal clitics refer, via anaphora or deixis, to
an antecedent that is prominent in the preceding discourse or that is made prominent via
ostension in the physical context. In the following utterance, we see an anaphoric context.
An indefinite Determiner Phrase (DP) is presented in subject position of the first sentence,
and is followed in the second sentence as a direct-object clitic (“la”), which agrees in person,
number and gender with the antecedent, third person, singular, feminine “una niña”.

6. Anaphoric Context

Una niña de nuestro equipo marcó un gol. La debes felicitar.
a girl of our team scored a goal. pronoun 3rd sg. should-2nd sg. pres. congratulate-inf.
“A girl from our team scored a goal. You should congratulate her.”
In the following deictic context, a waiter brings freshly foraged mushrooms to a table

to show the customers. The chef is going to make them into ravioli, but one of the customers
is very hungry and says the following.

7. Deictic Context

Los quiero comer ya.
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pro-acc. want-1st sg. pres. eat-inf. already
“I want to eat them right now.”
In this physical context, the pronoun “los” agrees in person, number and gender with

the third person, singular, masculine noun “hongos” or mushrooms. Given the physical
context, the speaker could either point or otherwise gesture towards the mushrooms or
discourse pragmatics might allow the “unheralded” use of the pronoun, presupposing the
interlocutor is as familiar with the unspoken referent of the pronoun as the speaker is.

In both cases, the referents of the pronouns have become prominent in either the
previous discourse or by inference from the physical context, what Stalnaker [16] referred
to as the Conversational Common Ground. Roberts [17,18] argued convincingly that both
such pronouns should be considered definite expressions, inasmuch as they are licensed in
contexts in which the speaker presupposes that interlocutors are familiar with them and
that they are unique in context, in the same way that noun phrases modified by definite
articles are. Following this account, other definites would include tonic pronouns (e.g.,
él—he, ustedes—you-pl, etc.), names (e.g., Ramón, Melissa, Ximena, etc.), definite noun
phrases (e.g., el auto tuyo—your car) and null subjects (e.g., Ya llegó Juan. Ø se había ido
hace una hora.—John just arrived. (He) had left an hour ago.). This semantic natural class
of definites is interesting in that they, as a class, seem to develop later in child language
than do constructions that do not require access to the Conversational Common Ground.

There is a sense in which the Optional Infinitive verb phenomenon (e.g., [19]) forms
part of this natural class, as well, inasmuch as verbal anaphora, in the sense of Bittner [20],
denotes a relationship between speech-time and event-time, following Reichenbach [21],
that is taken to be familiar to both speakers and interlocutors. Thus, both nominal and
verbal anaphora take time to develop in typically developing children. We contrast these
constructions with more syntactically local relationships, such as nominal plural marking,
noun-determiner agreement or noun–adjective agreement, which seem to develop relatively
earlier in child language than do definites (e.g., [22–24]).

Given this pattern, one might be tempted to hypothesize that it is human discourse-
pragmatic abilities, as instantiated, for example, in the components of Theory of Mind [25,26]
that develop, and not syntax itself. More than one insightful cognitive scientist has in fact
made just such a proposal (e.g., [27,28]). However, there is also evidence that multiple
components of Theory of Mind are quite adult-like at an early age, even in infancy. Belief
tracking—one Theory of Mind component—seems well-developed in 15-month-old pre-
linguistic infants [29]. Furthermore, work on intention tracking, another subcomponent of
the Theory of Mind construct, in Woodward et al. [30], shows that 12-month-old infants
appear able to track the intentions of those around them. Similarly, outside the domain of
Theory of Mind, but still in the domain of discourse pragmatics, Baker and Greenfield [31]
gave evidence that 2-year-old children have knowledge of new versus old information in
spontaneous production, before adult-like morphosyntax was being used in their English.
Taken together, what is known about plausible non-linguistic cognitive abilities that could
constitute important dimensions of discourse-pragmatic knowledge suggests that this
knowledge, to the degree that we can separate it from language, appears well-developed
in infants, who are not yet able to use definites.

On this basis, it would seem ill advised to conclude that definites are slow to de-
velop in typically developing children as a function of discourse pragmatics itself being
slow to develop. Given the fact that so much else in morphosyntax has developed to
relatively adult-like levels (e.g., declarative and interrogative word orders, plural marking,
preposition-object word order, etc.) at the point at which definites are still a struggle for
children, researchers have proposed the hypothesis they refer to as Interface Delay [32,33]
for typically developing children and Interface Deficit [34,35] for children diagnosed with
DLD. These hypotheses attempt to account for the difficulty of acquisition of these construc-
tions in terms of the inability of linguistic and discourse-pragmatic domains of cognition to
interact with one another. The relationship between these domains, assuming a modular
cognitive architecture (e.g., [36–38]), appears to become more robust and facile gradually
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over the course of development. A perhaps useful analogy for this development could be
the relationship between the two language systems of bilinguals, if they study to become
interpreters. Any bilingual has both systems, which can more or less interact, but only in-
terpreters go back and forth quickly and accurately between the two. Similarly, the domain
of language may be well developed on its own and the domain of discourse pragmatics
may be well developed on its own in the developing mind of a child, but to become a
competent, neurotypical adult user of definites, both systems must work together in an
agile, robust fashion.

1.3. The Unique Checking Constraint (UCC), the Computational Complexity Hypothesis (CCH),
Interface Deficit and Clitic Agreement Errors

In previous work, Grinstead et al. [39] have argued that Interface Deficit can account
for at least the linguistic phenomena that appear difficult for children with DLD. Another
prominent proposal, the UCC (see [19,40,41]), has produced some excellent empirical
work and raised the bar for linguistic study in the domain. It reports on both expressive
and receptive dimensions of the tense deficit in a child English DLD sample, studied
longitudinally. The theory-specific Minimalist [42] formulation of the UCC, however, would
seem to over-exclude constructions that should be problematic in the grammars of Spanish-
speaking children with DLD on the UCC account, such as noun–adjective agreement (e.g.,
dos gatos negros—two cats-masc. pl. black-masc. pl.), which do not in fact appear to be
problematic in monolingual Spanish-speaking children in Mexico [43] (Though Bedore and
Leonard [44,45] found different results with Spanish-speaking children in the US context).
That is, the UCC claims that multiple features occurring in the derivation of a construction
(number and gender in this case; tense and agreement in the original formulation designed
to account for the Extended Optional Infinitive Stage in DLD) should be sufficient to make
a construction subject to prolonged and severe difficulty in the language of children with
DLD. However, this does not seem to be the case for noun–adjective agreement in child
Spanish DLD. The same could be said of, for example, plural marking in Spanish, at least on
Picallo’s [46] account of the adult morphosyntax of plurals, which, again, is not problematic
for monolingual child Spanish-speakers in Mexico, diagnosed with DLD [43].

Noun plural marking in Spanish DLD would also seem to be predicted to be prob-
lematic by another prominent account of DLD, namely the Computational Complexity
Hypothesis (CCH) of Jakubowicz and Nash [47], which claims that constructions will be
difficult for children with DLD as a function of their relative necessity and as a function
of whether they are required by syntactic versus semantic motivations. These criteria
are designed to explain why the present tense in French does not seem to be difficult
for children with DLD, that is, person morphology is used to mark present tense and is
required in all tenses, and is therefore necessary, while past tense is more complex, in that
it is required by semantics and not always necessary. One could argue that plural marking
on nouns is required by semantics, but not always present, as on singular nouns, and thus
should be classified as computationally complex by the CCH. On this basis, plural nouns
should consequently be difficult for Spanish-speaking children with DLD, which, as we
have discussed, does not appear to be the case in monolingual Spanish-speaking children
in Mexico. It is for this reason that a linguistic account of DLD would seem to need to take
into consideration the discourse-sensitive versus discourse-insensitive distinction, which
neither the UCC nor the CCH do, but which Interface Deficit does.

Beyond these constructions that seem difficult for other frameworks to handle, there is
a range of constructions that are problematic for children with DLD that directly illustrate
the leading idea of Interface Deficit: anaphora is difficult. Definite noun phrases, for
example, are problematic, according to work by Anderson and Souto [48] and Restrepo and
Gutiérrez-Clellen [49], null subjects are problematic [50], as is tense marking in Spanish [35].
It has, of course, been demonstrated to be a highly specific and sensitive clinical marker of
DLD in English (e.g., [51,52]) and has been shown to be problematic in other languages of
children with DLD, including French [53], Dutch [54] and Hebrew [55]. Finally, and most
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relevant to our study here, direct-object clitic pronouns are difficult in monolingual child
Spanish DLD, and agreement errors in particular, are prominent [3,56,57].

To address the construction that we propose to study here, how should agreement
errors in clitic production be treated theoretically? The proposal in Wexler et al. [2],
following the UCC, predicted that clitic errors should not occur in typically developing
Spanish-speaker or in Spanish-speaking children with DLD, given that, on their account
of the syntax of clitics, only 1 relevant feature is involved, which should exempt the
construction from non-adult-like grammar. From the perspective of the CCH, one might
predict that clitic agreement errors should occur in that they are not always present, given
that not all verbs take direct-object arguments, and because they are required semantically
to complete the theta grid of the transitive verb with which they occur. From the perspective
of Interface Delay, direct-object clitics are definites, and consequently occur as a function
of anaphora and should therefore be problematic. Furthermore, gender and number
agreement, specifically, are going to depend on anaphora to a previously mentioned
antecedent, making an interface between syntax and discourse pragmatics critical. Though
our study of clitic agreement errors will not adjudicate between Interface Delay and the
CCH, as they appear to make identical predictions, the UCC does appear to predict that
they should not be problematic. We note, for completeness, that a distinct interpretation
of the UCC, in which gender and number were taken to be the relevant features, and not
participial agreement generally, could make the UCC fall in line predictively with the CCH
and Interface Deficit.

1.4. The Surface Hypothesis and Clitic Agreement in DLD

Finally, another popular account of the DLD deficit is the Surface Hypothesis of
Leonard [58], inter alia, which is explored in Aguilar-Mediavilla, Sanz-Torrent and Serra-
Raventós [59] as an account of function word and weak syllable omission in bilingual
Spanish-Catalan-speaking children. The core claim of the Surface Hypothesis is that chil-
dren struggle to perceive words and morphemes with low phonetic salience, which results
in them creating grammatical systems that do not incorporate these elements or incorporate
unstable or otherwise defective versions of them. The intervening years since the Surface
Hypothesis was proposed, however, have produced a number of strong counter-arguments
to this core claim. First, and perhaps most compellingly, child English-speakers diagnosed
with DLD produce plural /s/ with high levels (83% correct) of accuracy [60,61]. This is
problematic for the Surface Hypothesis inasmuch as it predicts across-the-board difficulty
with morphemes as a function of their phonological properties, which make plural /s/
in English identical to the /s/ that marks third person singular present tense. Rice and
Wexler [62], convincingly, report that, in both elicited production and spontaneous produc-
tion, child English-speakers diagnosed with DLD produced noun plural /s/ correctly 88%
of the time, while third singular present tense /s/ was produced correctly 35% of the time,
at best. This comparison is critical because “Three rocks.” and “He walks.” are segmentally
and phonotactically identical. This contrast is mysterious on the Surface Hypothesis, but
explicable following syntactic and semantic explanations, such as those just reviewed.

How would the Surface Hypothesis work in Spanish for clitic agreement? To begin
with, plural marking is also not problematic in Spanish DLD, as we have already seen. This
means that the general plausibility of a hypothesis about low phonetic salience driving the
morphosyntactic deficit in Spanish is low. More to the point, the core question of our project
addresses gender agreement on clitics. Grinstead et al. [43] reported that noun–adjective
agreement, including gender agreement, is not significantly different between DLD and
control groups on an elicited production task. While not the identical version of gender
agreement, as they were not looking at clitics, these are still the same segmental “o” and “a”
vowels that mark gender on both morpheme types. This finding in fact seems consistent
with Aguilar-Mediavilla et al. [59], who did not report significant differences between their
DLD and control groups for agreement and who also, like Castilla and Pérez-Leroux [1],
found no correlation between omission and agreement errors. In sum, though it is a
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promising account of inflectional morphology in actual deaf and hard-of-hearing children
(e.g., [63]), who show across-the-board deficits, including both tense marking and plural
marking in English, the Surface Hypothesis does not appear to be an adequate account of
the DLD deficit.

1.5. Clitic Agreement Errors in Spanish DLD

Previous work on the production of direct-object clitics in Spanish-speaking children
with DLD, summarized in Table 1, has been done with both monolingual Spanish-speaking
children [3,57,64,65] and bilingual Spanish-speaking children, whose other language was
English [44,45,66–68] or Catalan [69]. In addition to monolingual versus bilingual sta-
tus, these studies also varied methodologically in that some used elicited production or
cloze-type tasks, while other used either Frog Story/story-retell tasks or less-structured
spontaneous production tasks. Also, children varied by age between preschool and early
school age. Common to all of them was the finding that children diagnosed with DLD
made errors of number and gender agreement, which in some cases was at a higher rate
than typically developing control groups and in other cases was not.

Table 1. Summary of Findings from Previous Studies on Clitic-Antecedent Agreement Errors for Spanish-speaking Children
with DLD.

Study Age (Years Old) Method % Agreement Errors Different from
Controls?

Monolingual Spanish

Merino [64] 5–8 Elicited Production 25% Yes

De la Mora [57] 5.3
Elicited

Production–Prompted
Response

17% Yes

Morgan et al. [65] 5.3 Cloze Test 11% Yes a

Jackson-Maldonado and
Maldonado [3] 7.3 Frog Story–Story Retell Mean number of

errors = 1.58 No

Bilingual Spanish-English

Bedore and Leonard [44,66] 3;11–5;6 Elicited Production 38% b Yes
Bedore and Leonard [45] 3;11–5;6 Spontaneous Production 8% c Yes

Jacobson and Schwartz [67] 4;7 Elicited Production 63% feminine
12% masculine Yes

Jacobson [68]

Lower grades—
7.2 years old

Higher grades—
10.9 years old

Elicited Production

48% d

46% e

33% f

32% g

Yes
Yes
Yes
No

Bilingual Spanish-Catalan

Bosch and Serra [69] 7;6 Spontaneous Production 18.25% No
a Significance was for overall clitic differences including substitution and omission, not substitution, by itself. b Compiled from Bedore and
Leonard [66], p. 915, Table 6. c Compiled from Bedore and Leonard [45], p. 216, Table 8. d Lower age group, with preverbal clitics, for
gender. e Lower age group, with preverbal clitics, for number. f Higher age group, with preverbal clitics, for gender. g Higher age group,
with preverbal clitics, for number.

Summarizing the findings from previous work on the topic of number and gender
agreement in direct-object clitics in the language of child Spanish-speakers diagnosed
with DLD, it seems fair to say that agreement errors are ubiquitous and persistent. More
specifically, we see that they occur at least some of the time in children in the 5-year-old
range who are monolinguals, and that there are significant differences between children
with DLD from typically developing age controls. These specific contrasts are critical to us,
as these are the populations we will test in this study.
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We now ask whether online measures, specifically, Event-Related Potentials, might
also contribute to what is known, by providing either convergent or divergent evidence of
a deficit with a type of definite construction, direct-object clitics.

1.6. Event-Related Potentials and Agreement in Children with DLD

Event-Related Potentials (ERPs) provide a measure of the brain electrical activity
temporally associated with an event, which can be sensory, motor, or cognitive. ERPs can
provide information about language processing with highly precise temporal resolution
and are classified according to their polarity (i.e., positive or negative deflections in the
waveform), the time of their peak occurrence in milliseconds, and their topographical
distribution across the scalp [70]. ERP studies of sentences processing have analyzed
anaphoric relationships using agreement features (i.e., person, number, and gender) to
understand syntactic and semantic dimensions of the processing of pronouns, including
agreement [71]. ERP studies of younger and older adults on Spanish sentence processing
have shown that morphosyntactic agreement mismatches usually show left anterior nega-
tivities (LAN) as compared to agreement matches, which occur between 300 and 500 ms,
followed by a positive wave that emerges between 500 and 1000 ms (i.e., P600) after stimu-
lus presentation [72,73]. Functionally, a LAN is taken to reflect automatic morphosyntactic
parsing [73–75], while the P600 is thought to represent processes of syntactic revision,
including reanalysis or repair (e.g., [76,77]). Adult-like LAN and P600 effects have been
found in normal children as young as 2 years old [78,79], but other studies have shown
only a delayed P600 effect in normal toddlers when syntactic violations are presented to
participants [80].

Weber-Fox et al. [81] studied subject–verb agreement processing in teenagers with
DLD (e.g., Every day, the children *pretends/pretend to be super-heroes.). They observed
a right anterior negativity (RAN) in both control and DLD groups, and a reduced P600
in the DLD group as compared to controls. In contrast, in another study where syntactic
errors of word category in German were analyzed, whereas typically developmental (TD)
children showed a bilateral early starting anterior negativity (ELAN) and a posterior P600,
children with DLD showed a comparable P600 but, unlike the TD children, there was only
a late, clearly left-lateralized anterior negativity [82].

Different results have been observed in the comparison between TD children with
respect to DLD children using grammatical and ungrammatical questions (Who did Joe see
someone?/Who did Joe see?/syntactic error) [83], because whereas TD children displayed
ELAN effect for the processing of questions containing a syntactic error, children with DLD
did not. Epstein et al. [84] studied whether children with DLD had atypical processing
of subject and object wh-questions. Children with DLD comprehended both question
types poorly, and they found a smaller sustained positivity effect in the children with DLD,
compared to TD children.

According to these findings, we should expect that the electrophysiological brain
response of Spanish-speaking children with DLD would be different from that of typically
developing children, when exposed to gender mismatches between direct-object clitics and
their antecedents. In particular, we might expect ERP waveforms to reveal a sustained LAN
effect, as has been observed in previous ERP studies, with children of other ages. Further,
LAN amplitudes would likely be smaller in children with DLD than in TD children. This
expectation is based on evidence that the syntactic deficit, characteristic of DLD children,
is correlated with a smaller LAN effect for processing of morphosyntactic errors, like
gender mismatch.

1.7. Summary and Research Questions

In summary, the two most prominent non-adult-like phenomena involving direct-
object clitic pronouns in child languages, including Spanish, are the fact that typically
developing children and children diagnosed with DLD omit pronominal and full DP
direct objects and that, when they do use them, there can be a failure of number and
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gender agreement between the clitic pronoun and its antecedent. Gender agreement
errors, the focus of our study, do not correlate with object omission, in the one large-
sample behavioral study so far conducted. This suggests that the object of our study is an
independent phenomenon. Two of the prominent grammatical theories of DLD (Interface
Deficit and the CCH) predict that gender agreement errors should occur in children with
DLD, though for different reasons, while a third, the UCC, does not. The four existing
studies of monolingual Spanish-speaking children with DLD coincide in showing with
behavioral measures (elicited and spontaneous production) that this agreement is indeed a
problem. No electrophysiological measures have thus far been used to compare typically
developing children and children diagnosed with DLD on this dimension of grammar. The
work that has been done using ERPs on subject–verb agreement in children suggests that a
smaller LAN or P600 in children with DLD versus Typically developing children should
be expected. If this is indeed what we find, it would serve as converging evidence of the
behavioral generalization that children with DLD struggle with this construction.

In light of what we have considered, it would seem possible to distinguish children
diagnosed with DLD from typically developing children using ERP components corre-
sponding to antecedent-clitic pronoun gender agreement mismatches, which leads us to
the following research questions:

• Do child Spanish-speakers show the LAN-type effect we expect for gender agree-
ment errors?

• If so, is this effect less pronounced for children diagnosed with DLD than it is for
typically developing children of the same age?

2. Materials and Methods
2.1. Participants

Thirty-five monolingual Spanish-speaking children in public schools from Mexico
City participated in our experiment. The mean age for the group was 73 months (6 years,
1 month) with a standard deviation of 14.06 months. All children were given pure tone
hearing tests and passed at conventional levels. Further, none of them had experienced
recent episodes of otitis media. All children also scored above 85 on a test of nonverbal
intelligence, the Test of Nonverbal Intelligence (TONI-2; [85]). This was done to meet the
former, stricter definition of specific language impairment, which all of our TD and DLD
children meet, in addition to also meeting the DLD definition of Bishop et al. [86]. The
children had neither social nor physical impairments to communication, oral structural
problems, or frank neurological damage, which was determined at an initial diagnostic
examination and parental consultation. All children were given the Battery for Language
Assessment ([Batería del Lenguaje Objetiva y Criterial Screening] BLOC-S; [87]), which
has 118 items, divided into four main modules that measure distinct domains of linguistic
knowledge (morphology, syntax, semantics, and pragmatics). This battery has been used
in other studies for diagnosis and treatment of monolingual Spanish-speaking children
with DLD (e.g., [88]).

The children who had scores above the 85th percentile on all BLOC-S subtests were
assigned to the typically developing group. The children who had scores on at least two
of the BLOC-S subtests that were less than 1.25 standard deviations below the mean were
assigned to the DLD group. Furthermore, all children in the DLD group had received an ed-
ucational diagnosis of language impairment by the psychologist of their schools. The mean
age of the 16 children in the DLD group was 73.73 months (SD = 11.46), while the mean age
of the 19 children in the typically developing control group was 72.45 months (SD = 16.01).
The groups were not significantly different from one another in age (t(33) = 0.857, p = 0.398).

At the beginning of the first testing session, after an appropriate explanation, informed
consent was obtained from all participants according to Helsinki Declaration guidelines.
The protocol was approved by the Ethics Committee from the Institute of Neurobiology at
the National Autonomous University of Mexico (UNAM). Parents or legal guardians also
provided written consent.
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2.2. Procedures
2.2.1. Stimuli

Children were presented with audio-recorded sentences of the following declarative
type. Each sentence contained a transitive verb, presented in the third person singular,
preterit (past perfective):

8. El papá lo filmó.

the father him filmed
“The father filmed him.”
These sentences were presented simultaneously with an image that either matched

the gender of the 3rd person singular animate direct object of the verb, or did not match
(e.g., lo vs. la—him vs. her). The sentence in 8, for example, would not match the image in
Figure 1, as the gender of the child in the image is stereotypically feminine.

Figure 1. Image to Elicit Gender Agreement Mismatch with the Sentence “The father filmed him.”

The direct object in all cases was either niña (girl), niño (boy), gata (cat-fem.), gato
(cat-masc.), perra (dog-fem.) or perro (dog-masc.). The subjects varied among abuela
(grandmother), abuelo (grandfather), gato (cat-masc.), hermana (sister), hermano (brother),
maestra (teacher-fem.), maestro (teacher-masc.), mamá (mother), papá (father), perro (dog-
masc.), señor (gentleman) or señora (lady). These subjects and objects were composed
into sentences with 50 verbs selected from two corpora of child-directed speech in Mex-
ican Spanish, to ensure that the vocabulary used would be age appropriate. The first
comes from “La producción del lenguaje de niños mexicanos” [Language production of
Mexican children]; [89] and Cómo usan los niños las palabras? [How do children use
words?]; [90] and the second comes from “Spanish Screener for language impairment in
children” (SSLIC; [91,92]).

Thus, each verb was paired with one of the 6 direct objects and one of the 12 subjects
in such a way that 50 gender-congruent sentence–image pairs were created. Then each
of these same 50 sentences was presented with the corresponding image, except that the
gender of the direct object was switched, yielding 50 gender-incongruent sentence–image
pairs, as in Figure 1. The target stimulus in all cases was the onset of the image-congruent
or image-incongruent direct-object clitic. All sentences have the same number of words
before and after the clitic (see Appendix A). There was no significant difference in duration
between the congruent and incongruent sentences (p > 0.05). Each child listened to the
same sentence twice, once in the agreement and once in the disagreement condition.

To ensure the time-lock between the clitic in the audio file and the ERP recording,
the wave forms of all audio files were carefully inspected and marked at the onset of the
clitic. Additionally, 25 image-congruent and image-incongruent sentences were used as
filler items. Congruence in the filler sentences varied as a function of the theta role of the
participants in the image (e.g., La niña la saludó. “The girl greeted her.” with an image
in which a grandmother is greeting a girl.) All sentences were spoken by a female native
speaker of Mexican Spanish and were recorded on a digital-audio system, sampled at
20 kHz with a 16-bit resolution in stereo. The speaker rehearsed all the sentences prior to
recording them to ensure that they were produced fluently. The average sound pressure
level ranged from 63 to 67 dB sound pressure level (SPL).
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2.2.2. Event-Related Potentials Recording

The EEG was recorded from 32 tin electrodes secured in an elastic cap (Electrocap,
CompuMedics, Eaton, OH, USA) at the following locations (according to the international
10–20 system): Fp1, Fpz Fp2, F7, F3, Fz, F4, F8, FT7, FC3, FCz, FC4, FT8, T7, C3, Cz, C4,
T8, TP7, CP3, CPz, CP4, TP8, P7, P3, Pz, P4, and P8. The electrooculogram (EOG) was
also recorded from one supraorbital electrode and an electrode placed on a child’s left
cheek. The recordings were referenced against the left mastoid, and brain electrical activity
over the right mastoid was also recorded. Offline, all electrodes were re-referenced to
average mastoids. Electrode impedances were kept below 15 kOhms. The EEG signal
was amplified with Neuroscan amplifiers (CompuMedics, NeuroScan Inc., Charlotte, NC,
USA). A 200-Hz sampling rate was used to digitize the EEG, with a band-pass filter set
from 0.1 to 100 Hz.

The child was seated in a comfortable chair, 70 cm from the computer screen in
a sound-attenuated dimly lit recording chamber. All children were instructed to relax
and maintain their gaze towards the center of the screen and to avoid blinking. Subjects
passively listened to the stimuli while watching each scenario. The pictures appeared in
the center of the screen, thus decreasing eye movement artifacts. Each spoken sentence
was presented via headphones which were placed on children’s heads. Each session began
with a visual presentation of all the characters used in the pictures, which concluded once
the child demonstrated that they were familiar with each one. The purpose of this step
was to assure that children were familiar with the names and corresponding genders of
the nouns with which they were presented, to support our measurement of their reactions
to the gender mis-match. Each item began with the presentation of the visual stimuli for
800 ms and after 250 ms an auditory stimulus was presented for 550 ms. The inter-stimulus
interval was 1500 ms.

The entire session, including fitting the cap, lasted 45 min to 1 h. Sentences were
presented in a randomized order. Each participant received the following number of
sentences per condition: 50 in the gender-matched condition, 50 in the gender-mismatched
condition and 50 filler items.

2.3. Data Analysis

ERPs were computed off-line from 1100 ms epochs for each subject in the gender-
matched and gender-mismatched conditions. Epochs were comprised of the 100 ms
preceding and the 1000 ms following the presentation of the clitic. EEG epochs with
electrical activity greater than +/−150 µV and amplifier blocking for 50 ms or more at
any electrode site were considered artifacts and the whole segment was automatically
rejected. EEG epochs with artifacts due to eye movements or excessive muscle activity
were eliminated by visual inspection off-line before averaging.

Subjects with fewer than 50% artifact-free trials for each condition were excluded from
the average. Five DLD subjects and 7 TD subjects were excluded at this step of the process,
leaving 11 children with DLD (Mean age = 5;8, SD = 1.00) and 12 controls (Mean age = 5;9,
SD = 0.71), whose data could be analyzed. The mean ages for the two groups were not
significantly different (p > 0.05). Baseline correction was performed in relation to the 100 ms
pre-stimulus time mentioned above.

Statistical Analysis

Statistical analyses were performed on mean amplitude values from two time win-
dows, which could potentially have carried relevant ERP signatures for the gender match/
mismatch comparison of interest: 250–450 ms and 500–850 ms. These time windows
were determined according to previous agreement studies and from inspection of both
individual and grand average waveforms. Repeated-measures ANOVAs were performed
separately for each time window. Separate four-way ANOVAs were performed for each
time window using Group (DLD vs. TD) as a between-subject factor and Agreement (match
vs. mismatch), Anterior–posterior (Frontal [F7, F3, Fz, F4, F8], Frontal-central [FT7, FC3,
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FCz, FC4, FT8], Central [T7, C3, Cz, C4, T8], Central-parietal [TP7, CP3, CPz, CP4, TP8],
Parietal [P7, P3, Pz, P4, and P8]), and Coronal (Left, Middle-left, Middle, Middle-right and
Right) as within-subject factors. The Huynh—Feldt epsilon was applied to the degrees of
freedom of those analyses with more than one degree of freedom in the numerator. Tukey’s
honest significant difference (HSD) post hoc tests were completed after the ANOVA.

3. Results

Grand average ERP waves elicited by the critical word (match vs. mismatch condi-
tions) for both groups are shown in Figure 2. In the TD group, morphosyntactic gender
violations elicited a negative shift starting at 250 ms (i.e., anterior negativity), and ending
at around 500 ms. There was no such effect observed in children with DLD. A positive
wave followed this LAN-like effect in the TD children.

3.1. ERP Time Window 250–500 ms

There was an important, significant Group by Agreement by Anterior-posterior in-
teraction (F(4, 84) = 3.92, p = 0.034, epsilon H-F = 0.430, η2

p = 0.157). Post Hoc analyses
showed in TD children a LAN effect (i.e., greater amplitude of negativity in the mismatch
than with the match condition) in frontal (MDHSD = 3.22, p = 0.001) and frontal-central
areas (MDHSD = 2.36, p = 0.014). In contrast, children with DLD displayed no such effect in
frontal (MDHSD = 0.22, p = 0.81) and frontal-central areas (MDHSD = 1.11, p = 0.24).

ANOVA results also revealed significant Group by Anterior-posterior by Coronal
interaction (F (16, 336) = 3.89 p = 0.001, epsilon = 0.378, η2

p = 0.156). Post hoc compar-
isons indicate the occurrence of, for both agreement conditions, smaller amplitudes of
negativities for TD children than there were for children with DLD in the right frontal area
(MDHSD = 3.54, p = 0.017), the right frontal-central area (MDHSD = 2.48, p = 0.03) and the
right central area (MDHSD = 1.98, p = 0.036), but greater amplitudes in the middle central
area (MDHSD = −2.91, p = 0.052).

No significant main effect of Group (F < 1) and Group by other important factor
interactions were observed: Group by Agreement interaction (F < 1), Group by Agreement
by Coronal interaction (F < 1), Group by Coronal interaction (F (4, 84) = 1.96, p = 0.13,
epsilon H-F = 0.700, η2

p = 0.085), Group by Anterior–posterior interaction (F (4, 84) = 2.2,
p = 0.14, epsilon H-F = 0.426, η2

p = 0.094), and Group by Agreement by Anterior–posterior
by Coronal interaction (F (16, 336) = 1.18, p = 0.31, epsilon H-F = 0.534, η2

p = 0.053).

3.2. ERP Time Window 500–850 ms

Though there was a significant Group by Agreement by Anterior–posterior interaction
(F(4, 84) = 4.95, p = 0.018, epsilon H-F = 0.409, η2

p = 0.191), post hoc analyses did not show a
clear effect of Agreement on this positive waveform (i.e., P600) at posterior regions. TD
children showed a trend towards an effect of Agreement in the frontal area (MDHSD = 1.58,
p = 0.068) but not in the central-parietal area (MDHSD = −0.43, p = 0.63) or in the parietal
area (MDHSD = −1.01, p = 0.28). In contrast, children with DLD displayed no effect of
Agreement in any of these areas (frontal: MDHSD = −0.51, p = 0.95); central-parietal
(MDHSD = 0.60, p = 0.52); (parietal: MDHSD = 0.31, p = 0.75).

There was a significant Group by Coronal interaction (F (4, 84) = 3, p = 0.036, epsilon
H-F = 0.760, η2

p = 0.13) and there was also a significant Group by Anterior–posterior by
Coronal interaction (F(16, 336) = 3.1, p = 0.01, epsilon H-F = 0.335, η2

p = 0.13). For both
match and mismatch conditions, TD children displayed larger positive waves than children
with DLD in the right frontal area (MDHSD = 1.98, p = 0.08) and in the right frontal-central
area (MDHSD = 1.4, p = 0.08). This effect was observed in the opposite direction (i.e., TD
children displayed a smaller positive wave than children with DLD) in the middle central
area (MDHSD = −2.28, p = 0.047), middle central-parietal area (MDHSD = −2.62, p = 0.021),
and middle and middle-right parietal area (MDHSD = −1.99, p = 0.077 and MDHSD = −1.7,
p = 0.065).
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There were no significant main effects of Group (F < 1) and Group by other important
factor interactions: Group by Agreement interaction (F < 1), Group by Agreement by
Coronal interaction (F < 1), Group by Anterior–posterior interaction (F (4, 84) = 1.30,
p = 0.28, epsilon H-F = 0.434, η2

p = 0.058), and Group by Agreement by Anterior–posterior
by Coronal interaction (F < 1).
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4. Discussion

To summarize, we have seen that typically developing children show ERP LAN
effects that were greater when presented with agreement mismatches than with agreement
matches. This was true in the frontal and frontal-central areas. This was not the case for
children with DLD, however. Further, there was a near-significant P600 type effect for TD
children, but not DLD children, in the frontal region. We believe that the non-significance
of the P600 in the TD sample is due to our relatively smaller sample size and to the wide
variance in our measurements.

Thus, with regard to our research questions, typically developing children showed
significant differences, particularly with regard to the dimension of the ERP thought to cor-
respond to morphosyntax (LAN), between agreement match and agreement mismatch. In
contrast, this was not true of children with DLD. This suggests that they are not as sensitive
to this type of ungrammaticality, unlike their same-aged, typically developing peers.

Our results are consistent with the large majority of behavioral studies of clitic agree-
ment in Spanish-speaking children with DLD, both monolingual [57,64,65] and bilin-
gual [44,45,66–68]. In this way, our study provides converging evidence of the DLD deficit
in this domain of grammar, independently of the task demands inherent in the behavioral
measures that have been used previously.

With respect to theoretical accounts of the DLD deficit, these results appear consistent
with both the Interface Deficit as well as the Computational Complexity Hypothesis (and
possibly the Unique Checking Constraint, with the modifications alluded to above).

Conceptually, there are a number of potential causes to which we could attribute our
results, and the apparent consensus finding in the literature, that child Spanish-speakers
with DLD fail to produce or detect adult-like gender agreement on direct-object clitic
pronouns. First, it could be the case that children with DLD have weak, less well-developed
lexical representations of the gender of the nouns with which adjectives agree. Such a claim
would be supported by the fact that children with DLD have been consistently shown to
have smaller vocabularies than typically developing age matches (e.g., [93–95]). If this
were the only problem, however, we might not expect morphosyntactic problems with
areas of grammar that do not depend on lexical development, such as null subjects and
determiners, which are problematic for children with DLD (e.g., [48,50]), and which have
across-the-board morphosyntactic properties, not typical of lexically dependent processes,
as with clitics.

Another possible candidate cause is working memory. There is substantial evidence
that children with DLD have fewer working memory resources to work with than do
typically developing children (e.g., [96–99]). Working memory is obviously relevant to
pronominal coreference where that coreference is anaphoric in nature. That is, it is one
thing to have lexical representations of gender, but it is another to be able to hold these
representations in memory so that morphosyntax can process them. One argument against
such an explanation, however, comes from work by Noonan et al. [100], who showed that
children with DLD may present with or without deficits in working memory. Specifically,
they demonstrated that children diagnosed with DLD judge tense errors as ungrammatical
less than typically developing controls. However, those who were also diagnosed with
short-term memory deficits (diagnosed using a verbal working memory task, and two
visuospatial working memory tasks) were significantly worse than those who lacked such
a diagnosis on judging tense errors that occurred later in the sentence. From this finding, it
seems likely that DLD and short-term memory measures are at least somewhat independent
of one another. The lexicon, because tense is not lexically dependent, would not seem to
play a substantial role here, either. Further, the results presented in the current report are of
clitic-antecedent coreference via deixis, not anaphora. The stimuli in our experiment were
visible during the auditory presentation of the sentences. In this way, reference was not
established via anaphora, but rather by deictic processes, which one imagines require very
little in the way of working memory capacity, though this relationship may not be very
well understood.

138



Children 2021, 8, 175

Finally, there is the previously addressed question of whether DLD could consist of a
general failure of morphosyntax. As alluded to earlier, there seems to be evidence that this
is false, in the sense that child English-speakers [61] and child Spanish-speakers [43] mark
plural on nouns as do typically developing controls. Similarly, child Spanish-speakers are
not statistically different from age-matched in controls in noun–adjective agreement [43].
Thus, the pattern appears to be that only those dimensions of morphosyntax that are
sensitive to discourse—the semantic class of definites—are problematic for children with
DLD, while more local, discourse-independent syntactic relations such as plural marking
on nouns and noun–adjective agreement are not problematic.

In sum, morphosyntactic constructions are difficult for children with DLD when the
constructions depend critically on lexical development, as in the clitic pronouns in our
current study, but also when the constructions occur independently of lexical features, as in
definite determiners and null subjects. Further, children with DLD appear to have problems
with morphosyntactic constructions when there is relatively little working memory load,
as in our current study with deictic clitic pronouns, but also when the construction is
presented with varying levels of memory load, as in tense marking in Noonan et al. [100].
Finally, it does not seem to be a general problem of morphosyntax itself, but rather the
subset of morphosyntactic constructions, which fall in the semantic natural class of definites,
that are most problematic.

If an Interface Deficit account is on the right track, then the problem centers on
the inability of definites, including direct-object clitics, to link with antecedents in the
Conversational Common Ground. On the basis of our current results, it would appear that
the Conversational Common Ground is accessed not only via anaphoric processes that
likely depend on the possibly domain-general, performance system of working memory,
but also on the more direct, possibly domain-specific, linguistic mechanism of deixis. In
this way, while there are likely multiple dimensions to the DLD deficit, one dimension
characteristic of it may be a general ability to use definites, whether their presupposition of
uniqueness (e.g., [101,102]) is satisfied via anaphoric processes or whether it is derived via
deixis. In future work, we hope to add greater specificity and empirical substantiation to
this speculative claim, with the objective always of giving providing greater understanding
of the nature of this disorder.
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Abstract: Persistent lexical and grammatical errors in children’s speech are usually recognized as
the main evidence of language delay or language disorder. These errors are usually treated as
a sign of a deficit in language competence. On the other hand, some studies have revealed the
same kinds of grammatical errors in children with developmental language disorder (DLD) and in
typically developed (TD) children. Quite often, DLD children use grammatical markers properly, but
sometimes they do this erroneously. It has been suggested that the main area of the limitations in
DLD children is language performance but not language competence. From the perspective of the
resource deficit model, the error rate in DLD children should be influenced by the cognitive demands
of utterance and text production. We presume that different genres of discourse demand a different
number of cognitive resources and, thus, should differently impact the error rate in children’s speech
production. To test our hypothesis, we carried out an error analysis of two corpora of child discourse.
The first corpus contained longitudinal data of discourse (personal narratives, fictional stories, chats,
and discussions) collected from 12 children at four age points (4 years 3 months., 4 years 8 months.,
5 years 3 months., and 5 years 9 months. years). Another corpus contained discourse texts (fictional
stories and discussions) collected in the framework of a cross-sectional study from 6-year-old TD
and DLD children; the DLD children had language expression but not comprehension difficulties. A
comparative analysis between different discourse genres evidenced that the genre of discourse and
age of assessment impacted the error distribution in the DLD and TD children. Such variables as
the lexical and morphological error rates were impacted the most significantly. The results of the
two studies confirmed our hypothesis regarding the probabilistic nature of lexical and grammatical
errors in both DLD and TD children and the relationship between a cognitive loading of the genre
and the error rate.

Keywords: developmental language disorder; language errors; grammatical errors; lexical errors;
derivational errors; preschool age

1. Background

Language development is considered an essential part of mental development. Lan-
guage is one of the main components of verbal reasoning as well as communicative and
social interaction skills. Following the elegant expressions of [1], from the first months of
life, a child tries to ‘become a native speaker’ and ‘to be a proficient speaker’. ‘To become
a native speaker’ means to learn the mother tongue, i.e., to acquire numerous language
units and multiple rules and combine them for producing utterances following appropriate
standards of phonology, vocabulary, and grammar. During this time, a child accumulates
and elaborates a rich complex of declarative and procedural knowledge. ‘To become a
proficient speaker’ means to master many complex and flexible skills and strategies for
producing cohesive and coherent discourse texts according to multiple social and cultural
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traditions a child faces within his/her community. Despite the differences among numeral
theories of speech/language development [2–7], scientists generally agree that during
the first several years of life, a child makes many errors in the phonological, lexical, and
grammatical domains. Along the second and third years of life, some children tend to use
many frozen phrases and, thus, make fewer errors (i.e., the so-called expressive style of
language development; see [8,9]). On the contrary, other children prefer to construct their
utterances according to language rules they have deduced and make many more errors
(i.e., so-called referential style of language development) [8,9]. According to a compre-
hensive longitudinal study based on the natural observation of native Russian language
acquisition [10], until the 7th year of life, typically developed (TD) children sometimes
make grammatical or lexical errors. For example, by the age of 7 years, Russian speaking
children usually have acquired noun morphology and select proper case forms (nominative,
genitive, dative, accusative, instrumental or prepositional case) while speaking; however,
Russian nouns fall under three declensions, and these are further divided into declension
paradigms and their sub-types [11]. The extremely complex system of noun declension
provokes children to sometimes select incorrect declension forms (although the case form is
usually selected correctly) even at the 6th–7th year of life [9]. Besides incorrect declension
forms, occasional omissions of functional words and production of neologisms may be
also observed.

On the other hand, some errors made by children are obviously incidental and might
be considered as slips of the tongue (SoT)—‘unintended, nonhabitual deviation(s) from
a speech plan’ [12] (p. 284). The phenomena of speech errors and SoT are usually ex-
plained differently. Speech error is usually recognized as a consequence of the temporary
incomplete language competence [13] or a result is the simplification processes in the
programming of utterance inherent to children during language acquisition [14]. Other
explanations highlight the developmentally caused cognitive resource immaturity, which,
in young children, underlies the inability to sustain error-free speech production [15,16].
There is considerable evidence that problem-solving activity and implicit learning are
essential parts of language development [17–19]. When a child is acquiring a native lan-
guage, he/she tries to listen their caregivers and other communicative partners carefully to
select the more informative grammatical, phonological, and semantical segments in the
speech stream and try to attribute them to some extralinguistic events, objects, or features.
Then, a child usually tries to repeat some piece of utterance and to control the concordance
between the target word/phrase and his/her own production. Additionally, a child detects
scaffolding from a child-directed speech containing positive or negative evidence [20,21].
This complex multimodal activity should be served by several cognitive abilities and skills,
such as executive functions, selective auditory attention, working memory, self-monitoring,
and strategy shifting [14,22]. Most of these cognitive resources are not completely mature
until the 8th–11th year of life [23–25]. The younger the child is, the more pronounced these
limitations are. Later on, the maturity of the cognitive resources grows gradually along
the preschool and school years [14,26,27]. Though language competence and discourse
skills develop rapidly, they remain incomplete until adolescence [28]. Thus, in other words,
children execute a complex work of learning a native language in the conditions of quite
limited cognitive resources [16]. In the majority of children populations, regular speech
errors disappear before the 6th–7th year of life (although, in different languages, these
milestones may differ) [29].

However, let us look at the other direction of speech and language development, i.e.,
discourse development. It is well known that discourse production is loaded by some
additional cognitive activities that depend on discourse genres.

Following [14], the development of discourse skills and cohesion devices ‘[ . . . ]
involves two different but related problems: (1) the reorganization of stored linguistic
representations so that they can form a system, and (2) the creation of a control process
which constrains connected discourse as it is produced in real time’ [14] (p. 62). The
control process managed by the self-monitoring subsystem plays a very important role in
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discourse development. As verbal communication strategies and linguistic devices, the
discourse genres are determined by particular cultural traditions, and a child should learn
them properly. Hence, employing problem-solving strategy [19,30,31], he/she acquires
some procedural knowledge and elaborates a set of unique skills. For example, a child
has to acquire procedural knowledge necessary for planning and producing narrative,
descriptive and other genres’ passages while building coherent discourse, for using proper
discourse markers, etc. A set of verbal communication skills includes, for example, skills
of self-monitoring during narration or conversation, turn-taking skills necessary in a
dialogue, pragmatic skills (e.g., manipulation with different registers of communication),
and many other verbal behavior skills [32,33]. During this period, the abilities of speech
behavior self-monitoring are essential to reach the social-communicative standards. The
development of self-monitoring proficiency depends on age [14,34–36] and the maturity
of cognitive resources [34]. In a few psycholinguistic studies of cognitive demands of
different discourse genres, some evidence was obtained that, for example, a conversation
is less demanding, while an expository discourse is more cognitively demanding than a
narrative one [37]. For example, in narrative production, a child has to arrange the story
structure and to verbalize intentions and goals, emotions, and other mental states held
by characters [38–40]. When producing a spontaneous (unprepared) narrative, one has to
develop a structure of events and produce oral discourse almost in parallel. This activity
demands high resources. The basic skills that a child must acquire are the following:
plan a logically well-organized semantic design, transform it into a relevant propositional
structure, generate a verbal and syntactically cohesive text, and narrate it fluently to a
listener. This activity is cognitively more demanding than a conversation by means of, for
example, a dialog. High cognitive loading in the conditions of limited mental resources
may result in a trade-off effect [17,41,42]. Suppose the child feels this conflict between
the task demands and his/her available resources. In that case, it is possible to explore
several strategies: (a) to simplify the lexical or syntactic structure of the utterances or
(b) to reduce or simplify the content the child intends to express in the discourse text [43].
For example, it has been found that, in DLD children, the number of noun tokens per
word within a story correlated negatively with a story structure, episode completeness,
and CL/CU quotient; in TD children, correlations between the given measures were not
evidenced. Moreover, in DLD children, visual story complexity significantly increased
the percentage of noun tokens (which should be recognized as a negative characteristic
for narratives) and the total number of grammatical errors. The more complex a visual
story (according to the number of protagonists, actions, and semantically relevant features)
was, the higher the noun percentage (during narration, verbs are used quite frequently
(since they express actions/events), while nouns are more typical for descriptive texts. On
the so-called ‘narrativity index’, see [44].) and the number of grammatical errors were.
Presumably, a child sometimes does not feel a conflict between the task demands and
the limitations in his/her language resources and, thus, try to verbalize too sophisticated
content by too complex language structures. In such a case, a risk of incidence of speech
errors his/her discourse may rise.

It is common knowledge that in some children, lexical and grammatical errors stay
rather resistant despite the normal intelligence, hearing, and/or the absence of gross
neurological disorders. Children cannot master sufficient language skills without the
remedial treatment provided by a speech/language pathologist. This subpopulation is
usually recognized as developmentally language-disordered (DLD) children (formerly
known as specifically language-impaired—SLI—children) [45–47]. Different models of
the DLD have been suggested. In some of them, it has been proposed that children with
the DLD are not sensitive to main language markers and cannot process some language
units (inflections, suffixes, prefixes, etc.) properly [48]. In these models, the DLD is treated
as deviance of language development and its leading cause is defined as the domain-
specific impairment. ‘For many years, this was seen as a consequence of a deficit either
in perceptual processing or in underlying language representations, depending on one’s

149



Children 2021, 8, 1114

theoretical persuasion’ [49] (p. 5). However, in some studies, it has been found that the
DLD children made the same errors as the younger TD children [50]. For example, some
comparative studies of grammatical features between the DLD children and younger TD
children with the same MLU rate did not reveal any significant distinctions [51].

Moreover, to review the basic lexical and grammatical errors in DLD children, most of
them can also be found in TD children at the early stage of their language development [52].
Thus, DLD children are recognized as children with delayed language development [45].
Adherents of the given view believe that slow and improper language development in
DLD children is not caused by the inability to learn language rules or low perception of
particular linguistic features. Instead, it is supposed that the main limitations preventing
these children from typical language development are limited cognitive resources domain-
general models [52,53].

On the other hand, several studies in DLD children have revealed some weaknesses
of the executive functions (EF), such as working memory deficit, low cognitive flexibility,
selective inhibition deficit, and impulsivity [54,55]. The more complex the speech pro-
gramming activity is, the more essential high EF resources are required [56,57]. During
the utterance programming, different cognitive actions (lexemes and word form selection,
serial order lexical arrangement, inflectional morphemes selection, etc.) compete for the
cognitive resources [22,58].

As for speech/language errors in DLD children, it is usually implicated that their
language drawbacks in discourse production are the same as in sentence production.
However, some studies have revealed limitations in the discourse production only, which is
not a consequence of the low language competence [59–61]. The majority of such limitations
were revealed in story (re-)telling. DLD children produced less structured and cohesive
texts with poor macrostructure and erroneous microstructure in comparison to their TD
peers [43,62–64]. Among the different causes of the discourse drawbacks, scholars have
highlighted the cognitive resource deficit found in DLD children [65]. It was found that
many DLD children have weak EF [66] and a small volume of working memory [67]. In
the DLD population, more severe and persistent EF deficiency prevents children from
developing proficient language performance skills. Due to the deficit of EF, the error
rate in DLD children discourse usually rises [45]. It was established that in discourse
production, different genres have distinct procedural demands [68] and, thus, can provoke
speech/language errors to different extents [69].

Several studies have revealed that the discourse genre significantly impacts the part-
of-speech distribution both in the TD and in the DLD children [70]. Thus, it is reasonable
to expect an impact of the discourse genre on the error rate in children’s speech. It was
hypothesized that children’s errors while producing a discourse might have different
domain-specific (linguistic limitations) and domain-general (cognitive resource deficit)
mechanisms. The former should result in more regular errors, while the latter should
result in more incident errors. It seems reasonable to expect speech error distribution to
be a rather variable measure. Both in TD and DLD children, speech error number and
distribution might be influenced by multiple variables, such as age, language competence,
level of discourse skills, individual cognitive resource, genre of discourse, and/or register
of communication. Thus, the quantitative statistical measures of the error distribution
should be informative to understand the nature of errors.

The aim of the current research was to test the hypothesis that the cognitive loading of
discourse may differently provoke lexical and grammatical errors in TD (at different stages
of age) children and in DLD children (in comparison to TD peers). The prediction was that
different biological age, as well as different registers of communication and the (sub-)type
of discourse genres differently impact the distribution of lexical and grammatical errors.
In study 1, we aimed at assessing the impact of age on the lexical and grammatical error
distribution in different discourse genres in TD children. In study 2, we presumed to reveal
differences between the impact of genre on the lexical and grammatical error distribution
between the TD and DLD children.
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2. Materials and Methods

According to the main aim of the current project, two data sets were composed.
Study 1 enabled us to assess longitudinally a group of TD children and to elicit discourse
texts of different genres from the same children at four different age stages (Tables 1 and 2).
In study 2, two groups of children (DLD as the experimental and TD as the control group)
were assessed cross-sectionally and the same discourse genres as in study 1 were elicited in
slightly different semi-experimental conditions (Tables 3 and 4).

2.1. Data Collection in the Study 1
2.1.1. Participants

Participants were monolingual Russian-speaking children attending stated kinder-
gartens in Saint-Petersburg, Russia (Table 1).

Table 1. Sample characteristics of study 1.

N 12

Mean age Wave 1 Wave2 Wave 3 Wave 4

4 years 3 months 4 years 8 months 5 years 3 months 5 years 9 months

Language Russian

City of residence Saint-Petersburg, Russia

Language development Typically developing

Inclusion criteria Normal non-verbal IQ

Exclusion criteria

Hearing and/or visual disorders

Neurological disorders

Speech and/or language impairment

Non-verbal IQ on Raven’s matrix below 84

In all participants, the nonverbal IQ (according to the Raven’s Colored Progressive
Matrices Test) was at a normal range (M = 109.13, SD = 5.44).

Initially, 36 children were selected for the study from a large sample of 60 children
previously screened by the speech-language pathologist and confirmed as as typically
developed children without any speech/language disorder. The 36 children passed as
many as possible of the designed assessment sessions within each of the waves; however, a
few of the children were excluded from the study after the 1st, 2nd, or 3rd wave due to
different reasons; moreover, not all the children participated in all the assessment sessions.
Thus, finally, for the current study, we selected 12 children of the most similar age, who
passed all the waves and all the assessment sessions within each of the waves.

2.1.2. Procedure

The data contained genres such as personal narrative, fictional story (telling and
retelling mode), chat, and discussion, in each wave of the assessment (Table 2). The given
genres were different from the perspective of form (monologue vs. dialogue) and register
of communication (peer-directed vs. adult-directed speech). The size (the total number of
words) of the data is presented in Table 2.

The conversational map methodology [38] was modified by the authors of the paper
to elicit peer-directed chats and personal narratives. During individual sessions, a child
was given a doll (whose name was ‘the same as the child’s name’ and whose age was also
‘the same as the child’s age’), and then he/she was involved in a chat with another doll (the
experimenter’s doll). In the flow of conversation, the experimenter’s doll told a personal
narrative about some of his/her experience and then asked the child’s doll whether she/he
has had a similar experience. In response to the given prompts, the children usually told
personal narratives about similar experiences (events that had happened with the child
or his parents/grandparents/siblings/friends, etc.). While a child was telling his/her
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narrative, the experimenter tried to minimize her impact, i.e., she did not help the child,
did not ask any questions, and did not make any corrections. The only allowed prompts
were neutral remarks, such as ‘Uh-huh’, or a repetition of the exact previous words of
the child. In each of the waves, three personal narratives were elicited from each child.
The experimenter introduced the following topics in the prompt narratives: shopping in a
supermarket, visiting a doctor, a journey to a zoo, swimming in a lake, and some others
familiar for children of the given culture and lifestyle. Moreover, the children were allowed
to tell personal narratives on any topic they offered.

Table 2. The data of study 1. The total number of words.

Genre Register Wave 1 Wave 2 Wave 3 Wave 4

Personal narratives Peer-directed speech 1526 1869 3030 3164
Fictional stories (telling) Peer-directed speech 544 484 706 743
Fictional stories (telling) Adult-directed speech 576 541 557 868

Fictional stories (retelling) Adult-directed speech 593 674 618 794
Chats Peer-directed speech 1356 2406 3910 3216

Discussions Peer-directed speech 1332 1670 1932 1859

To elicit adult-directed fictional stories, the children were asked to tell and retell a
story according to different picture sequences. In each of the waves, we used two picture
sequences consisting of six colored pictures each; the protagonists of the picture sequences
were animals quite familiar for children of the given culture and lifestyle (e.g., cats, dogs,
mice, crawls) but one of the stories was always more complex than another one. The
pictures were designed by the authors of the paper and painted by a professional artist,
Ms. Unė Kurtinaitytė. During the assessment, the experimenter first placed the pictures
in the correct sequence in a single, horizontal row in front of a child. Then, the child was
allowed to look at the pictures to get the gist of the story (the time was unlimited). Next,
the child was asked to tell a story according to the pictures (for the telling mode) or to
listen to the story read by the experimenter and then to retell it (for the retelling mode).
During the telling/retelling process, the pictures were still on the table and, thus, a child
had a possibility to look at them all the time of assessment. The order of the tasks was
counterbalanced regarding story complexity (easier story vs. more complex story) and
task mode (telling vs. retelling). Sessions of the 1st and 2nd tasks were separated by a few
minutes of chat between the experimenter and a child.

To elicit peer-directed fictional stories and discussions, we used the same dolls for
stimulating the personal narratives and chats. At the beginning of the assessment, the
experimenter’s doll demonstrated hand-made his/her ‘favorite book with pictures inside’
and offered the child to look at them. Then, the experimenter’s doll ‘accidentally‘ dropped
the book, and the images spilled on the table (the images were not stuck initially to the pages
of the book). The experimenter’s doll asked the child’s doll for help and they both tried to
place the pictures to repair the picture sequence. During this activity, the experimenter’s
doll offered erroneous versions of the picture sequence, asked many provoking questions,
and, thus, involved the child in a discussion.

2.2. Data Collection in the Study 2
2.2.1. Participants

Participants were 10 monolingual Russian-speaking children with DLD and 14 TD
peers (see Table 3).

DLD children were clinically referred and received a two-year course of speech therapy
(five sessions a week) at the kindergarten; nevertheless, various phonetic, lexical, and
grammatical errors still occurred in their speech data. Before the experiment, all the children
were assessed by a speech-language pathologist by means of Russian language assessment
tools [50] in order to confirm the TD vs. DLD status and to exclude children with language
comprehension disorders from the experiment. (Children with language comprehension
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disorders were excluded to escape the non-relevant variable impact and to highlight the
discourse production features related to the expressive language limitations.) Thus, the
experimental group in our study may be characterized as DLD children with language
expression but not comprehension difficulties. Nonverbal IQ (according to Raven’s Colored
Progressive Matrices Test) was at a normal range in both groups (M = 113.25, SD = 3.15 in
the DLD; M = 121.00, SD = 4.90 in the TD).

Table 3. Sample characteristics of study 2.

Experimental Group (DLD) Control Group (TD)

N 10 14

Mean age 6 years 5 months

Language Russian

City of residence Saint-Petersburg, Russia

Language development Primarily impaired Typically developing

Inclusion criteria
Normal non-verbal IQ Normal non-verbal IQ

Clinically referred DLD

Exclusion criteria

Language comprehension disorders Speech and/or language impairment

Hearing and/or visual disorders

Neurological disorders

Non-verbal IQ on Raven’s matrix below 84

2.2.2. Procedure

The data contained genres such as fictional story (telling and retelling) and discussion
(Table 4). The given genres were different from the perspective of the form (monologue vs.
dialogue) but belonged to the same register of communication (adult-directed speech). The
size (the total number of words) of the data is presented in Table 4.

Table 4. The data of study 2. The total number of words.

Genre Register DLD TD

Fictional stories (telling) Adult-directed speech 520 1130
Fictional stories (retelling) Adult-directed speech 314 1156

Discussions Adult-directed speech 6249 8687

The children were asked to tell and retell a story according to different picture se-
quences to elicit fictional narratives. The order of the tasks was counterbalanced regarding
story complexity (as in study 1, one of the stories was easier, while another one was more
complex) and task mode (storytelling vs. retelling). The methodology has been previously
presented in several publications [43,71].

To elicit discussions, the ‘nonsense picture method’ [72] was employed. An experi-
menter demonstrated a child a picture with an unrealistic scenario (e.g., a cow sitting on a
tree, a pig flying in the sky, etc.) and asked the child to evaluate its plausibility. During the
conversation, the experimenter asked the child as many as possible provoking questions
and tried to involve the child in a discussion [72].

2.3. Development of the Corpus of Russian Children’s Language

The data (audio-records of the sessions) were transcribed orthographically using
CHAT tools [73]. Two experts double-checked the transcriptions independently and
extended them by encoding for language errors and linguistic dysfluencies to perform auto-
mated analysis using CLAN tools [73]. The data analyzed comprised, in total, 45, 942 words
without mazes.
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2.4. The Analyzed Variables

Russian is a highly inflective and morphologically rich language with many grammat-
ical categories. First, Russian nouns are specified as animate vs. inanimate. Furthermore,
as mentioned above, Russian nouns fall into three declensions related to the gender form
and may be further divided into different declension paradigms; moreover, nouns involve
two number forms and six case forms. Each Russian verb is specified for perfective vs.
imperfective aspect; the given forms of aspect are differentiated by prefixation, suffixation
(or a combination of them), and root alternation (suppletion). Verbs are also specified
for reflexive vs. non-reflexive form, they involve three tense forms (past, present, and
future tense) and three mood forms (indicative, imperative, and conditional). There are
five participles different in passive vs. active form and in perfective vs. imperfective aspect.
Participles are declined as adjectives; the two indeclinable adverbial participles are often
called gerunds. In Russian, nouns agree with their modifiers in gender, case, and number;
verbs agree with nouns and pronouns in gender, person, and number. Word order in
Russian is syntactically flexible and determined by pragmatics [11]. The most common
syntactic structure ‘subject-predicate-object may have up to 30 possible word order variants,
including six with the subject omission [74]. In addition, subordination using participles
and gerunds instead of relative and adverbial clauses is common in Russian.

A significant number of studies in Russian child language has been devoted to gram-
mar acquisition [10,75,76], and, thus, the qualitative features of morphological errors in the
early noun, verb, pronoun, and adjective production are well-studied; however, quantita-
tive studies have been carried out much rarely, especially at the later stages of language
acquisition. Similarly, the qualitative features of lexical and derivational errors have been
widely analyzed [77,78], however, we still lack knowledge about their quantitative features.
Therefore, this study analyzed both qualitative and quantitative features of the following
types of language errors, as exemplified below.

Lexical errors were considered as cases in which the child referred to something by
another name. In our corpus, lexical errors fell into (a) hyponyms replaced by hyperonyms
(e.g., ‘mouse’s house’ instead of ‘mouse’s hole’), (b) hyperonyms replaced by hyponyms
(e.g., ‘chicken’ instead of ‘baby-bird’), and (c) incorrect selections within words of the same
semantic group (e.g., motion terms ‘to go’, ‘to run’, and ‘to fly’).

Morphological errors were considered as cases in which the child selected an inap-
propriate form for marking the case, declension paradigm, gender, number, person, tense,
aspect, mood, or other morphological categories. Typical examples of morphological errors
were as in the following:

(1) Tam byla [= byl] poni. ‘There was:FEM [= was: MASC] a ponny: MASC.’
(2) Koshka zabiralasj [= zabralasj] na derevo. ‘The cat was climbing [= climbed] up the tree.’
In the case (1), the child used a feminine form for the word ‘was’ instead of a masculine

form, while the noun ‘ponny’ falls to the masculine gender. In the case (2), the child used
incorrectly an imperfect aspect form instead of the proper perfect form.

Syntactic errors were divided into (a) the agreement errors, (b) the government errors,
(c) the incorrect prepositional constructions, (d) the omissions of functional words, (e) the
incorrect word order, and (f) other ’messy sentences’. Typical examples of the syntactic
errors were as in the following:

(3) Ona stala zalezatj k derevu [= na derevo]. ‘She started climbing to [= up] the tree.’(4)
Ptica ne mozhet letatj s vodoj [= v vode]. ‘A bird cannot fly with [= in] a water.’

In both cases (3,4), the child used incorrect preposition (although the government of
the preposition on the noun case form was correct). The given syntactic errors (3,4) not
only destructed the sentence but also involved inappropriate semantics.

Derivational errors fell into (a) the incorrect prefixation, (b) the incorrect suffixation,
and (c) the incorrect compounding. Usually, derivational errors were occasional word-
forms constructed by a child (e.g., a diminutive form of ‘a pet’ or ‘a swing’ that are possible
theoretically but do not exist in Russian).
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During statistical analysis, the quotient for each type of error was estimated by di-
viding the number of errors of the given type by the total number of words in the corpus.
Thus, four different quotients were estimated: (1) the lexical error QL, (2) morphological
error QM, (3) syntactic error QS, and (4) derivational error QD. The statistical difference
between the measures was calculated by means of the ANOVA (in the case of normally
distributed variables) or by the Mann–Whitney U criterion (in the case of non-normally dis-
tributed variables). The MANOVA (general linear model—GLM) was applied to estimate
the determinants’ impact on the dependent variables.

3. Results

In this section, we present separate results of study 1 and study 2.

3.1. Results of the Study 1

Although the participants had no speech/language disorders, they made a low num-
ber of errors, i.e., 0.02 errors per word (or 20 errors per 1000 words) with high individual
variability (from 0 to 0.19). As for different types of errors, their distribution in the whole
data was uneven (Figure 1).
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Figure 1. Error rate quotients per word in different types of errors.

Lexical (QL) and morphological (QM) error quotients were significantly highest among
all types of errors, while syntactic (QS) error quotient was the lowest (Table 5).

Table 5. The error quotient among the waves.

The Number of Errors Per Word
Mean (Standard Deviation)

Lexical Errors Morphological Errors Syntactic Errors Derivational Errors

Wave 1 0.0125 (0.0270) 0.0173 (0.0019) 0.0007 (0.0030) 0.0031 (0.0088)

Wave 2 0.0081 (0.0189) 0.0153 (0.0017) 0.0024 (0.0082) 0.0022 (0.0077)

Wave 3 0.0022 (0.0048) 0.0118 (0.0013) 0.0013 (0.0037) 0.0023 (0.0069)

Wave 4 0.0096 (0.0143) 0.0076 (0.0008) 0.0011 (0.0032) 0.0026 (0.0057)

Significance

1–2 0.690 1.000 0.178 1.000

1–3 0.002 0.048 1.000 1.000

1–4 0.021 1.000 1.000

155



Children 2021, 8, 1114

Along the waves, the mean of the total error quotient (QT) changed following the U
curve, but the differences between the waves did not reach a significant level. The maximal
error rates were evidenced in the 1st wave, while the minimal error rates were evidenced
in the 3rd wave (Figure 2).
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Distribution of the quotient for all types of errors are presented in Figure 3.
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Figure 3. Distribution of different types of error quotients in the waves of assessment.

The total number of errors per word changed gradually from wave to wave but all
types of errors had their specific patterns. The most dramatic change was revealed between
the 2nd and the 3rd wave.

A more selective quantitative analysis of the rate of different types of errors in each
wave revealed distinctions in the errors’ ‘behavior’. The lexical error rate was maximal
in the 1st wave and minimal in the 3rd wave (U-shaped pattern), while the syntactic
error rate, vice versa, was minimal in the 1st and in the 4th wave and maximal in the 3rd
wave (inverted U-shaped pattern), and the morphological errors reduced gradually along
the waves.
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As for the percentage of different types of errors among all errors, it was rather stable
in the first three waves but changed in the 4th wave (Figure 4).
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Figure 4. The percentage of different types of errors (among all errors) in the waves of assessment.

To estimate the impact of such determinants as Wave and Genre on the error distribu-
tion, the MANOVA analysis of the total data in all the waves was carried out (Table 6).

Table 6. The impact of group and genre determinants on error distribution.

Dependent Variables
Independent Variables

F p η2 Power

Wave

Lexical errors per word 5.365 0.001 0.050 0.932

Morphological errors per word 3.793 0.011 0.036 0.813

Genre

Lexical errors per word 5.794 0.000 0.117 0.999

Morphological errors per word 2.086 0.045 0.046 0.797

Both Wave and Genre significantly impacted the QL and QM indexes with relatively
low effect size.

Comparative between-genre ANOVA analysis with a post hoc multiple pairwise com-
parisons revealed that the QL quotient in the storytelling was higher than in the personal
narrative (p = 0.001), retelling (p = 0.022), chat (p = 0.000), and discussion (p = 0.000). As can
be seen in Figure 5, the register of communication (adult-directed story vs. peer-directed
story) significantly influenced only the distribution of lexical errors in the storytelling.
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3.2. Discussion on the Study 1

The aim of study 1 was to assess the impact of Age variable on the lexical and
grammatical error distribution in different discourse genres in TD children. Distributional
analysis of the total number of errors revealed that the lexical and morphological errors
were dominant, while the syntactic and derivational ones were much rarer. This result
is congruent with our knowledge about the patterns of development of different parts
of language devices [11,78,79]. The basic syntactic skills become matured in the second
and third years of life. Acquisition of the derivative words and mastering the derivational
morphemes begin at about 2 years 6 moths and develop the most active during the 4th
and 5th years, usually resulting in a high number of word innovations. On the other
hand, the differentiation between the word meanings and the development of a polysemy
continue along the school years until adolescence. Basic morphology devices are mastered
by typically developed children at about the 6th or 7th year of life. In this regard, we can
infer that earlier developed speech/language skills are more resistant to errors, while later
developed ones, conversely, are more variable and more error prone. Our participants’
total number of errors significantly reduced in the 3rd wave compared to the 1st one. Until
recently, such data regarding the changes in error patterns during late preschool years were
not available. A small amount of data with error samples have been obtained instead in
special experimental assessments, but not in the spontaneous discourse; spontaneous data,
if accepted, have not been supported by an age-related analysis [79,80]. To our knowledge,
there have not been any previous attempts to analyze the entire range of error profiles in
TD children’s discourse.

It is difficult to compare our data with other data. Among the publications related to
grammatical errors in children’s speech [80,81], very few contain statistics of distribution.
For example, [80] presented a collection of child errors, and in his corpus, lexical errors
occupy 92% and morphological 8% of all errors. This is much less than in our data (35%).
Furthermore, it should be noted that in different languages the weight of the formally
similar types of errors may have a different mechanism and may be grounded in different
strategies of the speaker.

Analysis of the age-related changes in four types of errors presented new data about
the discourse development in children from 4 to 6. As shown in Figures 2 and 3, participants
became more skillful in the discourse production during the two years of a longitudinal
study. The total number of errors changed following the U-shaped curve. This trend
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is relevant to many other developmental studies representing the same pattern [2,82].
However, the rate of different types of error changed according to different patterns. The
most clear-cut patterns of changes were presented in the lexical and morphological errors.
The morphological errors gradually reduced and followed a descending linear curve. On
the other hand, the lexical errors path was observed as a U-shaped curve—they radically
reduced after the 2nd wave (mean age 4 years 8 months) and raised after the 3rd (mean age
5 years 3 months). One more interesting point in our data was the internal distribution of
different types of errors. The pattern of this distribution was constant along the first three
waves and changed in the 4th wave. This occurred because the rate of the morphological
errors was raised, but the lexical errors were reduced in only the 4th wave. Concurrently,
the remaining two types of errors remained constant. This could probably be explained by
the fact that age from 5 to 6 is critical for the development of some cognitive resources and
executive functions [26,83,84].

In our participants, individual variabilities of error distribution were probably caused
by the two main circumstances: (a) partial immaturity of some discourse language skill
subsystems and (b) different cognitive demands of the discourse genres. The last inference
is supported by our finding of the distinct and significant impact of different genres on
the error distribution. Moreover, in different types of error this impact manifested with
distinct patterns (Figure 5).

To our knowledge, this study is the first to confirm the impact of age and genre
on the error distribution in the child discourse. Moreover, statistical analysis revealed
that the assessed four types of errors were differently sensitive to age and genre. It
should be emphasized that the four types of errors represent the basic sub-systems of
language development and distinct patterns of language maturity: (1) growth of lexical and
conceptual diversity, (2) development of inflectional morphology devices, (3) development
of syntactic structures, and (4) development of derivational morphology devices [79]. Only
the lexical errors were similarly by the genre and only the morphological errors were
sensitive to age. Some well-known developmental patterns can explain this. According
to [10,78], children continue to master morphology devices for noun inflections which play
a crucial role in Russian. However, this grammatical device seems to be not fully mastered
and not yet automatized in most of our participants. As for the accuracy in the vocabulary
use, children of this age range acquire many new infrequent words relatively fast, but
the semantic differentiation develops later [79]. Children’s word choice errors reflect
incomplete knowledge of the meaning of the incorrectly used words [2]. The discourse
programming demands more conceptually rich vocabulary than utterance production. In
this regard, lexical errors are multiple and influenced by age and genre. The same data has
been published previously by other authors [2,79].

3.3. Results of the Study 2

The aim of the study 2 was to reveal differences between the impact of genre on the
lexical and grammatical error distribution between the TD and DLD children. The total
number of errors per word in the DLD group was higher than in the TD group (F = 6.114;
p = 0.025) (but only in the conversation). Comparative estimation of different types of
errors revealed that the DLD children made significantly more lexical errors per word
(F = 4.530; p = 0.037) and almost significantly more syntactic errors (F = 3.719; p = 0.058).

The MANOVA analysis of the impact of Group and Genre on the error rate in all
participants (DLD + TD) revealed that both Group and Genre determinants predicted the
lexical and morphological errors rates (Table 7).

Group significantly determined the morphological errors and almost significantly
determined the lexical and syntactic errors. On the other hand, Genre significantly deter-
mined the lexical errors. The comparative between-group analysis of error distribution in
the storytelling and retelling did not reveal significant distinctions between the groups.
However, the same analysis of error distribution in the discussion revealed different results:
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the DLD children made significantly more lexical errors (U = 11.5; p = 0.018) and syntactic
errors (U = 13.5; p = 0.032) (Figure 6).

Table 7. The impact of Group and Genre determinants on error distribution.

Dependent Variables
Independent Variables

F p η2 Power

Group

Lexical errors per word 3.849 0.054 0.058 0.489

Morphological errors per word 4.116 0.047 0.062 0.515

Syntactic errors per word 3.520 0.065 0.054 0.455

Genre

Lexical errors per word 3.919 0.025 0.112 0.686
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Figure 6. Error percentage distribution in TD and DLD children.

To estimate the Genre’s impact on the different errors’ rates within the same group, a
comparative analysis of errors per word in the storytelling and conversational reasoning
was carried out. In the DLD group, we did not find a difference between the genres. In the
TD group, significant differences between the storytelling and conversation were in the
morphological (U = 34.0; p = 0.000) and syntactic errors (U = 70.0; p = 0.034) (Figure 7).

Statistical comparison (Mann–Whitney test) of the error quotient rate distribution in
storytelling, retelling, and discussion evidenced that Genre (storytelling vs. discussion)
significantly discriminated the QM. (U = 119.0; p = 0.006), QS (U = 150.0; p = 0.013), and QD
(U = 139.5; p = 0.006) (Figure 7).

Comparative analysis of the distribution of error quotient in different genres in the
DLD group confirmed that Genre (storytelling vs. discussion) significantly discriminated
only the syntactic errors (U = 22.5; p = 0.006). However, a comparison of the percentage
of the types of errors among all errors in the DLD children in different genres revealed
significant differences between the lexical (U = 82.0; p = 0.010) and syntactical errors
(U = 16.5; p = 0.017).

160



Children 2021, 8, 1114

Children 2021, 8, x FOR PEER REVIEW 15 of 21  

 

 
Figure 6. Error percentage distribution in TD and DLD children. 

To estimate the Genre’s impact on the different errors’ rates within the same group, 
a comparative analysis of errors per word in the storytelling and conversational reasoning 
was carried out. In the DLD group, we did not find a difference between the genres. In 
the TD group, significant differences between the storytelling and conversation were in 
the morphological (U = 34.0; p = 0.000) and syntactic errors (U = 70.0; p = 0.034) (Figure 7). 

 
Figure 7. Error distribution in the storytelling and discussion. The number of errors per word. 

Statistical comparison (Mann–Whitney test) of the error quotient rate distribution in 
storytelling, retelling, and discussion evidenced that Genre (storytelling vs. discussion) 
significantly discriminated the QM. (U = 119.0; p = 0.006), QS (U = 150.0; p = 0.013), and QD 
(U = 139.5; p = 0.006) (Figure 7). 

Comparative analysis of the distribution of error quotient in different genres in the 
DLD group confirmed that Genre (storytelling vs. discussion) significantly discriminated 
only the syntactic errors (U = 22.5; p = 0.006). However, a comparison of the percentage of 
the types of errors among all errors in the DLD children in different genres revealed sig-
nificant differences between the lexical (U = 82.0; p = 0.010) and syntactical errors (U = 16.5; 
p = 0.017). 

0.000

0.050

0.100

0.150

0.200

0.250

0.300

0.350

0.400

0.450

0.500

Lexical errors Morphological errors Syntactic errors Derivational errors

DLD TD

0.000

0.005

0.010

0.015

0.020

0.025

0.030

0.035

0.040

Lexical errors Morphological
errors

Syntactic errors Derivational errors

Storytelling DLD Storytelling TD Discussion DLD Discussion TD

Figure 7. Error distribution in the storytelling and discussion. The number of errors per word.

3.4. Discussion on the Study 2

At the beginning of the discussion, we need to remind that all DLD participants were
attending special kindergartens for DLD children and receiving remedial treatment course.
At the beginning of the experiment, the DLD participants had been taking part in the
remedial treatment for approximately two years. As a result, some speech/language draw-
backs (especially, in morphological and syntactic domains) had probably been partially
compensated before the beginning of the experiment. Nevertheless, the scores of language
assessment (phonological and morphosyntactic tasks) used to select the children for the
experiment were below the age-norms in all the DLD children. Moreover, it was noticed
that in the semi-structured discourse elicitation conditions, many of the DLD participants
were trying to escape linguistically demanding phrases. Comparative analysis of narrative
microstructure in the same sample of the DLD and TD children (see [43]) revealed that
the DLD children tended to use simple syntactical structures, their communication units
were not complex (the mean number of clauses per communication unit was low), and the
lexical diversity index (noun lemma/token ratio) was also quite low. Although the DLD
and TD children did not demonstrate significant differences in the total number of errors
in storytelling, discussions about the ‘nonsense pictures’ provoked the DLD children to
make more errors than the TD children. This result concord to studies carried out in other
languages [85] and might be explained by different nature of the given genres. Narrative
(storytelling according to picture sequence in a self-pace mode) might be characterized as
partially prepared and structured speech, while the discussion is much more spontaneous
and much less structured genre. Moreover, in the current study, Genre impacted differently
not only the total number but also a distribution of different types of errors. Namely,
cognitively high demanding tasks (such as storytelling elicited following quite structured
procedure) provoked the DLD children to make a lot of morphological errors; while spon-
taneous, playful discussions with an experimenter lead the DLD children to numerous
lexical errors. This tendency concords with our previous experiments [71]. Thus, the results
of study 2 evidenced a selective impact of the discourse genre on error distribution in the
DLD children.

3.5. Results of Comparison between the Study 1 and Study 2

Comparison of the error rates between the TD children from the study 1 wave 4 (mean
age 5 years 9 months), the TD children from study 2 (mean age 6 years 5 months), and
their DLD peers (mean age 6 years 5 months) did not reveal any significant distinctions
(Figure 8).
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study 2.

4. General Discussion on the Study 1 and Study 2

Our two studies evidenced that the correctness of speech production in the same
children is not a constant measure. The high variability of error scores was significantly
influenced by the genre of discourse and the age of participants. Thus, our prediction
about the impact of the genre on the error rate was confirmed. This may be explained
by the different cognitive loading of different genres. These data are congruent with our
previous studies where the genre impact on the distribution of phonological structures
(types of syllables with different complexity) [71] and on the part-of-speech profile [70]
was evidenced.

It should be noted that the distribution of the percentage of different types of errors
was very similar between the TD and DLD children. However, the latter made significantly
more lexical errors.

According to the traditional attitudes of speech/language pathology, low language
competence is the main distinction between language disorders and TD children. The
development of language competence is usually equated to the score of correct responses
in language battery tasks (the proper response is considered the response without errors).
Thus, it is implicitly suggested that typically developed children do not make any errors.
However, this suggestion is not true. Both adults and children make errors and slips of
the tongue in their colloquial speech [2,86]. While there are plenty of psycholinguistic
studies of errors in colloquial speech in adults, scarce data are available regarding colloquial
speech and errors in children. From the psycholinguistic and psychological perspective,
speech is some kind of behavior consisting of multiple skills. From this perspective,
procedural knowledge acquisition in speech development is in close relation to mastering
relevant skills.

In linguistic studies of children’s language, speech errors are recognized as a sign of
limited language competence. However, language competence is usually rather stable, and
its limitations are expected to manifest approximately similar to different speech acts.

Like many other skills, each new speech skill passes through a stage of unstable,
variable execution, and automation. The less mature and automated the skill is, the more
variable it is, and the more mistakes are made [87,88]. The number of errors the subject
makes is a manifestation of the skill’s instability. From the perspective of this regularity,
speech errors mark the weak chains in a particular speech/language subsystem. In the

162



Children 2021, 8, 1114

scope of this suggested model, higher rates of lexical and morphological errors, compared
to syntactic and derivational errors, mean that the syntactic and derivational subsystems,
in 4–5-year-old children, are more matured and automated and, therefore, children make
fewer errors. For the same reason, the syntactic and derivational errors were less sensitive
to age and genre.

The main limitations of our study were relatively small size of the sample and quite
narrow range of cognitive assessments. In the framework of the ongoing investigation, we
are replicating the longitudinal study (with an application of all methods and approaches
employed in the given study 2) in DLD children. This will enable us to compare a process
of discourse acquisition between the TD and DLD children from different perspectives,
including error analysis.

5. Conclusions

Comparison of the data obtained in the longitudinal and cross-sectional studies
evidenced that both in TD and DLD children, genre of discourse significantly impacted
the distribution of lexical and grammatical errors. Different genres had a different impact
on the pattern of the error distribution. On the other hand, different types of errors
were influenced by the genre to different extents. Lexical errors were the most sensitive
to the genre both in TD and DLD children, but the distribution of only morphological
errors discriminated TD children from DLD peers. Moreover, the general patterns of
error distribution in different genres of discourse are reasonably similar between TD and
DLD children.

Our data confirmed that methods, tasks, and approaches to children’s speech/language
assessment may have an essential impact on the error rate. Thus professionals (e.g.,
speech/language pathologists) should consider the genre and communication register.
According to our current data, individual variabilities of different types of grammatical
devices are not equally sensitive to the demands of different genres.
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43. Balčiūnienė, I.; Kornev, A.N. Doing new things with language: Narrative language in SLI preschoolers. Est. Pap. Appl. Linguist.
2016, 12, 25–42. [CrossRef]
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Abstract: Nonword repetition has been proposed as a diagnostic marker of developmental language
disorder (DLD); however, the inconsistency in the ability of nonword repetition tasks (NRT) to
identify children with DLD raises significant questions regarding its feasibility as a clinical tool.
Research suggests that some of the inconsistency across NRT may be due to differences in the nature
of the nonword stimuli. In this study, we compared children’s performance on NRT between two
cohorts: the children in the Catalan–Spanish cohort (CS) were bilingual, and the children in the
European Portuguese cohort (EP) were monolingual. NRT performance was assessed in both Spanish
and Catalan for the bilingual children from Catalonia-Spain and in Portuguese for the monolingual
children from Portugal. Results show that although the absolute performance differed across the two
cohorts, with NRT performance being lower for the CS, in both Catalan and Spanish, as compared
to the EP cohort in both, the cut-points for the likelihood ratios (LH) were similar across the three
languages and mirror those previously reported in previous studies. However, the absolute LH ratio
values for this study were higher than those reported in prior research due in part to differences in
wordlikeness and frequency of the stimuli in the current study. Taken together, the findings from this
study show that an NRT consisting of 3-, 4-, and 5-syllable nonwords, which varies in wordlikeness
ratings, when presented in a random order accurately identifies and correctly differentiates children
with DLD from TD controls the child is bilingual or monolingual.

Keywords: developmental language disorder (DLD); specific language impairment (SLI); nonword
repetition; diagnostic markers of DLD/SLI; likelihood ratio; Catalan; European Portuguese

1. Introduction

The ability to repeat nonwords has been associated with early childhood vocabulary
knowledge and development, grammar skills, and utterance lengths [1]. Additionally, dif-
ferences of nonword repetition ability between clinical populations and their age-matched
typically developing peers (TD) has been suggested as a useful tool to explore language
differences among clinical populations (e.g., developmental language disorder (DLD) [2,3],
dyslexia [4], Down’s syndrome [5], etc.). In the case of DLD, nonword repetition tasks
(NRT) have been investigated as a method to differentiate TD children from children with
DLD, but the results from these studies have been inconclusive. The purpose of this study
was to examine the diagnostic consistency of NRT to discriminate between monolingual
and/or bilingual children with DLD from TD controls when developed in the native lan-
guages of children. More specifically, we compared the precision of language-specific NRT
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to identify DLD in a group of simultaneous bilingual Catalan–Spanish speaking children
with and without DLD to that of a group of monolingual European Portuguese children
with and without DLD.

Developmental language disorder (DLD), historically referred to as specific language
impairment (SLI), is a neurodevelopmental disorder characterized by normal nonverbal
intelligence paired with a persistent inability to master comprehension and production
of language in the absence of intellectual or emotional disability, hearing loss, or other
medical conditions or syndromes known to cause language disorders [6–8]. Historically,
the focus of much of the research in DLD has been on determining the degree to which
the deficits are specific to the language system or extend to nonlinguistic aspects of cog-
nition. Some researchers historically used the term SLI to refer to children with deficits
that were believed to be specific to the “language” system [9], while other researchers
used a broader interpretation of the term to denote the presence of both language-based
deficits as well as weaknesses in areas that go beyond language [6–8]. Consistent with the
central tenants of a broad characterization of the disorder, the research community recently
shifted to use the term DLD to refer to those children who fall into the broader definition
of SLI [10–12]. In keeping with this trend, we use the term DLD in this manuscript to refer
to this more broadly defined group of children with language-based deficits. Adding sup-
port to these domain-general theories of DLD, nonword repetition performance has been
consistently shown to be lower in children with DLD than their TD peers [13]. The ability
to repeat nonwords relies on numerous underlying factors, such as phonological working
memory [3,14,15], auditory processing [16,17], and speech production [18]. Understanding
the nature of the underlying cause of poor nonword repetition DLD is seen as a necessary
missing piece to understand the underlying cause of language deficits in these children.

Arguments for a phonological working memory basis for the nonword repetition
deficits in DLD are founded on Baddeley’s theory of working memory, and more specif-
ically, on the phonological loop portion of his theory [19,20]. The phonological loop’s
storage component is particularly implicated in DLD [21,22]. The phonological store is
a short-term memory trace of the incoming phonological information that fades over a
matter of seconds. It is argued that individuals with DLD have smaller storage capacity
in the phonological loop than their TD peers. By using a fast-mapping paradigm, Alt [23]
found that children with DLD had difficulty with fast-mapping words that were greater
than two syllables long, which she attributed to initial encoding difficulties and decreased
storage capacity of the phonological loop. Further evidence for the limited storage capacity
comes from studies on nonword repetition in children with DLD, where children with
DLD perform relatively similar to their TD peers on words with two syllables, and they
perform progressively worse than their peers as the nonwords become longer [24]. These
researchers have argued that as the nonword length increases, the amount of storage re-
quired to maintain these nonwords in working memory also increases. Thus, the decrease
in performance on nonwords of increasing length in DLD is attributed to a lack of adequate
phonological storage.

Syllable length is not the only factor shown to influence nonword repetition ability in
both DLD and TD populations. Syllabic phonological frequency as well as wordlikeness
have both been shown to impact nonword repetition [25,26], with higher phonological
frequency and/or high wordlikeness resulting in higher nonword repetition accuracy.
These syllabic and word-level influences on nonword repetition performance are unsur-
prising from Baddeley’s working memory framework. In the model, working memory
interacts with long-term, extant knowledge to the effect that a higher frequency nonword is
hypothesized to have stronger long-term associative links at the phonological level (in the
case of high phonological syllable frequency), or higher word-association links (for high
wordlikeness), resulting in greater accuracy for these nonwords due to their decreased
demands on memory. Frequency effects such as this have been observed at the word level,
with higher frequency words identified quicker during lexical decision tasks as compared
to low-frequency words [27–30].
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One aspect of nonword repetition tasks that makes them highly useful for research
and diagnostic purposes is that unlike other measures such as sentence comprehension
and receptive and expressive vocabulary, NRT does not rely on the underlying structure of
the language the task is being administered in, and as such, NRT provides a measure of
language ability that is independent of environmental factors such as race and maternal
education level [24,31], but one that is not biased by the morphosyntactic structure of the
language [32–34]. Due to this, in recent years, a multitude of studies have investigated
the efficacy of employing NRT to differentiate children with DLD from their TD peers
across a wide range of languages including Spanish [32], Norwegian [35], Swedish [36,37],
Vietnamese [38], Gulf Arabic [39], Italian [40], Icelandic [41], and Brazilian Portuguese [42].
However, it is important to note that although nonword repetition performance is not
influenced by the syntax of a language, it is influenced by the lexicon. Specifically, NRT are
sensitive to the underlying phonological, phonetic, syllable frequency, and the degree to
which the nonword overlaps with real worlds in the lexicon. Taken together, this suggests
that clearly monolingual children should be tested on NRT derived from their native
language but also that bilingual children should be tested on NRT derived from all of their
native language(s) [40,43,44].

The common deficits in nonword repetition performance in DLD and its cross-
linguistic potential have motivated a great deal of research examining the degree to which
NRT stimuli can be used to discriminate children with DLD from TD. However, there is
large variability in these studies, both with respect to the degree to which performance
is poorer for DLD as compared to TD controls and in the positive likelihood values re-
ported across studies. Positive likelihood ratios (LH) give the percentage possibility of
an individual being a part of a group given a score on a task or test [45], and the larger
the LH value, the greater the likelihood the individual is a part of the group. Studies
calculating LH values for nonword repetition accuracy report a range of values including
small to moderate (LH = 2.78 at or below 70% accuracy [46]; LH = 6.67 at or below 50%
accuracy [47]) to moderate-high (LH = 11 at or below 50% accuracy [48]).

A potential factor contributing to the variability across different NRT tasks to discrim-
inate children with DLD from TD children may be differences in the NRT themselves. For
example, Ellis Weismer et al. [46] reported data from the Dollaghan and Campbell [49] NRT,
which is a version of NRT that consists of a set of 16 nonwords, four at each of four-syllable
lengths (1-, 2-, 3-, 4-) that were controlled to all have low wordlikeness ratings. Further, the
nonwords are presented in a sequential order beginning with the one-syllable nonwords
and progressing to the four-syllable nonwords. In contrast, Girbau and Schwartz [32]
examined NRT performance in Spanish–English bilingual children with and without DLD
using a NRT task that consisted of 20 nonwords, four at each of five syllable lengths
(1-, 2-, 3-, 4-, 5-).

To examine the consistency of NRT as a measure to identify and discriminate children
with DLD from children with normal language across languages, in the current study,
we compared children’s performance on a NRT task in two ways. First, because there
were no NRT in Catalan or European Portuguese, we used the same method to develop
two NRT to compare the performance of a group of bilingual Catalan–Spanish speaking
children with and without DLD to that of a group of monolingual European Portuguese
speaking children. Since the Catalan–Spanish cohort was bilingual, we also compared their
performance on a previously developed and published Spanish NRT task.

First, we ask if bilingual versus monolingual status matters when using an NRT task
developed from scratch that matches a child’s native language in its ability to differentiate
children with DLD from their TD peers who are either simultaneous bilingual (e.g., Catalan–
Spanish) or monolingual (e.g., European Portuguese). In line with the current research, we
hypothesize that nonword repetition ability will have a high likelihood of predicting which
children have DLD and which do not in both language populations. Second, we ask if
the syllable length of the nonwords improves NRT’s ability to identify children with DLD
over total percent correct. Specifically, we examined whether the likelihood ratio values

169



Children 2021, 8, 85

can accurately identify and differentiate DLD from children having typical language in
an individual child. In keeping with the current literature, we hypothesize that because
children with DLD may perform similar to their TD peers on shorter nonwords (two
syllables), but because their accuracy may decline beyond two syllables, longer nonwords
may have better diagnostic accuracy as compared to two-syllable nonwords. Third, we
asked to what extent does the degree to which the nonword overlaps with real words in
structure (i.e., wordlikeness) influence diagnostic accuracy. Since vocabulary has been
shown to influence nonword repetition performance, and previous work consistently
shows that performance is poorer for children with DLD on nonwords having low as
compared to high wordlikeness, we predict that the wordlikeness of nonwords also will
increase the diagnostic accuracy of NRT. Our working hypothesis is that a similar pattern
of performance on NRT created in two different languages, using the same method to
create the nonword lists, should result in similar LH ratios across the two linguistically
different samples, and it would provide valuable data regarding the feasibility of NRT as a
diagnostic marker of DLD.

2. Materials and Methods
2.1. Participants
2.1.1. Catalan–Spanish (CS)

The Catalan–Spanish (CS) cohort consisted of a total of 72 children: 36 children with
developmental language disorder (DLD-CS) aged 5;4–15;5 and 36 typically developing
children (TD-CS) with normal language aged 5;7–16;2 (A portion of the children of the
Catalan–Spanish cohort were included in Ahufinger et al. [50]). There were a total of
20 girls (28%) and 52 boys (72%). The children with DLD-CS were pairwise matched to TD-
CS controls based on age (+/−3 months) and sex at the time of the study. All the children
were native simultaneous bilingual speakers of Catalan and Spanish that were exposed to
both languages from birth. (Catalan is one of the 5 co-official languages that coexist in Spain.
It is only spoken in a region called Països Catalans/Catalan countries formed by Catalonia,
Valencia, Balearic Islands, and Northern Catalonia). According to the parental survey, all
families of the present study reported that their children speak Catalan and Spanish. All
children that participated in the present study were from different areas of Barcelona and
the surrounding area (metropolitan area of Barcelona) where Central Catalan is spoken. In
2018, 52.7% of Barcelona citizens claimed that their initial language was Spanish, and 31.5%
was Catalan [51]. In the school system, Catalan is the primary language of instruction. Later,
in primary school, children receive 2–3 h of Spanish classes per week, while the rest of the
subjects are taught in Catalan [52,53]. According to Alarcón and Garzón [54], children in
Barcelona are equally proficient in both Spanish and Catalan, although the use of Spanish
is more popular. For further information about Catalan and Spanish bilingualism and DLD,
see Sanz-Torrent, Badia, and Serra [55] and Sanz-Torrent et al. [56]. As such, the Catalonian
children in this study are considered simultaneously bilingual. The children with DLD-CS
were selected with the collaboration of different institutions, organizations, and schools
as Catalan Center of Resources for Hearing-Impaired People (CREDA), members of the
Catalan service for school counseling and guidance (EAP) and Catalan Association of
Specific Language Impairment (ATELCA). All the families who agreed to participate in the
study were asked to sign an informed consent form. A final report containing the results of
all the tests administered to the children was given to the family as a token of gratitude for
their commitment and contribution to the study.

Catalan–Spanish Inclusion/Exclusion Criteria

The inclusion/exclusion criteria were defined following the DLD diagnostic criteria
recommended by a Spanish expert committee that reached a consensus in 2015 [57]. All the
children identified were assessed by two trained researchers to confirm the diagnostic crite-
ria. The diagnostic inclusion/exclusion criteria for children with DLD-CS in the present
study were as follows: (a) Catalan–Spanish Bilingual; (b) a nonverbal intellectual quotient
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(NVIQ) > 75 (Kaufmann Brief Intelligence Test Matrices section, K-BIT [58]); (c) a score
of –1.25 SD or greater on one of the three scales of the Clinical Evaluation of Language
Fundamentals—Fourth Edition, Spanish (CELF-4; [59]): core language, expressive lan-
guage, and receptive language; (d) normal hearing at 500, 1000, 2000, and 4000 Hz at 20 dB
based on the American Speech-Language Hearing Association (ASHA) 1997 guidelines for
hearing screening [60]; (e) normal or corrected-to-normal vision; (f) normal oral and speech
motor abilities; and (g) absence of other medical or neurological conditions. The inclu-
sion/exclusion criteria for the group of TD children were as follows: (a) Catalan–Spanish
Bilingual; (b) a NVIQ > 85 (K-BIT Mat [58]); (c) standardized language scores within the
normal range in the core language, expressive language, and receptive language CELF-4
scales; and (d) absence of a prior history of speech or psychological therapy (see Table 1).
All children were classified as either TD or DLD based on standard clinical practice in
Catalonia, which is based on the Spanish version of the standardized test where all stimuli
are presented in Spanish, but if children answered correctly in Catalan, they were given
credit for their answer. There currently are no normative language tests for the Catalan
language. From 79 children with language difficulties that were initially screened, 43 were
excluded for failure to meet the inclusion/exclusion criteria.

Table 1. Age and standardized scores for language and cognitive assessment measures for Catalan–Spanish children with
developmental language disorder (DLD-CS) and typically developing (TD-CS) children.

DLD-CS (n = 36) TD-CS (n = 36) Comparison

Variable Mean SD Range Mean SD Range t(70) p

Age in months 107.72 28.76 64–185 111.58 28.68 67–194 −0.57 p = 0.57
K-BIT mat (NVIQ) a 98.67 12.10 76–119 102.53 8.82 88–124 −1.54 p = 0.13

CELF-CLS b 73.78 10.98 45–89 109.83 6.57 99–130 −16.91 p < 0.01
CELF-ELS c 73.86 8.69 52–87 109.39 7.73 89–128 −18.33 p < 0.01
CELF-RLS d 78.92 9.74 59–97 105.44 5.89 93–118 −13.98 p < 0.01

Note. For each variable, age-scaled scores have a mean of 100 and an SD of 15 (except age in months). a K-BIT mat = Kaufman Brief
Intelligence; Matrices subtest, Spanish version [58]. NVIQ: Non-verbal intelligence. b CELF-4 CLS = Spanish Clinical Evaluation of
Language Fundamentals, 4th edition: Core Language score [59]. c CELF-4 ELS = Spanish Clinical Evaluation of Language Fundamentals,
Fourth Edition: Expressive Language score [59]. d CELF-4 RLS = Spanish Clinical Evaluation of Language Fundamentals, Fourth Edition:
Receptive Language score [59].

2.1.2. European Portuguese (EP)

The European Portuguese cohort consisted of a total of 150 children; 75 children with
developmental language disorder (DLD-EP) aged 7;0–11;11, and 75 European Portuguese
speaking typically developing (TD-EP) children with normal language aged 7;0–11;11.
There were a total of 42 girls (28%) and 108 boys (72%). The children with DLD-EP were
pairwise matched to typical controls based on age (+/−6 months) and sex from the same
classroom and school grade.

Prior to participant recruitment, permission to perform this study in the state-funded
schools in the North of Portugal was requested from the Board of Education—North
Division (DREN, Direcção Regional de Educação do Norte). First, the experimenter visited
each of the 17 schools and presented the aims of the study to the school administrator, who
gave his formal consent for the experimenter to contact each classroom teacher in order to
gather the required information. Then, classroom regular and special education teachers
were asked to identify children in the 7-, 8-, 9-, 10-, and 11-year-old age groups who had
language problems (i.e., oral comprehension, oral production, reading problems, language
delay, etc.) that might be potential DLD participants. All this identification process was
based on existing assessments (e.g., portfolios, checklists, inventories) at the school at the
time of the study. Once a list of children with potential DLD-EP was obtained, a written
consent form for soliciting participation in this study was forwarded to the parents of the
children in the target age ranges. Once the participants with DLD-EP in a given school were
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identified and parental consent was returned to the experimenter; then, typical developed
controls were identified using the same procedures.

European Portuguese Inclusion/Exclusion Criteria

The inclusion/exclusion criteria were defined following the Portuguese National
criteria. The diagnostic inclusion/exclusion criteria for children with DLD-EP in the
present study were (a) Monolingual European Portuguese speaking—the only spoken
language in the home setting; (b) a nonverbal intellectual quotient (NVIQ) > 80 assessed
by school psychologists with the Wechsler test standardized for the European Portuguese
population (WISC-III; [61]); (c) language impairment; (d) normal hearing; (e) normal or
corrected-to-normal vision; (f) normal oral and speech motor abilities; and (g) absence
of other medical or neurological conditions. Criteria a, c, d, e, f, and g were based on
existing classroom observations, interviews, informal developmental checklists, portfolios,
school reports, medical/clinical reports, and formal academic assessments provided by
parents and teachers. At the time of data collection, there were no standardized language
assessment measures in European Portuguese. The inclusion/exclusion criteria for the
group of TD children were as follows: (a) Monolingual European Portuguese speaking—
the only spoken language in the home setting; (b) a nonverbal intellectual quotient (NVIQ)
> 80 assessed by school psychologists with WISC-III [61]; (c) normal language abilities;
and (d) absence of a prior history of speech or psychological therapy. Criteria a, c, and d
were based on interviews, portfolios, school reports, medical/clinical reports, and formal
academic assessments provided by parents and teachers. The children all attended state-
funded primary and intermediate grades (2nd to 5th grade) in schools located in a range
of urban, suburban, and rural areas in two districts in the North of Portugal. A total of
179 children were initially identified for the study; 29 were subsequently excluded for
failure to meet the inclusion/exclusion criteria and/or low NVIQ.

2.2. Nonword Repetition Task
2.2.1. Catalan Nonword Repetition Task (NRT-Cat)

Since there was no NRT task in Catalan (NRT-Cat), we developed one for the purpose
of the current study. Based on a Graf Estes, Evans, and Else-Quest [3] meta-analysis
showing that the Children’s Test of Nonword Repetition (CNRep; [62]) has larger effect
sizes in detecting DLD, we designed the task to mirror that of the CNRep ([62]) with respect
to the total number of nonwords and distribution of high- and low wordlikeness of the
nonwords. Additionally, the NRT-Cat was developed taking into account the original
criteria established by Gathercole et al. [62]: “minimal articulatory output demands”,
“dominant syllable stress patterns”, and “phoneme sequences within each non-word were
all phonotactically and prosodically legal” (p. 106) for the English language.

Syllable Length

To develop the NRT-Cat, we first generated lists of words selected from a large corpus
of children’s songs and books as well as from spontaneous language samples. Verbs, diph-
thongs, and words with orthographic stress were not excluded from the list. We generated
a list of 100 Catalan nonwords with different syllable length (from 2 to 6 syllables; each
syllable length had 20 nonwords) taking into account characteristics of Catalan language
such as the number of syllables, complexity, and prosody. The syllable stress pattern for
Catalan was analyzed for development of the nonwords. It was taken into account that for
the Catalan language, almost all of the words that finish in a consonant have the stressed
pattern in the last syllable (i.e., perfil/capital); multi-syllabic words that finish with vowels
usually have the stressed pattern in the penultimate syllable (i.e., divorci/capsa). All the
words in Catalan that have the stressed syllable in the antepenultimate position have
orthographic accent (e.g., música), but these words were not included.
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All of the Catalan nonwords began with consonants that occur regularly at the word
initial position in Catalan (see Table A1); nonwords could finish with a consonant or vowel;
nonwords contained Catalan regular stress patterns (non-orthographic stress patterns as
described in the previous paragraph), diphthongs, and orthographic stress patterns were
not included in the nonwords. Similar to the CNRep’s original criteria [62], the phoneme
sequences in each nonword conform to the phonotactic rules of Catalan. Additionally,
similar to the methodological criteria outlined in Gathercole et al. [62], consonants that occur
naturally in Catalan and double consonants clusters naturally occurring in Catalan were
included to build the Catalan nonwords (e.g., Galmet, Becra, Marlut, Palimatrenc, tropa, etc.).

Wordlikeness

The degree to which a nonword “sounds like” a real word in a language has been
shown to influence nonword repetition ability in children with and without DLD [3]. More-
over, it has been argued that “phonotactic knowledge of the possible/probable sequences
of sounds within a language might be derived directly from the mental lexicon, depending
on their similarity to known words” ([63] p. 568). We used the same procedure as Gath-
ercole et al. [62] to determine the wordlikeness of each of the nonwords. A native female
speaker of the Central Catalan dialect was recorded to create a digital recording of the list
of 100 nonwords in a randomized order in 5 sets of 20 nonwords. Each set had 10 single
words (CVC) and 10 consonant cluster words (CCV/CCVC). These words were presented
to a group of 20 native Catalan-speaking adults (male and female). They were asked
to rate how “wordlike” each of the nonwords auditory presented was according to the
similarity they have with Catalan words. They had to do it trying to answer the following
question: Would it be possible that this word is in the Catalan language? We used a scale
that ranged from 1 (“It has very few possibilities”) to 5 (“It has excellent possibilities”).
The adults rated each nonword immediately upon hearing it on a scoring sheet. Then,
the data were analyzed to calculate means of the 100 nonwords. Words were listed in
rank order for each syllable length, with nonwords receiving the highest wordlikeness
ratings ranked at the top and nonwords with the lowest wordlikeness ranked at the bottom.
Next, the four nonwords from the bottom of the ranking that received the lowest mean
wordlikeness ratings were chosen for each of 2-, 3-, 4-, 5-, and 6-syllable lengths, creating
a list of 20 low wordlikeness nonwords. Likewise, the four nonwords at the top of the
ranking that received the highest mean wordlikeness ratings for each of the 2- 3-, 4-, 5-, and
6-syllable lengths were selected, creating a list of 20 high wordlikeness nonwords. For the
final list for each syllable length, four of the nonwords contained single consonants and
four contained one or more consonant clusters. All the words had the same number of
phonemes at each of the syllable lengths. A complete list of the 40 nonwords by high and
low Wordlikeness for 2-, 3-, 4-, 5-, and 6-syllable lengths is shown in Table 2. Their phonetic
transcriptions in International Phonetic Transcription (IPA) are shown in Table A1.

Table 2. The nonwords for the Catalan version of the nonword repetition task (NRT-Cat) by syllable
length and wordlikeness.

2-Syllable 3-Syllable 4-Syllable 5-Syllable 6-Syllable

High Wordlikeness Nonwords

marlut grimpola palimatrenc balatenesta pomalimenasa
calim llendira xipileta jolistarista desperdiculandre
padot vifatull calisota xepunetura parmicaginosa
galmet dubalet clomitura parantalaresc situcalinomi

Low Wordlikeness Nonwords

pidop satompa becuradoc lamerquitorma diraculmestici
rolma xolopi daltrosqueti lifortamasuc purmesidocata
becra calmepi castretuma lemulticada casitedilafa
dapa dalumi milusota zicuparamal garelisupota
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2.2.2. Spanish Nonword Repetition Task (NRT-Span)

The version of the Spanish nonword repetition task used in this study was a prior
published version developed by Aguado [64]), which consists of a set of 80 nonwords that
range from 2 to 5 syllables in length. The nonwords were also classified according to their
overall frequency calculated at the syllable level (high frequency, low frequency) based on
the database of Alameda and Cuetos [65]. The final NRT stimuli were divided into two
lists (high frequency or low frequency) with each list having four groups of ten nonwords
ranging from 2 to 5 syllables in length (10 words at each length in each list). Both nonword
lists are controlled to have an equal number of syllables of nonwords, syllable structure,
stress pattern, and order in which the syllables with their different structures were placed.
Two phoneme consonant clusters were included. The task is based on children listening to
a series of nonwords one by one, temporarily retaining the phonological information of
these and then producing them verbally.

2.2.3. European Portuguese Nonword Repetition Task (NRT-EPort)
Syllable Length

Similar to Catalan, because there was no European Portuguese NRT, we developed one
for the purpose of the current study using the same steps in developing the stimuli that we
used for the Catalan NRT. For the NRT-EPort, we first generated lists of words selected from
a large corpus of European Portuguese derived from interview-based corpora [66,67] and
children’s songs, children’s books, grammar books, and European Portuguese language
development studies [68–73]. Then, these real words were classified according to the
number of syllables, articulatory complexity, and prosody. Verbs, diphthongs, and words
with orthographic stress were not excluded from the list. From the remaining set of words,
a set of 100 nonwords were generated from these real words that differed in syllable
length (from 2 to 6 syllables) and contained naturally occurring European Portuguese
stress patterns [67,69]. Syllable stress patterns in European Portuguese were analyzed
for development of the nonwords. The stress is always on the second to last syllable
regardless of syllable length. Some examples are 2-syllable words (bola/ball); 3-syllable
words (panela/pot); 4-syllable words (fortaleza/fortress); 5-syllable words (psicologia/
psychology); 6-syllable words (corajosamente/bravely).

The result was a set of 2-, 3-, 4-, 5-, and 6-syllable nonwords (20 per syllable length).
All nonwords begin with consonants, and the consonants /r/, /l/, /

∫
/, /m/, and the

vowels /

1 
 

      ɔ   ɐ    ɐ̃ /, /u/, /

1 
 

      ɔ   ɐ    ɐ̃ /, /

1 
 

      ɔ   ɐ    ɐ̃ /, /w/, /i/ never occurred in the final position of the nonwords.
Similar to the CNRep’s original criteria [62], two phoneme consonant clusters that occur
within European Portuguese were included (e.g., branco, plasma, grito, tropai, etc.).

Wordlikeness

The same procedure as the Catalan version of the NRT was followed to derived
wordlikeness rating for the nonwords in European Portuguese NRT. For each syllable
length, four of the nonwords contained single consonants, and four contained one or more
consonant clusters. All the words had the same number of phonemes for each of the
syllable lengths. The nonwords had no plurals or Portuguese complex morpheme endings
(e.g., mente). A complete list of the 40 European Portuguese nonwords, by high and low
wordlikeness for 2-, 3-, 4-, five -, and 6-syllable lengths, is shown in Table 3. Their phonetic
transcriptions in International Phonetic Transcription (IPA) are shown in Table A2.

2.3. Administration and Scoring of NRT-Cat, NRT-Spa, and NRT-EPort

For the Catalan and European Portuguese versions of the NRT, there was a fixed ran-
domized order across all the nonwords such that the listener could not predict the syllable
length and wordlikeness. For the Spanish version of the task, the 40 nonwords of each
list (high nonword frequency and low nonword frequency) were presented sequentially
in accordance to syllable length (i.e., all 2-syllable nonwords followed by all 3-syllable
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nonwords, etc.). Half of the sample was administered first in the high-frequency list and
then the low-frequency list, and with the other half, the order was inverted.

Table 3. The nonwords for the European Portuguese version of the nonword repetition task (NRT-
EPort) by syllable length and wordlikeness.

2-Syllable 3-Syllable 4-Syllable 5-Syllable 6-Syllable

High Wordlikeness Nonwords

naca lofena covilado melanifito turamisalato
fopa banita fenerade bonifadade detagapalico
trana praleta trapilado craletonina prinalvenioso
prota bramato cravastado versatranista volturacidade

Low Wordlikeness Nonwords

cafo mafopa lemanado nocafozano rolinicistato
tuma dopeta dilomopa lodanapito fatatuviricho
grapa gremata dragamato defermicato satopogatico
trila tramafa trafeleste promoflicada cremoforosada

To control for possible presentation effects, a digital recording of each of the NRTs was
created by an adult female native speaker for each language. The female adult said each
nonword aloud at the rate of one nonword every three seconds. The child’s task was to
repeat each nonword immediately. For each NRT task, children heard two practice items
(e.g., ticopo and mastruca for Catalan and Spanish, and banata and mencolate for European
Portuguese), and these were repeated until the child understood the task completely. Each
child heard the following instructions as in other studies [62]:

“I would like you to play a game with me! When I switch on the disc in a minute (point
to the recorder), you will hear a funny made-up word, a word that does not exist. I would
like you to repeat the funny word back to me as soon as you have heard it. Did you
understand? So, if the made-up word you heard was banata, you should say banata back
to me. Let’s try that now, ok?”.

Catalan: “M’agradaria molt que juguéssim junts/es! Ara quan encengui l’altaveu
escoltaràs unes paraules divertides que estan inventades, són paraules que no existeixen.
El que has de fer és repetir la cada paraula divertida just després d’escoltar-la. Ho has
entès? Per exemple, si la paraula inventada que escoltes fos plàtan, tu has de dir plàtan.
Anem a intentar-ho, d’acord?”

Spanish: “¡Me gustaría mucho que jugáramos juntos/as! Ahora cuando encienda el
altavoz escucharás unas palabras divertidas que están inventadas, son palabras que
no existen. Lo que tienes que hacer es repetir cada palabra divertida justo después de
escucharla. ¿Lo has entendido? Por ejemplo, si la palabra inventada que escuchas fuera
plátano, tú debes decir plátano. Vamos a intentarlo, ¿de acuerdo?”

Portuguese: “Vamos jogar um jogo! Quando eu ligar o gravador vais ouvir uma palavra
inventada, que não existe, mas muito engraçada. Quero que repitas a palavra tal como a
ouves, está bem? Vamos experimentar agora. Quando ouvires a palavra banata vais dizer
banata tal e qual como a ouviste, está bem?”

All the children in both of the language cohorts were able to perform the task following
the practice items.

2.4. Scoring of the NRT-Cat, NRT-Spa, and NRT-EPort

For each NRT task, an adult experimenter scored the child’s repetition attempt as it
was produced, using a simple binary scoring procedure in which a correct repetition was
scored as 1 (judged by the experimenter to be phonologically accurate), and an incorrect
attempt was scored as 0 if the experimenter judged that the child had produced a sound

175



Children 2021, 8, 85

that differed from the target nonword by one or more phonemes. Children’s responses
were also recorded and subsequently rescored from the recording a second time to ensure
the accuracy of scoring. Correct and incorrect responses were annotated on the answer
sheet by the experimenter. The total number of nonwords spoken correctly was calculated
for each child.

2.5. Reliability: Scoring of the NRT-Cat, NRT-Spa, and NRT-EPort

For the Catalan NRT (NRT-Cat), a total of 28% (n = 20) of the children’s responses were
randomly identified from the sample to test reliability (DLD-CS = 10; TD-CS = 10). This
reanalysis was performed by two trained independent Catalan–Spanish researchers. The
scoring–rescoring agreement was 92.75% for the NRT-Cat Test for children with DLD-CS
and was 97.5% for the TD-CS controls.

For the Spanish NRT (NRT-Spa), a total of 28.5% (n = 20) of the children’s responses
were randomly identified from the sample to test the reliability (DLD-CS = 10; TD-CS = 10).
This reanalysis was performed by two trained independent Catalan–Spanish researchers.
Scoring–rescoring agreement was 94.6% for the NRT-Cat Test for children with DLD-CS
and 96.9% for the TD-CS controls.

For the European Portuguese NRT (NRT-Port), a total of 20% (n = 30) of the children’s
responses were randomly identified from the sample to test reliability (DLD-EP = 18;
TD-EP = 12). This reanalysis was performed by two trained independent European Por-
tuguese graduate adults. The scoring–rescoring agreement was 87.5% for the NRT-EPort
Test for children with DLD-EP, and it was 92.5% for the TD-EP controls.

3. Results
3.1. Group Differences on the NRT
3.1.1. Syllable Length

The means and standard deviations on the NRT (NRT-Cat) for total percentage of
words produced correctly (TPWC) for each syllable length are presented in Table 4 for the
Catalan–Spanish and European Portuguese cohorts.

Table 4. Means and standard deviations on the NRT task for percentage of words correct (PWC) overall and for each
syllable length for the Catalan and Spanish versions of the NRT for the Catalan–Spanish (CS) and European Portuguese (EP)
children with developmental language disorder (DLD) and typically developing (TD) controls.

Nonword Length

Group 2-syll PWC 3-syll PWC 4-syll PWC 5-syll PWC 6-syll PWC Total PWC

CS-Catalan

DLD a (n = 36) 70.8 (21.7) 68.4 (21.2) 56.9 (23.9) 31.5 (25.6) 12.1 (18.0) 48.0 (18.0)
TD b (n = 36) 97.9 (5.5) 93.4 (10.1) 92.0 (10.4) 84.0 (12.1) 73.6 (24.9) 88.0 (8.0)

CS-Spanish

DLD a (n = 34) 82.2 (14.3) 68.5 (21.7) 45.0 (21.8) 25.2 (21.3) - 54.5 (16.9)
TD b (n = 36) 95.2 (5.5) 92.3 (7.5) 86.6 (11.2) 80.9 (15.2) - 89.0 (7.3)

European Portuguese

DLD a (n = 75) 77.1 (15.5) 75.5 (13.5) 76.6 (16.2) 77.1 (20.7) 48.8 (17.2) 71.0 (12.2)
TD b (n = 75) 95.6 (6.9) 92.6 (9.2) 96.3 (7.3) 95.3 (7.6) 87.0 (13.2) 93.4 (5.5)

a Developmental Language Disorder. b Typically Developing. Note. The Spanish NRT version does not include nonwords of 6-syllable length.

Catalan–Spanish Cohort

Looking first at the Catalan version of the NRT, a univariate analysis of variance,
controlling for age (ANCOVA) was first conducted comparing the overall nonword rep-
etition performance for the Catalan nonwords for the DLD-CS and TD-CS groups. The
analysis revealed a significant main effect of group F(1, 71) = 150.86, p < 0.001, partial
η2 = 0.68, power = 1.0, where the DLD-CS group’s performance was significantly poorer
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than that of the TD-CS controls. A follow-up 2 × 5 Repeated Measures ANCOVA was
conducted with group (DLD-CS, TD-CS) × syllable length (2-, 3-, 4-, 5-, 6-syllable) as the
between and within subject variables, and age as the covariate, to examine differences
in the groups’ performance for each syllable length. Mauchly’s test indicated that the
assumption of sphericity was violated; therefore, degrees of freedom were corrected us-
ing Greenhouse–Geisser estimates of sphericity [74]. The analysis revealed a significant
main effect of group F(1, 69) = 152.78, p < 0.001, partial η2 = 0.68, power = 1.00; and sig-
nificant main effect for syllable length, F(3.36, 231.89) = 13.29, p < 001, partial η2 = 0.16,
power = 1.00, and a significant length × group interaction F(3.36, 231.89) = 23.65, p < 0.001,
partial η2 = 0.25, power = 1.00. Follow-up analyses of covariance (ANCOVA) were con-
ducted for each of the syllable length with age as a covariate to examine group differences
at each of the six syllable lengths. The analysis revealed that the TD-CS performance was
significantly better than that of the children with DLD-CS for all syllable lengths: 2-syllable
F(1, 71) = 51.32, p < 0.001, partial η2 = 0.42, power = 1.0; 3-syllable F(1, 71) = 40.13, p < 0.001,
partial η2 = 0.36, power = 1.0; 4-syllable, F(1, 71) = 65.30, p < 0.001, partial η2 = 0.48,
power = 1.0; 5-syllable, F(1, 71) = 121.47, p < 0.001, partial η2 = 0.63, power = 1.0; 6-syllable,
F(1, 71) = 150.06, p < 0.001, partial η2 = 0.68, power = 1.0. The DLD-CS group performed
worse than the TD-CS group at repeating each nonword across the syllable lengths (2-, 3-,
4-, 5-, 6- syllable). This finding illustrates that a higher percentage of correct nonwords are
achieved at the lowest lengths, decreasing to a lower percentage of correct nonwords as
the syllable length also increases (from 2 syllables to 6 length) for both groups.

For the Spanish version of the NRT (NRT-Spa), a univariate analysis of variance,
controlling for age (ANCOVA) was first conducted comparing overall nonword repetition
performance for the Spanish nonwords for the DLD-CS and TD-CS groups (Two of the DLD-
CS participants did not complete the Spanish NRT). The analysis revealed a significant main
effect of group F(1, 69) = 130.8, p < 0.001, partial η2 = 0.66, power = 1.0, where the DLD-CS
group’s performance in repeating the Spanish nonwords was significantly poorer than that
of the TD-CS controls. A follow-up 2 × 5 Repeated Measures ANCOVA was conducted with
group (DLD, TD) × syllable length (2-, 3-, 4-, 5-syllable) as the between and within variables,
and age as the covariate, to examine differences in the groups’ performance for each syllable
length. Mauchly’s test indicated that the assumption of sphericity was violated; therefore,
degrees of freedom were corrected using Greenhouse–Geisser estimates of sphericity [74].
The analysis revealed a significant main effect of group F(1, 67) = 127.4, p < 0.001, partial
η2 = 0.65, power = 1.00; and significant main effect for syllable length, F(2.47, 166.0) = 11.2,
p < 0.001, partial η2 = 0.14, power = 0.99, and a significant length × group interaction
F(2.47, 166.0) = 58.4, p < 0.001, partial η2 = 0.46, power = 1.00. Follow-up analyses of
covariance (ANCOVA) were conducted for each of the syllable length, with age as a
covariate to examine group differences at each of the six syllable lengths for the NRT-
Spa. The analysis revealed that the TD-CS performance was significantly better than that
of the children with DLD-CS for all syllable lengths: 2-syllable F(1,67) = 28.9, p < 0.001,
partial η2 = 0.30, power = 1.0; 3-syllable F(1, 67) = 40.93, p < 0.001, partial η2 = 0.37,
power = 1.0; 4-syllable, F(1, 67) = 110.9, p < 0.001, partial η2 = 0.62, power = 1.0; 5-syllable,
F(1, 67) = 166.3, p < 0.001, partial η2 = 0.71, power = 1.0. The DLD-CS group performed
worse than the TD-CS group at repeating each Spanish nonword across the syllable lengths
(2-, 3-, 4-, 5-syllable). This finding illustrates that a higher percentage of correct nonwords
is achieved at the lowest lengths, decreasing to a lower percentage of correct nonwords as
the syllable length also increases (from 2-syllable to 5-syllable length) for both groups.

Finally, we compared the performance on the NRT-Cat and NRT-Spa tasks for the
DLD-CS to determine if the performance for the DLD-CS cohort differed depending upon
which language their phonological working memory was assessed. A Repeated Measures
ANCOVA was conducted comparing total percentage correct for the Catalan and Spanish
versions of the task (NRT-Cat and NRT-Spa) as the within variables, and age as the covariate,
to examine differences in the DLD groups’ performance for the NRT performance in Catalan
as compared to Spanish. Mauchly’s test indicated that the assumption of sphericity was
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not violated; therefore, degrees of freedom were not corrected using Greenhouse–Geisser
estimates of sphericity [74]. The analysis revealed that there was not a significant main
effect of language F(1, 32) = 0.54, p = 0.46, partial η2 = 0.01, power = 0.11, indicating that the
DLD-CS group’s performance in repeating the Spanish nonwords did not differ from their
performance repeating the Catalan nonwords. We next compared the performance of the
TD-CS group on the NRT-Spa and NRT-Cat tasks. For the TD-CS, Mauchly’s test indicated
that the assumption of sphericity was not violated, and a Repeated Measures ANCOVA
comparing total percentage correct for the NRT-Cat and NRT-Spa for the TD-CS controls
revealed no difference in the TD-CS ability to repeat the Catalan and Spanish nonwords
F(1, 34) = 0.29, p = 0.59, partial η2 = 0.00, power = 0.08.

European Portuguese

The means and standard deviations for nonword repetition for percentage of words
correct (PWC) for the total task and each syllable length are presented in Table 4 for the DLD-
EP and TD-EP groups. Univariate analysis of variance, controlling for age (ANCOVA), was
used to assess group differences in total percentage of words correct (TPWC) for the DLD-
EP and TD-EP groups. The analysis revealed a significant effect of group F(1, 149) = 232.00,
p < 0.001, partial η2 = 0.61, power = 1.0, where the DLD-EP group performed significantly
worse in repeating the nonwords as compared to the TD-EP controls. A 2 × 5 Repeated
Measures ANCOVA was conducted with group (DLD, TD) × syllable length (2-, 3-, 4-, 5-,
6-syllable) as the between and within variables, and age as the covariate, to test for group
differences in nonword repetition at each syllable length. Mauchly’s test indicated that the
assumption of sphericity had been violated; therefore, degrees of freedom were corrected
using Greenhouse–Geisser estimates of sphericity [74]. The analysis revealed a significant
main effect for group F(1, 147) = 232.00, p < 0.001, partial η2 = 0.61, power = 1.0, a significant
effect of syllable length, F(3.74, 550.01) = 5.72, p < 001, partial η2 = 0.03, power = 0.97, and
a significant length × group interaction F (3.74, 550.01) = 25.81, p < 0.001, partial η2 = 0.14,
power = 1.00. Follow-up analyses of covariance (ANCOVA) were conducted for each
of the syllable lengths, with age as a covariate. Results indicated that the TD-EP’s non-
word repetition was better at all lengths as compared to the DLD-EP children: 2-syllable
F(1, 149) = 89.51, p < 0.001, partial η2 = 0.37, power = 1.0; 3-syllable F(1, 149) = 86.04,
p < 0.001, partial η2 = 0.36, power = 1.0; 4-syllable, F(1, 149) = 94.30, p < 0.001, partial
η2 = 0.39, power = 1.0; 5-syllable, F(1, 149) = 58.11, p< 0.001, partial η2 = 0.28, power = 1.0;
6-syllable, F(1, 149) = 243.51, p < 0.001, partial η2 = 0.61, power = 1.0. The results indicated
that nonword repetition accuracy was poorer for both the DLD-EP as compared to TD-EP
controls both for total words correct and at each syllable length.

3.1.2. Wordlikeness/Nonword Frequency

The means and standard deviations for nonword repetition for total percentage of
words produced correctly (TPWC) for nonwords having high and low wordlikeness ratings
are presented in Table 5 for the Catalan–Spanish and European Portuguese cohorts.
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Table 5. Means and standard deviations on the NRT for percentage of words correct (PWC) for high
and low wordlikeness for the Catalan and Spanish versions of the NRT for the Catalan–Spanish (CS)
and European Portuguese (EP) children with developmental language disorder (DLD) and typically
developing (TD) controls.

Group High Wordlikeness Low Wordlikeness

CS-Catalan
DLD a (n = 36) 52.0 (18.8) 44.0 (19.0)
TD b (n = 36) 87.6 (9.3) 88.6 (9.4)
CS-Spanish
DLD a (n = 34) 62.3 (17.2) 47.9 (19.5)
TD b (n = 36) 92.6 (6.5) 85.4 (10.2)
European Portuguese
DLD a (n = 75) 75.1 (11.9) 67.0 (15.1)
TD b (n = 75) 94.8 (5.4) 91.9 (7.6)

a Developmental Language Disorder. b Typically Developing.

Catalan–Spanish Cohort

Looking first at the NRT-Cat, for the DLD-CS, the total percentage of correct nonword
repetition of the Catalan nonwords having high wordlikeness ratings was 52.0% (18.8), and
for nonwords having low wordlikeness ratings, it was 44.03% (19.0). For the TD controls,
the total percentage of correct nonword repetition for nonwords having high wordlikeness
ratings was 87.6% (9.3), and for nonwords having low wordlikeness ratings, it was 88.6%
(9.4). A 2 × 2 Repeated Measures ANCOVA was conducted with group (DLD, TD) ×
wordlikeness (High, Low) as the between and within variables, and age as the covariate,
to test for group differences based on wordlikeness. Mauchly’s test indicated that the
assumption of sphericity had not been violated; therefore, degrees of freedom were not
corrected using Greenhouse–Geisser estimates of sphericity [74]. The analysis revealed a
significant main effect for group F(1, 69) = 149.6, p < 0.001, partial η2 = 0.68, power = 1.0,
a significant wordlikeness × group interaction F(1, 69) = 12.1, p < 0.001, partial η2 = 0.15,
power = 0.93, but no main effect of wordlikeness, F(1, 69) = 1.22, p = 0.273, partial η2 = 0.01,
power = 0.19. The results indicated that the nonword repetition performance based on total
words correct was greater for the TD-CS controls as compared to the children with DLD-
CS regardless of the wordlikeness ratings of the nonwords. Furthermore, the nonword
repetition performance for the children with DLD-CS was significantly poorer as compared
to that of the TD-CS controls for nonwords having low wordlikeness as compared to
nonwords having high wordlikeness ratings.

Looking next at the NRT-Spa, a 2 × 2 Repeated Measures ANCOVA was conducted
with group (DLD-CS, TD-CS) × nonword frequency (High, Low) as the between and
within variables, and age as the covariate, to test for group differences based on wordlike-
ness. Mauchly’s test indicated that the assumption of sphericity had not been violated;
therefore, degrees of freedom were not corrected using Greenhouse–Geisser estimates of
sphericity [74]. The analysis revealed a significant main effect for group F(1, 67) = 130.84,
p < 0.001, partial η2 = 0.54, power = 1.0, a significant nonword frequency × group interac-
tion F(1, 67) = 7.3, p < 0.01, partial η2 = 0.09, power = 0.76, and a significant main effect of
nonword frequency, F(1, 69) = 10.29, p < 0.01, partial η2 = 0.13, power = 0.88. The results in-
dicated that for the NRT-Spa, nonword repetition performance based on total words correct
was greater for the TD-CS controls as compared to the children with DLD-CS regardless
of the nonword frequency ratings of the nonwords. In contrast to the NRT-Cat, nonword
repetition performance for the Spanish nonwords for the children with DLD-CS was no
different from that of the TD-CS controls for nonwords having low nonword frequency as
compared to nonwords having high nonword frequency ratings.
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European Portuguese

For the DLD-EP, the total percentage of correct nonword repetition for nonwords
having high wordlikeness ratings was 75.1% (11.99), and for nonwords having low word-
likeness ratings, it was 67.0% (15.1). For the TD controls, the total percentage of correct
nonword repetition for nonwords having high wordlikeness ratings was 94.8% (5.4), and
for nonwords having low wordlikeness ratings, it was 91.3% (7.6). A 2 × 2 Repeated
Measures ANCOVA was conducted with group (DLD, TD) × wordlikeness (High, Low) as
the between and within variables, and age as the covariate, to test for group differences
based on wordlikeness. Mauchly’s test indicated that the assumption of sphericity had
not been violated; therefore, degrees of freedom were not corrected using Greenhouse–
Geisser estimates of sphericity [74]. The analysis revealed a significant main effect for
group F(1, 147) = 232.00, p < 0.001, partial η2 = 0.61, power = 1.0, a significant wordlikeness
× group interaction F(1, 147) = 10.14, p < 0.001, partial η2 = 0.06, power = 0.88, but no
effect of wordlikeness, F(1, 147) = 3.04, p = 0.083, partial η2 = 0.02, power = 0.40. Similar to
the Catalan–Spanish cohort, the results indicated that nonword repetition accuracy based
on total words correct was greater for the TD-EP controls as compared to the children
with DLD-EP regardless of the wordlikeness ratings of the nonwords. Furthermore, the
nonword repetition accuracy for the children with DLD-EP was significantly poorer as com-
pared to that of the TD-EP controls for nonwords having low wordlikeness as compared to
nonwords having high wordlikeness ratings.

Differences between the Catalan–Spanish and European Portuguese Speaking Cohorts

To examine potential differences in performance for the Catalan–Spanish and Euro-
pean Portuguese speaking children, we first directly compared the performance for the
DLD-CS children with that of the DLD-EP children first on the NRT-Cat and then NRT-
Spa. A univariate analysis of variance was conducted comparing the overall nonword
repetition performance for the DLD-CS in NRT-Cat and DLD-EP groups. The analysis
revealed a significant main effect of group F(1, 110) = 62.5, p < 0.001, partial η2 = 0.36,
power = 1.0, where the DLD-CS group’s performance was significantly poorer than that
of the EP-DLD group. To determine if the same pattern held for the CS cohort in Spanish,
a second univariate analysis of variance was conducted comparing the overall nonword
repetition performance on the NRT-Spa for the DLD-CS and DLD-EP group. The analysis
again revealed a significant main effect of group F(1, 108) = 30.3, p < 0.001, partial η2 = 0.22,
power = 1.0, where the DLD-CS group’s performance on the NRT-Spa was also significantly
poorer than that of the DLD-EP group.

We next compared the performance for the TD-CS children with that of the TD-EP
children first on the NRT-Cat and then NRT-Spa. A univariate analysis of variance was
conducted comparing overall nonword repetition performance for the TD-CS in NRT-Cat
and TD-EP group. The analysis revealed a significant main effect of group F(1, 110) = 16.0,
p < 0.001, partial η2 = 0.12, power = 0.98, where the TD-CS group’s performance was
significantly poorer than that of the TD-EP group. To determine if the same pattern held
in for the CS cohort in Spanish, a second univariate analysis of variance was conducted
comparing overall nonword repetition performance on the NRT-Spa for the TD-CS and TD-
EP groups. The analysis again revealed a significant main effect of group F(1, 110) = 12.0,
p < 0.01, partial η2 = 0.10, power = 0.93, where the TD-CS group’s performance on the
NRT-Spa was also significantly poorer than that of the TD-EPgroup.

In sum, for both the DLD and TD children in the Catalan–Spanish-speaking cohort,
nonword repetition ability was poorer as compared to that of the European Portuguese-
speaking cohort both when compared in Catalan and Spanish.

3.2. Use of NRT to Rule In/Rule Out Developmental Language Disorder

The above analysis replicates prior work showing that poor performance for children
with DLD on NRT having low wordlikeness (i.e., [49]) is well documented (i.e., [46]).
However, one question is related to the diagnostic accuracy of children’s performance on
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NRT that vary BOTH by syllable length AND wordlikeness to identify the presence of DLD
in Catalan–Spanish and European Portuguese-speaking children.

3.2.1. Total Percentage of Words Correct (TOT PWC)

In this study, we calculated the likelihood ratios (LH) for children’s performance on
the NRT to assess its diagnostic accuracy. Ultimately, the value of a diagnostic test will
depend upon its ability to alter a pre-test probability of a target condition into a post-test
probability that will influence a clinical management decision. The positive LH ratio is the
ratio of the proportion of patients who have the target condition and test positive to the
proportion of patients without the target condition who also test positive. In conveying
the meaning of diagnostic accuracy to clinicians, research suggests that LH ratios are more
interpretable to clinicians and enable more appropriate interpretation of tests as compared
to sensitivity and specificity measures. Specifically, general practitioners when asked to
estimate the probability of a disease in a given patient give the most appropriate estimation
of test performance when provided LHs as compared to sensitivity/specificity values as
compared to LH ratios [75].

Likelihood ratio (LH) analyses were conducted using the presence/absence of DLD
based on the gold standard classification for the diagnosis of DLD in each cohort to
determine whether Catalan–Spanish and European Portuguese-speaking children’s ability
to repeat nonwords serves as a screening tool to detect and diagnose children with DLD in
each cohort [76,77]. To determine the LH ratio for a positive result based on total percentage
of words correct at test on the NRT (TOT-PWC), the true positive rate (proportion of children
with DLD with a total NRT (TOT-PWC) at or below x-determined cutoff) was divided by
the false positive rate (proportion of TD children with total NRT at or below x-determined
cutoff) for each cohort. We used Haynes et al. [77] criteria to classify a positive test (i.e.,
accurately ruling in the disorder), which includes the following: (1) “High” as defined as
LH ratio of 20 or higher having a probability of 95% or greater that the disorder is present,
(2) “Intermediate High” defined as an LH ratio between 1 and 20, and (3) “Indeterminate”
defined as an LH close to 1.0. To calculate the cutoff scores to maximize the ability to “rule
in” DLD, we calculated the number and proportion of children in the DLD and TD groups
whose scores were at or fell below (test positive) a given NRT (TOT PWC) value.

The number and proportion of children with a positive test result, and the LH ratios
and prevalence for Total Words Correct for the Catalan–Spanish and European Portuguese-
speaking children are shown in Table 6. As can be seen in Table 6, the LH ratio for a
positive test result for the Catalan–Spanish-speaking children with DLD-CS compared
to TD-CS controls for the Catalan version of the NRT was 33.00 (0.917/0.028), indicating
that a child having a score of TOT-PWC of 70% or lower was 33 times more likely to be
a child with DLD-CS as compared to a child with normal language. For the European
Portuguese-speaking children with DLD-EP compared to TD-EP controls, the LH ratio
for a positive test result was 35.00 (0.467/0.013), indicating that a TOT-PWC of 70% or
lower was 35 times more likely to come from a child with DLD-EP as compared to one
with normal language. These findings show that for the NRT-Cat and NRT-EPort, the best
cut-point was the same, which was 70%. For the Spanish version of the NRT, the LH ratio
for a positive test result was 33.88 (0.941/0.028), indicating that a TOT-PWC of 75% or
lower was 33 times more likely to come from a child with DLD-CS as compared to a child
with normal language.
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Table 6. The number and proportion of children with a positive test result (ruling in disorder),
Prevalence and Likelihood Ratio (LH) for each of the cutoff values based on total word percent
correct (TOT-PWC) on the NRT for the Catalan–Spanish (CS) and European Portuguese (EP) children
with developmental language disorder (DLD) and typically developing (TD) controls.

TOT-PWC DLD (True Positive) TD (False Positive)
Prevalence LH

Cutoff No. Prop. No. Prop.

CS-Catalan

≤65.0 30 0.833 1 0.028 0.50 30.00
≤70.0 33 0.917 1 0.028 0.50 33.00
≤75.0 34 0.944 3 0.083 0.50 11.33
≤80.0 35 0.972 7 0.194 0.50 5.00
≤85.0 35 0.972 10 0.278 0.50 3.50
≤90.0 36 1.00 21 0.583 0.50 1.71
≤95.0 36 1.00 32 0.889 0.50 1.13
≤100 36 1.00 36 1.00 0.50 1.00

CS-Spanish

≤65.0 25 0.735 0 0.000 0.48 Inf.
≤70.0 27 0.794 1 0.028 0.48 28.58
≤75.0 32 0.941 1 0.028 0.48 33.88
≤80.0 32 0.941 6 0.166 0.48 5.65
≤85.0 34 1.00 12 0.333 0.48 3.00
≤90.0 34 1.00 18 0.500 0.48 2.00
≤95.0 34 1.00 29 0.805 0.48 1.24
≤100 34 1.00 36 1.00 0.48 1.00

European Portuguese

≤65.0 22 0.293 0 0.000 0.50 Inf.
≤70.0 35 0.467 1 0.013 0.50 35.00
≤75.0 46 0.613 2 0.027 0.50 23.00
≤80.0 59 0.787 2 0.027 0.50 29.50
≤85.0 72 0.960 7 0.093 0.50 10.29
≤90.0 74 0.987 18 0.240 0.50 4.11
≤95.0 75 1.00 51 0.680 0.50 1.47
≤100 75 1.00 75 1.00 0.50 1.00

Note. Values ≤ 65.0 cutoffs are not presented because LH = Inf. The cutoffs for best LH are highlighted in bold.

3.2.2. 2-Syllable Percentage of Words Correct (TOT PWC)

As can be seen in Table 7, the LH ratio for a positive test result for the Catalan–
Spanish-speaking children with DLD-CS compared to TD-CS controls for the NRT-Cat was
22.00 (0.611/0.028), indicating that a TOT-PWC of 75% or lower for 2-syllable words was
22 times more likely to come from a child with DLD-CS as compared to a child with normal
language. Similarly to NRT-Cat, the LH ratio for a positive test result for the European
Portuguese-speaking children with DLD-EP compared to TD-EP controls for the NRT-EPort
was 13.00 (0.520/0.040), indicating that a TOT-PWC of 75% or lower was 13 times more
likely to come from a child with DLD-EP as compared to one with normal language. These
findings show that for the NRT-Cat and NRT-EPort, the best cut-point was the same, which
was 75%. For the NRT-Spa, the LH ratio for a positive test result was 7.41 (0.411/0.055),
indicating that a TOT-PWC of 80% or lower for 2-syllable words was seven times more
likely to come from a child with DLD-CS as compared to a child with normal language.
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Table 7. The number and proportion of children with a positive test result (ruling in disorder),
prevalence and likelihood ratio (LH) for each of the cutoff value based on total word percentage
correct (TOT-PWC) for 2-syllable length nonwords for the Catalan–Spanish (CS) and European
Portuguese (EP) children with developmental language disorder (DLD) and typically developing
(TD) controls.

2-syll
TOT-PWC DLD (True Positive) TD (False Positive)

Prevalence LH

Cutoff No. Prop. No. Prop.

CS-Catalan
≤75.0 22 0.611 1 0.028 0.50 22.00
≤87.5 31 0.861 6 0.167 0.50 5.16
≤100 36 1.00 36 1.00 0.50 1.00

CS-Spanish

≤75.0 8 0.235 0 0.000 0.48 Inf.
≤80.0 14 0.411 2 0.055 0.48 7.41
≤85.0 17 0.500 3 0.083 0.48 6.00
≤90.0 27 0.794 9 0.250 0.48 3.18
≤95.0 32 0.941 20 0.555 0.48 1.69
≤100 34 1.00 36 1.00 0.48 1.00

European Portuguese

≤75.0 39 0.520 3 0.040 0.50 13.00
≤87.5 67 0.893 23 0.307 0.50 2.91
≤100 75 1.00 75 1.00 0.50 1.00

Note. The possible cutoffs for Spanish NRT are different from those for Catalan and European Portuguese NRT
because for the Spanish version of the task, there are 20 nonwords for each syllable length and for the Catalan and
European Portuguese versions, there are eight nonwords for each syllable length. Values ≤ 75.0 cutoffs are not
presented because LH = Inf. The cutoffs for best LH are highlighted in bold.

3.2.3. 3-Syllable Percentage of Words Correct (TOT PWC)

As can be seen in Table 8, the LH ratio for a positive test result for the Catalan–Spanish-
speaking children with DLD-CS compared to TD-CS controls for the NRT-Cat was 17.00
(0.472/0.028), indicating that a TOT-PWC of 62.5% or lower for 3-syllable words was
17 times more likely to come from a child with DLD-CS as compared to a child with normal
language. Similarly to NRT-Cat, the LH ratio for a positive test result for the NRT-EPort for
the European Portuguese-speaking children with DLD-EP compared to TD-EP controls
was 22.00 (0.293/0.013), indicating that a TOT-PWC of 62.5% or lower was 22 times more
likely to come from a child with DLD-EP as compared to a with normal language. These
findings show that for the NRT-Cat and NRT-EPort, the best cut-point was the same, which
was 62.5%. For the NRT-Spa, the LH ratio for a positive test result was 20.12 (0.559/0.028),
indicating that a TOT-PWC of 70% or lower for 3- syllable words was 20 times more likely
to come from a child with DLD-CS as compared to a child with normal language.
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Table 8. The number and proportion of children with a positive test result (ruling in disorder),
prevalence and likelihood ratio (LH) for each of the cutoff value based on total word percentage
correct (TOT-PWC) for 3-syllable nonwords for the Catalan–Spanish (CS) and European Portuguese
(EP) children with developmental language disorder (DLD) and typically developing (TD) controls.

3-syll
TOT-PWC DLD (True Positive) TD (False Positive)

Prevalence LH

Cutoff No. Prop. No. Prop.

CS-Catalan

≤50.0 5 0.139 1 0.028 0.50 5.00
≤62.5 17 0.472 1 0.028 0.50 17.00
<75.0 25 0.694 2 0.056 0.50 12.50
≤87.5 35 0.972 16 0.444 0.50 2.19
≤100 36 1.00 36 1.00 0.50 1.00

CS-Spanish

≤55.0 9 0.264 0 0.000 0.48 Inf.
≤60.0 11 0.324 0 0.000 0.48 Inf.
≤65.0 12 0.353 0 0.000 0.48 Inf.
≤70.0 19 0.559 1 0.028 0.48 20.12
≤75.0 21 0.618 2 0.056 0.48 11.12
≤80.0 23 0.676 3 0.083 0.48 8.12
≤85.0 27 0.794 8 0.222 0.48 3.57
≤90.0 32 0.941 16 0.444 0.48 2.12
≤95.0 33 0.971 25 0.694 0.48 1.40
≤100 34 1.00 36 1.00 0.48 1.00

European Portuguese

≤50.0 5 0.067 0 0.000 0.50 Inf.
≤62.5 22 0.293 1 0.013 0.50 22.00
<75.0 47 0.627 9 0.120 0.50 5.22
≤87.5 71 0.947 34 0.453 0.50 2.09
≤100 75 1.00 75 1.00 0.50 1.00

Note. The possible cut-points for Spanish NRT are different from Catalan and European Portuguese NRT because
for the Spanish version of the task, there are 20 nonwords for each syllable length, and for Catalan and European
Portuguese, there are eight nonwords for each syllable length. Values ≤ 50.0/55.0 cutoffs are not presented,
because LH = Inf. The cutoffs for best LH are highlighted in bold.

3.2.4. 4-Syllable Percentage of Words Correct (TOT PWC)

As can be seen in Table 9, the LH ratio for a positive test result for the Catalan–Spanish-
speaking children with DLD-CS compared to TD-CS controls for the NRT-Cat was 23.00
(0.639/0.028), indicating that a TOT-PWC of 62.5% or lower for 4-syllable words was
23 times more likely to come from a child with DLD-CS as compared to one with normal
language. Similarly to NRT-Cat, the LH ratio for a positive test result for the NRT-EPort for
the European Portuguese-speaking children with DLD-EP compared to TD-EP controls
was 20.00 (0.267/0.013), indicating that a TOT-PWC of 62.5% or lower was 20 times more
likely to come from a child with DLD-EP as compared to one with normal language. These
findings show that for the NRT-Cat and NRT-EPort, the best cut-point was 62.5%. These
findings show that for the NRT-Cat and NRT-EPort, the best cut-point was the same, which
was 70%. For the NRT-Spa, the LH ratio for a positive test result was 27.53 (0.765/0.028),
indicating that a TOT-PWC of 60% or lower for 4-syllable words was 27 times more likely
to come from a child with DLD-CS as compared to a child with normal language.
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Table 9. The number and proportion of children with a positive test result (ruling in disorder),
prevalence and likelihood ratio (LH) for each of the cutoff values based on total word percentage
correct (TOT-PWC) for 4-syllable length nonwords for the Catalan–Spanish (CS) and European
Portuguese (EP) children with developmental language disorder (DLD) and typically developing
(TD) controls.

4-syll
TOT-PWC DLD (True Positive) TD (False Positive)

Prevalence LH

Cutoff No. Prop. No. Prop.

CS-Catalan

≤50.0 17 0.472 0 0.028 0.50 Inf.
≤62.5 23 0.639 1 0.028 0.50 23.00
<75.0 31 0.861 6 0.017 0.50 5.17
≤87.5 34 0.944 16 0.444 0.50 2.13
≤100 36 1.00 36 1.00 0.50 1.00

CS-Spanish

≤55.0 23 0.676 1 0.028 0.48 24.35
≤60.0 26 0.765 1 0.028 0.48 27.53
≤65.0 27 0.794 3 0.083 0.48 9.53
≤70.0 30 0.882 4 0.111 0.48 7.94
≤75.0 33 0.971 7 0.194 0.48 4.99
≤80.0 34 1.00 11 0.306 0.48 3.27
≤85.0 34 1.00 15 0.417 0.48 2.40
≤90.0 34 1.00 25 0.694 0.48 1.44
≤95.0 34 1.00 29 0.806 0.48 1.24
≤100 34 1.00 36 1.00 0.48 1.00

European Portuguese

≤50.0 8 0.107 0 0.000 0.50 Inf.
≤62.5 20 0.267 1 0.013 0.50 20.00
<75.0 46 0.613 3 0.040 0.50 15.33
≤87.5 63 0.840 18 0.240 0.50 3.50
≤100 75 1.00 75 1.00 0.50 1.00

Note. The possible cut-points for Spanish NRT are different from Catalan and European Portuguese NRT, because
for the Spanish version of the task, there are 20 nonwords for each syllable length, and for Catalan and European
Portuguese, there are eight nonwords for each syllable length. Values ≤ 50.0/55.0 cutoffs are not presented,
because LH = Inf. The cutoffs for the best LH are highlighted in bold.

3.2.5. 5-Syllable Percentage of Words Correct (TOT PWC)

As can be seen in Table 10, the LH ratio for a positive test result for the Catalan–
Spanish-speaking children with DLD-CS compared to TD-CS controls for the NRT-Cat was
29.00 (0.806/0.028), indicating that a TOT-PWC of 50% or lower for 5-syllable words was
29 times more likely to come from a child with DLD-CS as compared to a child with normal
language. Similarly to NRT-Cat, the LH ratio for a positive test result for the NRT-EPort for
the European Portuguese-speaking children with DLD-EP compared to TD-EP controls
was 22.00 (0.293/0.013), indicating that a TOT-PWC of 62.5% or lower was 22 times more
likely to come from a child with DLD-EP as compared to a child with normal language.
Unlike the previous syllable length, the best cut-point differed. For the NRT-Spa, the LH
ratio for a positive test result was 16.94 (0.941/0.056), indicating that a TOT-PWC of 55% or
lower for 5-syllable words was 16 times more likely to come from a child with DLD-CS as
compared to a child with normal language.
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Table 10. The number and proportion of children with a positive test result (ruling in disorder),
prevalence and likelihood ratio (LH) for each of the cutoff value based on total word percentage
correct (TOT-PWC) for 5-syllable length nonwords for the Catalan–Spanish (CS) and European
Portuguese (EP) children with developmental language disorder (DLD) and typically developing
(TD) controls.

5-syll
TOT-PWC DLD (True Positive) TD (False Positive)

Prevalence LH

Cutoff No. Prop. No. Prop.

CS-Catalan

≤50.0 29 0.806 1 0.028 0.50 29.00
≤62.5 31 0.861 5 0.139 0.50 6.20
<75.0 35 0.972 10 0.278 0.50 3.50
≤87.5 35 0.972 29 0.805 0.50 1.20
≤100 36 1.000 36 1.000 0.50 1.00

CS-Spanish

≤45.0 27 0.794 2 0.056 0.48 14.29
≤55.0 32 0.941 2 0.056 0.48 16.94
≤60.0 33 0.971 5 0.139 0.48 6.99
≤65.0 33 0.971 7 0.194 0.48 4.99
≤70.0 33 0.971 9 0.250 0.48 3.88
≤75.0 33 0.971 12 0.333 0.48 2.91
≤80.0 34 1.00 15 0.417 0.48 2.40
≤85.0 34 1.00 24 0.667 0.48 1.50
≤90.0 34 1.00 26 0.722 0.48 1.38
≤95.0 34 1.00 32 0.889 0.48 1.13
≤100 34 1.00 36 1.00 0.48 1.00

European Portuguese

≤50.0 14 0.187 0 0.000 0.50 Inf.
≤62.5 22 0.293 1 0.013 0.50 22.00
<75.0 35 0.467 3 0.040 0.50 11.67
≤87.5 58 0.773 24 .320 0.50 2.42
≤100 75 1.00 75 1.00 0.50 1.00

Note. The possible cut-points for Spanish NRT are different from Catalan and European Portuguese NRT because
for the Spanish version of the task, there are 20 nonwords for each syllable length, and for Catalan and European
Portuguese, there are eight nonwords for each syllable length. Values ≤ 45.0/50.0 cutoffs are not presented,
because LH = Inf. The cutoffs for the best LH are highlighted in bold.

3.2.6. 6-Syllable Percentage of Words Correct (TOT PWC)

As can be seen in Table 11, the LH ratio for a positive test result for the Catalan–
Spanish-speaking children with DLD-CS compared to TD-CS controls for the NRT-Cat
was 10.67 (0.889/0.083), indicating that a TOT-PWC of 25% or lower for 6-syllable words
was 10 times more likely to come from a child with DLD-CS as compared to a child with
normal language. In contrast, the LH ratio for a positive test result for the NRT-EPort for
the European Portuguese-speaking children with DLD-EP compared to TD-EP controls was
18.33 (0.733/0.040), indicating that a TOT-PWC of 50% or lower was 18 times more likely
to come from a child with DLD-EP as compared to a child with normal language. These
findings show that for the NRT-Cat and NRT-EPort, the best cut-point differed.
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Table 11. The number and proportion of children with a positive test result (ruling in disorder),
prevalence and likelihood ratio (LH) for each of the cutoff value based on total word percentage
correct (TOT-PWC) for 6-syllable length nonwords for the Catalan–Spanish (CS) and European
Portuguese (EP) children with developmental language disorder (DLD) and typically developing
(TD) controls.

6-syll
TOT-PWC DLD (True Positive) TD (False Positive) Prevalence LH

Cutoff No. Prop. No. Prop.

CS-Catalan

≤25.0 32 0.889 3 0.083 0.50 10.67
≤37.5 33 0.917 4 0.111 0.50 8.25
≤50.0 34 0.944 6 0.167 0.50 5.67
≤62.5 35 0.972 15 0.417 0.50 2.33
<75.0 36 1.00 20 0.556 0.50 1.80
≤87.5 36 1.00 26 0.722 0.50 1.38
≤100 36 1.00 36 1.00 0.50 1.00

European Portuguese

≤25.0 8 0.107 0 0.000 0.50 Inf.
≤37.5 30 0.400 0 0.000 0.50 Inf.
≤50.0 55 0.733 3 0.040 0.50 18.33
≤62.5 64 0.853 8 0.107 0.50 8.00
<75.0 73 0.973 18 0.240 0.50 4.06
≤87.5 74 0.987 49 0.653 0.50 1.51
≤100 75 1.00 75 1.00 0.50 1.00

Note. The Spanish NRT version does not include nonwords of 6-syllable length. Values ≤ 25.0 cutoffs are not
presented, because LH = Inf. The cutoffs for best LH are highlighted in bold.

3.2.7. Summary of LH Ratios for Total Words Correct and by Syllable Length

There were similarities and differences in the cutoff points for total words percentage
correct both overall and by syllable length for the two language cohorts and NRT. The
absolute cutoff points having the best LH ratios for overall words produced correctly were
similar for the NRT-Cat and NRT-EPort for ToT performance and for 2-, 3-, and 4-syllable
lengths but differed for 5-syllable and 6-syllable lengths. However, the cut-points differed
from the NRT-Spa. For the total performance for all three languages, a cut-point resulted in
high LHs (i.e., greater than 20) based on Haynes et al. [77]. For 2-syllable length, NRT-Cat
LHs were high and NRT-Span and NRT-EPort LHs were intermediate (i.e., 1–20). For
3-syllable lengths, NRT-Span and NRT-EPort LHs were high and that of NRT-Cat was
intermediate but was close to the high cutoff (i.e., 17). For 4-syllable length, for all three
languages, the LHs were all high. For 5-syllable length, NRT-Cat and NRT-EPort LHs were
high and that of NRT-Span was intermediate but close to the high cutoff (i.e., 16.9). For
6-syllable length, the LHs were intermediate, with NRT-EPort LHs being close to high
cutoff (i.e., 18.33).

3.3. Wordlikeness/Nonword Frequency
3.3.1. High Wordlikeness/High Nonword Frequency (TOT PWC)

As can be seen in Table 12, for nonwords having high wordlikeness, the LH ratio for
a positive test result for the Catalan–Spanish speaking children with DLD-CS compared
to TD-CS controls for the NRT-Cat was 29.00 (0.806/0.028), indicating that a TOT-PWC of
65% or lower for nonwords having high wordlikeness regardless of syllable length was
29 times more likely to come from a child with DLD-CS as compared to a child having
normal language. For nonwords having high wordlikeness, the LH ratio for a positive test
result for the NRT-EPort for the European Portuguese-speaking children with DLD-EP
compared to TD-EP controls was 39.00 (0.520/0.013), indicating that a TOT-PWC of 75% or
lower was 39 times more likely to come from a child with DLD-EP as compared to a child
having normal language. These findings show that for the NRT-Cat and NRT-EPort, the
best cut-point differed. For the Spanish NRT for high-frequency nonwords, the LH ratio for
a positive test result was 16.41 (0.912/0.056), indicating that a TOT-PWC of 80% or lower for
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nonwords having high nonword frequency regardless of syllable length was 16 times more
likely to come from a child with DLD-CS as compared to a child with normal language.

Table 12. The number and proportion of children with a positive test result (ruling in disorder),
prevalence, and likelihood ratio (LH) for each of the cutoff values based on total word percentage
correct (TOT-PWC) for HIGH wordlikeness (HWL) nonwords for Catalan and Portuguese NRT and
HIGH nonword frequency (HNF) nonwords for Spanish NRT for the Catalan–Spanish (CS) and
European Portuguese (EP) children with developmental language disorder (DLD) and typically
developing (TD) controls.

HWL/NF
TOT-PWC DLD (True Positive) TD (False Positive) Prevalence LH

Cutoff No. Prop. No. Prop.

CS-Catalan
≤60.0 26 0.722 1 0.028 0.50 26.00
≤65.0 29 0.806 1 0.028 0.50 29.00
≤70.0 31 0.861 3 0.083 0.50 10.33
≤75.0 33 0.917 5 0.139 0.50 6.60
≤80.0 34 0.944 9 0.250 0.50 3.78
≤85.0 35 0.972 14 0.389 0.50 2.50
≤90.0 36 1.00 24 0.667 0.50 1.50
≤95.0 36 1.00 32 0.889 0.50 1.13
≤100 36 1.00 36 1.00 0.50 1.00

CS-Spanish

≤60.0 14 0.412 0 0.000 0.48 Inf.
≤65.0 17 0.500 0 0.000 0.48 Inf.
≤70.0 22 0.647 0 0.000 0.48 Inf.
≤75.0 27 0.794 2 0.056 0.48 14.29
≤80.0 31 0.912 2 0.056 0.48 16.41
≤85.0 33 0.971 3 0.083 0.48 11.65
≤90.0 34 1.00 10 0.278 0.48 3.60
≤95.0 34 1.00 26 0.722 0.48 1.38
≤100 34 1.00 36 1.00 0.48 1.00

European Portuguese

≤60.0 11 0.147 0 0.000 0.50 Inf.
≤65.0 17 0.227 0 0.000 0.50 Inf.
≤70.0 22 0.293 0 0.000 0.50 Inf.
≤75.0 39 0.520 1 0.013 0.50 39.00
≤80.0 56 0.747 3 0.040 0.50 18.67
≤85.0 67 0.893 7 0.093 0.50 9.57
≤90.0 72 0.960 18 0.240 0.50 4.00
≤95.0 75 1.00 48 0.640 0.50 1.56
≤100 75 .227 75 1.00 0.50 1.00

Note. Values ≤ 60.0 cutoffs are not presented because LH = Inf. The cutoffs for best LH are highlighted in bold.

3.3.2. Low Wordlikeness/Low Nonword Frequency (TOT PWC)

As can be seen in Table 13, for nonwords having low wordlikeness, the LH ratio for
a positive test result for the Catalan–Spanish-speaking children with DLD-CS compared
to TD-CS controls for the NRT-Cat was 31.00 (0.861/0.028), indicating that a TOT-PWC
of 65% or lower for nonwords having low wordlikeness regardless of syllable length was
31 times more likely to come from a child with DLD-CS as compared to a child with normal
language. In contrast, for nonwords having low wordlikeness, the LH ratio for a positive
test result for the NRT-EPort for the European Portuguese children with DLD-EP compared
to TD-EP controls was 35.00 (0.467/0.013), indicating that a TOT-PWC of 65% or lower was
35 times more likely to come from a child with DLD-EP as compared to a child with normal
language. These findings show that for the NRT-Cat and NRT-EPort, the best cut-point
was the same, which was 65%. For the NRT-Spa, the LH ratio for a positive test result was
14.82 (0.824/0.056), indicating that a TOT-PWC of 65% or lower for nonwords having low
nonword frequency regardless of syllable length was 14 times more likely to come from a
child with DLD-CS as compared to a child with normal language.
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Table 13. The number and proportion of children with a positive test result (ruling in disorder),
prevalence and likelihood ratio (LH) for each of the cutoff value based on total word percentage
correct (TOT-PWC) for LOW wordlikeness (LWL) nonwords for Catalan and Portuguese NRT (NRT-
Cat and NRT-Port) and LOW nonword frequency (HNF) nonwords for Spanish NRT (NRT-Spa) for
the Catalan–Spanish (CS) and European Portuguese (EP) children with developmental language
disorder (DLD) and typically developing (TD) controls.

LWL/LNF
TOT-PWC DLD (True Positive) TD (False Positive) Prevalence LH

Cutoff No. Prop. No. Prop.

CS-Catalan
≤55.0 28 0.778 1 0.028 0.50 28.00
≤60.0 29 0.806 1 0.028 0.50 29.00
≤65.0 31 0.861 1 0.028 0.50 31.00
≤70.0 34 0.944 2 0.056 0.50 17.00
≤75.0 34 0.944 4 0.111 0.50 8.50
≤80.0 35 0.972 7 0.194 0.50 5.00
≤85.0 36 1.00 14 0.389 0.50 2.57
≤90.0 36 1.00 19 0.528 0.50 1.89
≤95.0 36 1.00 33 0.917 0.50 1.09
≤100 36 1.00 36 1.00 0.50 1.00

CS-Spanish

≤55.0 21 0.618 0 0.000 0.48 Inf.
≤60.0 24 0.706 0 0.000 0.48 Inf.
≤65.0 28 0.824 2 0.056 0.48 14.82
≤70.0 30 0.882 6 0.166 0.48 5.29
≤75.0 32 0.941 7 0.194 0.48 4.84
≤80.0 33 0.971 10 0.278 0.48 3.49
≤85.0 34 1.00 17 0.472 0.48 2.12
≤90.0 34 1.00 24 0.667 0.48 1.50
≤95.0 34 1.00 30 0.833 0.48 1.20
≤100 34 1.00 36 1.00 0.48 1.00

European Portuguese
≤55.0 20 0.267 1 0.013 0.50 20.00
≤60.0 27 0.360 1 0.013 0.50 27.00
≤65.0 35 0.467 1 0.013 0.50 35.00
≤70.0 42 0.560 2 0.027 0.50 21.00
≤75.0 54 0.720 4 0.053 0.50 13.50
≤80.0 64 0.853 6 0.080 0.50 10.67
≤85.0 72 0.960 14 0.187 0.50 5.14
≤90.0 73 0.973 31 0.413 0.50 2.35
≤95.0 75 1.00 61 0.813 0.50 1.23
≤100 75 1.00 75 1.00 0.50 1.00

Note. Values ≤ 55.0 cutoffs are not presented because LH = Inf. The cutoffs for best LH are highlighted in bold.

3.3.3. Summary of LH Ratios for Wordlikeness/Nonword Frequency

For nonwords having high wordlikeness ratings, although the absolute cut-points
differed for the Catalan and European Portuguese NRTs, the LH for both cohorts fell in the
high range, according to Haynes et al. [77]. For the Spanish NRT, the LH for high nonword
frequency was in the intermediate range. For nonwords having low wordlikeness for the
Catalan and European Portuguese, the NRTs were the same and the LH for both cohorts
again fell in the high range according to Haynes et al. [77]. For low-frequency nonwords,
although the absolute cut-points were the same as those of the NRT-Cat and NRT-EPort,
for the NRT-Spa, the LH fell in the intermediate high range according to Haynes et al. [77].
Taken together, the findings from the wordlikeness versus nonword frequency comparison
indicates that wordlikeness may be more sensitive to DLD diagnosis regardless of the
language used as compared to nonword frequency with the LHs for wordlikeness being
more than double those of word frequency.

4. Summary of Results and Discussion

In this study, we investigated the diagnostic accuracy of using a nonword repetition
task to discriminate DLD for TD across three different languages. For two of the three lan-
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guages (Catalan and European Portuguese), NRT lists were created and administered using
the same method, and for Spanish NRT, we used an existing list from Aguado [64]. Al-
though there were absolute accuracy differences across the Catalan–Spanish and European
Portuguese-speaking children, a similar pattern of performance accuracy was observed
for both syllable length and wordlikeness (NRT-Cat and NRT-Port)/nonword frequency
(NRT-Spa) across the two cohorts. Specifically, the children with DLD performed worse
than their TD peers across all syllable lengths, with performance worsening as the syllable
length increased.

For the LH analysis, a strikingly similar pattern was observed across the two cohorts
in the pattern of cut-points for the LH ratios both for overall performance, syllable length,
wordlikeness, and nonword frequency. Importantly, the similarities were highest for the
Catalan and European Portuguese NRT. Specifically, the LHs for the two versions mirror
each other both for syllable length and wordlikeness, where very high LH values were
observed for both high and low wordlikness. This pattern was not evident in the Spanish
NRT based on the frequency of the nonwords.

Children in both cohort groups with DLD repeated nonwords with high wordlikeness
with greater accuracy than those with low wordlikeness, which is a pattern that was
not evident in the TD controls. This finding was in line with past research, which has
found similar patterns with children with DLD performing better with high wordlikeness
and/or high phonotactic frequency nonwords, whereas this performance difference is
not as extreme in the TD controls [25,78]. As has been mentioned previously, nonword
repetition ability correlates with language proficiency, but it also correlates with the amount
of language exposure in both typical and clinical populations [43]. With greater language
exposure and proficiency comes greater long-term linguistic representations. This means
that although a nonword may have low phonotactic probability or low wordlikeness, a
child with larger exposure and proficiency has been exposed to more instances of words
that conform to the low phonotactic/wordlikeness nonwords, and as such, they are more
common for these children. On the other hand, children with DLD have limited linguistic
representations within their extant long-term memory, and as such, the difference between
low wordlikeness/frequency nonwords and high wordlikeness/frequency nonwords is
much starker than for their TD peers, resulting in an advantageous interaction for high
wordlikeness/frequency that is not found in the TD populations.

In this study, although performance for both groups of children with DLD was lower
than that of their respective TD peers, overall, the bilingual Catalan–Spanish-speaking
children had worse performance than the monolingual children who speak European
Portuguese. This finding adds to previous literature showing that bilingual children
perform less accurately during NRT than their monolingual peers [43,79]. These previous
studies investigated sequentially bilingual children and found that these children were less
accurate when repeating nonwords in the language with which they had less exposure
and less proficiency than their monolingual peers. An additional study compared the NRT
accuracy in four groups of children (monolingual English TD and DLD, and bilingual
Spanish–English TD and DLD), and it found that the bilingual Spanish–English children
performed worse on English nonwords than the respective monolingual groups, but the
bilingual children with DLD outperformed the monolingual English DLD group on Spanish
nonwords, with all three groups outperformed by the bilingual TD children [34].

It is important for the purposes of the current study that despite the overall difference
in performance accuracy between the two language groups (Catalan–Spanish, European
Portuguese) and language status (bilingual vs. monolingual), the LH values remained
constant and nearly identical across the groups. In the case of the Catalan and European
Portuguese languages, a possible reason for this stability may be the identical method
used to create the nonword lists for both language cohorts. However, although the LH
values found for the Spanish NRT lists were at times lower, they were also highly consistent
with the other language lists. This consistency in LH values strongly suggests the validity
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of utilizing NRT to distinguish DLD from TD across a range of linguistically diverse
populations, even when similar methods are not used to create NRT lists.

Finally, the high LH values that we found across our four groups may be a result of
(1) the unpredictable presentation order of the nonwords for the Catalan and European
Portugese NRT; and (2) differences in the wordlikeness ratings of the nonwords in the
NRT-Cat and NRT-EPort stimuli. Specifically, in our study, the Catalan and European
Portuguese nonwords were not presented sequentially in accordance to syllable length (i.e.,
all 2-syllable nonwords followed by all 3-syllable nonwords, etc.). Instead, the nonwords
in our lists were presented in a fixed random order, such that participants could not predict
the syllable length or wordlikeness of an upcoming nonword. The unpredictability of
stimuli presentation has been found to impact task difficulty and subsequent performance
in studies of adult cognition [80] and may have increased the difficulty in the NRT that
effectively negated the ceiling effect for our four groups. However, it is worth noting that
few studies have reported whether the presentation of their nonwords were sequential
or randomized, and as such, this interpretation of results must remain somewhat specu-
lative. Future research should investigate the influence of the order of nonword stimuli
presentation on accuracy to ensure that behavioral results are truly representative of the
cognitive processes that underlie nonword repetition itself, and not an artifact of stimuli
presentation methodology.

Taken together, the findings from this study suggest that in the absence of pre-existing
standardized NRT, to use NRT as a potential identifier of DLD, an NRT task can be
developed from scratch in a child’s native language using the method outlined in this
study for the NRT-Cat and NRT-EPort. Furthermore, the findings from this study show
that using 3-, 4-, and 5-syllable nonwords that are presented in a random order is a valuable
presentation approach. Finally, using nonwords that vary in wordlikeness may result in
the most sensitive version of an NRT task. Surprisingly, and encouragingly, for languages
where large-scale word databases are not available to calculate measures such as word
frequency, phonotactic probability, etc., the findings from this study show that using a
native speaker’s ranking of wordlikeness of nonwords results in a valuable measure that
appears to increase the diagnostic sensitivity of an NRT task.

There has been a growing interest in the development of behavioral markers of DLD.
For the majority of children with DLD, the deficits extend beyond the language system
to include deficits in the nonverbal and cognitive domains as well. If unidentified or
left untreated, these deficits persist into adulthood, putting these children at risk for
failure in academic and work settings, lower standard of living, social isolation, and
significant secondary socio-emotional and stress-related health issues. The variability in
the DLD language deficit profile coupled with a diagnostic classification system based
on exclusion criteria makes the identification and effective treatment of DLD a significant
challenge to both researchers and clinicians. The identification of markers for the objective
diagnosis of DLD have broad health-related implications. Specifically, tasks that are not
language-specific and that have the ability to differentiate DLD from typically developing
children have the potential to aid in the refinement of the diagnostic accuracy of DLD,
help identify potential subtypes of the disorder, resulting in better estimations of prognosis
for the disorder and predictive validity of individual symptoms of DLD, and aid in the
development of more effective therapeutic approaches that are more tightly linked to the
underlying cause(s) of the disorder.
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Appendix A

Table A1. The phonetic transcriptions in International Phonetic Transcription (IPA) of the nonwords
for the Catalan version of the Nonword Repetition task (NRT-Cat) by syllable length and wordlikeness.

2-Syllable 3-Syllable 4-Syllable 5-Syllable 6-Syllable

High wordlikeness nonwords

Marlut
[m

1 
 

      ɔ   ɐ    ɐ̃ r.

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ lut]

Grimpola
[

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ 
ɡ 

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ 
ɡ 
ɾ im.

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ pa.l

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ 
ɡ 
ɾ 
 
ə ]

Palimatrenc
[p

1 
 

      ɔ   ɐ    ɐ̃ .li.m

1 
 

      ɔ   ɐ    ɐ̃ .

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ t

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ 
ɡ 
ɾ 

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ 
ɡ 
ɾ 
 
ə 
ɛ 

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ 
ɡ 
ɾ 
 
ə 
ɛ 
ɳ k]

Balatenesta
[b

1 
 

      ɔ   ɐ    ɐ̃ .l

1 
 

      ɔ   ɐ    ɐ̃ .t

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ 
ɡ 
ɾ 
 
ə .

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ n

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ 
ɡ 
ɾ 
 
ə 
ɛ s.ta]

Pomalimenasa
[p

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ 
ɡ 
ɾ 
 
ə 
ɛ 
ɳ 
ʊ .m

1 
 

      ɔ   ɐ    ɐ̃ .li.m

1 
 

      ɔ   ɐ    ɐ̃ .

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ na.z

1 
 

      ɔ   ɐ    ɐ̃ ]
Calim

[ka.

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ lim]

Llendira
[

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ 
ɡ 
ɾ 
 
ə 
ɛ 
ɳ 
ʊ 
ʎ 

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ 
ɡ 
ɾ 
 
ə n.

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ di.

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ 
ɡ 
ɾ 

1 
 

      ɔ   ɐ    ɐ̃ ]
Xipileta

[

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ 
ɡ 
ɾ 
 
ə 
ɛ 
ɳ 
ʊ 
ʎ 
ɕ i.pi.

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ l

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ 
ɡ 
ɾ 
 
ə 
ɛ .t

1 
 

      ɔ   ɐ    ɐ̃ ]
Jolistarista

[

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ 
ɡ 
ɾ 
 
ə 
ɛ 
ɳ 
ʊ 
ʎ 
ɕ 
ʑ 

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ 
ɡ 
ɾ 
 
ə 
ɛ 
ɳ 
ʊ .lis.t

1 
 

      ɔ   ɐ    ɐ̃ .

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ 

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ 
ɡ 
ɾ is.t

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ 
ɡ 
ɾ 
 
ə ]

Desperdiculandre
[d

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ 
ɡ 
ɾ 
 
ə s.p

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ 
ɡ 
ɾ 
 
ə 

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ 
ɡ 
ɾ .ði.ku.

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ lan.d

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ 
ɡ 
ɾ 

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ 
ɡ 
ɾ 
 
ə ]

Padot
[p

1 
 

      ɔ   ɐ    ɐ̃ .

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ ð

1 
 

      ɔ   ɐ    ɐ̃ t]
Vifatull

[vi.fa.

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ tu

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ 
ɡ 
ɾ 
 
ə 
ɛ 
ɳ 
ʊ 
ʎ ]

Calisota
[k

1 
 

      ɔ   ɐ    ɐ̃ .li.

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ s

1 
 

      ɔ   ɐ    ɐ̃ .t

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ 
ɡ 
ɾ 
 
ə ]

Xepunetura
[

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ 
ɡ 
ɾ 
 
ə 
ɛ 
ɳ 
ʊ 
ʎ 
ɕ 

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ 
ɡ 
ɾ 
 
ə .p

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ 
ɡ 
ɾ 
 
ə 
ɛ 
ɳ 
ʊ .n

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ 
ɡ 
ɾ 
 
ə .

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ tu.

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ 
ɡ 
ɾ 

1 
 

      ɔ   ɐ    ɐ̃ ]
Parmicaginosa

[p

1 
 

      ɔ   ɐ    ɐ̃ r.mi.k

1 
 

      ɔ   ɐ    ɐ̃ .

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ 
ɡ 
ɾ 
 
ə 
ɛ 
ɳ 
ʊ 
ʎ 
ɕ 
ʑ i.

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ no.z

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ 
ɡ 
ɾ 
 
ə ]

Galmet
[g

1 
 

      ɔ   ɐ    ɐ̃ l.

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ m

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ 
ɡ 
ɾ 
 
ə 
ɛ t]

Dubalet
[du.β

1 
 

      ɔ   ɐ    ɐ̃ .

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ l

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ 
ɡ 
ɾ 
 
ə 
ɛ t]

Clomitura
[klu.mi.

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ tu.

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ 
ɡ 
ɾ a]

Parantalaresc
[pa.

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ 
ɡ 
ɾ 

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ 
ɡ 
ɾ 
 
ə n.t

1 
 

      ɔ   ɐ    ɐ̃ .l

1 
 

      ɔ   ɐ    ɐ̃ .

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ 

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ 
ɡ 
ɾ 

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ 
ɡ 
ɾ 
 
ə 
ɛ sk]

Situcalinomi
[si.t

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ 
ɡ 
ɾ 
 
ə 
ɛ 
ɳ 
ʊ .k

1 
 

      ɔ   ɐ    ɐ̃ .li.

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ n

1 
 

      ɔ   ɐ    ɐ̃ .mi]

low Wordlikeness nonwords

Pidop
[pi.

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ ð

1 
 

      ɔ   ɐ    ɐ̃ p]
Satompa

[s

1 
 

      ɔ   ɐ    ɐ̃ .

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ tum.pa]

Becuradoc
[b

1 
 

      ɔ   ɐ    ɐ̃ .k

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ 
ɡ 
ɾ 
 
ə 
ɛ 
ɳ 
ʊ .

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ 
ɡ 
ɾ 

1 
 

      ɔ   ɐ    ɐ̃ .

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ ð

1 
 

      ɔ   ɐ    ɐ̃ k]
Lamerquitorma

[la.mar.ki.

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ tor.m

1 
 

      ɔ   ɐ    ɐ̃ ]
Diraculmestici

[di.

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ 
ɡ 
ɾ 

1 
 

      ɔ   ɐ    ɐ̃ .k

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ 
ɡ 
ɾ 
 
ə 
ɛ 
ɳ 
ʊ l.mas.

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ ti.si]

Rolma
[

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ rol.ma]

Xolopi
[

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ 
ɡ 
ɾ 
 
ə 
ɛ 
ɳ 
ʊ 
ʎ 
ɕ 

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ 
ɡ 
ɾ 
 
ə 
ɛ 
ɳ 
ʊ .

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ l

1 
 

      ɔ   ɐ    ɐ̃ .pi]
Daltrosqueti

[d

1 
 

      ɔ   ɐ    ɐ̃ l.t

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ 
ɡ 
ɾ 

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ 
ɡ 
ɾ 
 
ə 
ɛ 
ɳ 
ʊ s.

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ k

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ 
ɡ 
ɾ 
 
ə 
ɛ .ti]

Lifortamasuc
[li.for.t

1 
 

      ɔ   ɐ    ɐ̃ .m

1 
 

      ɔ   ɐ    ɐ̃ .

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ suk]

Purmesidocata
[pur.m

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ 
ɡ 
ɾ 
 
ə .si.ð

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ 
ɡ 
ɾ 
 
ə 
ɛ 
ɳ 
ʊ .

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ ca.t

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ 
ɡ 
ɾ 
 
ə ]

Becra
[

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ b

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ 
ɡ 
ɾ 
 
ə 
ɛ .k

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ 
ɡ 
ɾ 

1 
 

      ɔ   ɐ    ɐ̃ ]
Calmepi

[k

1 
 

      ɔ   ɐ    ɐ̃ l.

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ m

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ 
ɡ 
ɾ 
 
ə 
ɛ .pi]

Castretuma
[k

1 
 

      ɔ   ɐ    ɐ̃ s.t

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ 
ɡ 
ɾ 

1 
 

      ɔ   ɐ    ɐ̃ .

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ tu.m

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ 
ɡ 
ɾ 
 
ə ]

Lemulticada
[l

1 
 

      ɔ   ɐ    ɐ̃ .mul.ti.

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ ka.ð

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ 
ɡ 
ɾ 
 
ə ]

Casitedilafa
[ka.si.ta.di.

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ la.f

1 
 

      ɔ   ɐ    ɐ̃ ]
Dapa

[

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ ðæ.pa]

Dalumi
[ða.

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ lu.mi]

Milusota
[mi.l

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ 
ɡ 
ɾ 
 
ə 
ɛ 
ɳ 
ʊ .

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ s

1 
 

      ɔ   ɐ    ɐ̃ .t

1 
 

      ɔ   ɐ    ɐ̃ ]
Zicuparamal

[zi.ku.p

1 
 

      ɔ   ɐ    ɐ̃ .

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ 
ɡ 
ɾ 

1 
 

      ɔ   ɐ    ɐ̃ .

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ mal]

Garelisupota
[g

1 
 

      ɔ   ɐ    ɐ̃ .

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ 
ɡ 
ɾ 

1 
 

      ɔ   ɐ    ɐ̃ .li.su.

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ p

1 
 

      ɔ   ɐ    ɐ̃ .t

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ 
ɡ 
ɾ 
 
ə ]
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Appendix B

Table A2. The phonetic transcriptions in International Phonetic Transcription (IPA) of the nonwords
for the European Portuguese version of the Nonword Repetition Task (NRT-EPort) by syllable length
and wordlikeness.

2-Syllable 3-Syllable 4-Syllable 5-Syllable 6-Syllable

High wordlikeness nonwords

Naca
[

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ na.k

1 
 

      ɔ   ɐ    ɐ̃ ]
Lofena

[lu.

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ fe.n

1 
 

      ɔ   ɐ    ɐ̃ ]
Covilado

[ku.vi.

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ la.du]

Melanifito
[m

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ 
ɡ 
ɾ 
 
ə 
ɛ 
ɳ 
ʊ 
ʎ 
ɕ 
ʑ 
ɨ .l

1 
 

      ɔ   ɐ    ɐ̃ .n

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ 
ɡ 
ɾ 
 
ə 
ɛ 
ɳ 
ʊ 
ʎ 
ɕ 
ʑ 
ɨ .

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ fi.tu]

Turamisalato
[tu.r

1 
 

      ɔ   ɐ    ɐ̃ .mi.z

1 
 

      ɔ   ɐ    ɐ̃ .

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ la.tu]

Fopa
[

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ fo.p

1 
 

      ɔ   ɐ    ɐ̃ ]
Banita

[b

1 
 

      ɔ   ɐ    ɐ̃ .

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ ni.t

1 
 

      ɔ   ɐ    ɐ̃ ]
Fenerade

[f

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ 
ɡ 
ɾ 
 
ə 
ɛ 
ɳ 
ʊ 
ʎ 
ɕ 
ʑ 
ɨ .n

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ 
ɡ 
ɾ 
 
ə 
ɛ 
ɳ 
ʊ 
ʎ 
ɕ 
ʑ 
ɨ .

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ 

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ 
ɡ 
ɾ a.d

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ 
ɡ 
ɾ 
 
ə 
ɛ 
ɳ 
ʊ 
ʎ 
ɕ 
ʑ 
ɨ ]

Bonifadade
[b

1 
 

      ɔ   ɐ    ɐ̃ .n

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ 
ɡ 
ɾ 
 
ə 
ɛ 
ɳ 
ʊ 
ʎ 
ɕ 
ʑ 
ɨ .f

1 
 

      ɔ   ɐ    ɐ̃ .

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ da.d

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ 
ɡ 
ɾ 
 
ə 
ɛ 
ɳ 
ʊ 
ʎ 
ɕ 
ʑ 
ɨ ]

Detagapalico
[d

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ 
ɡ 
ɾ 
 
ə 
ɛ 
ɳ 
ʊ 
ʎ 
ɕ 
ʑ 
ɨ .t

1 
 

      ɔ   ɐ    ɐ̃ .g

1 
 

      ɔ   ɐ    ɐ̃ .p

1 
 

      ɔ   ɐ    ɐ̃ .

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ li.ku]

Trana
[

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ tr

1 
 

      ɔ   ɐ    ɐ̃ .n

1 
 

      ɔ   ɐ    ɐ̃ ]
Praleta

[pra.

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ le.t

1 
 

      ɔ   ɐ    ɐ̃ ]
Trapilado

[tr

1 
 

      ɔ   ɐ    ɐ̃ .pi.

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ la.du]

Craletonina
[kr

1 
 

      ɔ   ɐ    ɐ̃ .l

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ 
ɡ 
ɾ 
 
ə 
ɛ 
ɳ 
ʊ 
ʎ 
ɕ 
ʑ 
ɨ .tu.

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ ni.n

1 
 

      ɔ   ɐ    ɐ̃ ]
Prinalvenioso

[pri.

1 
 

      ɔ   ɐ    ɐ̃ 

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ 
ɡ 
ɾ 
 
ə 
ɛ 
ɳ 
ʊ 
ʎ 
ɕ 
ʑ 
ɨ 
ɫ .v

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ 
ɡ 
ɾ 
 
ə 
ɛ 
ɳ 
ʊ 
ʎ 
ɕ 
ʑ 
ɨ .

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ njo.zu]

Prota
[

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ pr

1 
 

      ɔ   ɐ    ɐ̃ .t

1 
 

      ɔ   ɐ    ɐ̃ ]
Bramato

[br

1 
 

      ɔ   ɐ    ɐ̃ .

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ ma.tu]

Cravastado
[kr

1 
 

      ɔ   ɐ    ɐ̃ .v

1 
 

      ɔ   ɐ    ɐ̃ 

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ 
ɡ 
ɾ 
 
ə 
ɛ 
ɳ 
ʊ 
ʎ 
ɕ 
ʑ 
ɨ 
ɫ 
ʃ .

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ ta.du]

Versatranista
[vε

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ 
ɡ 
ɾ .s

1 
 

      ɔ   ɐ    ɐ̃ .tr

1 
 

      ɔ   ɐ    ɐ̃ .

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ ni

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ 
ɡ 
ɾ 
 
ə 
ɛ 
ɳ 
ʊ 
ʎ 
ɕ 
ʑ 
ɨ 
ɫ 
ʃ .t

1 
 

      ɔ   ɐ    ɐ̃ ]
Volturacidade

[v

1 
 

      ɔ   ɐ    ɐ̃ 

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ 
ɡ 
ɾ 
 
ə 
ɛ 
ɳ 
ʊ 
ʎ 
ɕ 
ʑ 
ɨ 
ɫ .tu.r

1 
 

      ɔ   ɐ    ɐ̃ .si.

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ da.d

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ 
ɡ 
ɾ 
 
ə 
ɛ 
ɳ 
ʊ 
ʎ 
ɕ 
ʑ 
ɨ ]

Low wordlikeness nonwords

Cafo
[

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ ka.fu]

Mafopa
[m

1 
 

      ɔ   ɐ    ɐ̃ .

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ fo.p

1 
 

      ɔ   ɐ    ɐ̃ ]
Lemanado

[l

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ 
ɡ 
ɾ 
 
ə 
ɛ 
ɳ 
ʊ 
ʎ 
ɕ 
ʑ 
ɨ .m

1 
 

      ɔ   ɐ    ɐ̃ .

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ na.du]

Nocafozano
[n

1 
 

      ɔ   ɐ    ɐ̃ .k

1 
 

      ɔ   ɐ    ɐ̃ .fu.z

1 
 

      ɔ   ɐ    ɐ̃ .n

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ 
ɡ 
ɾ 
 
ə 
ɛ 
ɳ 
ʊ ]

Rolinicistato
[r

1 
 

      ɔ   ɐ    ɐ̃ .l

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ 
ɡ 
ɾ 
 
ə 
ɛ 
ɳ 
ʊ 
ʎ 
ɕ 
ʑ 
ɨ .n

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ 
ɡ 
ɾ 
 
ə 
ɛ 
ɳ 
ʊ 
ʎ 
ɕ 
ʑ 
ɨ .si

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ 
ɡ 
ɾ 
 
ə 
ɛ 
ɳ 
ʊ 
ʎ 
ɕ 
ʑ 
ɨ 
ɫ 
ʃ .

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ ta.tu]

Tuma
[

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ tu.m

1 
 

      ɔ   ɐ    ɐ̃ ]
Dopeta

[du.

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ pe.t

1 
 

      ɔ   ɐ    ɐ̃ ]
Dilomopa

[di.lu.

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ m

1 
 

      ɔ   ɐ    ɐ̃ .p

1 
 

      ɔ   ɐ    ɐ̃ ]
Lodanapito

[l

1 
 

      ɔ   ɐ    ɐ̃ .d

1 
 

      ɔ   ɐ    ɐ̃ .na.

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ pi.tu]

Fatatuviricho
[f

1 
 

      ɔ   ɐ    ɐ̃ .t

1 
 

      ɔ   ɐ    ɐ̃ .tu.v

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ 
ɡ 
ɾ 
 
ə 
ɛ 
ɳ 
ʊ 
ʎ 
ɕ 
ʑ 
ɨ .

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ 

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ 
ɡ 
ɾ i.

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ 
ɡ 
ɾ 
 
ə 
ɛ 
ɳ 
ʊ 
ʎ 
ɕ 
ʑ 
ɨ 
ɫ 
ʃ u]

Grapa
[

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ gra.p

1 
 

      ɔ   ɐ    ɐ̃ ]
Gremata

[gr

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ 
ɡ 
ɾ 
 
ə 
ɛ 
ɳ 
ʊ 
ʎ 
ɕ 
ʑ 
ɨ .

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ ma.t

1 
 

      ɔ   ɐ    ɐ̃ ]
Dragamato

[dr

1 
 

      ɔ   ɐ    ɐ̃ .g

1 
 

      ɔ   ɐ    ɐ̃ .

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ ma.tu]

Defermicato
[d

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ 
ɡ 
ɾ 
 
ə 
ɛ 
ɳ 
ʊ 
ʎ 
ɕ 
ʑ 
ɨ .f

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ 
ɡ 
ɾ 
 
ə 
ɛ 
ɳ 
ʊ 
ʎ 
ɕ 
ʑ 
ɨ 

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ 
ɡ 
ɾ .m

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ 
ɡ 
ɾ 
 
ə 
ɛ 
ɳ 
ʊ 
ʎ 
ɕ 
ʑ 
ɨ .

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ ka.tu]

Satopogatico
[s

1 
 

      ɔ   ɐ    ɐ̃ .to.po.ga.

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ ti.ku]

Trila
[

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ tri.l

1 
 

      ɔ   ɐ    ɐ̃ ]
Tramafa

[tr

1 
 

      ɔ   ɐ    ɐ̃ .

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ ma.f

1 
 

      ɔ   ɐ    ɐ̃ ]
Trafeleste

[tra.f

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ 
ɡ 
ɾ 
 
ə 
ɛ 
ɳ 
ʊ 
ʎ 
ɕ 
ʑ 
ɨ .

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ l

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ 
ɡ 
ɾ 
 
ə 
ɛ 

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ 
ɡ 
ɾ 
 
ə 
ɛ 
ɳ 
ʊ 
ʎ 
ɕ 
ʑ 
ɨ 
ɫ 
ʃ .t

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ 
ɡ 
ɾ 
 
ə 
ɛ 
ɳ 
ʊ 
ʎ 
ɕ 
ʑ 
ɨ 
ɫ 
ʃ 

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ 
ɡ 
ɾ 
 
ə 
ɛ 
ɳ 
ʊ 
ʎ 
ɕ 
ʑ 
ɨ ]

Promoflicada
[pr

1 
 

      ɔ   ɐ    ɐ̃ .m

1 
 

      ɔ   ɐ    ɐ̃ .fli.

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ ka.d

1 
 

      ɔ   ɐ    ɐ̃ ]
Cremoforosada

[krε.mu.fu.

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ 
ɡ 
ɾ u.

1 
 

      ɔ   ɐ    ɐ̃ 
 
ˈ za.d

1 
 

      ɔ   ɐ    ɐ̃ ]
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Abstract: (1) Background: Developmental Language Disorder (DLD) is diagnosed when the child
experiences problems in language with no known underlying biomedical condition and the infor-
mation required for its correct evaluation must be obtained from different contexts. The Children’s
Communication Checklist (CCC-2) covers aspects of a child’s communication related to structural
language and pragmatic skills, which are linked to social cognition or executive functions. The aim of
this article is to examine parents’ reports using the Spanish version of the CCC-2 questionnaire and
its association with different formal assessments related to communication. (2) Methods: 30 children
with DLD (3; 10–9 years old) and 39 age-matched (AM) children with typical development were
assessed using formal measures of structural language, pragmatics, social cognition, and executive
functions. Parents of children with DLD answered the Spanish version of the CCC-2. (3) Results:
The performance of children with DLD was lower in all the formal assessments in comparison to
AM children. The CCC-2 was significantly correlated with all the direct child assessments, although
only formal measures of structural language predicted both the structural language and pragmatics
scales of the CCC-2. (4) Conclusions: The CCC-2 answered by parents was consistent with formal
assessments in children with DLD, and structural language seemed to be the best predictor of all
the subscales.

Keywords: Children’s Communication Checklist (CCC-2); Developmental Language Disorder (DLD);
parents’ reports; formal measures; pragmatics communicative profile; social cognition; executive functions

1. Introduction

Developmental Language Disorder (DLD) is diagnosed when the child may be expe-
riencing problems in both the content (semantics) and the form of language (phonology,
morphology, and syntax) with no known underlying biomedical condition such as brain
injury or autism spectrum disorders, ASD [1]. It is important to highlight that DLD is a
heterogeneous condition. Deficits in the acquisition and use of language can be noticed in
the reduced vocabulary, limited structure of the sentences, and errors in discourse. The
areas commonly affected in DLD (focusing on oral language) are phonology, syntax, word
finding and semantics, discourse, verbal learning, and memory, but difficulties also occur
in reading and writing. Children with DLD may have problems with language use in
social interactions, i.e., pragmatics [2,3]. These problems can have secondary effects in
other areas related to social contexts, such as socialization, communication, socioemotional
problems, or academic achievement [4–6]. According to Bishop and Norbury [7], there is a
particular group of children who have fluent, complex, and clearly articulated expressive
language, despite showing severe problems in the way the language is used socially. This
condition is commonly known as Pragmatic Language Impairment (PLI), or what has
more recently been called Social Communication Disorder (SCD; Diagnostic and Statistical
Manual of Mental Disorders, DSM-5 [8]; see Davies, Andrés-Roqueta and Norbury [2] for
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a discussion on whether pragmatic language skills of children with SCD may elucidate
sources of pragmatic breakdown in other developmental populations such as autism). With
all these difficulties, early diagnosis is crucial because children with DLD have a greater
risk of experiencing poor social, emotional, and mental health outcomes [9–12], which in
turn increases the probabilities of them becoming victims of bullying [13].

Information about children’s language and communication development can be ob-
tained in different ways: on the one hand, information about a child’s performance in
natural contexts can be provided by parents or teachers and, on the other hand, practition-
ers also assess children with different formal measures. Standardized tests are important
because they are a valid way to find the profile of the individual and any possible deficits.
In this sense, both reports and formal assessments are considered an important source of
information for establishing a meaningful and contextualized diagnosis [14,15]. Nonethe-
less, it is worth mentioning that formal assessments require controlled situations, and this
therefore represents a contextual limitation for professionals who do not have access to
the information about the children’s daily life in more natural contexts, such as at home or
school. In these situations, children usually display more natural behaviors, which afford
clinical observations and/or assessments [16].

There are different reports to be answered by parents that provide valuable infor-
mation when children are not yet able to answer for themselves (e.g., Rossetti Infant
Toddler Language Scale [17]) or, as in the case of the Social Communication Questionnaire
(SCQ, [18]), that are widely available as screening tools; however, the SCQ was designed
specifically for detecting risk for ASD, not for DLD. Most language tests or reports assess
language structure and content, but are less well suited for evaluating how children use
and interpret language or for identifying communication problems, e.g., poor turn-taking
or over-literal comprehension [19,20].

In this regard, there is a widely used instrument that employs indirect measures to
assess communication behaviors in children: the Children’s Communication Checklist
revised (CCC-2). This questionnaire is answered by parents, although it can be completed
by any adult who has had regular contact with the child at least 3–4 days per week for at
least 3 months, and it provides information about the language and communication profiles
in different contexts of interaction (i.e., home or school). Originally, the CCC was designed
by Bishop [21] to obtain a quick and easy evaluation measure of children with DLD,
predominantly with pragmatic language impairment. Subsequently, the CCC was revised
by Bishop in 2003 and standardized with 542 typically developing (TD) children, resulting
in the CCC-2. One year later, the CCC-2 was validated with children with diagnoses such
as DLD, PLI, and different levels of autism [3].

The CCC–2, with its 70 items spanning 10 subscales, was built to assess different
measures of language and communication skills in children from 4 to 16 years of age [22].
Comparisons and results of the CCC-2 have usually been performed based on two overall
scores: a general communication composite (GCC), which evaluates children’s communi-
cation skills, and a social interaction difference index (SIDI), which specifically assesses
children’s pragmatic language. Bishop [22] demonstrated that children with DLD are
expected to have difficulty with scales related to structural language, and to do relatively
better with scales concerning pragmatics and autistic behavior. Moreover, they would be
more likely to obtain a mean GCC below 100. Given the differences in the main composite
scores, most studies have employed the CCC-2 as a useful questionnaire that discriminates
children with clinical communication problems from typically developing children, as well
as differentiating children with DLD from children with pragmatic language impairments.
To our knowledge, no research has correlated the subscales with other formal measures
or tests.

The CCC-2 was adapted and translated into different languages and went on to be-
come an international tool. The Dutch version of the CCC-2 was used to distinguish the
language profiles of children with ASD, DLD, and attention deficit hyperactivity disorder
(ADHD) [23]. Moreover, the Dutch version of the CCC-2 added a new pragmatic score
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called the General Pragmatic Score (GenPragS), which is comparable to the Pragmatic
composite score of the original CCC. However, the subscale (D) coherence was added,
which was previously classified as a communication skill, but researchers realized that
some items referred to pragmatics [20]. The Norwegian version of the CCC-2 successfully
differentiated between a group of language-impaired and non-language-impaired chil-
dren [24]. The Serbian version of the CCC-2 [25] was redefined by Glumbić and Brojčin [26]
to obtain three subscales—General Communication Ability, Pragmatics, and Structural
Language Aspects—that would distinguish between clinical samples (ASD, ADHD, DLD).
The reliability and validity of the CCC-2 was also found in French in Quebec [27], Por-
tuguese [28], and Spanish [29]. Finally, the Spanish version of the CCC-2 was also used
to determine whether the CCC-2 was able to identify pragmatic profiles and discriminate
between normative and clinical profiles such as significant language difficulties) or Down
syndrome [30].

As mentioned above, the CCC-2 has been widely used with the aim of identifying
different communication profiles in children with DLD, ADHD, and ASD [21,31–38]. How-
ever, the CCC-2 has also been used as a quick screening tool for identifying language
disorders in children with sex chromosome trisomies [39], auditory processing disor-
der [40,41], schizophrenia [42], sleep problems [43], William syndrome [44], and in deaf
children with cochlear implants [45]. However, none of these studies have used structural
language, pragmatics, social cognition (SC, the ability to attribute mind to others and
ourselves) or executive function (EF, a set of cognitive processes that are necessary for the
cognitive control of behavior) tests as predictive measures of the CCC-2 scales, although
they are considered key predictors of pragmatics [46].

It has been shown that the CCC-2 is a quick and reliable tool that allows professionals
to gain a global vision of the problems of language and communication skills that the
child may have. In this respect, although they are widely used, formal measures to assess
children’s sociocognitive and linguistic profile are usually time-consuming. However,
the assessment of pragmatics is difficult and complex [47]. It is a complex area because
it is related not only to the use of language in context, but also to SC [46]. Pragmatics
and SC are related by definition, given that pragmatic ability underlies the capacity to
use and interpret language appropriately in social situations. Studies using screening
instruments and conversational analysis have reported pragmatic deficits among children
with DLD [3]. Similarly to ASD (but with fewer empirical studies conducted in the
area), research based on experimental tasks has described problems in specific areas of
pragmatics such as understanding figurative language [48–50], sensibility to conversational
maxims like “quantity” [51,52] and other Gricean maxims [53], using the preceding context
to resolve ambiguous utterances and in narrative production [54,55], or understanding
graphic humor [56]. Their pragmatic skills are usually in keeping with the levels of their
structural language, as they perform as well as younger TD children matched for language
level in experimental tasks [51]. Moreover, their level of SC also matters for these pragmatic
problems when the tasks are socially oriented [57].

One of the most widely used SC measures is the Strange Stories task [58]. This task
allows pragmatic impairment to be detected in children with DLD and ASD, because
children must grasp the speaker’s real intention by understanding his/her utterance
(sometimes non-literal) and contextual aspects concerning the communicative situation [46].
The Strange Stories task involves stories about sarcasm, irony, and white lies, among other
things. For example, in the ironic story, a character uses an utterance (“Well, that’s very nice,
isn’t it!”) to remark that a person is being rude. Thus, the participant must use his or her
structural language competence to understand the literal meaning, and may understand the
context and pragmatic maxims for the “hidden” intended meaning [51,57,59]. Interestingly,
there is no empirical evidence from studies using the CCC-2 pragmatic subscales and
establishing relationships with SC tasks.

Likewise, very little work has explored the relationships between pragmatics and
EF in children with DLD. The rules of conversation change depending on the context in
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which they occur, and therefore they allow us to adapt our speech flexibly to the dynamic
demands of the context by being flexible, tight, and effective [60]. Furthermore, maintaining
a coherent reciprocal conversation requires paying attention and remembering what our
speaker is saying (therefore using our attention and working memory skills). At the same
time, we also need to inhibit excessive talking and ensure that our contribution is relevant
(thus using our inhibition, organizing, monitoring, and planning skills) (see Green et al. [61]
for a review).

The novelty of the present study is the fact that it has broken the CCC-2 down into
simple scales (structural language, pragmatics, and autistic subscores) for associations
and predictions with formal measures of structural language, pragmatics, SC, and EF. The
present paper thus aims to examine whether parental information provided by the CCC-
2 questionnaire is significantly associated with formal measures of structural language,
pragmatics, EF, and SC in children with DLD. In this regard, the following hypotheses
are stated:

Hypotheses 1 (H1). First, the responses given by the parents are expected to show the language
and communication problems of their children according to their age.

Hypotheses 2 (H2). Second, the CCC-2 scales (structural language, pragmatics, and autistic
subscores) are expected to be associated with clinical-related tests (i.e., the scales of structural
language will correlate to phonetics, syntax, and vocabulary tests; the pragmatic and autistic scales
will correlate with SC, EF, and pragmatics) [51].

Hypotheses 3 (H3). Finally, formal measures are also expected to predict the CCC-2-related scales
(i.e., the scales of structural language will correlate with the phonetics, syntax, and vocabulary tests;
the pragmatic and autistic scales will correlate with SC, EF, and pragmatics).

2. Materials and Methods
2.1. Participants
2.1.1. DLD Group

The DLD sample comprised 30 Spanish-speaking children (8 girls and 22 boys) diagnosed
with DLD with ages between 3;10 and 9;0 years (mean age 70.50 months, range = 46–108).
Children came from different ordinary schools in Spain.

• Diagnosis of DLD: Children with DLD had an updated diagnosis by a qualified ed-
ucational psychologist from the ordinary schools where the sample was recruited.
All these psychologists from the different schools belonged to the same local health
services, and so they followed the same diagnostic protocols, thereby ensuring that the
criteria used for all these diagnoses were homogeneous. In this regard, their records
confirmed that the children had substantial language disability as the main cause for
receiving speech and language therapy, while presenting a typical nonverbal intelli-
gence based on standardized language and cognitive tests. Moreover, participants
were recruited for the DLD group if they were native speakers of Spanish receiving
speech and language therapy in the school at the time of the study; had language
difficulties (discarding possible auditory disorders, neuro-sensory and intellectual
disability); and finally, their clinical record had to be free of any medical condition that
was likely to affect language, such as a diagnosis of ASD. Additionally, DLD condition
was confirmed by the research group. The research team assessed each selected par-
ticipant using two standardized grammar measures: on the one hand, Comprensión
de Estructuras Gramaticales [62], and on the other hand, a Memory subtest on the
Evaluación del Lenguaje Infantil, which is a sentence repetition task that measures
expressive language ability and short-term auditory memory (ELI; [63]), both of which
have been reported as a valid formal measure in the diagnosis of DLD (e.g., [64]).
Participants were recruited only if they scored one standard deviation below the mean
in at least one of these two tests. This threshold has been used in similar papers to
conduct in-depth studies in children with DLD [52]. Moreover, Raven’s Progressive
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Matrices revised version [65] was used to ensure that the children’s IQ was within the
normal range (above the 15th percentile). In this sense, the DLD group obtained a
mean of 28.57 (SD = 72.04, range = 25–99).

2.1.2. Chronological Age-Matched (AM) Group

The AM sample comprised 39 Spanish-speaking children (11 girls and 28 boys) aged
between 3;7 and 9;00 years old (mean age 70.50 months, range = 43–109). The children came
from the same ordinary schools as those in the DLD group. They were age- and gender-
matched to children with DLD within ± 3 months of age. Furthermore, the educational
psychologists were consulted to ensure that the children were not receiving speech and
language therapy at the school when the study was being conducted or prior to it.

The AM group was introduced as a control to be compared with the DLD group on
formal measures of structural language, pragmatics, SC, and EF. However, it was not used
to compare the CCC-2 scores because: (1) This was not one of the main aims of the present
study; and (2) The CCC-2 provides centile scores to compare a child with a normative mean,
but the other measures (language, SC, and EF) are used with raw scores to be introduced
in the correlational and predictive analyses. Therefore, the AM group was used to show
whether the DLD group also had age-impaired performance on those measures.

2.2. Measures
2.2.1. Parent Reports
Children’s Communication Checklist (CCC-2)

Parents of the participants with DLD answered the Spanish version of the CCC-2
(CCC-2—Spain/Spanish—Version 2 of 22 Jun 2012—MAPI Institute, provided by Pearson
to the research group). The CCC–2 is used for children between the ages of 4;0 and 16;11 [19].
It is a 70-item questionnaire that caregivers rate using a 4-point numeric frequency scale
ranging from 0 to 3, where 0 = less than once a week (or never); 1 = at least once a week, but
not every day (or occasionally); 2 = once or twice a day (or frequently); 3 = several times
(more than twice) a day (or always). It measures ten scales of communication, each with
seven items: A. Speech, B. Syntax, C. Semantics, D. Coherence, E. Inadequate Initiation,
F. Stereotyped Language, G. Context, H. Non-verbal Communication, I. Social Relations,
and, J. Interests. The first four scales (A–D) measure structural language aspects; the
four intermediate scales (E–H) measure pragmatic aspects, and the last two areas (I–J)
measure autistic behavior. Internal consistency values between 0.66 and 0.80 and inter-rater
reliability between parents and teachers ranged from 0.16 to 0.79 for the CCC-2.

Table 1 shows, by way of example, one item from each of the communication aspects
measured in the CCC-2.

The CCC–2 produces the General Communication Composite (GCC) and the Social
Interaction Difference Index (SIDI).

The GCC is a norm-referenced standard composite score that reflects overall commu-
nication skills (M = 100, SD = 15), and it is used to identify clinically significant communi-
cation problems. It is computed by adding scaled scores from Scales A through H.

The SIDI is an index score that reflects the difference between the structural lan-
guage scales (A, B, C, and D) and the pragmatic language scales (E, H, I, and J), so it
provides an index of mismatch between structural language skills and pragmatic and social
skills [50]. SIDI scores ranging from −10 to 10 are considered typical, and scores within
this range were obtained by 90% of the CCC–2 normative sample. Scores ≥ 11 suggest that
speech/syntactic/semantic skills are deficient and relatively poorer than pragmatic skills,
whereas scores ≤ −11 suggest that pragmatic language skills are deficient and relatively
poorer than syntactic/semantic skills; this profile is associated with ASD [22].

However, in the present paper, the SIDI score was not used for correlations and the
regression analysis, because it is used to ascertain the nature of an identified communication
impairment and should, therefore, usually only be taken into account when the GCC is less
than 55 (which ranged from 30 to 100 in the DLD in the present study, see Section 3) [19,66].
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Moreover, other scores can be formed for more information by adding scales, such as
structural language skills (A + B + C + D) [33,67,68]. Geurts [23] also proposed a second
composite score that can be calculated as the sum of the scales D–H (GenPragS). This index
was also used in the present study due to the fact that item (D) Coherence mixed aspects of
structural language and also pragmatic skills.

Table 1. Examples of items from the communication aspects measured in the Children’s Communication Checklist-2
(CCC-2).

Aspects of
Communication Sample Items

A. Speech He/she speaks fluently and clearly, producing all speech sounds accurately and without hesitating.

B. Syntax He/she produces long and complicated phrases like: “When we were in the park I went to see the
ducks” or “I saw that man standing on the corner”.

C. Semantics He/she uses words that refer to classes of objects, rather than specific things; e.g., talks about the
table, chair and drawers as “furniture”, or calls bananas, apples and pears “fruit”.

D. Coherence It is difficult to know whether he/she is talking about something real or something invented.

E. Inappropriate initiation He/she talks repeatedly about things that no-one is interested in.

F. Stereotyped language When he/she answers a question, he/she provides sufficient and relevant information, without
being overly precise if it is not necessary.

G. Context
His/her ability to communicate is different according to the situation. He/she may not have any
trouble talking one-on-one with a familiar adult, but may find it difficult to express him/herself with
a group of children of his/her own age.

H. Non-verbal
communication He/she doesn’t look at people when he/she talks to them.

I. Social Relations He/she hurts or disturbs other children without realizing it, unintentionally.

J. Interests He/she leads the conversation towards his/her favorite topics, even when others are not interested.

In this regard, the three main subscales Structural language (A + B + C + D, scores
ranging from 0 to 28), Pragmatic (D + E + F + G + H, scores ranging from 0 to 35), and Autistic
(I + J, scores ranging from 0 to 14) composite scores were created for the correlational and
predictive analyses by adding up the raw scores. It must be highlighted that the raw scores
on the CCC-2 indicate the amount of difficulty on the different scales (in contrast to the
scaled scores).

2.2.2. Formal measures

• Non-verbal reasoning

Raven’s Colored Progressive Matrices scale was administered in order to have a non-
verbal reasoning score for each DLD and AM participant [65]. Raw scores in this test range
from 0 to 36. The standardization study yielded a value of 0.80 in test-re-test reliability [69].

• Structural language

Phonetics: Phonetics subtest from Evaluación de Lenguaje Infantil, ELI [63]. The pho-
netic subtest measures the level of articulation, the ability to imitate phonemes, and the
difficulties to pronounce words containing “he studied” phonemes in initial, middle or
final position. Children pronounced these words that could be represented as images or
also by imitating adults’ pronunciation. As the phonetics subtest is qualitative, the scoring
has been processed emphasizing the type of errors that the child exhibited in the following
way: No problems = 0; With substitutions in simple structures of (Consonant–Vowel) = 1;
With mistakes in complex structures (Consonant–Consonant and Vowel–Vowel) = 2; With
all the types of mistakes = 3. Scores were based on how complex the phonetic problems
were: the more complex the problems were, the higher the score was. The maximum score
was 3.
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Receptive grammar: Comprensión de Estructuras Gramaticales, CEG [62]. This is
an instrument designed to evaluate the participant’s capacity to understand different
types of grammatical constructions (grammatical comprehension) through drawings and
sentences, with sentences of varying lengths and degrees of complexity. The CEG is a
Spanish adaptation of the Test for Reception of Grammar, TROG [70], which assesses
English grammar comprehension in children. Raw scores in this test range from 0 to 80.

Expressive grammar: Sentence recall subtest from Evaluación de Lenguaje Infantil,
ELI [63]. This subscale was used to evaluate grammatical expressive skills. It measures the
average sentence length and short-term auditory memory. Raw scores in this subtest range
from 0 to 10.

Receptive vocabulary: Receptive Vocabulary subtest from Evaluación de Lenguaje Infantil,
ELI [63]. This subscale measures the level of knowledge of vocabulary and receptive
vocabulary. There are 30 sheets of increasing difficulty (from more concrete to more
abstract semantic fields), and the child should point to the drawing that was asked for.
Raw scores in this subtest range from 0 to 30.

Expressive vocabulary: Expressive Vocabulary subtest from Evaluación de Lenguaje Infan-
til, ELI [63]. This subscale measures access to vocabulary, expressive vocabulary, semantic
knowledge, and information. It consists of 30 drawings, which the child must name (words
from the close context in growing difficulty). Raw scores in this subtest range from 0 to 30.

Structural language composite score: These last five language measures were used
to examine structural language as a complex construct. However, as these measures
use different scoring ranges, a composite score was created. Raw scores, rather than
standardized scores, were used because they are a direct indicator of how many correct
responses each child achieved in each test. For phonetics, we created an inverse variable.
The measures were weighted equally and combined to form the language composite score.
This approach was taken to address issues arising from different scaling within language
measures and between the other non-standardized measures used in the study. Specifically,
the language composite variable was obtained by adding together all five linguistic raw
scores. The final score ranged from 0 to 100, with each language measure representing 1/3
of the new composite score (1/3 phonetics, 1/3 grammar and 1/3 vocabulary).

• Pragmatics

The pragmatics subscale from the ELI battery [63] was used to obtain a formal as-
sessment of functional communication. This subscale has both receptive items related to
gesture–speech integration (e.g., the examiner tells the child a sentence and the child must
decide if there is a discrepancy between statements and gestures), and expressive items
related to figurative language understanding and politeness (e.g., the examiner asks ques-
tions about politeness, like “What do you say when somebody gives you a present?” or
idiom questions like “What does ‘you’re a pig’ mean?’).

Pragmatic composite score: The two pragmatic measures (expressive and receptive) were
used to examine pragmatics by adding the two scores (as stated in the ELI test). Raw scores
in this subtest range from 0 to 14.

*A note about the use of ELI: This test has two versions (Catalan and Spanish) and it can
be administered in both languages. Nevertheless, the participants of the present study were
assessed with the Spanish version since their mother tongue was Spanish. Furthermore, it
must be noted that the ELI test is usually used for children from 3 to 6 years old. However,
practitioners also use it for older children with DLD. In this sense, the research group
selected ELI because the DLD sample included children from 3;10 to 9;00 years old, and
so it allowed us to test smaller children (e.g., the Batería de Lenguaje Objetiva y Criterial -
BLOC - test starts at 5 years old, and the Prueba de Lenguaje Oral Navarra - PLON - covers
similar age ranges as ELI). Moreover, regarding the aims of the study, we were interested
in raw scores to carry out the correlational and predictive studies.

*A note on the reliability of ELI and CEG
The ELI test is widely used to assess children’s language. ELI has adequate Psycho-

metric properties: Validity, correlation values: ELI Comprehensive Vocabulary–Peabody
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(r = 0.75); ELI Expressive Vocabulary–Kaufman Brief Intelligence Test (K-BIT) (r = 0.85);
ELI Sentences– Wechsler Preschool and Primary Scale of Intelligence (WPPSI) Sentences
(r = 0.51) (K-BIT [71]; WPPSI [72]). Reliability, split-half reliability and Test-Retest were used:
Expressive-Vocabulary (0.83), Sentences (0.71), and Comprehensive–Vocabulary (0.70).

CEG has adequate Psychometric properties: Reliability: 0.91; Validity, correlations
values: CEG-Peabody (r = 0.809, p = 0.00); and CEG– Illinois Test of Psycholinguistic
Abilities (ITPA) (r = 0.644, p = 0.00) (Peabody, [73]; ITPA, [74]). Discrimination: more than
half of the elements provide a discrimination index greater than 0.3 among subjects with
higher scores and lower scores in the test [75].

• Social cognition

Strange Stories [58]. The aim of this task is to assess the understanding of other people’s
communicative intentions when non-literal language is used. Six of the original stories
were used: pretense, lie, white lie, irony, joke, and idiom. The participants saw and listened
to the Strange Story, and then, based on the reply, the scores were calculated as follows:
0 = inappropriate without mentalist aspects; 1 = inappropriate with mentalist aspects—
distinct intention; 2 = correct with explicit aspects; and 3 = mentalist intention correct with
expected intention [51]. Raw scores in this test range from 0 to 18. Individual mental state
stories exhibited moderate to strong inter-rater reliability (M κ = 0.82, range = 0.79 ≤ κ ≤
0.85, all p < 0.01), as did individual control stories (M κ = 0.84, range = 0.74 ≤ κ ≤ 0.95, all
p < 0.01) [76].

• Executive Functions

The Matching Familiar Figures Test (MFFT; [77]) was administered to measure sustained
attention and inhibitory skills. The MFFT consists of 12 items where the children were
shown a picture (person or object) and six similar stimuli and the children were required
to pick the picture that was identical to (e.g., that matched) the person/object given. Two
variables were provided: the total number of errors committed until the correct one was
found (sustained attention), and the mean latency prior to the first response (response latency).
Correlations were 0.91 for latency and 0.89 for errors [77].

EF composite score: The two measures (sustained attention and response latency) were
used to examine executive functions. Nevertheless, as these measures have different
scoring ranges, a composite score was created. For sustained attention, we created an
inverse variable because it indicates the number of errors committed (and not capacity),
whereas response latency indicates the number of seconds before the first response (capacity
to inhibit first response). The measures were weighted equally and combined to form the
EF score. The final score ranged from 0 to 100 with each EF measure representing 1/2 of
the new composite score 1/2 sustained attention, 1/2 response latency).

2.3. Procedure

Permissions were requested from the Regional government and school authorities to
select the ordinary schools that children with DLD attended. Four schools agreed to take
part in this study. Parents were then informed about the aims of the study, and written
consent to participate was obtained.

Each child was assessed with the study instruments by the research group during two
40 min sessions (approx.) in a quiet room provided by the school. Tasks were administered
individually, in random order. In parallel, parents were interviewed individually by the
research group, and they completed the CCC-2 in the same schools, one hour before they
picked their children up from school.

The original sample included in this study included 35 parents. One was lost because
those parents failed to answer the questionnaire and four of them did not pass the Consis-
tency check, which shows that the respondent has understood how to complete the CCC-2
with regard to positively and negatively formulated items [19].
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2.4. Data Analysis

Data analysis was conducted using the statistical package SPSS (version 27). When the
sample was subdivided into two groups (DLD and AM), the data failed the Shapiro–Wilk
test of normality, showing several unequal variances across groups for the different scores.
Moreover, there was a different number of participants in each group. Therefore, Mann–
Whitney U (two-tailed, significance threshold of 0.05) was used to examine differences
between groups on key measures. Effect sizes of group comparisons were calculated using
r with the formula: r = (z)/(

√
N), because according to Fritz, Morris, and Richler [78], when

between-group comparisons are performed with Mann–Whitney U tests, size effects must
be calculated using “r” and not “d”, where a value of 0–0.1 is considered a small effect;
0.2–0.4 is considered a medium effect; and 0.5–1 is considered a large effect.

Moreover, zero-order nonparametric correlations (Spearman) between key measures
were conducted within the DLD groups. Finally, in order to further investigate the con-
tribution of age, structural language skills, social pragmatics, linguistic pragmatics, and
executive functions on the CCC-2 scores, a hierarchical linear regression analysis was
conducted for the whole clinical sample (n = 30), and a bootstrapping method was im-
plemented using 2000 bootstrap samples to derive robust estimates of standard errors,
confidence intervals, and p values of the regression model.

It must be stated that the AM group was only used to compare the DLD group in the
scores from the formal measures, but not in the CCC-2. This was because, as explained in
the Participants section, the main aim of the present study was not to see the association
of the CCC-2 with the related variables in typically developing children. In this sense,
correlations and regressions are only carried out within the group of children with DLD
and not among the AM children.

3. Results
3.1. Descriptive Statistics and between-Group Comparisons on Formal Measures

Table 2 reports the descriptive statistics of the four groups for grammar, age, structural
language, pragmatics, SC, and EF formal measures.

Table 2. Descriptive statistics of Developmental Language Disorder (DLD) and chronological Age-Matched (AM) groups
and between-group comparisons on formal measures.

DLD (n = 30) AM (n = 39) U p r

M (SD) Range M (SD) Range

Age and Gender

Months 70.50 (17.86) 46–108 68.62 (14.26) 43–109 560.5 0.767

Gender (M:F) 22:08 28:11:00 - -

Structural language measures

Phonetics
(range: 0–3) 1.07 (0.91) 0–3 0 (0) 0–0 156 0 0.761

Receptive grammar
(range: 0–80) 50.43 (10.62) 17–68 64.69 (7.56) 48–77 146 0 0.682

Expressive grammar
(range: 0–10) 5.13 (1.83) 2–8 7.97 (1.31) 4–9 126 0 0.64

Receptive vocabulary
(range: 0–30) 21.03 (6.22) 5–30 23.92 (4.91) 10–29 390 0.018 0.285

Expressive vocabulary
(range: 0–30) 18.47 (6.31) 7–27 22.64 (6.20) 10–30 351 0.005 0.341

Structural language 53.71 (16.62) 14.54–75.53 75.62 (6.24) 60.62–83.7 89 0 0.722
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Table 2. Cont.

DLD (n = 30) AM (n = 39) U p r

M (SD) Range M (SD) Range

Pragmatics

Receptive pragmatics
(range: 0–6) 4.8 (1.32) 1–6 5.59 (0.91) 2–6 332.5 0.001 0.414

Expressive Pragmatics
(range: 0–8) 2.8 (1.91) 0–8 5.10 (1.77) 1–8 213.5 0 0.547

Pragmatics
(range: 0–14) 7.6 (2.66) 3–14 10.69 (2.33) 5–14 221.5 0 0.533

Social cognition measure

Speaker’s intention
(range: 0–18) 4.8 (3.68) 0–12 10.87 (3.87) 1–16 152.5 0 0.632

Executive function measures

Sustained attention 22.14 (12.58) 7–53 15.74 (7.14) 4–32 405 0.046 0.24

Response latency 7.3 (5.71) 1.71–20.30 15.40 (12.57) 2.82–75.15 260 0 0.456

Executive function 33.53 (14.64) 2.28–56.75 44.67 (12.56) 20.3–82.46 323 0.003 0.362

Note: Raw scores on all measures; Age = chronological age (months); Structural Language = Language composite score; Pragmatics = Pragmatic
composite score; Executive function = Executive function composite score.

The Mann–Whitney U-test showed that the groups did not differ in age (U = 560.500,
p < 0.001, r = 0.036) and small effect sizes were observed. Moreover, a Chi-squared test
showed that groups did not differ according to gender (χ2 = 0.20, p = 0.887).

As regards the formal measures (raw scores) of structural language, pairwise com-
parisons revealed that the DLD and AM groups differed in all the measures: phonetics,
expressive grammar, receptive grammar, receptive vocabulary, expressive vocabulary, and
also in the structural language composite score. Large-size effects were observed for gram-
mar and phonetics measures, as well as for the composite score, whereas medium-size
effects were observed for vocabulary measures.

Regarding pragmatic scores, between-group comparisons revealed differences be-
tween the DLD and the AM groups: receptive pragmatics, expressive pragmatics, and
pragmatics composite score. Large-size effects were observed for all cases.

Regarding the social cognition measure, between-group comparisons revealed differ-
ences between the DLD and the AM groups, and large-size effects were observed.

Finally, turning to the executive function measures, again, between-group comparisons
showed that the AM group achieved a significantly lower performance than the DLD
group: sustained attention, latency of response, and EF composite variable, and large- and
medium-size effects were observed.

3.2. Descriptive Statistics on CCC-2

Table 3 reports the descriptive statistics on the CCC-2 for the DLD group.
As regards the GCC score (scaled scores), the DLD group obtained a mean of 67.53,

which is almost the cutoff range of language impairments.
As regards the SIDI index (scaled scores), the DLD group obtained a mean of 10.07,

which is a value that is included within normal limits (the normal range of SIDI scores is
from −10 to 10).

As regards Structural language (scaled scores), the DLD group obtained a mean of
28.57; as regards Pragmatics (scaled scores), the DLD group obtained a mean of 28.57; and
as regards the Autistic index (scaled scores), the DLD group obtained a mean of 18.53.

Individual scores demonstrate that the DLD group showed better performance on
scales E, F; then on D, G, H; then I and C; and the lowest means were obtained on A and B.
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Table 3. Descriptive statistics of Developmental Language Disorder (DLD) participants on Children’s
Communication Checklist-2 (CCC-2) scores.

DLD (n = 30)

M (SD) Range

GCC score 67.53 (16.71) 30–100

SIDI index 10.07 (9.28) −7–39

Structural Language (A + B + C + D) scaled score 28.57 (8.07) 14–49

Pragmatics (D + E + F + G + H) scaled score 47.93 (12.45) 28–73

Autistic index (I + J) scaled score 18.53–5.91 11–35

A. Speech 6.47 (3.39) 0–13

B. Syntax 5.6 (3.05) 0–12

C. Semantics 7.53(2.36) 4–15

D. Coherence 8.97 (3.2) 5–16

E. Inappropriate initiation 11.37 (4.06) 4–21

F. Stereotyped language 10.37 (3.38) 5–16

G. Context 8.50 (3.19) 4–20

H. Non-verbal communication 8.73 (3.99) 3–21

I. Social relations 7.37 (4.09) 2–21

J. Interests 11.17 (4.55) 1–22

Structural Language (A + B + C + D) raw score
(range: 0–28) 21.37 (12.54) 2–52

Pragmatics (D + E + F + G + H) raw score
(range: 0–35) 21 (12.14) 5–45

Autistic index (I + J) raw score
(range: 0–14) 8.20 (3.75) 3–18

Note: scaled scores on all measures except for the last three measures.

3.3. Correlations between CCC-2 Scores and Age, Structural Language, Linguistic Pragmatics,
Social Pragmatics and Executive Functions

Zero-order nonparametric correlations (Spearman) between key measures are pre-
sented in Table 4.

Table 4. Zero-order nonparametric Spearman correlations between formal measures and Children’s
Communication Checklist-2 (CCC-2) scores within the Developmental Language Disorder (DLD)
group (n = 30).

Age St. Lang Prag SC EF St. Lang CCC-2 Prag CCC-2

Age
St. lang 0.624 **

Prag 0.382 * 0.557 **
SC 0.292 0.434 * 0.384 *
EF 0.563 ** 0.593 ** 0.552 ** 0.250

St. lang CCC-2 −0.705 ** −0.703 ** −0.445 * −0.354 −0.685 **
Prag CCC-2 −0.231 −0.442 * −0.401 * −0.457 * −0.510 ** 0.663 **
Aut CCC-2 −0.276 −0.444 * −0.219 −0.280 −0.472 ** 0.568 ** 0.527 **

Note 1: * p < 0.05; ** p < 0.01; Note 2: all scores are raw scores; Note 3: Age = chronological age (months);
St. lang = Language composite score (formal measures); Prag = Pragmatic composite score (formal measures);
SC = Social Cognition (formal measure); EF = Executive functions composite score (formal measures); St. lang
CCC-2 = A + B + C + D raw scores on CCC-2; Prag CCC-2 = D + E + F + G + H raw scores on CCC-2; Aut
CCC-2 = I + J raw scores on CCC-2.

First, the three scores derived from the CCC-2 proved to be positively and strongly
correlated: Structural Language–Pragmatics (p < 0.001); Structural Language–Autistic
index (p = 0.001); Pragmatics–Autistic index (p = 0.003).
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Strong and negative correlations were observed between Structural Language mea-
sured with the CCC-2 and age (p < 0.001), the structural language composite score based
on formal measures (p < 0.001), and the executive functions composite score (p < 0.001).
Moreover, a medium and negative correlation was observed with pragmatics (p = 0.014).
However, it was not correlated with social cognition (p = 0.055). The correlations are
negative because raw scores on the CCC-2 indicate the degree of difficulty on the different
scales (in contrast to scaled scores).

For the Pragmatic measure of the CCC-2, a negative and non-significant correlation
was observed with age (p = 0.219). Medium and negative associations were observed with
formal measures of structural language (p = 0.014), pragmatics (p = 0.028), social cognition
(p = 0.011), and executive functions (p = 0.005). Again, the correlations are negative because
raw scores on the CCC-2 indicate the degree of difficulty on the different scales.

Finally, for the Autistic measure of the CCC-2, a negative and non-significant corre-
lation was observed with formal measures of age (p = 0.139), pragmatics (p = 0.246), and
social cognition (p = 0.134). Medium and negative associations were observed with formal
measures of structural language (p = 0.014) and executive functions (p = 0.010). Again, the
correlations are negative because raw scores on the CCC-2 indicate the degree of difficulty
on the different scales.

3.4. Predictive Analysis of the CCC-2 Scores of Structural Language, Pragmatics and
Autistic Indexes

As shown in the correlation analyses, several variables were correlated in the DLD
group, making it difficult to identify the independent contribution each of them makes
to the CCC-2 measures. To further investigate the contribution of these variables, three
hierarchical linear regression analyses were conducted for the DLD group (n = 30).

Structural Language (CCC-2: A + B + C + D), Pragmatics (CCC-2: D + E + F + G + H),
and Autistic score (CCC-2: I + J) were the outcome variables in the regression, and five
predictor variables were entered in the following order (Tables 5 and 6): age was entered
first, as raw scores had been used, and also because there was an important age difference
between some participants in the sample (ranging from 3 to 9 years old). The Structural
Language composite score (formal measure) was entered next, because structural language
deficits are fundamental factors for the pragmatic deficits observed in children with DLD
(e.g., [51]). Pragmatic and social cognition scores were entered after structural language to
investigate whether they make a specific contribution to each CCC-2 score when structural
language skills have been taken into account. Finally, the executive function composited
variable was introduced in the final stage, to check whether other features related to
sustained attention and latency of response are relevant.

Table 5. Summary of regression coefficients for Structural Language CCC-2 scores (A + B + C + D)
within the DLD group (bootstrap results based on 2000 bootstrap samples).

Structural Language CCC-2 (A + B + C + D)

Predictor R2 Adjusted B B 95% CI (LL, UL) SE B t p

Step 1 0.369
Constant 51.672 [36.841, 67.801] 6.592 0.001

Age −0.427 [−0.635, −0.248] −0.607 −3.972 0.003

Step 2 0.226
Constant 56.748 [42.854, 70.537] 8.680 0.000

Age −0.141 [−0.305, 0.149] −0.200 −1.216 0.167
St. Language −0.472 [−0.848, −0.208] −0.626 −3.807 0.013

Step 3 0.026
Constant 59.296 [44.281, 72.738] 8.804 0.000

Age −0.137 [−0.292, 0.202] −0.196 −1.206 0.192
St. Lang −0.395 [−0.832, −0.162] −0.524 −2.917 0.031

Prag −0.907 [−2.346, 0.570] −0.192 −1.312 0.214
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Table 5. Cont.

Structural Language CCC-2 (A + B + C + D)

Predictor R2 Adjusted B B 95% CI (LL, UL) SE B t p

Step 4 0.003
Constant 59.018 [43.206, 73.028] 8.581 0.000

Age −0.136 [−0.291, 0.202] −0.194 −1.176 0.203
St. Language −0.381 [−0.833, −0.133] −0.505 −2.685 0.042

Prag −0.852 [−2.580, 0.661] −0.181 −1.193 0.300
SC −0.207 [−1.200, 0.825] −0.061 −0.430 0.653

Step 5 0.018
Constant 57.804 [42.260, 72.465] 8.311 0.000

Age −0.092 [−0.254, 0.323] −0.131 −0.752 0.453
St. Language −0.356 [−0.839, −0.109] −0.472 −2.480 0.060

Prag −0.568 [−2.315, 1.163] −0.121 −0.747 0.518
SC −0.219 [−1.043, 0.838] −0.064 −0.455 0.648
EF −0.159 [−0.599, 0.104] −0.183 −1.061 0.356

Note 1: all are raw scores; Note 2: Age = chronological age (months); St. lang = Language composite score
(formal measures); Prag = Pragmatic composite score (formal measures); SC = Social Cognition (formal measure);
EF = Executive functions composite score (formal measures).

Table 6. Summary of regression coefficients for Pragmatic CCC-2 scores (D + E + F + G + H) within
the DLD group bootstrap results based on 2000 bootstrap samples).

Pragmatic CCC-2 (D + E + F + G + H)

Predictor R2 Adjusted B B 95% CI (LL, UL) SE B t p

Step 1 0.071
Constant 34.013 [16.291, 52.549] 3.725 0.003

Age −0.180 [−0.432, 0.055] −0.266 −1.435 0.155

Step 2 0.155
Constant 38.048 [21.054, 55.890] 4.385 0.001

Age 0.048 [−0.282, 0.361] 0.071 0.313 0.755
St. Language −0.375 [−0.746, −0.003] −0.518 −2.280 0.037

Step 3 0.060
Constant 41.751 [21.742, 58.248] 4.703 0.001

Age 0.052 [−0.242, 0.379] 0.078 0.349 0.707
St. Lang −0.264 [−0.711, 0.053] −0.364 −1.477 0.138

Prag −1.318 [−3.045, 0.789] −0.291 −1.447 0.158

Step 4 0.054
Constant 40.602 [21.339, 58.148] 4.639 0.001

Age 0.057 [−0.255, 0.357] 0.085 0.387 0.676
St. Language −0.204 [−0.664, 0.208] −0.282 −1.130 0.295

Prag −1.092 [−2.960, 1.203] −0.241 −1.202 0.295
SC −0.855 [−2.391, 0.538] −0.262 −1.395 0.272

Step 5 0.030
Constant 39.076 [18.758, 56.919] 4.412 0.003

Age 0.112 [−0.191, 0.444] 0.166 0.718 0.433
St. Language −0.172 [−0.648, 0.191] −0.238 −0.944 0.377

Prag −0.735 [−2.722, 1.758] −0.162 −0.759 0.515
SC −0.870 [−2.401, 0.461] −0.266 −1.421 0.252
EF −0.200 [−0.864, 0.167] −0.240 −1.047 0.346

Note 1: all are raw scores; Note 2: Age = chronological age (months); St. lang = Language composite score
(formal measures); Prag = Pragmatic composite score (formal measures); SC = Social Cognition (formal measure);
EF = Executive functions composite score (formal measures).

For Structural Language (CCC-2), the general model was significant and accounted for
64% of the variance, F (5, 23) = 8.225, R2 = 0.641, p < 0.001 (see Table 5). Higher Structural
Language scores on the CCC-2 were negatively and significantly associated with Age,
which explained 37% of the variance, and higher structural language scores of formal
measures, which explained 23% of the variance. No single association was found with the
formal assessments on pragmatics, social cognition, or executive functions.

For Pragmatics (CCC-2), the general model was significant and accounted for 37% of
the variance, F (5, 23) = 2.692, R2 = 0.369, p = 0.047 (see Table 6). Higher Pragmatic scores
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on the CCC-2 were negatively and significantly associated with structural language formal
measures, which explained 16% of the variance. No single association was found with the
formal assessments on age, pragmatics, social cognition or executive functions.

Finally, for the Autistic index (CCC-2), the general model was not significant:
F (5, 23) = 1.296, R2 = 0.220, p = 0.300. In this sense, no single association was found
with formal measures of age, structural language composited score, pragmatics, social
cognition or executive functions.

4. Discussion

The present study attempted to determine whether the Spanish version of the CCC-2,
applied to parents of children with DLD, agrees with clinical information when linguistic,
pragmatic, EF, and SC areas are assessed through direct measures. Furthermore, this
information from parents allows us to better understand the children’s problems, in a more
detailed and contextualized way than with only the results of direct measures.

Regarding the first hypothesis, the responses given by parents were expected to allow
us to better understand the problems of language and communication that children with
DLD have. First, all the formal measures discriminated between the two groups (DLD–AM),
demonstrating that the performance of those with DLD was lower than that of their AM
peers in structural language, pragmatics, SC, and EF measures, in line with previous studies
(for structural language and pragmatics: [46,49–54]; for SC [46,51,57,59]; and for EF [60,61]).
Also, regarding previous findings using other versions of the CCC-2 (e.g., Norwegian
sample), a cutoff at or below a scaled score of 64 on the GCC was selected to identify
children with language impairments [24]. Our sample was closer to the cutoff, which
would corroborate their problems in structured language. Moreover, taking a closer look
at the scales, their lower means were found in (A) Speech and (B) Syntaxis. However, the
children with DLD obtained a positive score (within normal limits) in the SIDI, indicating
no disproportionate pragmatic impairments according to their structural language abilities.
Again, a more detailed observation shows that the best scores of the children with DLD
were found on the pragmatic scales (E > F > D > G > H).

With regard to Hypothesis 2, the CCC-2 scales were associated with the different
clinical-related tests (formal measures). In this sense, Structural Language (CCC-2) was
correlated with age, structural language, pragmatics, and EF (but not with SC); Pragmatics
(CCC-2) was correlated with structural language, pragmatics, SC, and EF (but not with
age); and the Autistic index (CCC-2) was correlated with structural language and EF (but
not with age, pragmatics, or SC). All the CCC-2 correlations were in line with what was
expected for Structural Language and Pragmatic scores, but not for the Autistic index,
which was expected to also correlate with SC. SC and Pragmatics would go hand in
hand for the complete understanding of the contextual aspects around the communicative
situation [46]. In the same sense, EF would seem to be crucial to remember the interlocutor’s
information, monitoring, and planning the speech or to know when it would be better to
initiate a conversation [60,61].

It is important to note the significant correlations found on comparing parents’ opin-
ions and the clinical measures. In this regard, it was found that parents’ and professionals’
criteria ran in the same direction, which is useful for detecting and recognizing their chil-
dren’s language and communication handicaps. It should be highlighted that parents’
information would be useful not only in the aspects referring to the structural language
(phonology, morphosyntax, and semantics), but also in the pragmatics areas, which are
less easily measurable in the clinical setting (inadequate initiation, context, non-verbal
communication). Thus, it is concluded that the parents’ opinions agree with the clinical as-
sessments.

Together, these findings identify structural language, pragmatics, SC, and EF as key
skills for communication in the DLD group.

Finally, in Hypothesis 3, results corroborated the idea that formal measures predicted
the CCC-2 scales related to structural language and pragmatics. On the one hand, age and
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structural language predicted the structural language index (CCC-2), which makes sense as
the errors in phonetics, syntax and vocabulary affect the structural language index (CCC-2),
and, in the same line, the formal measures of structural language. On the other hand,
structural language predicted the Pragmatic Index (CCC-2), but not age or formal measures
of pragmatics, EF, and SC. Again, this could be explained by the need to use the structural
language competence to understand the literal meaning at first to fully comprehend the
hidden intention or the context where the utterance is made [51,57,59]. Finally, none of
the formal measures predicted the Autistic Index, which could be explained by the fact
that the sample consisted only of children with DLD (non-autistic children) with specific
difficulties in structural language and pragmatics, rather than SC and EF.

Specifically regarding pragmatic competence, between-group comparisons confirmed
that children with DLD faced significant difficulties on the formal measures (including
structural language, pragmatics, SC, and EF tasks) compared with their AM peers. How-
ever, difficulties with pragmatics were in keeping with the participants’ structural language
(but not SC or EF). This issue emphasizes the role of structural language in pragmatic de-
velopment for children with DLD, obtaining similar findings to those of previous research
(e.g., [2,49,50]; for a complete review, see [46].

As a limitation, we must be cautious with our results. First, a larger sample size would
be needed in future studies to be able to conduct a meticulous study of the overlap between
structural language, SC, EF, and pragmatics. Moreover, most of the participants in the
present study are still developing some of the skills measured, so the results of the present
study are applicable to children with DLD from 4 to 9 years old, but not for older ones. In
this sense, most of the studies cited have assessed samples of older children with DLD, and
pragmatic problems are perhaps more salient and best predicted by SC or EF, instead of
only structural language. Furthermore, the Spanish language entails greater difficulties
in morphological inflections compared to English (gender and number concordance, or
verb conjugations). Other cultural influences that are more related to pragmatic aspects
could exert an influence (e.g., accepted distance between interlocutors, improper initiation,
or turn-taking behavior accepting more interruptions). Finally, there is a need for further
research on the exact characterization of the different pragmatic skills and whether they
depend on the phenomenon under study (e.g., figurative understanding, gesture–speech
integration or understanding irony), on the structural aspects linked to understanding the
linguistic context, on the SC strategies of the listener, or on the EF skills to maintain and
initiate communication with other people [46,51]. In this respect, after examining the results,
training of structural language skills seems essential for the development of pragmatic
skills in children with DLD between 4 and 9 years of age. Furthermore, it is important to
remember that the pragmatics subtest of ELI may not be enough to measure the child’s
pragmatic competences in an exact and complete way. In fact, it is a quick measure that
can give us an initial idea. However, this subtest cannot be compared with pragmatic
tests in which the evaluation is based on natural observation, through the behavior of the
participants in a specific context. In Spanish, professionals and practitioners need more
complex formal batteries to assess pragmatic competences in a comprehensive way.

5. Conclusions

In sum, the results of the present study responded to our main goal. The parents’
reports on the CCC-2 were consistent with the professionals’ formal evaluations. Another
conclusion that could be drawn is that the extent and underlying causes of general commu-
nication difficulties of children with DLD correlate not only on the children’s competence
with structural language and pragmatics, but also on SC and EF. Nevertheless, structural
language seems to be the best predictor of all the subscales measured with the CCC-2.

It is important to highlight that, on the one hand, parents’ responses have been seen as
important and complementary cues to complete the important information about children’s
communicative skills in different contexts. Furthermore, it should be highlighted that the
CCC-2 is an informative, fast, and cost-effective tool to measure and anticipate language
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impairments in preschool and school-age children. Since parents can participate, clinicians
can have access to the children’s daily life in a more natural context than in a clinical setting.
It should be added that, according to our data, the information provided by the parents
seems to be precise in structural language aspects (the most visible in communication),
but they do not seem to be aware of the actual pragmatic implications/difficulties, as
some pragmatic skills develop during later childhood. In this regard, clinicians should
make parents aware of these difficulties and help them with guidelines for intervention
in pragmatic aspects. Future research should investigate the use of these kinds of tools
with larger samples, while also adding more sophisticated items to address pragmatic
components, given that they are more difficult to evaluate in designs involving children.

Moreover, as demonstrated in the present study, structural language skills affect
the general communication of a child with DLD. Therefore, focusing only on pragmatics
without taking into account other structural language will not reveal the actual communi-
cation needs of a child with DLD and might result in treatment goals that are too tightly
defined [34].

Consequently, multi-disciplinary assessments of the communication profile of a child
with DLD are necessary to design an adapted and individualized intervention (e.g., include
formal assessments together with parents’ reports on aspects of communication). Moreover,
it seems very important to include structural language contents in interventions that aim
to improve pragmatic competence [51]. However, it would also be important to include
aspects of SC (e.g., regarding the understanding of a speaker’s intention) and EF (e.g.,
regarding attention to cues from context, or impulsive or quick responses to the speaker) to
improve other social communication skills that have not been addressed with the CCC-2
(e.g., understanding irony). Early diagnosis of pragmatic difficulties is crucial due to the
fact that children with DLD are at greater risk of experiencing poor social, emotional, and
mental health outcomes [9–12], which increases the probabilities of them being the victim
of bullying [13].
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Abstract: The aim of this study was to analyse the relationship between the type of delivery (vaginal
or caesarean), as a risk factor, and the likelihood of having learning disabilities in reading (reading
accuracy) and writing (phonetic and visual orthography), controlling for the interaction and/or
confounding effect of gestational, obstetric, and neonatal variables (maternal age at delivery, ges-
tational age, foetal presentation, Apgar 1, and newborn weight) among six-year-old children born
in twin births. In this retrospective cohort study, the exposed and non-exposed cohorts consisted
of children born by caesarean section and vaginal delivery, respectively. A total of 124 children
born in twin births were evaluated in year one of primary education. Intelligence was measured
using the K-BIT test; reading and writing variables were evaluated using the Evalúa-1 battery of
tests, and clinical records were used to measure gestational, obstetric, and neonatal variables. Binary
logistic regressions applied to each dependent variable indicated that caesarean delivery is a possible
independent risk factor for difficulties in reading accuracy and phonetic and visual orthography.
Future research using larger samples of younger children is required to analyse the relationship
between obstetric and neonatal variables and the different basic indicators of reading and writing.

Keywords: learning disabilities; reading; writing; type of delivery; twin births

1. Introduction

Twins have been considered in some studies as a psychologically and academically
vulnerable population, even though this population is subject to the influence of certain
prenatal and perinatal factors—hence, the interest of this study [1]. Multiple births are
associated with prematurity, low Apgar scores, neonatal sepsis, pulmonary hypertension,
hyperbilirubinaemia, and restricted intrauterine growth, among others. Some of these
complications can on occasion lead to neuropsychological difficulties, academic difficulties,
and even death [2–6].

Specific learning disabilities in reading and writing present disorders in cognitive
processes and associative behaviours, which are explained by hypotheses on the biological
origin thereof [7–12]. Pupils who display such difficulties have below the expected reading
and writing level for their age, despite receiving adequate instruction for at least six months
and having the intelligence to be a good reader [8,12]. They are characterised by difficulties
in the precise and fluid recognition of words and by problems with spelling—in other
words, difficulties with the basic components of reading and writing, such as reading
and writing accuracy [7]. These specific difficulties affect lexical and sub-lexical processes
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(visual and phonological processing) implicit in both reading and writing accuracy, and
they result from a deficit in the phonological component that is neurobiological in origin [7].
Estimates of the prevalence of learning disabilities vary by definition and language, but
generally affect between 7% and 16% of school-age children [13,14]. There are studies
that highlight the influence of pre- and perinatal factors in the appearance of cerebral
dysfunctions, which would justify the existence of these difficulties in academic learning
among children born in single and multiple births. Specifically, these factors could justify
the characteristic cognitive and linguistic problems displayed [15–18], among others. Dif-
ferences in the volume of grey matter in the cortex, reduced cortical activity, and disorders
in cortical plasticity manifested by children with learning disabilities might be conditioned
by the influence of these peri- and prenatal factors [19–21].

Prematurity would be one such perinatal risk factor [22–31]. Some of these studies
find that children with low birth weight present reading difficulties, which vary according
to weight gain and loss [24,25,30,31]. Other research states that children who weigh
less than 1500 g at birth and are born before 34 weeks of gestation then go on to obtain
lower scores than children born full term with regard to spelling, accuracy, and reading
speed at young ages. These results are associated with the difficulties they display in
terms of speech, phonological awareness, visual perception, rapid naming, and executive
functions [23,26,27,32]. Furthermore, the DSM-5 [7] indicates that one of the possible risk
factors for specific learning disabilities is low birth weight.

Maternal age and foetal presentation are also considered risk factors in multiple births
for psychological development and academic learning. Advanced maternal age increases
the likelihood of multiple gestation [33], and extreme maternal age (teenagers and women
over 35) has been described as an independent risk factor associated with adverse perinatal
results [34]. Furthermore, the risk of complications such as preterm delivery is also higher
in multiple pregnancies [35]. Foetal presentation conditions the type of delivery, with a
high rate of caesarean sections when either of the foetuses is presenting non-cephalically.
Vaginal delivery of the second twin is associated with lower scores on the Apgar test and
lower umbilical cord pH in vaginal deliveries, depending on the interval between the births
of both twins [36].

Another of the prenatal and obstetric factors that also seem to be related to academic
learning and difficulties in twin births is type of delivery. From an obstetric point of view,
there are no recommendations based on the analysis of prospective data in relation to
the best delivery option for the second twin. In fact, current recommendations are based
on retrospective studies, and the monitoring of children is based on the study of grave
morbidity or mortality in the perinatal period [37]. One of the few prospective studies
published about the influence of delivery type concludes that there are no differences
in maternal or foetal morbidity in twins born vaginally or by caesarean section if they
are both programmed and attended by qualified professionals, although the foetus born
second does present a higher risk of morbidity than the first-born twin [38]. In other words,
some studies indicate that there is no evidence that proves programmed caesarean delivery
for twin births to be better than vaginal ones [3] and that it includes a risk of low Apgar
scores, neonatal respiratory morbidity, perinatal mortality caused by the rupture of the
uterus or by placenta previa, and placenta abruption in subsequent pregnancies [6,39,40].
However, other studies note that caesarean delivery reduces the risk of low scores in
the Apgar 5 test in the first twin in breech presentation, foetal breech presentation, and
intrapartum foetal death, but it increases the risk of both maternal and neonatal death in
the event of cephalic presentation [3,6,41] and is associated with severe motor delay in
early ages when performed under general anaesthesia [40]. Along these lines, previous
studies have found that caesarean delivery is a risk factor for psychological development
problems [41,42] and difficulties in reading (lexical access and comprehension), writing
(phonetic and visual lexical access), and arithmetic in twin births [41,43]. However, these
studies did not examine in depth the separate components of reading and writing, such
as reading accuracy and phonetic and visual orthography. It would be interesting to
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analyse which of these components related to lexical and sub-lexical processes (visual and
phonological processing) are influenced by the type of delivery since they are different
cognitive processes.

Therefore, the main aim of this study of children born in twin births once they reached
the age of six was to analyse the relationship between type of delivery (vaginal or caesarean),
as a risk factor, and the probability of presenting learning disabilities in reading accuracy,
phonetic orthography, and visual orthography, controlling for the interaction and/or
confounding effect of other gestational, obstetric, and neonatal variables such as maternal
age at delivery, gestational age, foetal presentation, Apgar 1 score, and newborn weight
on account of their importance in neuropsychological development during childhood and
specific academic learning.

2. Material and Methods
2.1. Design

To achieve the objective of this paper, the authors designed a retrospective epidemi-
ological cohort study in which type of delivery (risk) predicted the learning of reading
accuracy and visual and phonetic orthography among six-year-old children born in twin
births (outcome). The exposed cohort comprised children born by caesarean section, and
children from the sample selected who were born by natural or induced vaginal delivery
comprised the non-exposed cohort

2.2. Participants

As in previous studies [41–43], the study population consisted of Caucasian children
born in twin births at the Hospital Materno-Infantil deMálaga, once they had reached
the age of six, who were born in 2005, and were in Year 1 of Primary Education. Of the
7120 births registered in the year 2005 in this hospital, 135 were twin births. Of the
270 children born of twin births that same year, 64 were excluded since they were born
prior to 32 weeks of gestation, as were 14 who were still in Early Years Education and 68
who could not be recruited for the study owing to difficulties locating their families or
because they did not wish to take part. Therefore, of the population selected, a total of
124 children could be evaluated, born in 62 twin births [41–43] (see Figure 1).

The age of the children was between 74 and 86 months (M = 79.42 and SD = 3.44), and
the sample comprised 62 male (50%) and 62 female participants (50%) (Table 1).

The 124 children included in the final sample presented an average intelligence quo-
tient (standard score = 101 and Enneatype type = 5). Of the 124 children included in the
final sample, those with normal levels of intelligence (standard score ≥ 101 and E ≥ 5)
who presented scores for reading and writing accuracy (phonetic and visual orthography)
below the 25th percentile were classified as children with specific learning disabilities.
The instruments used to evaluate intellectual quotient and reading and writing accuracy
are defined in the instruments section. This criterion has been considered by different
research studies to diagnose these subjects and coincides with the criterion established
by the instrument used for the assessment of such disabilities [42–47]. In other words,
performance in reading accuracy and phonetic and visual orthography was defined in
terms of the following dichotomy: presence of difficulty in the learning of reading accuracy,
phonetic orthography, or visual orthography, if the score achieved by the child in specific
learning tests is below the 25th percentile; absence of difficulty in the learning of reading
accuracy, phonetic orthography, or visual orthography, if the child achieves a grade of
at least the 25th percentile in each measurement. A total of 93 children (75%) out of the
total sample selected presented no difficulties in reading accuracy, 92 (74.2%) in phonetic
orthography, and 93 (75%) in visual orthography. A total of 31 children (25%) presented
difficulties in reading accuracy, 32 (25.8%) in phonetic orthography, and 31 (25%) in visual
orthography (see Tables 2–4).
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Figure 1. Flow diagram of participants through each stage of the study.

2.3. Instruments

To evaluate specific learning difficulties, different instruments were used.
To verify that the children did not have any intellectual disabilities, we measured

their intelligence by means of the Kaufman Brief Intelligence Test (K-BIT) [48]. The K-
BIT test analyses verbal and non-verbal intelligence from the age of four onwards and
comprises two subtests: Vocabulary and Matrices. The first evaluated verbal abilities
related to learning at school, using knowledge of words, and forming concepts (expressive
vocabulary and definitions). The child had to say the name of a figure that was presented
to him/her and find the word that best fit two clues that were given (a descriptive phrase
and a word in which some letters had been deleted). The second test measured non-verbal
abilities and the capacity to resolve problems, complete analogies, and perceive relations.
It included two types of exercises consisting of 48 items: the first consisted of drawings
of objects (e.g., a moon), and the child had to select from among 5 drawings that were
placed (trousers, a sun, an apple, a car, and a heater) the one that best related to the
stimulus drawing; the second demanded that the child complete a visual analogy from
either figurative drawings or abstract figures. The total score for Intelligence was the sum
total of the scores attained in each of the subtests (number of correct answers given). The
reliability coefficients for the different tests ranged between 0.80 and 0.90 [48].
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Table 1. Characteristics of the samples.

Variables N = 124 (Study Sample) N = 62 (Validation Sample)

n (%) M (SD) Range n (%) M (SD) Range

Age (months) 79.42 (3.44) 74–86 79.42 (3.46) 74–86
Gender
Female 62 (50) 34 (50)
Male 62 (50) 28 (45.2)

Mother’s level of education
Low 51 (41.1) 25 (40.3)

Middle 38 (30.6) 19 (30.6)
High 35 (28.2) 18 (29)

Father’s level of education
Low 58 (46.8) 29 (46.8)

Middle 40 (32.3) 20 (32.3)
High 26 (21) 13 (21)

Type of delivery
Vaginal 84 (67.7) 42 (67.7)

Caesarean 40 (32.3) 20 (32.3)
Foetal presentation

Cephalic 80 (64.5%) 41 (66.1%)
Non-cephalic 44 (35.5%) 21 (33.9%)

Maternal Age (years) 33.24 (4.29) 22–45 33.24 (4.29) 22–45
Gestational Age (weeks) 35.14 (2.09) 32–41 35.14 (2.09) 32–41

Weight of Newborn (grams) 2137.76
(432.79) 1179–3080 2170.90

(433.66) 1250–3080

Apgar 1 8.41 (1.18) 4–10 8.36 (1.25) 5–9
Reading Accuracy 110.18 (27.21) 25–144 107.82 (29.25) 25–144

Phonetic Orthography 61.60 (12.67) 11–78 60.29 (15.31) 11–78
Visual Orthography 16.12 (6.26) 0–28 16.23 (6.36) 0–26

Note. M = mean; SD = standard deviation; Low: primary and pre-secondary studies; Middle: secondary or high school (technical and
non-technical); High: university and graduate.

To analyse performance in the reading and writing measures applied here, we used
different subtests from the Evalúa-1 psycho-pedagogical battery of tests [45]. The Evalúa-
1 psycho-pedagogical battery is an instrument for children aged 6–7, which provides
information about the cognitive foundations of learning, basic instrumental learning,
and affective and behavioural aspects, in order to facilitate decision-making with regard
to education processes. The three tests used encompassed reading accuracy, phonetic
orthography, and visual orthography.

The Reading Accuracy test measured lexical access processes. These processes refer
to knowledge of the main grapheme–phoneme conversion rules and fluency and pace
in reading. Lexical access processes were measured by means of tasks to identify letters,
syllables, words, pseudowords, and phrases. The child had to perform different tasks: to
mark in each box the letter that was dictated to him (12 items), to match each letter from
a column with that same letter from another column (14 items), to join with arrows each
word from a column with the same word that was to its side (10 items), and to read aloud
syllables, words and pseudowords (50 items), and phrases (2 items). The total score was
obtained by adding together the number of correct answers given in the different tasks.
The reliability of the test according to Cronbach’s alpha coefficient was 0.93 [45].
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Phonetic orthography and visual orthography tests evaluate the phonetic and visual
processes of lexical access which are involved in dictation, copying, and spontaneous
writing. The phonetic orthography test measured knowledge of the phoneme–grapheme
conversion rules through tasks involving the dictation of different linguistic units such
as letters, syllables, words, and phrases; syllables, words, and phrases copying; and
completing words in a short text. The sum total of correct answers given when carrying out
the different tasks was the total score. The reliability of the test according to the Cronbach
alpha coefficient was 0.97 [45]. The visual orthography test measured word recognition
by means of a task involving completing graphemes that were missing everyday words
with significant reference drawings. The total score was the sum total of correct answers
given when carrying out the task. The reliability of the test according to the Cronbach
alpha coefficient was 0.87 [45].

By analysing the clinical records of the mothers and their children during gestation and
birth, we assessed gestational, obstetric, and neonatal variables. We then dichotomised the
control variables analysed, in line with previous studies [41–43]: Maternal age at the time of
delivery, over or under the age of 35; gestational age of the newborn, over or under 37 weeks;
foetal presentation, cephalic or non-cephalic (breech or transverse); Minute-1 Apgar score,
above or below seven points; and newborn weight, above or below 1500 grams.

2.4. Procedure

First, we requested authorisation from the Research Ethics Committee at the Hospital
Materno Infantil (Comité Ético de Investigación-CEI), on 30 January 2014, in order to begin
compiling data.

Second, we contacted the hospital administration directly to obtain the telephone
details of mothers of twin births. Having contacted them, we explained how the research
would be developed and then asked whether they would agree for their children to be
subjected to psychological evaluation. At the beginning of each evaluation session, an
informed consent form was signed by the mothers.

Third, the Kaufman Intelligence Test [48], and subsequently the reading and writing
tests, were individually administered by three experienced psychologists. The approximate
time taken was 40 min.

Finally, some of the authors involved in the study compiled the obstetric and neonatal
data of the selected cases by reviewing the clinical records held at the hospital and through
the identification of the mothers selected from all the records of twin births registered in
the same year.

2.5. Statistical Analysis

According to the objective, design, and nature of the data, we chose regression models
as the main statistical analysis procedure. To verify whether linear models were suit-
able for the data properties, we conducted descriptive and exploratory analyses of all
the variables, performed a bivariate analysis, and estimated multiple linear regression
models. For the bivariate analysis, Pearson’s correlation coefficients and biserial correlation
coefficients were calculated according to the measurement scales of the variables and
their corresponding significance tests. They were considered small (r = |0.10|), moderate
(r = |0.30|), or strong (r = |0.50| or greater) according to Cohen’s criterion [49] for effect
size. The independent variables were selected for each model when in the previous bivari-
ate analyses they had an associated probability lower than 0.05 and an effect size equal to
or greater than |0.20|. The non-fulfilment of the assumptions of linear regression (linearity,
normality, and homoscedasticity) was verified both a priori and a posteriori. Therefore, in
accordance with the properties of the data, the main statistical analysis technique chosen
was binary logistical regression. To ensure the correct application of this technique, the de-
pendent variable must be dichotomous categorical (measured on a nominal scale), whereas
independent variables could be categorical or continuous. For continuous variables, the
assumption of linearity between each continuous predictive variable and the logarithm
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of the response variable must be fulfilled. Having confirmed non-fulfilment, we included
these dichotomised variables in the regression models.

Hence, to ensure efficient analysis and a clear interpretation of the results, we di-
chotomised all the variables that were originally continuous, both the dependent and the
control variables, in accordance with the criteria set out previously, in line with previous
studies [42,43].

Having explored all the variables, we applied different types of analyses to exam-
ine the study variables: preliminary analysis, binary logistic regression analysis, and
complementary analysis to validate the regression models eventually estimated.

As part of the preliminary analyses, we carried out an initial descriptive analysis
of the sociodemographic characteristics of the sample, the dependent variables, and the
potential predictors analysed, in terms of means and standard deviations or in terms
of frequencies and percentages, depending on the categorical or continuous nature of
the variable according to its original scale. Subsequently, we compared the means or
percentages of all the variables according to the type of delivery, with a view to evaluating
the main relationships studied, detecting possible masking variables, and selecting the most
appropriate ones for the regression models. We applied Student’s t tests for independent
samples and Mann–Whitney U or Pearson’s χ2 tests depending on the nature of the
variables, according to their original scale and the fulfilment of the assumptions for the
application of parametric tests. We also studied the bivariate relationship between the study
variables once they were dichotomised, by means of contingency tables and Pearson’s χ2

independence tests. For these preliminary analyses, we calculated the effect size of the
statistics using Cohen’s d, the r correlation coefficient, and Cramer’s V, respectively [49,50].
Furthermore, to measure the degree to which type of delivery and each control variable
increased or decreased the risk of having learning difficulties with regard to reading
accuracy, phonetic orthography, and visual orthography, we estimated the unadjusted odds
ratios (OR), along with their confidence intervals at 95% (95% CI).

In the exploratory analysis, the presence of outliers in the dependent variables was
also analysed by means of the typified residuals and graphic analysis. When finding cases
around two and three standard deviations above or below the mean, the logistic regression
model was adjusted both with and without these cases. If there were no significant
differences in the regression coefficients, in the ORs, and in the adjustment values between
both models, the cases could be part of the sample.

In the binary logistic regressions for each dependent variable (difficulties with reading
accuracy, phonetic orthography, and visual orthography), when statistically possible we
assessed the possible interaction (modification of the principal effect studied) between the
control variables and the independent variable type of delivery, as well as the possible
confusion between the control variables and the main relationship evaluated (effect of
the type of delivery on reading accuracy, phonetic orthography, and visual orthography).
Variables were included when the previous bivariate analyses had more than 10% of cases
for each cell in the contingency tables and a probability associated with Pearson’s χ2

statistic of less than 0.05.
The researchers [51,52] estimated the regression models based on a maximum hierar-

chical model, conserving statistically significant interactions and the variables involved,
when possible. Having eliminated non-significant interactions sequentially from the model,
we then went on to study possible confounding factors, examining the possible bias in the
regression coefficients, the accuracy (amplitude) of their confidence intervals, and their
standard error, as well as non-statistical criteria, such as change in the OR magnitude. This
magnitude evaluated the strength of association between the independent and the depen-
dent variable. The potential for confounding was observed when the magnitude of the OR
clinically changed to a substantial degree (10% between the gross and adjusted measures
of association) when eliminating one variable from the equation, with regard to the initial
model. We also evaluated the effect size of the OR according to their transformation to
Cohen’s d [53]. The variables retained were taken into account in the construction of the
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most suitable model. In order to evaluate the goodness of fit of the models, we used the
Likelihood Ratio and Hosmer–Lemeshow tests. To compare the statistical significance of
the regression coefficients, we applied Wald’s chi-squared test. For the global evaluation
of the validity of the models, we used Nagelkerke’s adjusted coefficient of determination,
along with the percentage of correct classifications. Since incorrect inferences can be drawn
if correlations between observations with samples of twins are ignored, we validated the
binary logistic regression models using a random sample selected from the total sample,
comprising twins from different couples. Bearing in mind that, by halving the sample,
statistical power is lost, we compared the results of these analyses with those obtained
using bootstrapping techniques [54], with 1000 samples per analysis to simulate sampling
and with robust estimations of standard errors, statistical significance, and confidence
intervals for regression coefficients. All analyses were executed using version 23 of the
Statistical Package for the Social Sciences (IBM SPSS).

3. Results

Table 1 provides the descriptive statistics for the variables from the study sample.
A primary/pre-secondary level of education was shown by 51 mothers (41.1%) and
58 fathers (46.8%); an intermediate level of education (secondary or high school, tech-
nical and non-technical) was shown by 38 mothers (30.6%) and 40 fathers (32.3%); and
35 mothers (28.2%) and 26 fathers (21%) had a higher education (university and graduate).

A total of 84 children were born vaginally (67.7%) and 40 via caesarean section (32.3%).
An elected caesarean was indicated in 11 deliveries on account of maternal problems
(preeclampsia, premature rupture of membranes, pregnancy following one or more cae-
sarean births previously, abnormal contractions of the myometrium, or prolonged pushing),
whereas in 29 deliveries, caesarean was indicated on account of foetal problems (first twin
in wrong position, non-progression, or decline in foetal wellbeing). Foetal presentation was
cephalic in 80 deliveries (64.5%) and non-cephalic (breech and transverse) in 44 deliveries
(35.5%).

Maternal age at the time of delivery ranged from 22 to 45 years of age (M = 33.2 and
SD = 4.29). Gestational age of the newborn was between 32 and 41 weeks (M = 35.14
and SD = 2.09). The score obtained in the 1-minute Apgar was between 4 and 10 points
(M = 8.41 and SD = 1.18), and newborn weight was between 1179 and 3080 g (M = 2137.76
and SD = 432.79)

Table 1 also provides descriptions of the variables from the study validation sample,
showing that the characteristics of both samples are equivalent.

Table 2 summarises the description and comparisons between the means of the origi-
nally quantitative dependent variables (reading accuracy, phonetic orthography, and visual
orthography) and the control variables (maternal age, gestational age, 1-minute Apgar,
newborn weight, and foetal presentation); in accordance with the independent variable
type of delivery (vaginal or caesarean), we observed statistically significant and moder-
ate differences for reading accuracy (U = 1119.50, z = −2.99, p < 0.01, r = 0.26) between
the mean rank of children born vaginally (MR = 69.17) and those born by caesarean sec-
tion (MR = 48.49). The same was true for phonetic orthography (U = 1025.00, z = −3.50,
p < 0.001, r = 0.31) between the mean ranks of the groups made up of the variable type
of delivery, (MR = 70.30) vs. (MR = 46.13). Additionally, groups were different with
respect to visual orthography (U = 1262.00, z = −2.24, p < 0.05, r = 0.20), (MR = 67.48) vs.
(MR = 52.05).

With regard to the control variables, there were no statistically significant differences
regarding maternal age (U = 1404.00, z = −1.48, p = 0.139, r = 0.13) between the mean
rank of mothers who delivered by caesarean section (MR = 69.40) and those who delivered
vaginally (MR = 59.21); for gestational age (U = 1664.00, z = −0.08, p = 0.932, r = 0.01)
between the mean rank of children born vaginally (MR = 62.31) and those born by caesarean
section (MR = 62.90); for Apgar 1 (U = 1586.00, z = −0.51, p = 0.612, r = 0.04) between the
mean ranks of the two different groups, (MR = 61.11) vs. (MR = 63.85); or in newborn
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weight (t (122) = 0.62, p = 0.535, d = 0.12), as found by González-Valenzuela, González-Mesa
et al. [42] and González-Valenzuela, López-Montiel et al. [43].

To detect possible interactions between the independent variable type of delivery (vagi-
nal/caesarean) and the potentially masking control variables for the main effect (maternal age,
gestational age, foetal presentation, newborn weight, and Apgar 1), we conducted bivariate
analyses as seen in González-Valenzuela, González-Mesa et al. [42] and González-Valenzuela,
López-Montiel et al. [43]. The only statistically significant relationship found was between
type of delivery and foetal presentation (χ2(2, N = 124) = 45.53, p < 0.001, V = 0.60), with a
large magnitude observed for this association (see Table 2).

To assess whether the type of delivery of one twin was related to the type of delivery
of the other twin, a contingency table was also performed, considering the Pearson χ2 test
of independence as well as the unadjusted OR and its 95% confidence interval. A total of
12 children (28.6%) were delivered vaginally after their brother was delivered by caesarean
section, and another 12 children (60%) had a caesarean delivery after their brother had
a vaginal delivery. On the other hand, 30 siblings were born both by vaginal delivery
(71.4%) and 8 by caesarean section (40%). No statistically significant relationship was
found between the type of birth of both children (χ2(1, N = 62) = 0.81, p = 0.368, V = 0.11).
Therefore, the probability of being born by one type of delivery as a function of the other
was not significant, OR = 1.66, 95% CI (0.54, 5.09).

In short, there were statistically significant differences observed related to the type of
delivery in each one of the dependent variables (reading accuracy, phonetic orthography,
and visual orthography). The mean values were significantly higher and with a medium
effect size in children born vaginally compared with children born by caesarean section.
For the control variables, the mean value was only significantly higher, with a large effect
size, for the variable foetal presentation, where cephalic presentation was more frequent in
vaginal deliveries, and non-cephalic delivery was more frequent in caesarean deliveries.

With the validation sample, the results of these preliminary analyses were also very
similar to those of the study sample (see Table 2). The robust estimations of the statistics
calculated by means of the 1000 sampling simulation samples also confirmed these results.

Tables 3–5, below, summarise the bivariate analyses between the independent variable,
which is the type of delivery, and the control variables with each dependent variable (pres-
ence/absence of difficulty in reading accuracy, phonetic orthography, and visual orthography),
respectively, having previously dichotomised the latter variables. In each table, the frequency
distributions are presented for each level of the independent variables according to each of the
dependent variables, the percentage of cells with expected frequencies below five, Pearson’s
χ2 statistic, with its statistical significance and effect size, and the unadjusted OR and CI.
ORs with intervals that did not contain the null value were considered significant (OR = 1).
The percentage of cells with expected frequencies not less than five was only found in the
relationship between newborn weight and each dependent variable.

As shown in Table 3, between the independent variable and the criterion variable
and the control variables, the relationship between type of delivery and reading accuracy
was statistically significant and moderate (χ2(2, N = 124) = 9.64, p < 0. 01, V = 0.28). Of
the 40 (32.3%) children born by caesarean section, 17 (42.5%) did not pass the reading
accuracy test, whereas of the 84 (67.7%) born by vaginal delivery, 14 (16.7%) did not pass.
We estimated the OR to evaluate the frequency of difficulties in learning reading accuracy
present in children who were born by caesarean section in comparison with children born
vaginally. This raw measure seems to indicate that birth by caesarean triples the likelihood
of presenting difficulties in reading accuracy, OR = 3.69, 95% CI (1.58, 8.64). We did not
observe any statistically significant relationships between reading accuracy and the other
control variables evaluated.
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Table 5. Contingency tables and bivariate associations between visual orthography, type of delivery and the
control variables.

Variables Categories Total
N = 124

Dependent Variable
Visual orthography

Test 1 Sig. ES 2 OR
95% CI

No VOD
n = 93 (75%)

VOD
n = 31 (25%) Lower Upper

Independent
Type of delivery

Vaginal
Caesarean

84 (67.7%)
40 (32.3%)

69 (82.1%)
24 (60%)

15 (17.9%)
16 (40%) 7.08a 0.008 0.24 3.06 1.32 7.13

Control
Maternal age

(years)

Under 35
Over 35

88 (71%)
36 (29%)

67 (76.1%)
26 (72.2%)

21 (23.9%)
10 (27.8%) 0.21 a 0.648 0.04 1.23 0.51 2.95

Gestational age of
newborn (weeks)

Over 37
Under 37

40 (32.3%)
84 (67.7%)

29 (72.5%)
64 (76.2%)

11 (27.5%)
20 (23.8%) 0.19 a 0.657 0.04 0.82 0.35 1.94

Foetal
presentation

Cephalic
Non-cephalic

80 (64.5%)
44 (35.5%)

64 (80%)
29 (65.9%)

16 (20%)
15 (34.1%) 3.00 a 0.083 0.15 2.07 0.90 4.74

Weight of
newborn (grams)

Over 1500
Under 1500

112 (90.3%)
12 (9.7%)

85 (75.9%)
8 (66.7%)

27 (24.1%)
4 (33.3%) 0.49 b 0.493 0.06 1.57 0.44 5.64

Apgar 1 Over 7
Under 7

99 (79.8%)
25 (20.2%)

77 (77.8%)
16 (64%)

22 (22.2%)
9 (36%) 2.00 a 0.155 0.13 1.97 0.76 5.06

Note. VOD = Visual Orthography Difficulty; ES = effect size; OR = odds ratio; CI = confidence interval. 1 Pearson’s χ2. 2 Cramer’s V
(Cramer’s V reference values for df less = 1: small = 0.10; medium = 0.30; large = 0.50). a 0% of cells with an expected frequency less than 5.

Table 4 shows that the main relationship between type of delivery and phonetic or-
thography was also statistically significant and the magnitude of the relationship moderate
(χ2(2, N = 124) = 8.59, p < 0. 01, V = 0.26). Of the 40 (32.3%) children born by caesarean sec-
tion, 17 (42.5%) did not pass the phonetic orthography test, and of the 84 (67.7%) children
born vaginally, 15 (17.9%) did not pass. The OR seems to indicate that caesarean delivery
triples the likelihood of presenting difficulties in this dependent variable, OR = 3.40, 95%
CI (1.47, 7.87) (see Table 3). The same was true between foetal presentation and phonetic
orthography (χ2(2, N = 124) = 8.12, p < 0.01, V = 0.25). Of the 44 (35.5%) children born
following non-cephalic presentation, 18 (40.9%) did not succeeded phonetic orthography
test, and 14 (17.5 %) out of the 80 (64.5%) born following cephalic presentation did not pass.
The OR was statistically significant, OR = 3.26, 95% CI (1.42, 7.51), indicating once again a
likelihood of presenting difficulties with regard to phonetic orthography approximately
3 times greater among children who were born following non-cephalic presentation.

Table 5 also shows a significant and moderate relationship between type of delivery
and visual orthography (χ2(2, N = 124) = 7.08, p < 0.01, V = 0.24). Of the 40 (32.3%) children
born by caesarean section, 16 (40%) did not pass the visual orthography test, and of the 84
(67.7%) born vaginally, 15 (17.9%) did not pass. In this case, the probability of presenting
difficulties in visual orthography is approximately 3 times higher when the type of delivery
was by caesarean section rather than vaginal, OR = 3.06, 95% CI (1.32, 7.13). We did not
find any statistically significant relationships between visual orthography and the other
control variables studied here. We observed similar results in the validation sample with
regard to these bivariate analyses. All the relationships were statistically significant and
moderate between type of delivery and difficulties with reading accuracy (χ2(1, N = 62)
= 4.58, p < 0.05, V = 0.27), type of delivery and difficulties with phonetic orthography
(χ2(1, N = 62) = 5.20, p < 0.05, V = 0.29), foetal presentation and difficulties with phonetic
orthography (χ2(1, N = 62) = 7.06, p < 0.01, V = 0.34), as well as between type of delivery
and difficulties with visual orthography (χ2(1, N = 62) = 7.56, p < 0.05, V = 0.35). However,
on account of the sample size, in the distribution of frequencies, percentages of cells with
expected frequencies no lower than five were found in the relationship between maternal
age, newborn weight, and 1-minute Apgar and each dependent variable. The unadjusted
ORs were also statistically significant, with a moderate effect size, according to their CI
(see the ORs calculated in the univariate logistic regression analysis shown in Table 6).
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Table 6. Multivariate logistic regression analysis for reading accuracy and phonetic and visual orthography disabilities,
adjusted by potential interaction and confounding factors.

N = 124 Variables b SE Wald χ2 df p OR 95% CI

Study Sample Lower Upper

RAD Type of delivery (a) 1.31 0.43 9.08 1 0.003 3.69 1 1.58 8.64
Model 1 Constant −1.61 0.29 30.22 1 0.000 0.20

* χ2(1, N = 124) = 9.21, p = 0.002; R2 = 0.10; GPC = 75%

POD Type of delivery (a) 1.00 0.77 1.65 1 0.198 2.72 0.59 12.56
Model 1 Foetal presentation (b) 0.88 0.68 1.67 1 0.196 2.42 0.63 9.27

Type of delivery x Foetal
presentation −0.38 1.05 0.13 1 0.712 0.68 0.08 5.30

Constant −1.69 0.33 26.75 1 0.000 0.18

* χ2(3, N = 124) = 10.20, p = 0.017; χ2(3, N = 124) = 0.00, p = 0.999; R2 = 0.11; GPC = 74.2%

Model 2 Type of delivery (a) 0.79 0.53 2.19 1 0.139 2.20 0.77 6.25
Foetal presentation (b) 0.72 0.53 1.85 1 0.173 2.05 0.73 5.81

Constant −1.66 0.31 28.90 1 0.000 0.19

* χ2(2, N = 124) = 10.06, p = 0.007; χ2(2, N = 124) = 0.13, p = 0.934; R2 = 0.11; GPC = 74.2%

Model 3 Type of delivery (a) 1.22 0.43 8.16 1 0.004 3.40 1 1.47 7.87
Constant −1.52 0.28 28.69 1 0.000 0.21

* χ2(1, N = 124) = 8.23, p = 0.004; R2 = 0.09; GPC = 74.2%

VOD Type of delivery (a) 1.12 0.43 6.77 1 0.009 3.06 1 1.32 7.13
Model 1 Constant −1.52 0.28 28.69 1 0.000 0.21

* χ2(1, N = 124) = 6.79, p = 0.009; R2 = 0.08; GPC = 75%

N= 62 Variables b SE Waldχ2 df p OR 95% CI

Validation
Sample Lower Upper

RAD Type of delivery (a) 1.24 0.60 4.36 1 0.037 3.48 1 1.08 11.20
Model 1 Constant −1.45 0.39 13.56 1 0.000 0.23

* χ2(1, N = 62) = 4.41, p = 0.036; R2 = 0.10; GPC = 72.6%

POD Type of delivery (a) 0.36 1.23 0.08 1 0.772 1.43 0.13 15.87
Model 1 Foetal presentation (b) 1.05 1.00 1.09 1 0.296 2.86 0.40 20.47

Type of delivery x Foetal
presentation 0.30 1.61 0.03 1 0.852 1.35 0.06 31.77

Constant −1.69 0.33 26.75 1 0.000 0.18

* χ2(3, N = 62) = 7.36, p = 0.006; χ2(3, N = 62) = 0.00, p = 0.999; R2 = 0.16; GPC = 72.6%

Model 2 Type of delivery (a) 0.53 0.78 0.46 1 0.498 1.70 0.37 7.85
Foetal presentation (b) 1.17 0.77 2.28 1 0.131 3.21 0.70 14.67

Constant −1.47 0.41 13.15 1 0.000 0.23

* χ2(2, N = 62) = 7.32, p = 0.026; χ2(2, N = 62) = 0.03, p = 0.983; R2 = 0.16; GPC = 72.6%

Model 3 Type of delivery (a) 1.30 0.58 4.94 1 0.026 3.67 1 1.17 11.52
Constant −1.30 0.37 11.94 1 0.001 0.27

* χ2(1, N = 62) = 5.04, p = 0.025; R2 = 0.11; GPC = 69.4%

VOD Type of delivery (a) 1.61 0.61 6.97 1 0.008 5.001 1.51 16.51
Model 1 Constant −1.61 0.41 15.11 1 0.000 0.20

* χ2(1, N = 62) = 7.26, p = 0.007; R2 = 0.16; GPC = 72.6%

Note. RAD = Reading Accuracy Difficulty; POD = Phonetic Orthography Difficulty; VOD = Visual Orthography Difficulty; OR = odds
ratio; CI = confidence interval. Variables reference categories: (a) = Vaginal delivery; (b) = Cephalic. 1 OR effect size as a function of the
transformation to Cohen’s d (Cohen’s reference values: insignificant = less than 1.68; small = 1.68–3.47; moderate = 3.47–6.71; large = greater
than 6.71). * Goodness-of-fit tests for logistic regression models: global test χ2; Hosmer–Lemeshow χ2; Nagelkerke R2; GPC = global
percentage of correct classifications.

We subsequently carried out binary logistic regressions for reading accuracy, phonetic
orthography, and visual orthography according to the type of delivery to evaluate the
degree to which this factor increased or decreased the risk of having difficulties in these
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aptitudes, statistically controlling for possible interactions and confounding factors. The
results are summarised in Table 6.

With the independent variable difficulties in reading accuracy, the estimated model
was significant (χ2(1, N = 124) = 9.21, p < 0.01), including only the independent, with an
OR = 3.69, 95% CI (1.58, 8.64). In the model presented, birth by caesarean section presented
a risk factor for difficulties in reading accuracy: the risk was 3.69 times higher among
those born by caesarean sector than those born vaginally in twin births once these children
have reached the age of 6. The magnitude of the effect of this odds ratio was moderate,
according to the transformation into Cohen’s d. Regarding the explanatory capacity of
this model, 10% of the variability observed in the response variable was explained by the
estimated logistic regression model (Nagelkerke R2 = 0.10). The percentage of cases that
could be correctly predicted was 75% (see Table 6).

Secondly, we adjusted the main relationship studied between type of delivery and
difficulties in phonetic orthography for foetal presentation and interaction between type of
delivery and foetal presentation. Since foetal presentation was related statistically to the
independent variable (χ2(2, N = 124) = 45.53, p < 0.001) and the dependent variable (see
Table 4), it was considered a potential modifying variable of the main effect studied, as
well as a potential confounding variable. According to this adjustment, having eliminated
in two successive steps the interaction term and the variable foetal presentation, the third
estimated model was statistically significant (χ2(1, N = 124) = 8.23, p <0.01), where the
independent variable was significant with an OR = 3.40, 95% CI (1.47, 7.87). Model 2
shows that the effect of the variable type of delivery on difficulties in phonetic orthography
was modified in the presence of the variable foetal presentation, but the ORs were not
statistically significant (they included unity), and so it was not included in the final model.
Caesarean birth was a risk factor for difficulties in learning phonetic orthography, making
the risk 3.40 times higher among those born by caesarean section than the children born
through vaginal delivery in twin births, once the children reached the age of 6. According to
the OR, the effect size was considered small. In this model, the estimated model explained
9% of variance in the variable reading accuracy (Nagelkerke R2 = 0.09). The percentage of
cases it could correctly predict was 74.2% (see Table 6).

With the dependent variable visual orthography, two cases were detected close to
3 standard deviations below the mean. A posteriori, the regression model for visual
orthography was adjusted both with these two cases and without them, not appreciating
significant differences in the regression coefficients, in the OR, or in the adjustment values
of the models between both procedures. Therefore, it was decided that these two cases
could be part of the sample.

The estimated model was significant (χ2(1, N = 124) = 6.79, p < 0.01), including only the
independent variable type of delivery, with an OR = 3.06 and 95% CI (1.32, 7.13). Therefore,
the risk of having difficulties in the learning of visual orthography was 3.06 times higher
among those born by caesarean than those children born via vaginal delivery in twin
births, once the children reached the age of 6. According to the OR, the effect size was also
considered small. In the estimated model, the variable type of delivery explained 8% of
the variance in the variable visual orthography (Nagelkerke R2 = 0.08). The percentage of
cases correctly predicted was 75% (see Table 6).

With the random sample of 62 subjects, comprising one twin from each couple, we
found similar results to those obtained with the total sample, for all the variables studied
(see Table 6).

In summary, the differences between the mean values show significantly higher scores
in the learning variables for children born vaginally. In bivariate associations, type of
delivery had a significant effect on the probability of presenting difficulties in the learning
of reading accuracy, phonetic orthography, and visual orthography. With regard to the
other gestational, obstetric, and neonatal variables, only foetal presentation appeared as a
potential modifying and confounding variable for the main effect between type of delivery
and phonetic orthography. However, although related to both, when it was controlled
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statistically by means of logistic regression, the effect of the first on the second was not
modified. Therefore, in line with the preliminary statistical analysis, only the variable type
of delivery was shown as a possible risk factor for disabilities in the reading and writing
measures taken into account in this study.

4. Discussion

The objective of this cohort study of children born in twin births once they reached
the age of 6 was to analyse retrospectively the relationship between reading accuracy and
phonetic and visual orthography with type of delivery, evaluating the degree to which
type of delivery may be related to the risk of having difficulties in these basic and specific
components of reading and writing, and controlling statistically for possible interacting
and confounding factors.

We observed that type of delivery was related statistically to the learning disabilities
found, constituting a risk factor. The risk of having difficulties in reading accuracy and
phonetic and visual orthography can be around 3 times higher among the children born by
caesarean section than those born through vaginal delivery. The magnitude of the effect
of type of delivery was moderate in relation to reading accuracy, and small in relation to
phonetic and visual orthography. The explanatory capacity of variance in reading and
writing learning disabilities was discreet, as was the percentage of cases that the final
models could predict adequately, in accordance with final models that only included one
independent variable.

In other words, in multiple births where caesarean deliveries must be performed,
there are certain obstetric and perinatal circumstances that might affect the neurological
development of the baby [17]. These types of conditions would justify in the long term
the linguistic and cognitive difficulties that characterise the difficulties in reading accuracy
and in phonetic and visual orthography. Recent studies have found that type of delivery
is related to and is also a risk factor for neuropsychological development disorders and
intellectual alterations in twin births [41–43]. Furthermore, some studies highlight the
existence of short-term neonatal morbidity related with caesarean delivery, describing
high rates of neonatal hypoxia, transient tachypnoea, and respiratory distress syndrome
in children born by caesarean section [38], with a potential influence on posterior neu-
rocognitive development. Various studies also highlight an increase in long-term postnatal
morbidity, with an increase in respiratory morbidity, such as asthma or obstructive apnoea,
diabetes, and obesity [3,6,41]. Our results also support the existence of circumstances
that unfavourably condition the development of children born by caesarean section and
justify the cognitive and linguistic difficulties they present [3,6,19,41–45,55]. Although
the physio-pathological mechanisms underlying the deficits described are not clear, it
would appear that the most striking difference between children born vaginally and those
born via a programmed caesarean section is the neuroendocrine response to the stress
produced by contractions, conditioned by normal delivery [6,56]. These differences in the
neuroendocrine response to stress have been linked, in the case of programmed caesarean
births, with the existence of defective expressions of certain genes (UCP2) in the neurons on
the foetal hippocampus [55], with differences in the concentrations of dopamine depending
on the type of delivery in certain areas of the prefrontal cortex, the nucleus accumbens,
and striatum [57,58] and with differences in concentrations of noradrenaline in the adult
amygdala and thalamus [59].

It should be noted that, in our study, gestational age and newborn weight did not
affect reading and writing variables, as other studies have found [42,45]. This might be due
to the fact that the choice of the sample excluded extremely premature or very premature
subjects, whose psychological development and academic performance might truly be
affected [22,23,25,27,30].

In short, although in multiple births caesarean section delivery is a risk factor for
neuropsychological development disorders and specific learning difficulties [41–45], the
results found in this study also indicate risk in the basic components of reading and
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writing related to separate lexical and sub-lexical processes, such as reading accuracy and
phonetic and visual orthography. These results could have important repercussions in the
explanation of dyslexia and are in line with the findings put forward by some studies about
the influence of perinatal factors on school learning [19,20,41–45]. However, they should be
taken with caution since they do not take into account other potentially influential obstetric
and perinatal variables.

Future studies should be conducted using broader samples in order to adequately
control for variables, such as newborn weight, so that the findings can be generalized..
Furthermore, in order to analyse which other types of explanations could lead to the appear-
ance of specific components of reading and writing difficulties, it would also be advisable
to include other obstetric and perinatal variables as possible risk factors (e.g., congenital
infection, antenatal drug/toxin exposure, respiratory distress, hyperbilirubinaemia, etc.).
Some research has found that the risk of exhibiting reading and spelling problems among
children with normal intelligence levels is increased when there is perinatal asphyxia [60]
and that neonatal hyperbilirubinaemia is a risk factor for problems with reading, writing,
and mathematics [61]. Along this line, a maternal exposure to nicotine during pregnancy
is related with the DYX1C1 gene and would justify problems decoding words in reading
and writing [8,62,63]. The role played by the reason for caesarean section should also be
taken into consideration—and this is a limitation of the present study—since foetal stress
caused by possible infection, deficient blood flow, etc., is probably what puts children at
greater risk of developing learning disabilities, although the decision to opt for a caesarean
is made the moment the attending physicians observe that this situation might occur, using
their clinical judgement. Knowing the influence of sociodemographic variables (parents’
level of education and profession, etc.) and their interaction with the aforementioned
perinatal and obstetric variables would also be useful in terms of analysing which other
types of explanations might give rise to the appearance of specific difficulties in reading
and writing.

Furthermore, the findings of this study could be useful in clinical practice since they
support the avoidance of caesarean section on demand or without specialised indication,
in order to avoid in the long term the appearance of specific difficulties in reading (reading
accuracy) and writing (phonetic and visual orthography). They also point to the advantages
of vaginal delivery in multiple pregnancies, provided it is not contraindicated.

In conclusion, this study opens up new possibilities for research since the type of
delivery has consequences in the learning of reading and writing among students born in
twin births. Although, according to the results, clinical relevance is not high, it is also not
insignificant and should not be ignored. Many factors are involved in the choice of delivery
in twin births, and these must be studied (reason for caesarean, congenital infection,
hyperbilirubinaemia, respiratory distress, etc.). Therefore, further research is needed
with larger samples that will provide more accurate information about the relevance of
such factors.
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Abstract: Background: Children with autism spectrum disorder (ASD) show certain characteristics
in visual attention. These may generate differences with non-autistic children in the integration of
relevant social information to set the basis of communication. Reliable and objective measurement of
these characteristics in a language learning context could contribute to a more accurate early diagnosis
of ASD. Gaze following and pupil dilation are being studied as possible reliable measures of visual
attention for the early detection of ASD. The eye-tracking methodology allows objective measurement
of these biomarkers. The aim of this study is to determine whether measurements of gaze following
and pupillary dilation in a linguistic interaction task are potential objective biomarkers for the early
diagnosis of ASD. Method: A group of 20 children between 17 and 24 months of age, made up of
10 neurotypical children (NT) and 10 children with an increased likelihood of developing ASD were
paired together according to chronological age. A human face on a monitor pronounced pseudowords
associated with pseudo-objects. Gaze following and pupil dilation were registered during the task
These measurements were captured using eye-tracking methodology. Results: Significant statistical
differences were found in the time of gaze fixation on the human face and on the object, as well
as in the number of gazes. Children with an increased possibility of developing ASD showed
a slightly higher pupil dilation than NT children. However, this difference was not statistically
significant. Nevertheless, their pupil dilation was uniform throughout the different periods of
the task while NT participants showed greater dilation on hearing the pseudoword. Conclusions:
The fixing and the duration of gaze, objectively measured by a Tobii eye-tracking system, could
be considered as potential biomarkers for early detection of ASD. Additionally, pupil dilation
measurement could reflect differential activation patterns during word processing in possible ASD
toddlers and NT toddlers.

Keywords: language acquisition; autism; eye-tracker; pseudowords; pupillometry; gaze fixation

1. Introduction

From an early age, babies show a preference for maintaining visual contact with their
parents and directing their attention towards the human voice and relevant social stimuli [1].
Moreover, it is stated that, at first, typically developing infants pay more attention to the
eyes of their interlocutors [2]. Then, from 6–9 months of age, they go on to spend more
time paying attention to the mouth, as they begin to specialize in language and build
phonological system. After that, between 12 and 15 months, they direct more attention to
the eyes [3]. This allows them to learn and develop the keys to social learning. They also
fix their attention on the mouth when they do not know the word, or when they hear a
foreign word [2], presumably to get support in visual information [4]. The fact that they
pay attention to the eyes and the mouth of the people who interact with them is key to
learning phonological and lexical references. It allows babies to construct social knowledge,
fundamental to their neurological development and the learning of language [5]. Evidence
exists that contact and gaze following act as a precursor to the acquisition of overall attention
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abilities, the imitation and the acquisition of new knowledge and cognitive abilities which
are fundamental in language development [6].

Children with ASD show differences with neurotypical children (NT) when attending
to socially relevant areas of the face. As a consequence, they do not analyse gestures and
social information from others, or social situations. They appear to perform differently
when acquiring basic social knowledge that neurotypical children learn easily [1]. This
specific impairment for paying spontaneous attention to that which is socially relevant and
to the activities of others is present in these children from the first year of life. Children
with ASD show a different pattern of social attention which influences their acquisition
of language [7]. In fact, one of the first indications of possible ASD is delayed speech
development. Therefore, visual attention could serve as a phenotypical characteristic for
the identification and diagnosis of children with high ASD likelihood, before reaching one
year of age [8].

Recent research has suggested that eye movements and the reactions to verbal/visual
stimuli used in eye-tracking methodology could be used as signs or biomarkers of early
diagnosis of ASD [9–11]. Eye-tracking is a non-invasive and relatively economical method-
ology that might potentially be used to detect early biomarkers of autism in children of very
early ages (even less than 12 months) [12]. However, only when these markers are reliably
established and, consequently, early intervention is initiated, will this be translated into a
better quality of life for the parents and ASD children. The use of the eye-tracking method-
ology for the diagnosis of ASD is widely documented [8] even though this methodology is
not consistently used to diagnose ASD in the clinical context.

The eye-tracking methodology allows measurement and objectivization of which
zones a person directs their attention to during a certain task (gaze following). Studies
carried out with this methodology have found that children and adolescents with ASD,
in comparison with those who are neurotypical, spend a lot less time paying attention
to those areas relevant to social communication, such as the eyes and the mouth [13–15].
Furthermore, it has been observed that eye movements in children with a high likelihood of
autism, between six and nine months, show significantly lower gaze fixation in comparison
with the neurotypical group. Babies that carry out shorter gaze fixations were afterward
diagnosed with autism at 36 months of age [16].

Also, it has been observed that two-year-olds diagnosed with ASD show a greater
preference for fixing their attention on geometric figures than on human faces [5]. Equally,
significant differences have been found in children with ASD, with respect to neurotypical
children, in changes in gaze during a word processing task, given that the former do not
move their gaze towards an object when they hear the word [17].

Apart from a decrease in gaze following, there exists a different regulation in the
autonomic nervous system (ANS) in children with ASD, which may also be contributing
to the differences that they show in social processing. Children with ASD seem to have
a higher level of activation of the ANS and show an attentional preference for objects rather
than people. According to Porges [18], the ANS plays a central role in communication,
a key domain that requires substantial support in the ASD phenotype. From a cognitive
point of view, an appropriate level in the situation of arousal facilitates the processing of
social information. In this sense, it has been observed that an appropriate autonomic state
could be associated with social abilities, but when arousal increases, social behaviour is
compromised [19,20]. A reliable measure for studying this ANS regulation would be pupil
dilation, given that babies are capable of controlling eye movements from four months
of age [21]. Pupillometry has been found to be an adequate measure for testing ANS in
paediatric and clinical populations, such as individuals with ASD, because it is less invasive
and easy to perform [11].

Anderson et al. [22] studied pupil response to images of faces and non-faces in children
with ASD and found that these showed pupil constriction as a response to images of
children’s faces. However, neurotypical children showed pupil dilation in response to the
same stimuli. Years later, the same authors [23], using the same methodology, included
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a baseline measure, and observed that the group of children with ASD showed greater pupil
dilation at that moment in comparison to the neurotypical group. These results are in line
with the theory of the existence of a high level of arousal in children with ASD [11] and it has
been speculated that acetylcholine, a neurotransmitter in the ANS, is dysregulated in people
with ASD [24]. In this same direction, Martineau et al. [25] observed different behaviour
patterns in a group of children with ASD compared to neurotypical children on visualising
slides of faces, avatars and objects. While the neurotypical group had a significant decrease
in pupil size when they had already been shown the stimuli, in the children with ASD high
pupil dilation was observed during the entire experimental situation. This seems to indicate
atypical functioning of ANS. Other studies also support this hypothesis [12,16,26,27]; a high
level of arousal could be atypical, giving rise to more invariant patterns of gaze and visual
movements. Furthermore, this variable seems to be related to frequent sleep disruptions
which are suffered by children with ASD [28].

This study aims to test the use of eye-tracking methodology as a measure for early
detection of ASD in a communicative interaction task. Currently, as far as we know,
measures do not exist which allow objectifying and making an early diagnosis of these
neurodevelopmental disorders from a linguistic processing task in Spanish. The objective
may be considered of great relevance due to the prevalence estimates of ASD in Spain,
which is similar to the international rate of 1% [29]. So far, these measures have not been
studied in a linguistic interaction task with toddlers. In a study with adults [30], it was
found that when neurotypical subjects hear a new word, their pupil dilates significantly
compared to the baseline. Therefore, children with typical development, interested in
learning language and with a balanced arousal level, are expected to show greater pupillary
dilation after listening to a pseudoword compared to children with ASD.

Therefore, the first aim will be to compare the gaze following of children with ASD
and neurotypical children (NT) when they hear a pseudoword emitted by a human face
using an eye-tracking methodology. This aim is about confirming that children with NT
will fix their gaze on the human face a greater number of times, specifically on the eyes,
except on hearing the pseudoword, when visual attention will be fixed on the mouth.
On the other hand, patterns of visual attention in children with a high likelihood of autism
will be more inconsistent, fixing their visual attention a greater number of times on the
object and ignoring or paying very little attention to the human face.

A second objective will be to compare the size of pupil dilatation in both groups
when they hear the pseudoword. The hypothesis, supported by other studies previously
cited, is that the pupil dilation in children with NT will increase when the pseudoword
is presented. This is thought to be due to the fact that attention, and cognitive activity in
general, increases when having to process a linguistic element, especially if it is unknown.
In contrast, in the case of children at risk of having ASD, the greatest dilation will be seen
outside the linguistically relevant, because they tend to show preferential gazing towards
non-social information as opposed to social information. It has been argued that pupilar
dilations in response to cognitive tasks depend on attentional control and they seem to be
independent of those produced by emotional arousal [31,32]. It has been assumed that this
also happens also when processing the word [30].

2. Materials and Methods
2.1. Participants

The sample was made up of 20 Spanish toddlers. Of these, 10 participants were
identified with a high likelihood of ASD (1 girl and 9 boys), with an age range of between
17 and 24 months (M = 21 and SD = 2.357) and 10 NT individuals (3 girls and 7 boys), with
an age range of between 17 and 24 months (M = 20 and SD = 1.944). All of the participants
were attending Preschool in Asturias, Spain.

The children with ASD were referred by the Early Attention Unit service, in the loca-
tion where the referral was made to this specific Unit for the treatment of autism “ADANSI”
(Association of people with autism “Silent Children”). The criteria for selection of the
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children with a high likelihood of autism was: children aged between 17 and 24 months
with diagnostic reports of autism from the Neuropediatric Service, and in accordance with
the following criteria: significant language delay, scarce visual contact, lack of response
when called by name, without hearing or vision problems, low communicative intention
and scarcity or lack of capacity to imitate. Furthermore, a protocol of previous evaluation
was applied to the entire sample to confirm inclusion in the ASD group. This consisted of
three tests: the Revised M-CHAT questionnaire (M-CHAT-R/F) for the detection of autism
in small children with a follow-up interview [33], the Brunet–Lezine Scale (PY.BL.R) of
psychomotor development in early infancy [34], and the Autism Diagnostic Observation
Schedule-2 (ADOS-2)—Toddler Module and Module 1 (Spanish version) [35]. The M-CHAT
was answered by the caregivers at home before the interview, while ADOS-2 was carried
out by one of the authors who has wide experience with this scale. The entire sample of
ASD children met the established diagnostic criteria.

The neurotypical sample was taken from the first year of Preschool at an Early Educa-
tion School in the same location. Inclusion criteria for the comparison group were to score
at least below 10 in the ADOS-2 schedule and below 2 in the M-CHAT questionnaire in
the absence of any neurological, social, intellectual, sensorial or motor disorder as well as
having no first-degree relatives with a previous ASD diagnosis. At the beginning of the
school year, the centre sent an information letter to all the families of the children in the
course for children of 2–3 years of age. All parents or legal guardians gave their consent to
participation in the study.

Table 1 shows the scores of the ASD group and the NT group on the three scales that
make up the evaluation protocol for the confirmation of the diagnosis. Both the chronological
age of the participants and the global development age on the Brunette–Lezine Scale is in
months and all the participants a high possibility of ASD show a global age under that for
their chronological age. Furthermore, these show a score for the diagnosis of autism of
between 7 and 10 (CSS) in ADOS-2, which indicates a high likelihood of ASD, while the NT
participants show a score of between 0 and 4 (CSS). Finally, in the M-CHAT questionnaire,
the total scores of the ASD group range between 8–20, which indicates a high possibility of
ASD. This ranges from 0–1 in the NT group.

Table 1. Scores of participants with autism spectrum disorder (ASD) and neurotypical children (NT) in the three diagnostic tests.

Group Participant
Brunette–Lezine

ADOS (CSS) M-CHAT
Chronological Age Global Age of Development

ASD

1 17 10 22 (10) 15
2 21 18 14 (7) 8
3 20 12 21 (10) 10
4 18 9 22 (10) 12
5 22 18 22 (10) 15
6 24 18 20 (10) 20
7 24 16 22 (10) 8
8 20 18 15 (9) 9
9 21 12 21 (10) 10

10 23 12 20 (9) 11

NT

1 18 18 2 (2) 0
2 20 21 0 (0) 0
3 20 20 6 (3) 0
4 17 18 9 (4) 1
5 22 24 8 (2) 0
6 24 24 2 (2) 0
7 20 21 0 (0) 0
8 20 20 0 (0) 0
9 19 18 4 (2) 1

10 20 20 6 (2) 0
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The research design was approved by the Ethics Committee for Research of the
University of Oviedo. The study was developed in accordance with the code of ethics
of the World Medical Association (Declaration of Helsinki) for experiments involving
human subjects in research and the Spanish Law for Personal Data Protection (15/1999
and 3/2018) principles.

2.2. Procedure

Gaze following (fixing and duration of gaze) and pupil dilation of the participants,
measured through the pupil diameter were registered during the task. This emulated
a communicative situation of acquisition of language in which the emission of words by
a human face in association with objects was observed. In a video projected on a screen,
a real face was presented which said a pseudoword at the same time as a drawing of
a pseudo-object (non-existent invented object) appeared.

The task consisted of nine trials, where the first two were for training purposes. Each
of these consisted of a video that began with a blue screen, a neutral colour that does not
influence the child’s pupil dilation, and a fixation point to direct the child’s attention to the
centre of the screen. This point, which was maintained for two seconds, corresponds to the
baseline of the task. Next, a pseudo-object appeared and emitted an attention-getting sound
while remaining in the centre of the screen. When the object remained still, a female face
appeared which asked the question: “What is that?” with happy and surprised intonation.
The face was the only visible part of the body. Immediately following this, the face said
the name of the pseudo-object (a pseudoword) with adult-directed natural speech. After
hearing the pseudoword, the image of the pseudo-object remained on the screen for two
seconds. This was supposed to be the fading and processing time of the pseudoword. After
this, the drawing of the pseudo-object disappeared and only the face remained, saying “It’s
gone! And what is it called?” The face was maintained for another two seconds.

To record information, an eye-tracker apparatus, Tobii Spectrum 600 Hz, was used.
The participants sat in the laps of their parents in front of a 16” monitor with a panoramic
aspect ratio of 16.9 in a dark soundproof room. Their central vision was lined up with
the centre of the monitor, at a distance of 60 cm between the eye and the monitor. Once
the participant was in place, a calibration of 5 points was carried out through colourful
and attractive cartoons. This way, the luminosity was controlled to ensure that changes in
pupil dilatation were due to the task itself and not due to changes in the light. To do this,
a photometer MASTECH MS6612 was used, with the criterion that luminosity did not pass
110 lumens.

A group of nine pseudowords was selected from a list of test items MEMOFON [36].
Of these, two were for training purposes (muz and norba). The pseudowords were dif-
ferentiated by their complexity both in number and in the type of component syllables.
Therefore, two monosyllabic pseudowords were selected, one phonologically simpler with
a consonant + vowel + consonant pattern (CVC) (sel) and another more complex one with
a closed syllable (tron). Two pseudowords with two syllables were selected, one more sim-
ple (sina) and another more complex, since it contains an inverse syllable (pamul). Another
three pseudowords of three syllables were also selected, two easier (bésica and gapata) and
another more phonologically complex one (calcemar). Each pseudoword was presented in
association with a drawing of the pseudo-object, an invented object. The pseudo-objects
were designed specifically for the experiment and were randomly associated with the
pseudowords. In Figure 1, an example of a pseudoword associated with a pseudo-object
can be seen.

Once the pseudowords were associated with the pseudo-objects, the order in which the
task stimuli were shown to the different participants was random. Figure 2 represents the
sequence of one of the trials. The first moment of the sequence corresponded to the baseline
(BL) register; the second and third ones corresponded to the moment of the presentation
of the pseudoword (PW); the fourth moment was the period of time in the fading of the
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pseudoword (FPW) and the last sequence of the video was when the pseudo-object first,
and later the human face, disappeared from the screen (PO).

Children 2021, 8, x FOR PEER REVIEW 6 of 14 
 

 

 
Figure 1. Pseudoword associated with its pseudo-object. 

Once the pseudowords were associated with the pseudo-objects, the order in which 
the task stimuli were shown to the different participants was random. Figure 2 represents 
the sequence of one of the trials. The first moment of the sequence corresponded to the 
baseline (BL) register; the second and third ones corresponded to the moment of the 
presentation of the pseudoword (PW); the fourth moment was the period of time in the 
fading of the pseudoword (FPW) and the last sequence of the video was when the pseudo-
object first, and later the human face, disappeared from the screen (PO). 

 
Figure 2. Sequence of a trial. 

The appearance time of the pseudo-objects and the waiting time between the contin-
uation of the image of the object and the production of the pseudoword was determined 
based on a pilot study of NT toddlers aged between 18 and 30 months. Here, the same 
pseudo-objects and pseudowords were used. The times obtained were taken as reference 
criteria since, in the scientific literature, times are not clearly established for a linguistic 
processing task using eye-tracking methodology at such an early age. 

During the entire task, pupil dilation was registered and measured in millimetres 
every two milliseconds, as well as gaze and the areas of interest on which gaze was fixed: 
the pseudo-object (AOI 1), the eyes of the face (AOI 2) and/or the area of the mouth per-
taining to the face (AOI 3). Data were obtained through the system’s software “Tobii Pro 
Lab” and included the number and time of gazes at the previously defined areas of inter-
est (AOI), and pupil dilation during the whole task. 

2.3. Data Analysis 
The data obtained were analysed with the programme IBM SPSS Statistics—version 

22.0 for Windows. The indices for asymmetry and kurtosis were carried out and a descrip-
tive analysis of the dependent variables (gaze following and pupil measurement), as well 
as of the variable of classification by chronological age (CA), were carried out. Due to the 
size of the groups in the study and to the violation of normality and homogeneity variance 
assumptions, the data were analysed using nonparametric statistics. 

Figure 1. Pseudoword associated with its pseudo-object.

Children 2021, 8, x FOR PEER REVIEW 6 of 14 
 

 

 
Figure 1. Pseudoword associated with its pseudo-object. 

Once the pseudowords were associated with the pseudo-objects, the order in which 
the task stimuli were shown to the different participants was random. Figure 2 represents 
the sequence of one of the trials. The first moment of the sequence corresponded to the 
baseline (BL) register; the second and third ones corresponded to the moment of the 
presentation of the pseudoword (PW); the fourth moment was the period of time in the 
fading of the pseudoword (FPW) and the last sequence of the video was when the pseudo-
object first, and later the human face, disappeared from the screen (PO). 

 
Figure 2. Sequence of a trial. 

The appearance time of the pseudo-objects and the waiting time between the contin-
uation of the image of the object and the production of the pseudoword was determined 
based on a pilot study of NT toddlers aged between 18 and 30 months. Here, the same 
pseudo-objects and pseudowords were used. The times obtained were taken as reference 
criteria since, in the scientific literature, times are not clearly established for a linguistic 
processing task using eye-tracking methodology at such an early age. 

During the entire task, pupil dilation was registered and measured in millimetres 
every two milliseconds, as well as gaze and the areas of interest on which gaze was fixed: 
the pseudo-object (AOI 1), the eyes of the face (AOI 2) and/or the area of the mouth per-
taining to the face (AOI 3). Data were obtained through the system’s software “Tobii Pro 
Lab” and included the number and time of gazes at the previously defined areas of inter-
est (AOI), and pupil dilation during the whole task. 

2.3. Data Analysis 
The data obtained were analysed with the programme IBM SPSS Statistics—version 

22.0 for Windows. The indices for asymmetry and kurtosis were carried out and a descrip-
tive analysis of the dependent variables (gaze following and pupil measurement), as well 
as of the variable of classification by chronological age (CA), were carried out. Due to the 
size of the groups in the study and to the violation of normality and homogeneity variance 
assumptions, the data were analysed using nonparametric statistics. 

Figure 2. Sequence of a trial.

The appearance time of the pseudo-objects and the waiting time between the continu-
ation of the image of the object and the production of the pseudoword was determined
based on a pilot study of NT toddlers aged between 18 and 30 months. Here, the same
pseudo-objects and pseudowords were used. The times obtained were taken as reference
criteria since, in the scientific literature, times are not clearly established for a linguistic
processing task using eye-tracking methodology at such an early age.

During the entire task, pupil dilation was registered and measured in millimetres
every two milliseconds, as well as gaze and the areas of interest on which gaze was fixed:
the pseudo-object (AOI 1), the eyes of the face (AOI 2) and/or the area of the mouth
pertaining to the face (AOI 3). Data were obtained through the system’s software “Tobii
Pro Lab” and included the number and time of gazes at the previously defined areas of
interest (AOI), and pupil dilation during the whole task.

2.3. Data Analysis

The data obtained were analysed with the programme IBM SPSS Statistics—version
22.0 for Windows. The indices for asymmetry and kurtosis were carried out and a descrip-
tive analysis of the dependent variables (gaze following and pupil measurement), as well
as of the variable of classification by chronological age (CA), were carried out. Due to the
size of the groups in the study and to the violation of normality and homogeneity variance
assumptions, the data were analysed using nonparametric statistics.

In order to confirm whether differences existed between both groups in the gaze
following measurement, pairwise Mann–Whitney U tests were used for between-group
comparisons. Cliff’s Delta (δ) statistic was chosen as the effect size estimator because
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it is more appropriate when the homogeneity of variance or normality assumptions are
violated. Based on Cohen norms [37], we consider an effect size of 0.2 as a small effect, 0.5 as
a medium effect, and 0.8 and upwards as a large effect. These analyses were carried out
based on the total number of gaze fixations and the total time of fixations of the participants
when looking at the object, the mouth and the eyes. Friedman tests were also carried out
to establish within-group differences between AO, and Wilcoxon signed-ranks tests were
used for pairwise post hoc comparisons. Bonferroni corrections were applied to adjust the
p-values for multiple post hoc comparisons.

With regard to the analysis of pupil dilation data, a model used by López-Ornat
et al. [30] was followed, thus establishing four periods of measurement. In the first period,
during the 400 ms that preceded the start of the trial, the baseline (BL) of pupil dilation of
each participant was set, this being a measurement of pupil diameter. At the same time,
the point of gaze fixation was determined [38]. After that, pupil dilation was considered
during the time of presentation of the pseudoword (PW). This period was of variable
duration due to the different lengths of the words, between 650 ms and 1200 ms. The third
period corresponded to the following 2000 ms where measurements were registered of the
period following the fading of the pseudoword (FPW). The fourth period corresponded to
that section of the video when the pseudo-object (PO) and the human face disappeared
from the screen, with a duration of two seconds before the next trial began. Only the period
of presentation of the pseudoword was of variable duration depending on the length of
the pseudoword. Each of these periods included a set of observations taken every two ms.
This structure was used for each of the nine trials.

In order to test if there were differences between groups in pupillary diameter through-
out the task and in the different periods, Mann–Whitney U tests were used. Cliff’s Delta
(δ) statistic was used to estimate the effect size. Friedman tests were also carried out to
establish within-group differences between periods, and Wilcoxon signed-ranks tests were
used for pairwise post hoc comparisons. Bonferroni corrections were applied to adjust the
p-values for multiple post hoc comparisons.

3. Results

No statistically significant differences between the two groups were found with
regard to chronological age (U = 34.50; Z = −1.201; p = 0.23; Cliff’s δ = 0.443). As expected,
there were statistically significant differences with regard to developmental age (U = 6.00;
Z = −3.412; p < 0.001; Cliff’s δ = −0.88).

The skewness index (A) in the number of object fixations (NOF), mouth fixations
(NMF), eye fixations (NEF) and in the eye fixation time (EFT) indicated that the distribution
data were asymmetrical in the NT group (A = 1.617; 1.138; −2.207; and −3.180, respectively)
as well as NMF (A = 1.548) in the ASD group. On the other hand, the kurtosis index (K)
indicated non-normal distribution in the NOF (K = 3.515) and the eye fixation time (EFT)
(K = 5.362) in the NT group.

Regarding differences between groups, there were statistically significant differences
between the ASD group and the NT group in the total number of gaze fixations (U = 20.00;
Z = −2.27; p = 0.023; Cliff’s δ = −0.60) and the total time of fixations (U = 0.00; Z = −3.78;
p < 0.001; Cliff’s δ = −0.60).

As shown in Table 2, the performance of the groups in gaze following showed sig-
nificant differences. The NT participants looked at the eyes a greater number of times
(U = 0.00; Z = −3.79; p < 0.001; Cliff’s δ = −1) and for a longer time than the ASD par-
ticipants (U = 0.00; Z = −3.78; p < 0.001; Cliff’s δ = −1). On the contrary, the ASD group
looked at the mouth a greater number of times than the NT group (U = 0.00; Z = −3.80;
p < 0.001; Cliff’s δ = 1) and for a longer time (U = 0.00; Z = −3.78; p < 0.001; Cliff’s δ = 1).
Similarly, the ASD participants looked at the pseudo-object a greater number of times
(U = 0.00; Z = −3.78; p < 0.001; Cliff’s δ = 1) and for a longer time than the NT participants
(U = 0.00; Z = −3.78; p < 0.001; Cliff’s δ = 1).
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Table 2. Median (MDN), Interquartile range (IQR), differences between groups, the p values, and
effect size in number and time of gaze fixation on the areas of interest between ASD and NT.

ASD NT

MDN IQR MDN IQR Z p Cliff’s δ

Eyes NEF 34.50 16.00 210.50 10.00 −3.79 0.000 −1
EFT 16.00 19.71 157.73 13.28 −3.78 0.000 −1

Mouth
NMF 41.00 45.00 3.00 4.00 −3.80 0.000 1
MFT 19.17 36.76 1.44 4.17 −3.78 0.000 1

Object NOF 129.50 45.00 35.00 13.00 −3.78 0.000 1
OFT 53.54 14.23 26.37 4.51 −3.78 0.000 1

NEF = Number of eye fixations, EFT = Eyes fixation time, NMF = Number of mouth fixations, MFT = Mouth
fixation time, NOF = Number of object fixations, OFT = Object fixation time.

Within-group differences showed statistically significant differences in the number
of fixations in the different areas in the NT group (χ2 = 20; p < 0.001) and also in the
ASD group (χ2 = 15; p = 0.001), but not in the same way. Pairwise post hoc comparisons
showed that NT participants made more fixations on the eyes rather than on the object
(Z = 2.80; p = 0.005; Cliff’s δ = −1), on the eyes rather than on the mouth (Z = 2.81; p = 0.005;
Cliff’s δ = −1), and on the object rather than the mouth (Z = 2.80; p = 0.005; Cliff’s δ = 1).
Toddlers with a possible autism diagnosis made more fixations on the object rather than
the eyes (Z = 2.80; p = 0.005; Cliff’s δ = 1) and on the object rather than the mouth (Z = 2.80;
p = 0.005; Cliff’s δ = 1). However, there were no significant differences between the number
of fixations on the mouth as compared to fixations on the eyes in this group (Z = −0.97;
p = 0.330; Cliff’s δ = 0.34).

Within-group comparisons also showed statistically significant differences in the time
of gaze fixation in the same direction in both groups, NT group (χ2 = 20; p < 0.001) and ASD
group (χ2 = 12.20; p = 0.002). Pairwise post hoc comparisons showed NT toddlers spent
more time looking at the eyes rather than the object (Z = 2.80; p = 0.005; Cliff’s δ = −1),
at the eyes rather than the mouth (Z = 2.80; p = 0.005; Cliff’s δ = −1), and at the object
rather than the mouth (Z = 2.80; p = 0.005; Cliff’s δ = 1). Toddlers with a possible autism
diagnosis spent more time looking at the object rather than the eyes (Z = 2.80; p = 0.005;
Cliff’s δ = 1) and at the object rather than the mouth (Z = 2.5; p = 0.013; Cliff’s δ = 0.610).
However, there were no significant differences between the time of gaze fixation on the
mouth rather than on the eyes in this group (Z = −0.87; p = 0.386; Cliff’s δ = 0.30).

For the calculation of pupil dilation, firstly, a prior pruning of the data was carried out
in order to exclude missing data or blinking. Afterward, the mean of pupil dilation was
calculated in sections (BL, PW, FPW and PO) for each pseudoword and the total mean of
the group of pseudowords was calculated for each section (BL, PW, FPW and PO). Thus,
the mean for dilation for the two groups in each section was obtained (Table 3). It can be
seen how this was higher in children with possible ASD. In particular, the greater mean
for this group was given in section PO, which corresponds to the moment in which the
pseudo-object disappears. With respect to the NT group, greater dilation was observed
in section PW, the moment when the pseudoword was heard. However, no statistically
significant differences between the mean of both groups for pupil dilation (U = 32.00;
Z = −1.36; p = 0.173; δ = 0.20) were observed.

Table 3. Total mean of global pupil dilation for each of the periods (ms).

Group Total Mean BL PW FPW PO

ASD 3.702 3.685 3.711 3.659 3.753
NT 3.583 3.525 3.661 3.578 3.567

BL = Baseline; Number, PW = Time of presentation of the pseudoword, FPW = Period following the fading of the
pseudoword, PO = Pseudo-object and the human face disappeared.
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Nevertheless, the within-group comparisons in pupil dilation by periods showed
statistically significant differences in the NT group (χ2 = 10.80; p = 0.013), although there
were no differences in the ASD group (χ2 = 6.96; p = 0.073). Pairwise post hoc comparisons
between the four periods in the NT group revealed that pupil dilation was larger during
the time of presentation of the pseudoword as compared to that of the pseudo-object and
the disappearance of the human face (Z = −2.84; p = 0.004; Cliff’s δ = 0.38). Differences
in pupil dilation were also close to significance between the time of presentation of the
pseudoword as compared with the baseline (Z = −2.30; p = 0.021; Cliff’s δ = 0.16), and
the time of presentation of the pseudoword as compared with the period following the
fading of the pseudoword (Z = −2.32; p = 0.020; Cliff’s δ = 0.16), after having been applied
Bonferroni correction to adjust the p-values for multiple post hoc comparisons (p = 0.17).
In both cases, pupil dilatation was greater at the time of presentation of the pseudoword.

Figure 3 shows the mean (in millimetres (mm), y-axis) of pupil dilation across groups
by observation periods during the entire task. The period between BL and PW, marked
with dots in Figure 3, has not been analysed because it was not part of the object of
study. The x-axis shows the trial sequence through observations registered every 20 ms.
It can be seen that the ASD participants showed an activation level above that of the
NT participants during all periods, although as previously seen, the difference was non-
statistically significant. However, the similarity in the shape of the curve indicates that,
although there was a slightly higher level of activation, the ASD participants behaved in
a similar way to the NT participants. Both groups presented a lower activation level during
the baseline (BL) register, at the moment preceding the beginning of the task. Activation
increased notably at the beginning of the presentation of the pseudowords (PW) and
continued to increase during the task. However, differences may be observed, first, at the
end of the time of presentation of the pseudowords, and second, at the maximum peaks
of the curve. When the longest pseudowords end, the NT participants showed a drop in
their activation that seemed to become stable, while in the ASD group, it continued to
increase. On the other hand, the maximum peak of the NT participants was produced
when they were processing the pseudoword and the waiting time was going to commence
(FPW). In contrast, in the ASD group this was produced almost at the same moment (PW)
but also, again, at the moment of the object’s disappearance (PO). Finally, the period of
fading of the pseudoword (FPW) lowered the activation of both groups. Then, when
the object disappeared and the face said the pseudoword again (PO), activation once
again increased in both groups but only in the ASD group did it again reach the peak of
maximum activation.
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4. Discussion

Gaze following and pupil dilation in a linguistic processing task were tested as possible
biomarkers for early diagnoses of autism spectrum disorder. Regarding gaze following,
the present study has objectively corroborated, using the eye-tracking methodology, that
while NT toddlers displayed more numerous and longer fixations on the eye regions than
children with a high possibility of developing autism, these displayed more and longer
fixations on objects and the mouth regions than NT toddlers. Additionally, ASD toddlers
look more and for a longer time at objects rather than eyes and mouth. However, NT
toddlers fix their attention on the eyes rather than objects and they pay little attention to
the mouth. Thus, while in communicative interaction, NT children spend most of the time
looking at the eyes, the children with possible ASD show preference for objects, which
could translate into difficulties when integrating social information [5,15]. Therefore, the
results obtained are in line with the conclusions already made in other studies [12,15–17],
suggesting the presence of a non-typical control of attention in ASD, reduced general
attention to the eyes and greater attention to non-social elements.

This different use of gaze following as a clue to social reference for learning words
could interfere in the acquisition of language, given that eye contact is essential for labelling
a referent with a certain word [39]. This different pattern could be attributed to the fusiform
gyrus hypoactivation in ASD [13], and it could have later consequences, paying more atten-
tion to phonological information than semantic information and social cues [40] and failing
to form more robust lexical representations of words [17]. Additionally, it was observed
that this atypical pattern in the initiation of joint attention and gaze alternation in ASD,
could make the caregiver respond less to a child who does not initiate joint attention [39].

With the results found here, it may be claimed that the measurement of the visual
following and attentional preference could be sensitive when differentiating an ASD gaze
pattern with a neurotypical gaze pattern. Thus, gaze following measurements related
to social attention are good candidates for use as early biomarkers. This may allow us
to objectively establish a suspicion or a high likelihood of autism at an early age. This
could be quite useful because detection or diagnoses of autism by the Early Attention
Unit service are now carried out too late (usually at 30 months) and perhaps it could
contribute to distinguishing children with ASD from late talkers or those misdiagnosed
with maturational delays [41,42]. With these eye-tracking measurements the diagnoses
would no longer depend on subjective clinical judgments, but rather, would provide us
with an objective and reliable measure to make solid autism diagnoses.

Regarding the measurement of pupil dilation, the results are not so clear. The ASD
group shows a slightly larger average pupil size throughout the task than the NT group.
This could suggest that children with ASD show hyper-arousal in the tasks which they must
face, which would be in accordance with previous research [26–28,43]. A rising level of
activation during the task would translate into attention level difficulties that could form the
basis of the characteristics that these children show when processing social information in
different contexts. Nevertheless, this difference was not large enough to reach a significance
level in the complete task. So, no conclusion can be drawn. Other researchers also found
no differences in arousal between children with ASD and NT children [44]. This could be
attributed to the early age of the participants [27,44–46]. Dinalankara et al. [45] observed
that the baseline pupil size increased with age, up to four years in NT children, but this
pattern was not observed in children with ASD. However, from the age of four, children
with ASD had a larger mean baseline pupil size than NT children. These changes with
age appear to be due to the increased acceleration of white matter maturation in ASD [45].
Another possible explanation for our results could be the level of possible autism in our
participants because it was observed that toddlers with a high risk of ASD presented larger
base pupil size in resting than toddlers with a low possibility of ASD [46].

However, an interesting issue arises from within-group pupillary dilation results.
There were no significant differences in activation measured through pupillary dilation
between periods in the ASD toddlers. Nevertheless, in the NT toddlers, a higher level of

246



Children 2021, 8, 113

activation took place during the hearing (and processing) of the pseudoword, compared
to the other periods. This suggests a higher level of active attention in this period. This
may confirm the previously formulated hypothesis that pupil dilation in children with NT
will increase when the pseudoword is presented, because they are attending to language.
While in children with ASD, no larger dilation will be seen in the linguistically relevant, be-
cause they would show low selective attention to relevant information for communication.
Indeed, in this group higher activation is observed in the final period. It was observed that
cognitively relevant pupil dilations are caused by the inhibition of the parasympathetic
nervous system and by acetylcholine, which plays an important role in the regulation of
attention control [24].

In addition, the NT group’s maximum peak of dilation was found at the end of the
processing of the pseudoword, indicating that these children are paying attention and
retaining the phonological representation of the pseudoword [30] in working phonological
memory, and that they are making a greater cognitive effort at this point. They are ready to
learn language and to concentrate their interest on this. In the children with possible ASD,
the maximum average value is produced during the disappearance of the pseudo-object
(PO), and the maximum peak of dilation occurs at the end of the pseudoword presentation
(PW) as in the NT group. However, this also occurs in the period during which the pseudo-
object disappears. Two maximum peaks were considered, since the variation between both
of them is practically null. These results are not in accordance with what Anderson and
Colombo set out in their study [23], since these authors found the maximum peak in the
baseline section.

To sum up, in the present study, the eye-tracking methodology was used in an innova-
tive way in a linguistic processing task in children of an early age. It was shown that these
types of tests could provide evidence when measuring attention bases in the development
of the process of acquisition of language in children, not only after 24 months of age [9] but
also before that age. In addition, in comparing NT toddlers with possible ASD toddlers,
differences are observed in the development of the pattern of gaze during the acquisition
of linguistic abilities which appear to have great diagnostic potential.

These findings should be interpreted from a neuropsychological perspective, since
alterations in visual attention are indicative of a state of anomalous neural activation. The
results found indicate that indirect, objective measurements of the level of activation, such as
number and time of gaze fixations (registered through eye-tracking) are potential candidate
biomarkers for diagnostic indicators of the presence of ASD [43]. Even so, it would be
necessary to carry out a larger future study of these measurements to refine this technique for
non-invasive diagnostic screening. It is easy to administer and economical for the detection
of anomalous gaze patterns in children who could have an autism spectrum disorder.

Regarding pupil dilation measurement results, these are not conclusive. Its use as
a biomarker diagnostic indicator to identify children with a high likelihood of autism at an
early age is not clear. However, it appears to be a hopeful candidate for investigating the
differential processing of new words in NT toddlers and possible ASD toddlers. In any
case, further research is required and the number and type of stimuli to be processed must
be increased.

Finally, despite the encouraging results obtained, some limitations must be mentioned.
First, the size of the sample, since these results could not be extrapolated to the entire
autism population. Secondly, it is clear that the applied measurements do not allow the
establishment of a definitive diagnosis of ASD and, at the moment, the participants are not
being longitudinally monitored to ascertain a final diagnostic outcome. Finally, it should
be pointed out that the stimuli in the linguistic interaction task were presented in a video
and not in a live social situation.
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Abstract: In this research, we studied the language and communication skills of preschool children
with a diagnosis of autistic syndrome disorder (ASD) (n = 51) compared to children with other
developmental disorders (DD) (n = 42), using direct measures and parental reports when assessing
the development of language and communication. As a novelty, this research studied a sample of
children with low language and communication skills. We found a high correlation between direct
measures and parental reports for both populations. Therefore, we propose that combining the
information supplied by direct measures together with that supplied by parental reports would be a
suitable strategy for language assessment in these populations. In addition, the results show a delay
in language comprehension with respect to language production in children with ASD, along with
many difficulties with non-verbal communication, compared to children with other developmental
disorders (DD). We also found significant differences between both groups with respect to lexical
categories. The differences in language and communication profiles of children with ASD compared
to children with other DD might have some implications for diagnoses and language intervention in
these populations.

Keywords: atypical language acquisition; autism; developmental disorders; assessment

1. Introduction

Language difficulties are a crucial symptom in defining the Autism Disorder Spectrum
(ASD) since children with this disorder show a deficit in the development of social and
communicational interaction [1]. Previous studies have identified differences in the pace of
general development, language development, and individual differences between children
with ASD and children with typical development [2]. In addition, previous studies on
children with ASD have found patterns of language development and gestures in language
production and comprehension that are atypical [3–5]. The language skills found in older
children with ASD are predicted by the early use of gestures [6,7] and early language
performance [5,8].

The study of communicative skills in children with ASD presents some difficulties.
One such difficulty is the choice of appropriate tools to assess language when children
have very limited cognitive and communicative skills. In previous studies on language
skills in children with developmental disorders, authors have used direct standardized
measures and parental reports. Direct measures might not be suitable when children have
very low levels of language comprehension and production [9]. In addition, children
who lack motivation or have attentional deficits might show a performance that does not
match their real capabilities [10]. Other additional difficulties could be a lack of pragmatic
comprehension of the situations to be evaluated, a lack of empathy with the evaluator,
environmental distractions, a lack of familiarity with the context in which the assessment
takes place, a lack of the ability to point, having to repeatedly answer the same question,
low tolerance for frustration, and anxiety in assessment situations [11].
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Another way to evaluate language performance in these populations is the use of
parental reports in order to complement or replace direct measures. Parental reports also
have some limitations, basically because parents have a tendency to overestimate the skills
of their own children [12]. In spite of the limitations, though, some researchers have studied
the relationship between direct measures and parental reports in early language develop-
ment, and they have found data in favor of the use of reports by parents when studying
communicational skills in children with ASD [4,6]. For instance, strong correlations have
been found between parental reports such as Vineland-II (Vineland Adaptive Behavior
Scale, VABS-II) [13] and the Mullen Scales of Early Learning (MSEL) [14], with direct
measures such as the sequenced inventory of communication development (SICD) [15]
when they compared samples of children 2.0 and 3.0 years old diagnosed with ASD, with
children diagnosed with other developmental disorders [1]. The MacArthur communica-
tive development inventories (MCDI) [16] are the most common parental reports on early
language in research on children with typical or atypical development [17] and are the most
common for children with ASD [18]. These reports are surveys on early communicative
skills in children with typical development between the ages of 8 and 30 months. In the En-
glish version, the surveys have two forms: Words and Gestures, and Words and Sentences,
which evaluate early skills for the comprehension and production of words, sentences,
grammatical development, imitation, labeling, and gestures. It has also been found that
in children with ASD, there are significant correlations between the scores obtained by
the MacArthur communicative development inventories and the scores obtained with
direct measures and other parental reports. In another study with children with ASD aged
between 18 and 33 months, Luyster et al. studied the relationship between MCDI, the
VABS-II survey, and the direct measure of MSEL test [6]. Comparing the scores obtained
and the equivalent ages, these authors found that all measures correlated significantly, with
the production component having the highest correlation. In addition, similar results have
been found using these three measures in children with ASD [4,19].

However, many of the previous studies on early communicative skills in children with
ASD have not included control groups and/or they have used standardized data in order
to compare the results among these populations [2]. The choice of control groups supplies
a framework to better understand whether the performance is due to a typical pattern
of development or whether this pattern can be classified into a specific group [20]. The
evidence available so far suggests that the communicative development in children with
ASD differs from the development observed in children with typical development, showing
a delayed development in language comprehension and production [2–5,21]. Further, it
has been found that children with ASD have weaker communicative and language skills
than children with other DD when matched for chronological and mental age [21–26].

Due to the difficulties in evaluating children with no or very limited language skills,
children with ASD with very reduced verbal skills have been excluded from many stud-
ies [27,28]. One of the most studied aspects in the literature is the fact that children with
ASD have a specific language and communicative pattern compared to children with
other DD. Some authors have found a delay in language comprehension with respect to
language production in children with ASD compared to preschool children with typical
development [4,24], or compared to children diagnosed with a non-specified ASD [2],
or compared to children with a developmental delay that does not meet the criteria for
ASD [2,8], or compared to children with mental retardation [8]. Therefore, finding a delay
in language comprehension compared to language production has been considered a sign
for diagnosing children with ASD [8].

Another aspect that has been studied in the communicative development of children
with ASD is the profile of vocabulary based on semantic and grammatical categories. The
results are not conclusive because it is difficult to compare all studies due to differences
in the designs and methods, the levels of development of participants, and the diagnosis
criteria of the samples [29]. When authors compared the lexicon of children with ASD
and children with typical development, the results were contradictory: Bruckner et al.
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found differences in the lexicon for vocabulary in comprehension in children with ASD
compared to children with typical development when analyzing the items of MCDI [30].
However, when comparing children with ASD and children with typical development,
Charman et al. found that the vocabulary pattern of preschool children was similar [3]; in
the same vein, when comparing the lexicon of children aged 2.0 and 3.0 years, Weismer
et al. found that the expressive vocabulary of children with ASD was delayed but similar
to the vocabulary found in late talkers, which is evidence that differences were quantitative
more than qualitative [29]. Luyster et al. could not find any differences when comparing
the vocabulary of children with ASD with children with typical development and mentally
retarded children, with respect to some categories of MCDI such as nouns, predicates,
and pivot words [8]. However, Tager-Flusberg et al. found that children with ASD used
more nouns, whereas children with Down’s syndrome used more pivot words (especially
pronouns or determiners) when comparing children with Down’s syndrome and children
with ASD in a longitudinal study [31]. With respect to semantic development in children
with ASD and children with typical development, many differences have been found in
semantic categorizing and integration between these populations [32,33].

The use of gestures is another aspect under study with respect to communicative devel-
opment in children with ASD. It has been found that children with ASD experience a delay
in non-verbal communication compared to children with typical development [3,5,21,34].
Also, differences have been found when comparing the use of gestures in children with
ASD and children with mental retardation. For example, Sigman and Ungerer found
that the ability to imitate gestures is lower in children with ASD compared to children
with mental retardation and children with typical development. In this vein, it has been
found that children with Down’s syndrome are more advanced in their development of
gestures compared to the development of language comprehension in children with typical
development [35]. Toret and Acarlar compared the development of gestures in children
with ASD, children with Down’s syndrome, and children with typical development, and
they found differences in the frequency of gestures: children with typical development
used gestures more frequently than the rest of the groups; children with ASD used gestures
the least [34].

Based on the facts presented in this section, this research tries to study the communica-
tive skills of preschool children aged between 2.0 and 6.0 years who have been diagnosed
with ASD and who have low language skills. We have compared the communicative
development of children with ASD and children with other DD. Previous studies have
only compared communicative skills with children younger than 3.0 years old [2,8], or they
have used samples with an age range that is too broad, such as a sample aged between
1.0 and 11.0 years [24]. The comparison between both groups can allow us to conclude
whether all developmental disorders have the same language and communication pattern
or whether these have different profiles.

Another goal was to explore the relationship between the scores of parental surveys
and the scores of standardized tests, which have a direct measure, in order to check their
external validity. Our prediction is that children with ASD will perform less well in
linguistic and communicative skills than children with other DD and that children with
ASD will perform less well in language comprehension with respect to production, which is
the opposite pattern than that found in children with other DD or with typical development.
With respect to the use of gestures, we expect to find a lower performance in children with
ASD compared to children with other DD. Finally, we expect to find different language
profiles with respect to vocabulary and semantic profiles within these populations.

2. The Present Study
2.1. Participants

The sample in this study is based on the database of two studies developed by the team
of Research on Autism and Developmental Disorders, which is based at Stanford University
in California, which aimed to measure the effectiveness of the pivotal response treatment
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(PRT) on language skills in children with developmental disorders [36]. Participants were
preschool children aged between 2.0 and 5.11 years who lived in the San Francisco Bay
Area, California. The first group (ASD, n = 51, mean age = 47.33 months, boys = 89%,
girls = 11%) were children with ASD. The second group (DD, n = 42, mean age = 42.07
months, boys = 58%, girls = 42%) were children with other DD who did not meet the
criteria to be diagnosed with ASD. The second group was very heterogeneous (unspecified
developmental delay (n = 12), developmental language disorder (n = 6), Down’s syndrome
(n = 6), cerebral palsy (n = 6), cri-du-chat syndrome (n = 6), Klinefelter syndrome (n = 3),
and fragile X syndrome (n = 3)). This study has been approved by the Ethics Committee
of the National University of Distance Learning, with the reference COEDU_FECORA.
The protocol of the Ethics Committee of the National University of Distance Learning
was approved on 7th May 2018. With respect to the ethnicity of participants, 70% of
participants were White, 14% were Hispanic, 10% were African American, and 6% were
Asian. With respect to languages spoken, 80% were monolingual English speakers, 14%
were bilingual Spanish/English speakers, and 6% were Chinese/English bilingual speakers.
All participants were middle class; ethnicity and language dominance was balanced among
the research groups. All parents of the participants included in the sample provided written
informed consent at the beginning of the study, and pertinent measures have been followed
to maintain their anonymity.

2.2. Procedure

In the autism group (ASD), the participants were recruited with the following criteria:
they had to have a diagnosis of ASD based on the revised version of the Autism Diagnostic
Interview (ADI-R) [37], Autism Diagnostic Observation Schedule (ADOS) [38], and the
opinion of a clinical expert. In addition to this, participants had to present a delay in the
acquisition of language of at least one standard deviation under the mean for language
production of the Preschool Language Scales 5th edition (PLS-5) [39]. In the second group
of other DD, the criteria for inclusion were a diagnosis of mental retardation or language
impairment based on DSM-IV-TR, CIE-10, and the evaluation of a clinical expert. In
addition to this, participants needed to have a delay in the acquisition of language of at
least one standard deviation under the mean for language production of the Preschool
Language Scales 4th edition (PLS-4) [40]. For both groups, parents had to complete different
surveys, such as Word and Gestures from MCDI and VABS-II scales. In addition, when
parents visited the lab, the following tests were supplied: MSEL scales and Preschool
Language Scales (PLS-4) [39,40]. In this study, we used the results obtained in the baseline
for each of the researches. We did not collect any qualitative information from the parents
aside from survey responses to MCDI and VABS-II scales.

2.3. Materials

With respect to cognitive development, we ran the MSEL scales [14]. The score for
non-verbal IQ was obtained through the subtests of visual organization and motor skills.
With respect to language development, we ran the MCDI parental report, which has
two sections: the survey Words and Gestures, and the survey Words and Sentences [16].
The survey Words and Gestures has two sections: the first section measures language
comprehension, labeling of objects, and imitation. Words is organized into 19 categories,
which consist of nouns, sounds of animals, words for actions, words for timing, descriptive
words, pronouns, interrogative words, prepositions, places, and quantifiers. Words in these
categories can be classified as closed words or open words. Open words can be nouns,
verbs, and adjectives; on the other hand, closed words can be pronouns, determiners,
conjunctions, prepositions, and some adverbs, and it is a category to which it is difficult
to add new terms; different styles of development are characterized by a different pattern
in the development of these categories. Open words mean that new words can be added
to the class as the need arises. The classes of nouns, verbs, and adjectives are potentially
infinite since they can continually increase in the process of lexical acquisition. Open words
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can appear as lone words in a sentence, and they can combine with other open or closed
words. On the other hand, closed words is a category to which it is difficult to add new
terms (i.e., pronouns, determiners, conjunctions, prepositions, and some adverbs) since
they are made up of finite sets of words. Closed words never appear as lone words in a
sentence, and they are never combined with other closed words. Closed words are usually
more difficult to learn since they usually have syntactic functions, such as specifying
the sex and number of nouns, defining the function of a complement in a sentence, or
gathering different sentences. In the parental report MCDI, the category of prepositions
and places includes prepositions and adverbs of place. The category of Words for time
includes basically temporal adverbs. In English, adverbs can be both open and closed
words; more precisely, some adverbs of place and time, such as the ones included in MCDI,
are closed class; this issue will be discussed in the Discussion section. The second section
evaluates the use of gestures and consists of a list of 63 gestures organized into two sections:
early gestures (e.g., Communicative Gestures, Games, and Routines) and late gestures
(e.g., Actions with Objects, Pretending to be a Parent, and Imitating Adult Actions). As
a second evaluation, we ran VABS-II [13], MSEL [14], and PLS scales [39,40], which are
standardized tests.

2.4. Design

We used data from all surveys and tests described for both groups of participants. We
tested the relation between direct measures on language production and comprehension
for all tests for each sample using a Spearman correlation. In order to analyze the relations
of the samples, we excluded the analysis of the Preschool Language Scale because we used
a different version for each group. Then, we analyzed the language profiles within each
group using equivalent ages for language comprehension and production for every group
in the MSEL, VABS-II, and PLS tests in order to compare these scores with the chronological
age and to compare the performance in language comprehension and production within
each group. Because of the reduced number of participants, we used the non-parametric
Wilcoxon test.

Afterward, we compared the direct measures between the groups for language com-
prehension and production. We used a non-parametric test for independent measures
(i.e., the Mann–Whitney U test). Then, we studied the differences in communicative skills
for MCDI between both ASD and DD groups. The analyses were applied on seven vari-
ables: the first variable was communicative skills before speech, which was calculated from
five items of subtests, first signs of understanding, and starting to talk; this grouping was
first used by Luyster et al. [5]. The second variable was the number of sentences (up to
28) that parents indicated their children could understand. The third and fourth variables
consisted of the number of words understood and produced by children (up to 396). The
fifth and sixth variables were the total number of early and late gestures following the
distinction proposed by the authors of MCDI [16]. Finally, we analyzed the differences
between groups with respect to the kind of vocabulary for language comprehension and
production reported by parents. Nine participants in the ASD group and three of the
DD group did not have any language production, and therefore we did not apply any
sort of analysis for it. We explored the differences between the grammatical categories
with respect to the total vocabulary of children in MCDI and then analyzed the semantic
categories of nouns used compared to the proportions of each of the total of nouns for
lexical comprehension and production.

3. Results
3.1. Relations between Language Measures

First of all, we compared the performance of the scores of MCDI for vocabulary and
the direct measures of VABS-II and MSEL tests for both language comprehension and
production, collapsing both groups: for MCDI and VABS surveys, the correlations scored
the values ρ = 0.608, p < 0.002 for language comprehension and the values ρ = 0.795,
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p < 0.002 for language production; for MCDI and Mullen test, the correlations scored the
values ρ = 0.462, p < 0.02 for language comprehension and the values ρ = 0.872, p < 0.002 for
language production; for VABS and MSEL test, the correlations scored the values ρ = 0.57,
p < 0.02 for language comprehension and the values ρ = 0.705, p < 0.02 for language
production. For all the analyses mentioned above, we applied the Bonferroni correction
for inflated alpha levels. When we analyzed the samples within each group separately, we
included the scores of PLS-4 and PLS-5. However, this test was not included in the analysis
of the total sample, as mentioned before, since we used different versions for each group.
In the ASD group (n = 51), we found significant correlations between all measures from
moderate to high. However, for the other DD group (n = 42), the pattern was different:
with respect to language production, there were correlations for all measures except for
PLS-4 and VABS-II; with respect to language comprehension, we did not find significant
correlations between parental reports and direct measures, which was perhaps because
the sample was very heterogeneous. However, we found correlations within the parental
reports (VABS-II and MCDI) and within direct measures (MSEL and PLS4). Results are
shown in Table 1.

Table 1. Spearman correlations between measures of language.

ASD ρ p DD ρ p

Comprehension
MCDI-VABS 0.656 p < 0.001 MCDI-VABS 0.765 p < 0.001
MCDI-MSEL 0.512 p < 0.001 MCDI-MSEL 0.097 NS
MCDI-PLS 0.511 p < 0.001 MCDI-PLS 0.054 NS
PLS-VABS 0.645 p < 0.001 PLS-VABS 0.243 NS

MSEL-VABS 0.636 p < 0.001 MSEL-VABS 0.037 NS
MSEL-PLS 0.712 p < 0.001 MSEL-PLS 0.709 p < 0.001
Production

MCDI-VABS 0.831 p < 0.001 MCDI-VABS 0.798 p < 0.001
MCDI-MSEL 0.889 p < 0.001 MCDI-MSEL 0.840 p < 0.001
MCDI-PLS 0.782 p < 0.001 MCDI-PLS 0.544 p < 0.001
PLS-VABS 0.724 p < 0.001 PLS-VABS 0.496 NS

MSEL-VABS 0.698 p < 0.001 MSEL-VABS 0.777 p < 0.001
MSEL-PLS 0.751 p < 0.001 MSEL-PLS 0.716 p < 0.001

Note: MCDI: MacArthur Communicative Development Inventories [16]. VABS: Vineland Adaptive Behavior
Scale [13]. MSEL: Mullen Scales of Early Learning [14]. PLS: Preschool Language Scales [39,40]. p: statistical
significance.

3.2. Language Profiles within Each Group

We applied the non-parametric Mann–Whitney U test to check whether there were
differences between groups with respect to chronological age and non-verbal IQ. We did
not find any significant difference for any of the variables and therefore did not include
any of these in the analysis between groups. However, we compared the equivalent ages
obtained for language comprehension and production for MSEL, PLS, and VABS-II, with
respect to chronological age (see Table 2), and the data showed a lower performance to
be expected for chronological age for all measures and for all groups, with significant
differences (p < 0.001).

Table 3 shows the descriptive statistics corresponding to equivalent ages for language
comprehension and production for MSEL, VABS-II, and PLS, with standard deviations,
showing a high variability for all areas evaluated. In order to study all communicative
profiles for each group, we analyzed the differences between the scores for equivalent ages
in language comprehension and production for the three measures. With respect to the DD
group, the performance average was higher in language comprehension than in language
production, although when we applied the non-parametric test, we found no significant
differences between language comprehension and production for any of the areas explored
(see Table 1). With respect to the ASD group, the average of equivalent ages was higher for
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language production than language comprehension in the MSEL and PLS-5 tests, whereas
in the VABS-II parental report, the age average was higher for language comprehension. In
this group, we did not find any significant difference in equivalent ages between language
comprehension and production. When we compare the size of the effect, we can see in
Table 3 that the difference of means between language comprehension and production is
higher for the DD group than the ASD group.

Table 2. Differences for equivalent ages for MSEL, PLS, and VABS-II in language comprehension and production compared
to chronological age.

ASD U p DD U p

MSEL (n = 51) MSEL (n = 42)
Comprehension 17. 77 p < 0.001 Comprehension 7.72 p < 0.001

Production 15.77 p < 0.001 Production 10.81 p < 0.001
PLS-5 (n = 51) PLS-4 (n = 42)

Comprehension 19.04 p < 0.001 Comprehension 8.15 p < 0.001
Production 19.52 p < 0.001 Production 8.28 p < 0.001

VABS-II (n = 51) VABS-II (n = 42)
Comprehension 19.34 p < 0.001 Comprehension 24.04 p < 0.001

Production 18.71 p < 0.001 Production 8.22 p < 0.001

Note: MSEL: Mullen Scales of Early Learning [14]. PLS: Preschool Language Scales (PLS-4) [39,40]. VABS-II: Vineland Adaptive Behavior
Scale [13]. p: statistical significance.

Table 3. Descriptive statistics for equivalent age on language comprehension and production for all measures of language
MSEL, VABS-II, and PLS.

Comprehension Production Size of Effect
Contrast

Comprehension
and Production

n Median M SD Median M SD d Z p

ASD
51 MSEL 14.5 17.33 7.73 16.5 17.41 8.98 −0.01 0.396 p > 0.05
51 PLS-5 16 17.7 6.32 18 17.98 6.16 −0.04 −0.45 p > 0.05
50 VABS-II 15 15.96 6.79 15.5 15.72 7.03 0.04 −0.245 p > 0.05

DD
42 MSEL 22 21.46 9.14 16 16.69 6.42 0.6 −2.125 p < 0.05
42 PLS-4 25 23.77 8.77 21 20.23 3.68 0.53 −1.06 p > 0.05
42 VABS-II 23 25.92 12.98 19 19 5.15 0.7 −1.69 p > 0.05

Note. MSEL: Mullen Scales of Early Learning [14]. VABS-II: Vineland Adaptive Behavior Scale [13]. PLS: Preschool Language Scales [39,40].
M: mean. SD: standard deviation. d: d Cohen statistics for size of effect. Z: statistics for contrast U Mann–Whitney. p: statistical significance.

3.3. Differences between Groups

Table 4 shows the descriptive statistics (mean and standard deviation) for language
comprehension and production, the effect of size for the differences between groups, and
the significance obtained for each variable using the Mann–Whitney U test.

In order to analyze the differences in language comprehension and production be-
tween groups, we compared the direct measures for MSEL and VABS-II. We also compared
performance in word comprehension and production for MCDI and sentence compre-
hension for each group. With respect to language comprehension, we found significant
differences for all variables, with the highest score average in the DD group for the two
standardized tests (MSEL (z = −2.102, p = 0.04) and VABS-II (z = −3.259, p = 0.001)) and
the survey MCDI: vocabulary comprehension total (z = −1.061, p = 0.289) and sentence
comprehension (z = −2.222, p = 0.026). However, with respect to language production,
none of the analyses showed any significant differences for any variable analyzed.

Afterward, we analyzed the differences between groups with respect to pre-speech
skills: the analysis showed no significant differences between groups with respect to skills
previous to speech for MCDI (z = −1.061, p = 0.289). With respect to the differences
in language comprehension and production in the MCDI categories, we compared the
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proportion of the number of words for each category with respect to total vocabulary
for each participant. In vocabulary comprehension (see Table 5), we observed significant
differences for prepositions, where the highest proportion was in the DD group (z = −2.866,
p = 0.004). We could not find any significant differences in the rest of the categories. With
respect to language production (Table 6), we found significant differences in the proportions
of the following three categories, with the highest scores in the DD group: words related to
time (z = −3, 03, p = 0.002), pronouns (z = −2.193, p = 0.028) and prepositions (z = −2.928,
p = 0.003). Further, we found significant differences between groups with respect to the
proportions of adjectives in the total sample lexical production and, this time, the ASD
group obtained the highest proportions (z = 2.284, p = 0.022). With respect to the analysis
of the semantic categories of nouns, we could not find any significant differences in the
proportions of any of the categories with respect to the total number of nouns that are part
of lexical comprehension and production in children, following the information supplied
by parents.

Table 4. Descriptive statistics corresponding to direct measures in language comprehension and production in MSEL,
VABS-II, PLS, and MCDI and differences between groups.

Test ASD DD ASD vs. DD

M SD M SD d Z

MSEL
Comprehension 18.10 6.63 22.77 6.66 −0.7 (z = −2.102, p = 0.04)

Production 16.96 7.52 17.54 4.86 −0.09 (z = −0.401, p = 0.69)
PLS

Comprehension 22.18 5.58 27.50 6.89 −0.85 (z = −2.608, p = 0.009)
Production 22.73 5.19 25.57 3.30 −0.67 (z = −1.905, p = 0.057)

VABS-II
Comprehension 15.18 5.98 22.00 5.91 −1.15 (z = −3.259, p = 0.001)

Production 24.75 11.71 30.15 10.87 −0.48 (z = −1.721, p = 0.085)
MCDI

Comprehension 181.12 114.25 223.93 99.83 −0.4 (z = −1.061, p = 0.289)
Production 94.45 99.03 62.99 97.84 0.32 (z = 0.823, p = 0.410)
Pre-speech

skills 3.55 1.40 4.29 0.99 −0.62 (z = −1.783, p = 0.075)

Sentence
comprehension 16.20 8.22 21.57 5.12 −0.8 (z = −2.222, p = 0.026)

Note. MSEL: Mullen Scales of Early Learning [13]. VABS-II: Vineland Adaptive Behavior Scale [12]. PLS: Preschool Language Scales
(PLS-4: [38,39]). M: mean. SD: standard deviation. d: d Cohen statistics for size of effect. Z: statistics for contrast U Mann–Whitney.
p: statistical significance.

With respect to the use of gestures (see Table 7), the results show significant differences
between groups, with higher scores for the DD group regarding total score (z = −3.001,
p = 0.003), in early gestures (z = −3.41, p = 0.001), and late gestures (z = −3.001, p = 0.003).
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Table 5. Descriptive statistics corresponding to the proportions for each MCDI category with respect to lexical comprehension.

Test ASD DD ASD vs. DD

MCDI M SD M SD d Z, p

Comprehension
Categories of

MCDI
Nouns 0.69 0.08 0.68 0.04 0.17 (z = 0.527, p = 0.598)
Verbs 0.17 0.05 0.15 0.02 0.57 (z = 0.997, p = 0.319)
Time 0.01 0.01 0.004 0.01 0.6 (z = 0.578, p = 0.563)

Adjectives 0.05 0.03 0.06 0.02 −0.4 (z = −0.950, p = 0.342)
Pronouns 0.01 0.01 0.01 0.01 0 (z = −1.94, p = 0.052)

Interrogatives 0.01 0.01 0.004 0.005 0.8 (z = −0.327, p = 0.744)
Prepositions 0.02 0.01 0.03 0.02 −0.67 (z = −2.866, p = 0.004)
Quantifiers 0.01 0.01 0.01 0.01 0 (z = −0.68, p = 0.496)

Sounds 0.05 0.03 0.05 0.02 0 (z = −0.743, p = 0.458)

Note: MacArthur Communicative Development Inventories [16]. M: mean. SD: standard deviation. d: d Cohen statistics for size of effect. Z:
statistics for contrast U Mann–Whitney. p: statistical significance.

Table 6. Descriptive statistics corresponding to the proportions for each category of MCDI with respect to lexical production.

Test ASD DD ASD vs. DD

MCDI
Production M SD M SD d Z, p

Categories of
MCDI
Nouns 0.19 0.19 0.15 0.17 0.22 (z = 0.144, p = 0.886)
Verbs 0.11 0.08 0.07 0.05 0.61 (z = 1.687, p = 0.092)
Time 0.001 0.004 0.04 0.05 −1.44 (z = −3.03, p = 0.002)

Adjectives 0.03 0.04 0.01 0.02 0.67 (z = 2.284, p = 0.022)
Pronouns 0.01 0.02 0.02 0.02 −0.5 (z = −2.193, p = 0.028)

Interrogatives 0.002 0.004 0.0003 0.001 0.65 (z = 1.389, p = 0.165)
Prepositions 0.02 0.03 0.06 0.07 −0.8 (z = −2.928, p = 0.003)
Quantifiers 0.01 0.02 0.02 0.02 −0.5 (z = −0.833, p = 0.405)

Sounds 0.08 0.16 0.09 0.05 −0.09 (z = −1.933, p = 0.053)

Note: MacArthur Communicative Development Inventories [16]. SD: standard deviation. d: d Cohen statistics for size of effect. Z: statistics
for contrast U Mann–Whitney. p: statistical significance.

Table 7. Descriptive statistics corresponding to direct measures for early gestures, late gestures, and the total number for
MCDI.

Test ASD DD ASD vs. DD

M SD M SD d Z, p

MCDI
Gestures

Early 9.47 3.97 13.71 3.2 −1.17 (z = −3.41, p = 0.001)
Late 21.14 9.63 30.07 11.42 −0.84 (z = −2.659, p = 0.008)
Total 30.47 12.38 43.79 13.92 −1.01 (z = −3.001, p = 0.003)

Note: MacArthur Communicative Development Inventories [16]. SD: standard deviation. d: d Cohen statistics for size of effect. Z: statistics
for contrast U Mann–Whitney. p: statistical significance.

4. Discussion
4.1. Relations between Language Measures

After fully analyzing the data of the sample, including the children with ASD and
DD, we found significant correlations between all measures with respect to the scores
in language comprehension and production. The highest correlations were in language
production. We observed the same pattern of correlations when analyzing children with
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ASD and children with other DD. These results replicate the relations found in previous
studies [2,6,19]; as a novelty, this research studied these correlations in a sample of children
with low verbal skills. Children with ASD showed high significant correlations both in
direct measures and parental reports. These results show evidence in favor of the use
of parental reports in the study of communicative development in children with ASD
with low verbal skills since these reports are significantly related to direct measures and
standardized tests.

With respect to the group of children with other DD, the significant correlations
between parental measures and language proficiency tests were restricted to all correlations
except for PLS-4 and VABS-II on language production and restricted to direct measures
(MSEL and PLS) and parental reports (MCDI and VABS-II) on language comprehension.
Following these results, we can conclude that direct measures and parental reports offer
differentiated information, depending on when we study language comprehension in
children with other DD. Previous studies found that it is very difficult to assess language
comprehension in children with communicative difficulties since the conditions where the
assessment takes place [11] or the motivational and attentional aspects [10] make it difficult
to observe the capacities of language comprehension. Other studies found no weaker
agreement when assessing language comprehension, and they found that parent reports of
language skills were equivalent to scores on direct testing in language comprehension [41].
Miller et al. argue that it might be due to their reliance on Vineland, which is a semi-
structured parent review, instead of a parent report checklist; this outcome suggests to
these authors that parents are usually reliable reporters. Taking into account parental
reports, it has also been observed in previous studies that parents overestimate the skills in
language comprehension of their own children [12]. Some authors suggest that parents
usually report higher fine motor skills compared to direct assessment; this could be due
to the fact that parents assume that children can perform a motor task without having
observed it; in addition, children might not want to perform some tasks during assessment
because they are not interested in the testing materials or because they have difficulties
comprehending testing demands [41]. Another reason for the discrepancy is the fact that a
child might not perform an item during a direct assessment, but she might perform that
item at home. The discrepancy between these language measures could reflect the fact
that the assessment by parents of their own children differs from the assessment by expert
evaluators, although we should be careful because of the heterogeneity and the size of
the samples. However, based on the results of this study, we can conclude that a suitable
strategy for language assessment would be to combine the information supplied by direct
measures together with the information supplied from parental reports [9].

4.2. Language Profiles within Each Group

With regard to the language profiles for each group, after comparing the scores
expected for their age on the standardized measures, the results show a delay in language
skills for both groups. This is not a surprise since communicative and language difficulties
are basic symptoms in ASD and developmental language disorder [1]. In addition, one of
the conditions to be part of the samples in this study was to have a language delay.

In order to find out whether there are different language profiles for both groups, we
compared the scores for typical children with equivalent ages for language comprehension
and production. In the DD group, we found a typical language pattern, where language
comprehension skills were more developed than language production skills. With respect
to children with ASD, we expected to find the opposite pattern since previous studies
have found differences in this direction [24]. In fact, we found that in the parental report
of VABS-II, the mean of the scores was higher for language production than language
comprehension. With respect to the rest of the language measures (MSEL and PLS-5), we
found the same pattern of higher scores in language production but with no significant
differences. In any case, we found a delay in language comprehension with respect to
language production for children with ASD if we compare the scores with the group of
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children with other DD; this delay could be due to the difficulties of children with ASD
to generalize skills across contexts [42]. However, some previous studies did not find a
significant interaction between language measures and the DD group [41]. If we take a look
at the size of the effect of the differences between language comprehension and production,
we find that the size of the effect is higher for children with other DD. In addition, when
we compared the direct measures for language comprehension in different measures, we
observed significant differences in both groups for all variables in language comprehension,
with higher performance in children with other DD; however, we found no significant
differences in language production for none of the measures. Therefore, both groups have
a similar performance in language production, but difficulties in language comprehension
were greater for children with ASD [3–5]. Another aspect that could have been taken into
account is the fact that some skills could have a reporter bias: it has been found in previous
studies that there is a lower correlation for the assessment of language comprehension
compared to language production [12,43]. Even though we did not test this fact in this
study, previous studies have found mixed results: while there is a high correlation of items
measuring basic skills, it is not the case for more demanding language skills [41].

4.3. Differences between Groups in Language Skills

When we compare language skills between both groups, we find that the levels of lan-
guage comprehension differ significantly between groups, whereas the levels of language
production are similar between both groups. With respect to language comprehension,
we found significant differences for all the analyzed variables, that is, the performance
in language comprehension in direct measures, Mullen and PLS with the parental report
VABS-II, and with sentence comprehension and vocabulary size of MCDI.

With respect to the properties of vocabulary based on the categories proposed for
MCDI, the results show that language comprehension is very similar for both groups. In
fact, when we compare the proportions for each category of word with respect to the total
number of words understood, we found no difference, except for prepositions, since the
group of children with other DD had higher proportions of these categories. With respect
to language production, the distribution of words based on categories for both groups
is similar, except for the fact that children with other DD have a higher proportion of
language production for prepositions, pronouns, and words for time. Therefore, the results
obtained when we compare these samples supply more evidence that favors the results
found by Tager-Flusberg et al. [31] about the tendency for children with Down’s syndrome
to use more closed words than do children with ASD, since we found that the group of
children with other DD had higher proportions for prepositions and places than the group
of children with ASD. Finally, in language production, we found that children with ASD
used more adjectives proportionally than children with other DD, which provides more
evidence for the existence of different patterns of lexical categories in language production
in children with ASD, with respect to children with other DD regarding the difference
between open and closed words. This different pattern could be due to different cognitive
styles among these populations: Nelson found that expressive children use a higher rate
of pronouns than referential children, who are more focused on the learning of full noun
phrases and words; this difference is higher when children have a low MLU (i.e., in the
initial stages of language acquisition) [44]. She also found that referential children produce
more subjects with the thematic role of agent, whereas referential children use more
subjects with the thematic role of experiencer. Nelson found that referential children use
more qualifying adjectives, whereas referential children use more possessive adjectives.
According to Nelson, referential children start to learn lexical items and afterward learn
the parameters concerning phrase structure, whereas expressive children learn patterns of
word order and then they increase their lexical repertoire. Lieven found that referential
children used sentences with less variability than expressive children [45,46]. Also, she
found that referential children are more analytical since they learn lexical items with fewer
complements and specifiers than expressive children, whereas expressive children include
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more components in their phrases, and these forms are less analyzed. Bates et al. also
found that expressive children had more social skills and better memory storage than
referential children, whereas referential children were more analytical [47]. She proposes
that the individual differences found in language development depend on faculties such as
analytical processing versus memory skills and the performance on language production
versus performance on language comprehension. Therefore, it could be the case that
children with ASD could have a referential cognitive style compared to children with other
DD, who could have a more expressive style.

We then compared the semantic categories of nouns from the lexical sample of both
groups found in the parental reports. However, in this case, we did not find any signifi-
cant difference in the proportions observed for either lexical comprehension or language
production between both children with ASD and children with other DD.

4.4. Differences between Groups on Non-Verbal Communication

Finally, we analyzed the differences in non-verbal communication between both
groups, and our results provide evidence in favor of the higher performance of children
with other DD, because we found significant differences in the use of gestures with respect
to children with ASD, based on parental reports. It could be the case that the lower use
of gestures in ASD is related to their communication difficulties in this population and
with better communication abilities in Down’s syndrome. Even though it only applies to
a subgroup of the children with DD, previous studies found that children with Down’s
syndrome are more advanced in their development of gestures compared to children with
typical development [35]. Caselli et al. studied the development of language and commu-
nication in children with Down’s syndrome. The goal of this research was to examine the
relations between language comprehension, language production, and the development of
gestures in children with Down’s syndrome compared to typically developing children.
They found that children with Down’s syndrome had a lower performance compared to
typically developing children in language development. They found a similar development
between lexical comprehension and the development of gestures. However, they found
that children with Down’s syndrome had a higher gestural development compared to typi-
cally developing children [35]. They found that children with Down’s syndrome produce a
higher frequency of symbolic communicative gestures, pretending gestures, and actions to
perform symbolic transformations. Following Caselli et al., in the initial stages, the gestural
and vocal production of children with Down’s syndrome are similar to those of typically
developing children matched for word comprehension; however, they found that later on,
symbolic communicative gestures and actions increase and are more developed in children
with Down’s syndrome, based on their level of development of word comprehension and
production. This fact could explain the data that we have obtained in our study so far.

5. Conclusions

The results found in this research might have implications for the assessment of
children with low language and communication skills: the consistency between different
measures supports the use of direct measures and parental reports for therapists working
with children with ASD and other DD. The specific patterns found in the delay in the
development of language comprehension, the properties of vocabulary, and the low use of
gestures of children with ASD compared to children with other DD could help practitioners
with a differential diagnosis after a deeper exploration from a clinical perspective. The
results found in this research underline the importance of including improvements in verbal
and non-verbal communication in children with ASD as important goals on intervention.
However, we should be cautious because we did not collect any qualitative information
from the parents aside from survey responses to MCDI and VABS-II scales, also because
there was a high heterogeneity of the participants, and because the size of the sample was
small in this study, which could make it difficult to generalize the results to other studies
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and to provide a complete profile of the properties of language and communication in
these populations.
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Abstract: Language delay (LD) and its relationship with later language impairment in preterm
children is a topic of major concern. Previous studies comparing LD in preterm (PT) and full-term
(FT) children were mainly carried out with samples of extremely preterm and very preterm children
(sometimes with additional medical problems). Very few of them were longitudinal studies, which is
essential to understand developmental relationships between LD and later language impairment.
In this study, we compare the prevalence of LD in low-risk preterm children to that of FT children
in a longitudinal design ranging from 10 to 60 months of age. We also analyze which variables
are related to a higher risk of LD at 22, 30 and 60 months of age. Different language tests were
administered to three groups of preterm children of different gestational ages and to one group of
full-term children from the ages of 10 to 60 months. ANOVA comparisons between groups and
logistic regression analyses to identify possible predictors of language delay at 22, 30 and 60 months
of age were performed. The results found indicate that there were practically no differences between
gestational age groups. Healthy PT children, therefore, do not have, in general terms, a higher risk
of language delay than FT children. Previous language delay and cognitive delay are the strongest
and longest-lasting predictors of later language impairment. Other factors, such as a scarce use of
gestures at 10 months or male gender, affect early LD at 22 months of age, although their effect
disappears as children grow older. Low maternal education appears to have a late effect. Gestational
age does not have any significant effect on the appearance of LD.

Keywords: preterm children; language delay; predictive factors; language development

1. Introduction

Preterm children are considered to be an at-risk population, though not all of them
share the same percentage of risk. Important differences exist among preterm children in
relation to different biomedical factors. One of them, gestational age (GA), also determines
whether other factors co-exist. Usually, birth weight (BW) is strongly associated with
GA, in such a way that the shorter the GA the lower the BW (with the exception of those
children small for GA). Preterm children are classified according to GA into 4 groups [1–3]:
late preterm children (LPT), who have a GA of 34–36 weeks; moderately preterm (MPT)
children, with a GA between 32–33 weeks; very preterm (VPT) children, with a GA between
28–31 weeks; and extremely preterm (EPT) children, with a GA below 28 weeks.

The risk of suffering medical complications increases as GA and BW are lower. EPT
and VPT children have a greater probability of being affected by them than LPT and
MPT children [4]. The most common medical complications affect lungs (bronchopul-
monary dysplasia (BPD), respiratory distress syndrome) and cerebrum (intraventricular
hemorrhage (IVH), periventricular leukomalacia (PLM)), with important consequences for
children’s development [5].

The study of language development in preterm children has offered controversial
results. The majority of studies, as well as a few meta-analyses, have reported that preterm
children of different ages tend to show lower results than full-term peers in a diversity of
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language measures [6–8]. Not only do PT children show a smaller vocabulary size than
their FT counterparts, but they also show a lower level of grammatical skills than their FT
peers in their first years [9–12].

These studies were mostly carried out with samples of EPT or VPT (or very and
extremely low birth weight) children, and some of them did not report and/or use clear
exclusion criteria. This means that children with serious biomedical complications or
sensory, motor and cognitive handicaps may be unidentified, producing a confounding
effect with prematurity on the outcomes. In contrast, a few studies, mostly carried out
with healthy preterm children with a variety of GAs, have not found significant differences
between PT and FT children in different measures of language development taken at
different ages [13–15].

The research of the prevalence of late talkers (LT) or language delayed (LD) children
in PT as compared to FT children, the language outcomes of these children a few years
later and the predictors of LD is the main focus of this study. This research is related to the
study of the differences in language development between PT and FT children, but of a
slightly different kind.

Late talkers or language delayed children are those children between 18 and 36 months
of age who show limited language development as compared to their FT peers, in the ab-
sence of neurological damage, environmental deprivation, sensory impairment or cognitive
delay. The cut-off criterion used to establish LD varies in different studies, and it depends
on the reference age. However, quite commonly, those children below the 10th percentile in
language tests are considered to be LD or LT [16]. This criterion is usable for children of dif-
ferent ages in the above-mentioned range, while, in contrast, other criteria, such as to have
a productive vocabulary below 50 words and no word combinations is only well suited for
the age of 24 months [17,18]. Late talkers may have combined expressive and receptive
delays or only expressive delays. The estimates of prevalence of LT or LD children oscillate
between 9% and 20% of the population of children aged 24–36 months [15,19]. Some of
these children (around 50–70%), called late bloomers, catch up to their typically developing
(TD) peers by 4–5 years of age [20]. This fact points to the difficulty of predicting later
language impairment from early language delay. Early prediction of language impairment
or developmental language disorder after 5 years of age is a major focus of concern and
developmental follow-up.

Table 1 displays the main findings of those studies which have investigated the
prevalence of LD in PT children as compared to FT. In all of them, age correction for
prematurity has been applied, with the exception of Lee and Lee [21] in which comparisons
were performed using chronological age. Only studies which have identified LD with
language specific and appropriate tests were included. For this reason, two studies were
not included in Table 1, because the test used is not considered a language ability test,
but of verbal intelligence (Wechsler Preschool and Primary Scale of Intelligence) [22,23].
Another two studies which used only partial versions (selection of only a few items)
of developmental scales [24,25] were also excluded. Those studies which did not use
normative scores (percentile, standard deviation (SD)) to establish cut off criteria were not
included either [26].
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From Table 1, it is clear that there is a great disparity in the estimates of the percentage
of children with language delay. The range of prevalence of LD among PT children goes
from 8% to 49%, while that for FT children goes from 0% to 30%. This great variation occurs
even though the PT children were of similar GA. Practically all (not that of Do and collabo-
rators [34]) of the samples were of VPT and EPT children, with a mean GA of in between
28 and 30 weeks, with the exception of the study by Wolke and his collaborators [28], in
which the EPT children were born below 26 weeks of GA. All the samples were of VPT
and EPT children, although in some cases this was termed as extremely low birth weight
children (ELBW).

The important variation in the percentages found of children with language delay or
language impairment could be related to different factors, such as the age of assessment, the
instruments used in each study, the cut-off criteria and the characteristic of the participants,
particularly the PT children.

The age of assessment varies greatly among the studies, ranging from below 24 months
to 72 months of age, although there are many data for similar ages (namely, at 24 and
48 months of age) which have provided diverging results. It is logical to think that the
proportion of LD children may change with age, thus introducing differences in the results
of the investigations.

The instruments used are not the same in all the studies, which is comprehensible
given the differences in the ages of assessment. In many of them different adaptations
of the MacArthur-Bates Communicative Development Inventories (CDI) to different lan-
guages were used to assess children of 30 months of age or younger [21,30–33]. In these
cases, lack of agreement in the results indicates that other factors must be responsible for
the discrepancy.

The cut-off criteria to identify LD vary among the different studies. In many cases the
10th percentile of the normative sample of the instrument as reference has been used as
criterium to determine the limit of LD both for the PT and the FT groups. In other cases,
the limit was a certain point of SD in relation to the normative sample. Two investigations,
however, when establishing the cut-off point did not use the normative sample of the test as
a reference but used the FT control group instead [29,33]. This fact shed some doubts upon
the adequacy of the comparisons just in case the participants chosen for the FT group might
have had a higher performance not coincident with the norms. In other cases, other cut-off
criteria were used (scores below −1 SD, below −1.25 SD, below −1.5 SD, below −2 SD, or
below developmental quotient (DQ) 85), which creates classification criteria that are more
or less stringent, resulting in lower or higher percentages of LD children, respectively.

Finally, the characteristics of the participants in the different studies may also be a
source of variability in the results found. It is certainly true that the PT participants of most
of the studies were VPT and EPT children around 28–30 weeks of mean GA. However, the
selection criteria changed a lot among the revised studies. Some studies established clear
exclusion criteria, which are quite strict, and children with serious biomedical complica-
tions were not included in the premature group [30]. In these cases, children with major
cerebral damage, such as IVH higher than II or PLM, hydrocephalus, BPD, retinopathy of
prematurity, visual or hearing impairment or congenital malformations were excluded. In
other cases, the criteria were less strict, and only children with some of these criteria were
excluded: congenital abnormalities, chromosomal anomalies, coming from homes where
the language of the community was not spoken, admission to the Neonatal Intensive Care
Unit (NICU), or mother’s use of alcohol or drugs during pregnancy [29,33] were excluded.
Other studies do not offer information on the exclusion criteria (Charolais et al., 2014; Lee
and Lee, 2016), which does not guaranty (all the contrary) that the sample of PT children
are free of these biomedical hazards (IVH, PLM, BPD, etc.). Two studies directly chose
participants who were in the NICU for a long stay [32,34]. Another study [27], which used
strict exclusion criteria, however, also included children with BPD in the PT group because
one aim of the study was to test the effect of this disease on the risk of suffering language
delay. It seems reasonable to think that these differences in the inclusion/exclusion criteria
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may have important consequences in the differences found regarding the prevalence of
language delay. It is enlightening that when Stolt et al. [33] compared only VPT children
without neurological damage with FT children, the differences in percentages of LD chil-
dren are lower, and no significant differences in LD were found in the tasks administered,
with the exception of the Nepsy language score at 5 years of age. Complementarily, when
VPR children have additional handicaps (such as BPD) they show a higher incidence of
language impairment, which may rise to 43% [27,30].

The comparability of the FT and PT groups in certain critical characteristics, such
as similarity of maternal education, Socio Economic Status (SES), or balanced gender
distribution, is a key point, which is fulfilled by several investigations [27,30,31]. A few
studies do not provide information in this regard or not enough information [21,34], and
others clearly do not fulfil these requirements, and the PT group is composed of children
whose mothers have lower education and/or SES than those of the FT group [5,29]. All
these introduce serious doubts on the interpretation of the results found, because the FT
and PT groups were not comparable, which introduces a threat to the internal validity of
the investigations. On some occasions there was no control group of FT children; instead,
the normative sample of a given test was used as the comparison group [32,34].

Only two studies adopted a longitudinal perspective, with repeated measures for the
participants [30,33], although in one of them [30] one longitudinal sample of PT children is
compared to two different cross-sectional FT samples at different ages (30 and 42 months).
This increases the variability of the two samples of FT children, which may differ in their
characteristics. Therefore, intraindividual patterns of change cannot be observed for FT
children, which is a limit for the accurate longitudinal comparisons of the PT and FT groups.

The results of the control groups are really very unusual in some of the studies. There
is always a certain percentage of FT children who are below the cut-off criteria to define lan-
guage delay (or language impairment for older children), which is usually over 7% [35,36].
However, there are two studies in which the percentage of FT children below percentile 10
or below −2 SD is 0% [21,34]. In the case of Lee and Lee [21] chronological age (not the
corrected age) was used for comparisons, and this fact can explain the unusual gap be-
tween PT and FT children. In addition, as mentioned before, in these two studies [21,34] no
information is provided on the similarities of the PT and FT samples in sociodemographic
characteristics (e.g., parental educational level or SES) or gender, which are important
characteristics to ascertain that both samples are comparable.

Most of the reviewed studies were conducted with VPR or EPR children, who are
considered to be at higher risk of suffering developmental problems than other populations
of preterm children, such as moderately or late preterm. In addition, in an important
number of the studies carried out, the VPT/EPT children have other associated medical
problems (neurological damage, BPD) or risk situations (stay in the NICU for a relatively
long time). For this reason, it is not a surprise that the incidence of language delay or
language impairment of VPT and EPT children clearly exceeds that of FT children. This
population represents around 20% of the total population of PT children [2], which provides
a reason to extend studies on the prevalence of LD in PT children to other segments of the
total population of PT children in order to get a wider panorama of what happens with the
PT population.

Therefore, and this is a purpose of the present study, there is a need to study a
sample of PT children with a relatively wide range of GA, and with no serious biomedical
complications. On the other hand, there is a dearth of studies carried out with a longitudinal
design. One important advantage of longitudinal studies, apart from the description of
intraindividual change, is that they allow us to investigate the predictive effect of different
factors on the determination of language delay. In this research a longitudinal follow up of
3 groups of PT children with different GAs and one group of FT children will be carried out.

In relation to the most relevant predictive factors of language delay or language
impairment, previous research has highlighted a variety of biomedical, environmental and
psychological factors, which will be briefly reported on as follows.
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Among biomedical factors, gestational age or birth weight were found to have a predic-
tive effect on language delay, and the risk of suffering language impairments [9,10,23,37,38].
Other authors, however, have suggested that neurobehavioral outcomes at an early school
age can be predicted based on IVH incidence as opposed to birth weight or GA [39].
Neurological impairment (IVH, PLM), on its own, or in association with other factors
has also had an important effect on language delay [5,29,40]. IVH higher than II, but not
lower, has been found to have negative effects on cognitive and language measures [41].
Bronchopulmonary Dysplasia seems to have a very detrimental effect on the possibility
of PT children having language delay [27,30,31,42–44]. Male gender has been found to
increase the risk of language delay [28,31,35,36], and family history of language or learning
disorders predicted lower language development [15].

Several studies found an influence of environmental factors on language delay such
as the level of maternal or parental education [19,20,31,34,36,45–48], the SES [49], a combi-
nation of these two factors [40], and the quality of home environment [50].

Finally, among the psychological or personal factors, previous cognitive develop-
ment [15,29,31,51,52], previous use of gestures [31,53–55], and previous language abili-
ties [30,33,56,57] are good predictors of later linguistic development.

There is a lack of information, however, on the prevalence of language delay in
low-risk PR children, and on whether this rate increases as children grow older.

One major strength of the present research is that there is a longitudinal follow up of
four groups of children with different gestational ages, covering a range from extremely
preterm to full term children (GA 26–41 weeks). Another strong point is that the PT children
do not have major medical complications, being considered healthy or low-risk children,
a group which paradoxically has been scarcely studied despite that they constitute the
majority of newly born PT children.

The aims of the present research are the following:

(1) To compare the prevalence of language delay in healthy preterm children (PR) with
different GAs to that of full-term children (FT) in a longitudinal design ranging from
10 to 60 months of age.

(2) To analyze which variables are related to a higher risk of language delay at 22, 30 and
60 months of age.

2. Materials and Methods
2.1. Participants

One group of FT and another of PT children were recruited at birth in four hospitals
in Galicia (Spain) and longitudinally followed and assessed at different points in time.

The initial participants of the PT group were 151 PT children (with GA range between
26 and 36 weeks), and those children with the following characteristics were excluded:
cerebral palsy (as diagnosed up until 9 months of age), periventricular leukomalacia (PLM),
intraventricular hemorrhage (IVH) greater than grade II, hydrocephalus, encephalopathy,
genetic malformations, chromosomal syndromes and metabolic syndromes associated with
mental retardation, important motor or sensorial impairments, and Apgar scores below
6 at 5 min. The initial participants of the FT group were 49 children with standard GA and
no evidence of impairment. The children were assessed at 10, 22, 30, 48 and 60 months
of age.

The number of participants and their distribution by GA groups at every assessment
point is displayed in Table 2. The participants were distributed into four groups according
to their GA.

The PT and FT groups did not differ in terms of mother’s education (X2 (1) = 8.66,
p = 0.194), gender (X2 (1) = 0.000, p = 0.997) or Apgar score (t (197) = −0.909, p= 0.365).

The characteristics of the samples remained similar throughout time.
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Table 2. Composition of the sample throughout time.

Age GA ≥ 37 (%) GA 36–34 (%) GA 33–32 (%) GA ≤ 31 (%)

15 days 49 65 37 49
10 months 49 65 37 49
22 months 43 58 36 43
30 months 37 48 32 37
48 months 34 42 33 * 36
60 months 33 42 31 34

Note: * One child not tested at 30 months was tested at 48 months of age.

2.2. Instruments

To assess language development the Inventario do Desenvolvemento de Habilidades
Comunicativas (IDHC) Palabras e xestos (Words and Gestures) and Palabras e Oracións
(Words and sentences) [58,59] were filled in by the children’s mothers when the children
were 10, 22 and 30 months of age (see below). The IDHC is the Galician version of the
MacArthur-Bates Communicative Development Inventories (CDI) [60]. The IDHC Words
and Gestures for children between 8 and 15 months of age, was applied when the children
were 10 months old. The form Words and Sentences, for children aged between 16 and
30 months was applied when the children were 22 and 30 months of age. The following
measures were taken into consideration for the present study. At 10 months of age, word
understanding and first communicative gestures, which will be considered as predictive
factors in regression analyses. At 22 and 30 months of age, word production, which is
considered the central feature identifying language delayed children [51].

When the children were 48 months of age, they were assessed through the Reynell
Developmental Language Scales [61]. The RDLS is comprised of two scales: expressive
and comprehension language scales. Because of the deficient adaptation of the RDLS
into Spanish (no Spanish norms exist, and no adaptation to the characteristics of Spanish
language acquisition has been made), only the total raw score in comprehension was used
in the analyses performed.

The children’s language development was also assessed when the children were
60 months of age through the Peaboby Picture Vocabulary Test 3rd edition (PPVT-III) [62],
the test Comprensión de Estructuras Gramaticales (CEG) [63], and the production scale of
the Test de Sintaxis de Aguado (TSA) [64].

The widely known PPVT-III was used to assess vocabulary comprehension. The child
is required to point to the image that best matches the word pronounced by the researcher
out of the 4 pictures on the page. The words that are tested are arranged in order of
increasing difficulty.

The CEG was used to assess the comprehension of syntactic structures. The CEG
is a Spanish test that is very similar to the well-known Test of Reception of Grammar
(TROG-2) [65]. The CEG consists of 80 pages that include four pictures on each page. In
each item, the researcher pronounces a sentence (e.g., “El niño que mira a la niña está
comiendo”: The boy who looks at the girl is eating) and the child points to the image
that matches the target sentence. The other three images act as (lexical or grammatical)
distractors. The CEG explores 20 different syntactic structures organized into blocks with
4 items each. The CEG can be administered to children from 4 to 12 years of age.

The production subscale of the TSA [64] was used to assess morphological and syntac-
tic production skills. In this test, the child has to imitate a sentence previously produced by
the researcher looking at a drawing related to the sentence “what did I say about this draw-
ing?”. Thirty items follow this pattern, and in another four items the child has to complete
the last part of a sentence given a conversational context created by the researcher (“cuando
hace frío . . . .me pongo el abrigo” “when it is cold . . . .I put on my coat”/“si hiciera calor
. . . .no me pondría el abrigo” “if it were warm . . . I would not put on my coat”). The
TSA explores the production of different morphosyntactic abilities: interrogative sentences,
negative sentences, passives, use of possessive, relative, interrogative, possessive and
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demonstrative pronouns, complex sentences, comparisons, use of prepositions, use of
different persons and times in verbs, etc.). The TSA can be administered to children from 3
to 7 years of age.

The cognitive development of the children was assessed through the Batelle Devel-
opmental Inventory (BDI) [66] when they were 22 months of age. This scale measures a
child’s progress in development and in discrete skill sets. The skills assessed by the Batelle
scale are adaptive, personal-social, communication, motor, and cognitive. The cognitive
score was used for the present analyses.

The mothers of the children completed an interview at the beginning of the study that
included socio-demographic information of the family, information on pregnancy, Apgar
scores, feeding and health habits, educational level of the parents, etc.

The children lived in a bilingual Spanish-Galician community context which makes
it possible to use Spanish or Galician tests. The Galician tests (IDHC) were administered
to the mothers of the children. The rest of the tests in Spanish were administered to the
children. No adaptations of these tests exist for Galician.

2.3. Procedure

Previous consent from the mothers was obtained, as well as the acceptance by the
Comité Ético de Investigación Clínica de Galicia.

The children’s communicative and linguistic development was assessed at 10, 22, 30,
48 and 60 months of age (±15 days), with corrected age for the PT group up until 30 months
of age but not later.

The parent reports (IDHC) were filled in by the mothers. The remaining tests were
administered by a trained psychologist at the specified ages in the children’s homes.

The following measures were taken into consideration for the present study. At
10 months of age, word understanding, word production, and first communicative gestures
were considered. At 22 and 30 months of age, word production scores were taken into
account. We used this measure because at this age word production is the most reliable
indicator of language development.

2.4. Analyses Performed

The following analyses were performed.

1. ANOVA for mean comparisons between the results of the PR and FT children at
different ages in different measurements.

2. Chi square comparisons between the four GA groups of children and also between
the PT and the FT groups regarding the relative percentages of children with and
without language delay. Those children with raw scores lower than percentile 10 were
considered to have language delay. This criterion, however, was changed in the case
of cognitive development [66] at 22 months of age. In this case we have adopted the
threshold of percentile 15, because the norms offer percentiles for a range between 18
and 23 months of age, and the children were at the upper limit of the age range.

3. Five logistic regression analyses (enter method) were performed in order to test
the predictors of language delay as measured through the different instruments at
different ages (dependent variables DV). Previously, the effects of many different
variables were tested, and only those which had an effect on the DVs were incorpo-
rated in the final analyses, as well as 3 variables of theoretical relevance: gestational
age (numerical), gender and maternal education level (three groups: low, medium
and high). Among those variables which did not have any effect on any DV were:
Apgar score in the 1st minute (risk/no risk = ≥7)), stay in the NICU (1 = no stay,
2 = 1–15 days, 3 = >15 days), family antecedents of language problems (yes/no),
mother’s age at birth (risk/no risk), risk of maternal depression (yes/no), parental
stress (risk/no risk), HOME score (quality of home environment). In addition, the
absence of effect of some of them on language risk/delay has been demonstrated in a
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preliminary research [67]. These variables were not included in the regression models,
and, therefore, no information is offered on them for brevity’s sake.

The logistic regression analyses were carried out with all the participants, because the
number of FT children was not large enough to perform separate analyses for PT and FT
children, and for the sake of the strength of the tests.

In the first logistic regression model, the dependent variable (DV) was children with
or without lexical delay (word production) at 22 months of age. The predictive variables
introduced were: gestational age in weeks, gender, maternal education, total score in first
communicative gestures at 10 months (IDHC) and total score in vocabulary understanding
at 10 months of age (IDHC).

In the second logistic regression model, the dependent variable (DV) was children
with or without lexical delay at 30 months and the Predictors were those factors which in
previous logistic regression analyses had had a significant effect on the DV or theoretical
relevance: gestational age, gender, maternal education, risk of cognitive delay at 22 months
(BDI), and risk of vocabulary delay (word production) at 22 months of age (IDHC).

In the following three logistic regression analyses the Dependent variables were
children with or without language delay at 60 months of age. The threshold was percentile
10 in the the PPVT-III (vocabulary comprehension), CEG (grammar understanding), and
the TSA (morphosyntactic production) in each analysis. The predictive variables were
always the same for these three analyses. The Predictors were those factors which in
previous logistic regression analyses had had a significant effect on the DV or theoretical
relevance: gestational age, gender, maternal education, risk of cognitive delay at 22 months,
risk of vocabulary delay at 30 months, and total score in the comprehensions scale of the
RDLS at 48 months of age.

3. Results
3.1. Descriptive Results and Comparisons between Groups

The results of the one factor ANOVA to compare the GA groups in different measures
is offered in Table 3. As can be observed, there were no significant differences between the
groups in any measure, with the exception of the CEG at 60 months of age (p < 0.05). In
this case, the differences were due to the differences between the GA ≤ 37 week group and
the GA 36–34 week group (Bonferroni post hoc p < 0.05).

Table 3. Mean (SD) scores and ANOVA comparisons between the four gestational age (GA) groups.

Task (Age) GA ≥ 37
Mean (SD)

GA36–34
Mean (SD)

GA33–32
Mean (SD)

GA ≤ 31
Mean (SD) F df p

First Gestures (10 months) 7.5 (2.5) 7.2 (2.4) 7.4 (2.7) 6.5 (2.7) 1.262 190 0.289
Comprehension of words (10 months) 71.8 (58.8) 88 (77.2) 71.5 (70) 73.3 (73.3) 0.694 190 0.557

Cognition BDI (22 months) 27.5 (4) 26.7 (3.7) 26.8 (3.2) 26.5 (2.9) 0.743 180 0.528
Word Production (22 months) 173.7 (137.1) 174.5 (163.8) 154.2 (130.1) 140.9 (137.8) 0.573 179 0.633
Word Production (30 months) 411.4 (171.3) 412.58 (189.7) 431.00 (149.2) 408.05 (181.5) 0.116 153 0.951

Comprehension RDLS (48 months) 46.5 (5.2) 43.1 (8.6) 43 (4.7) 44.2 (5.9) 2.230 144 0.087
PPVT (60 months) 62 (12.5) 57.8 (11.4) 57 (12.1) 56.2 (13) 1.460 141 0.228
CEG (60 months) 52 (7.3) 44.4 (13.8) 47.1 (9.1) 48.6 (13.4) 2.804 139 0.042

TSA Production (60 months) 43.5 (8.1) 38.4 (15.8) 41.5 (11.2) 39.7 (15.9) 1.034 * 116,539 0.380

Note: * Brown–Forsythe test; F = value of F-statistic; df = degrees of freedom; p = significance value.

3.2. Language Delay Comparisons between Groups

The percentages of children in each GA group with language delay (LD) as assessed
through different measures taken at different ages are presented in Table 4. This table
indicates the number and relative percentage of children of each GA group who got a score
below percentile 10 in the tests applied at different ages. Those children are considered as
part of the language delay/language impairment group. In addition, the results of the chi
squared test are also presented.
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Table 4. Frequency and (percentage) of children with language delay at 22, 30 and 60 months of age (<10th percentile), and
GA group comparisons.

Assessment (Age) GA ≥ 37 (%) GA 36–34 (%) GA 33–32 (%) GA ≤ 31 (%) X2 p

Word Production (22 months) 8 (18.6) 15 (25.9) 6 (16.7) 14 (32.6) 3.595 0.309
Word Production (30 months) 7 (18.9) 8 (16.7) 4 (12.5) 9 (24.3) 1.720 0.632

PPVT (60 months) 1 (3) 1 (2.4) 2 (6.3) 4 (11.4) 3.490 0.322
CEG (60 months) 5 (15.2) 17 (40.5) 12 (38.7) 6 (17.6) 9.378 0.025

TSA Production (60 months) 7 (16.7) 15 (35.7) 12 (28.6) 8 (19.0) 3.608 0.307

X2 = Chi square value; p = significance value.

In general terms, there are no significant differences in the proportion of children with
language delay/impairment among the four groups, with the exception of the results with
the CEG (grammar comprehension) (X2 = 9.378, p < 0.05), in which the GA groups 36–34
and 33–32 weeks clearly have a very high percentage of children with LD (40.5% and 38.7%,
respectively), while the groups with children having a GA of 37 weeks or above and with a
GA of 31 weeks or below have lower (and quite similar) proportions of children with LD
(15.2% and 17.6%, respectively).

In order to make the results more manageable and to make the comparisons clearer,
we have integrated the results of all the GA groups below 37 weeks in a group of preterm
infants. These results are presented in Table 5.

Table 5. Frequency and (percentage) of PT and FT children with language delay at 22, 30 and
60 months of age (<10th percentile), and with of cognitive delay (<15th percentile) at 22 months of
age and comparisons between groups.

Risk of Delay FT (%) PT (%) X2 p

Word Production (22 months of age) 8 (18.6) 35 (25.5) 0.868 0.352
Word Production (30 months of age) 7 (18.9) 21 (17.9) 0.018 0.894

PPVT (60 months of age) 1 (3.0) 7 (6.4) 0.548 0.459
CEG (60 months of age) 5 (15.2) 35 (32.7) 3.810 0.051

TSA Production (60 months of age) 7 (21.9) 35 (33.0) 1.442 0.230
(BDI) Cognitive delay (22 months of age) 6 (14.0) 22 (15.9) 0.099 0.753

X2 = Chi square value; p = significance value.

In this case, the difference between the PT and the FT groups in the CEG is only
marginally significant (X2 = 3.810, p = 0.051). The rest of the comparisons do not reach
significance. There are no significant differences between FT and PT children in vocabulary
production at 22 and 30 months of age. Nor there are differences in receptive vocabulary
(PPVT-III) or morphosyntactic production (TSA). The frequency of children with delay in
the PPVT-III is clearly lower than in the rest of the tests, although the percentage of PT
(6.4%) children with LD is double the percentage of FT (3.0%) children.

Table 5 also displays the percentage of PT and FT children with cognitive delay
measured at 22 months of age through the BDI, because this score will be used in logistic
regression analyses. No significant difference between FT and PT children is found in
this regard.

3.3. Logistic Regression Analyses

The following tables display the results of the logistic regression analyses performed.
In Table 6, the results of the logistic regression for delay/not delay in word production

at 22 months of age (IDHC Words and Sentences) as the dependent variable are presented.
Out of the predictors introduced in the model, only the total score of first communicative
gestures at 10 months of age (p = 0.013), gender (p = 0.032) and the total score in word com-
prehension at 10 months of age (p = 0.046), in this order, were found to have a significant
effect on the variance of having or not having language delay as measured through word
production at 22 months of age. The variance explained by the model is moderate (Negalk-
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erkes’s R2 = 0.153). The model reaches significance (Hosmer– Lemeshow’s X2 (8) = 9162,
p > 0.329; X2 (6) = 19.348, p = 0.002; −2LL = 178.578), and correctly classifies 78.9% of the
participants (specificity: 97.8, sensitivity = 18.6).

Table 6. Logistic regression analysis: predictors of language delay (LD) in word production at 22
months (IDHC).

Variables B SE Wald’s X2 p OR 95% CI

Gestational Age −0.057 0.051 1.244 0.265 0.945 0.856–1.044
Gender 0.838 0.391 4.593 0.032 2.312 1.074–4.975

Maternal education −0.420 0.238 3.130 0.077 0.657 0.412–1.046
Total first gestures 10 months −0.198 0.080 6.148 0.013 0.820 0.701–0.959

Total vocabulary
understanding 10 months 0.005 0.003 3.988 0.046 1.005 1.000–1.011

B = Unstandardized regression weight; SE = Standard error for the unstandardized B; p = Significance value;
OR = Odds ratio; 95% CI = Confidence interval of the odds ratio.

In Table 7, the results of the logistic regression for delay in word production at
30 months of age (IDHC Words and Sentences) as the dependent variable are presented.
The only significant predictors found are risk of vocabulary delay (p = 0.000) and risk of
cognitive delay (p = 0.038) at 22 months of age. The variance explained by the model is
34% (Negalkerkes’s R2 = 0.344). The model reaches significance (Hosmer–Lemeshow’s
X2 (8) = 9005, p > 0.342; (X2 (6) = 36.341, p = 0.000; −2LL = 109.292). The model correctly
classified 83.7% of the participants (specificity: 95.2, sensitivity = 32.7).

Table 7. Logistic regression analysis: predictors of LD in word production at 30 months of age.

Variables B SE Wald’s X2 p OR 95% CI

Gestational Age 0.041 0.064 0.408 0.523 1.042 0.919–1.180
Gender 0.350 0.526 0.444 0.505 1.420 0.506–3.980

Maternal education −0.449 0.326 1.899 0.168 0.638 0.337–1.209
Cognitive delay 22 months 1.220 0.589 4.284 0.038 3.386 1.067–10.746

Vocabulary delay 22 months 2.165 0.512 17.888 0.000 8.712 3.195–23.754
B = Unstandardized regression weight; SE = Standard error for the unstandardized B; p = Significance value;
OR = Odds ratio; 95% CI = Confidence interval of the odds ratio.

Table 8 shows the results of the logistic regression analysis for delay in lexical compre-
hension (PPVT-III) as the dependent variable. In this case, the analysis has to be interpreted
with caution, since the frequency of those children with scores under percentile 10 are
only 8. The predictive variables which have a significant effect are risk of vocabulary
delay at 30 months of age (IDHC-Words and Sentences) (p = 0.022) and the total score
in language comprehension (RDLS) at 48 months of age (p = 0.046). Maternal education
has a nearly significant effect (p = 0.056). The variance explained by the model reaches
41% (Negalkerke’s R2 = 0.414). The model reaches significance (Hosmer–Lemeshow’s
X2 (8) = 9160, p = 0.329; X2 (6) = 18.143, p = 0.006; −2LL = 30.765). The model correctly
classified 96.2% of the participants (specificity: 99.2, sensitivity = 33.3).

In Table 9, the results of the logistic regression for delay in syntactic understanding
(CEG) at 60 months of age as the dependent variable are presented. The only significant
predictors found are total score in language comprehension (RDLS) at 48 months of age
(p = 0.009) and risk of cognitive delay at 22 months of age (p = 0.012). The variance
explained by the model is 27% (Negalkerkes’s R2 = 0.278). The model reaches significance
(Hosmer–Lemeshow’s X2 (8) = 4793, p = 0.779; X2 (6) = 27.853, p = 0.000; −2LL = 124.838).
The model correctly classified 80.3% of the participants (specificity: 96.9, sensitivity = 34.3).
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Table 8. Logistic regression analysis: predictors of vocabulary comprehension delay (PPVT-III) at
60 months of age.

Variables B SE Wald’s X2 p OR 95% CI

Gestational Age −0.231 0.172 1.789 0.181 0.794 0.566–1.113
Gender −1.344 1.300 1.069 0.301 0.261 0.020–3.332

Maternal education 2.046 1.072 3.642 0.056 7.737 0.946–63.253
Cognitive delay 22 months 0.775 1.622 0.228 0.633 2.171 0.090–52.112

Vocabulary delay 30 m. 2.953 1.289 5.247 0.022 19.172 1.532–239.988
Total comprehension score RDLS −0.165 0.083 3.969 0.046 0.848 0.721–0.997

B = Unstandardized regression weight; SE = Standard error for the unstandardized B; p = Significance value;
OR = Odds ratio; 95% CI = Confidence interval of the odds ratio.

Table 9. Logistic regression analysis: predictors of grammar understanding delay (CEG) at 60 months
of age.

Variables B SE Wald’s X2 p OR 95% CI

estational Age −0.015 0.063 0.059 0.808 0.985 0.871–1.114
Gender −0.363 0.467 0.603 0.437 0.696 0.278–1.738

Maternal education −0.835 0.314 7.061 0.008 0.434 0.234–0.803
Cognitive delay 22 months 1.780 0.705 6.375 0.012 5.929 1.489–23.608

Vocabulary delay 30 months −0.040 0.633 0.004 0.950 0.961 0.278–3.323
Total comprehension score RDLS −0.116 0.044 6.905 0.009 0.891 0.817–0.971

B = Unstandardized regression weight; SE = Standard error for the unstandardized B; p = Significance value;
OR = Odds ratio; 95% CI = Confidence interval of the odds ratio.

Finally, Table 10 shows the results of the logistic regression analysis for delay in
morphosyntactic production (TSA) at 60 months of age as the dependent variable. The
predictors which reach significance are the total score in language comprehension (RDLS)
at 48 months of age (p = 0.003) and risk of vocabulary delay at 30 months of age (p = 0.042).
The model explains 17% of the variance (Negalkerke’s R2 = 0.176). The model reaches
significance (Hosmer–Lemeshow’s X2 (8) = 4671, p = 0.792; X2 (6) = 17.472, p = 0.008;
−2LL = 145.351). The model correctly classified 69.5% of the participants (specificity: 91.1,
sensitivity = 22.0).

Table 10. Logistic regression analysis: predictors of morphosyntactic production (TSA) delay at
60 months of age.

Variables B SE Wald’s X2 p OR 95% CI

Gestational Age −0.001 0.057 0.000 0.983 0.999 0.892–1.118
Gender 0.249 0.421 0.351 0.554 1.283 0.563–2.925

Maternal education 0.101 0.281 0.130 0.719 1.106 0.638–1.917
Cognitive delay 22 m −0.209 0.658 0.101 0.750 0.811 0.223–2.946

Vocabulary delay 30 m 1.091 0.536 4.148 0.042 2977 1.042–8.508
Total comprehension score RDLS −0.128 0.043 9.095 0.003 0.880 0.809–0.956

B = Unstandardized regression weight; SE = Standard error for the unstandardized B; p = Significance value;
OR = Odds ratio; 95% CI = Confidence interval of the odds ratio.

4. Discussion

In relation to the first aim of the study which was to compare the prevalence of
language delay in healthy preterm children (PR) with different GAs to that of full-term
children (FT), the results found indicate that there are no significant differences in the
percentage of children with language delay among the four GA groups in the following
language measures: Word production at 22 and 30 months of age as measured through the
Galician CDI, word comprehension at 60 months of age as measured through the PPVT,
morphosyntactic production at 60 months of age as measured through the TSA. The only
significant difference was found in grammatical structures comprehension (p < 0.025),
measured through the CEG. The greatest differences occurred between the GA groups
of 36–34 and 33–32 weeks (with 40.5% and 38.7% of LD respectively) and the other two
groups (FT and VPT-EPT, with 15.2% and 17.6%, respectively). This result is coincident
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with that found in the ANOVA (Table 3), in which the significance was explained by the
difference between the groups GA ≥ 37 and GA 36–34 weeks. Unexpectedly, the difference
was not due to the difference between the most distant groups (≥31 and ≥37 weeks), that
is to say the VPT-EPT and the FT groups. Therefore, the GA factor does not seem to explain
these results, contrary to other authors’ claims [9,10,37]. This conclusion will be confirmed
later with the regression analyses and should be interpreted taking into consideration the
low-risk characteristic of the sample.

When the results of all the PT children (GA < 37) are put together, the comparison is
simpler and, again, the results indicate no significant differences in the language measures
taken. Even in the test of comprehension of grammatical structures (CEG), administered at
the age of 60 months, the difference in this case does not reach significance, although it is
really very close (p = 0.051).

In general terms, the percentage of FT children with LD throughout time, using
different tests, remains quite stable (with the exception of the PPVT-III results) in a range
between 15.2% and 21.9%. In contrast, the percentages of children with LD in the PT
group vary much more over time, in a range between 17.9% and 33%, and there is not
a clear incremental trend in the percentage of children with language delay from early
years to 5 years of age, as several authors have proposed [30,33,37]. It is obvious that using
different tests with different norms makes comparisons throughout time difficult to carry
out because variability can be caused not only by changes in the participant, but also by
variations in the norming process. Therefore, the results must be taken with caution.

One factor that seems to increase the risk of undergoing language delay in PR children
is the existence of medical complications (neurological or pulmonary) [27,33]. When these
children were excluded, the rate of language delay of the PR children descended. Probably,
the fact that our sample was practically free of children with these medical complications
may have affected the results found in the PR group. One additional argument in favor
of this idea is that those investigations which included relatively high percentages of PR
children with neurological or pulmonary medical problems evidenced very high rates of
language delay for PR children [27,29,42,43].

In relation with the second aim, which was to identify those variables related to a
higher risk of language delay at 22, 30 and 60 months of age, the results found in the
logistic regression analyses permit identification of different predictive factors, which vary
according to the moment of assessment as well as the different linguistic abilities.

Three factors were found to have an effect on the probability of suffering from lan-
guage (lexical) delay at 22 months of age (Table 6): Gender, use of first gestures at 10 months,
and total vocabulary understanding at 10 months. Gender reached significance (p < 0.05,
OR = 2.312), with boys having a higher risk of language delay than girls (more than twice
as high). This result is in agreement with other studies with PT and FT children of a
similar age [11,13,31] and older [28,35], and does not support the results found by other
studies [15] which found practically no effect of gender on word production in children of
30 months of age, or at 24 and 60 months of age [33].

The use of first gestures (total score) also had a significant effect on language delay at
22 months of age (p < 0.05, OR = 0.820), indicating that those children with a lower number
of gestures at 10 months of age have a higher probability of being language delayed at
22 months of age, which agrees with former investigations carried out with children of
similar ages [31,53,55]. Therefore, this result confirms that the use of gestures seems to be a
possible predictor of language development in the short term.

Finally, the third factor which has been found to have a significant effect on lexical de-
lay at 22 months of age was word comprehension at 10 months of age (p < 0.05, OR = 1.005).
In any case, this effect was very reduced (OR = 1.005), and apparently paradoxical (see 33)
and contrary to expectations.

In general terms, the logistic regression model for word production at 22 months of
age correctly classifies 79% of the participants, even though the sensitivity is low; this
means the classification of the participants in the delayed group is not good, with a high
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proportion of false negatives (children who are not classified as language delayed although
they are language delayed).

In relation to the prediction of language delay at 30 months of age (Table 7), two
risk factors seem to have a significant effect: cognitive delay at 22 months and productive
vocabulary delay at 22 months of age. Vocabulary delay at 22 months has an important
impact on later language (lexical) delay (p < 0.001, OR = 8.712), indicating that those chil-
dren with lexical delay at 22 months of age have many more possibilities of suffering from
language delay at 30 months of age. Cognitive delay at 22 months also has a significant (al-
though somewhat lower) effect on the probability of suffering language delay at 30 months
(p < 0.05; OR = 3.386). These results are in tune with those found in other studies which
have claimed that previous linguistic [30,33,57] and cognitive development [11,15,29,51,52]
are good predictors of later language delay.

The model correctly classifies 84% of the participants in the two groups of language
delayed and not language delayed, with a high specificity (95.2) even though the sensitivity
is low (32.1), indicating that, again, there is a high percentage of false negatives.

Other factors which were found to have a significant effect on early language delay,
such as gestational age [9,10,23,37], or maternal education [19,20,33,34,36,45–48] did not
reach significance at either 22 or 30 months of age. Other authors [15], however, found that
low parental education level quite unexpectedly did not affect child linguistic outcomes at
the age of 36 months.

The logistic regression analyses performed when the participants were 60 months old,
give interesting results which point to the effect of previous language, cognitive delay and
maternal education level.

The results obtained in the regression analysis with vocabulary comprehension (PPVT-
III) at 60 months of age as dependent variable must be taken with caution, because of
the low number of children who scored below percentile 10 (8 in all). In this case, those
children who were language delayed (vocabulary production) at 30 months of age have a
much greater probability of being language delayed (receptive vocabulary) 30 months later
(p < 0.05, OR = 19.172). Those children who got low scores in language comprehension
(RDLS) at 48 months of age have also got a greater probability of being in the group of
language delayed children (receptive vocabulary) at 60 months of age (p < 0.05 OR = 0.848).

The model correctly classifies 96.2% of the participants in the two groups of language
delayed and not delayed, with a high specificity (99.2) but a modest sensitivity (33.3),
indicating that there is a high percentage of false negatives.

Three predictive factors seem to be involved in grammar understanding at 60 months
of age (CEG): maternal education level, cognitive delay at 22 months, and language
comprehension at 48 months of age. Low maternal education increases the probability
of having children with language impairment (grammar understanding) at 60 months
(p < 0.01, OR = 0.434). It is interesting to note that maternal education at this point has a
significant effect, but this effect did not exist when the participants were younger. This
apparently points to a cumulative effect of maternal education level throughout time, which
is compatible with Linsell’s et al. [68] suggestion that the impact of environmental factors on
cognitive development becomes more prominent over time for VPT children. Other authors
suggested the same cumulative effect for language development [14,31,69,70]. Another
interesting and somewhat surprising result is that cognitive delay measured at 22 months
of age still has a predictive effect on grammar understanding impairment at 50 months of
age (p < 0.05, OR 5.929), demonstrating a long lasting and strong (OR value) effect, which is
coincident with other findings for VPT children of the same age [33]. Not surprisingly, low
scores in understanding language (RDLS) at 48 months increment the possibility of having
delays in grammar understanding at 60 months of age (p < 0.01, OR = 0.891), remarking
the predictive role of previous language abilities in the same domain (understanding).

The model (Table 9) correctly classified 80.3% of the children into the two categories of
language delayed and not delayed, and has a high specificity (96.9), although a relatively
low sensitivity (34.3).
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Finally, two factors seem to have a significant predictive effect on morphosyntactic
production delay at 60 months of age: vocabulary delay at 30 months, and low scores in
the language comprehension scale of the RDLS. The fact of having language (lexical) delay
at 30 months increases the probability of having morphosyntactic impairments 30 months
later (p < 0.05, OR = 2.977). Those children with low scores in language understanding
(RDLS) also have a higher probability of being delayed in morphosyntactic production one
year later (p < 0.01, OR = 0.880).

This time the model (Table 10) is less powerful in the process of classifying the
children into the two groups (language delayed/not language delayed in morphosyntactic
production) since only 69.5% of the children are correctly classified. Although specificity
is high (91.1), sensitivity is even lower than in the other regression analyses (22.0), thus
indicating the existence of many false negatives.

The use of a longitudinal design, in which the children were followed from 10 to
60 months of age, allows for the revelation of certain findings which would not be patent
in a cross-sectional design or a short-term longitudinal design.

First, these results show that certain predictors of early language delay (22 months),
such as a low number of gestures produced at 10 months of age or low vocabulary un-
derstanding at the same age, lose their effect as children grow older, contradicting the
results of other studies [54]. Similarly, gender seems to have an effect on language delay
at the beginning (22 months of age), while it seems to lose its effect on later language
development [15,33].

Complementarily, low maternal education does not have an effect on language delay
during the first stages of language development (22 and 30 months of age) but, however,
emerges as a predictive factor of grammar understanding delay at the age of 60 months.
This pattern shows that environmental factors have a cumulative or incremental effect on
language development over time [14,31,69,70]. In any case, the effect of maternal education
is not general throughout all the linguistic domains. Possibly, grammar understanding
assessed through the CEG is more demanding on abilities linked to the effect of family
activities and cultural practices which are developed in families with mothers who have a
medium to high educational level than the other tests are (PPVT-III, or TSA).

Another surprising (and relatively unexpected) result is the long-lasting effect of
cognitive delay on language delay measured at different ages (30 and 60 months). This
reinforces the idea that cognitive development is one of the most powerful predictors of
language development [14,15,31,51,52], particularly for PT children. Again, the effect of
cognitive delay is more evident in the case of grammar understanding, probably because
this test is more demanding of cognitive resources (including working memory) than the
other tests used.

Previous language delay has also been found to have an important effect on later
language delay [14,30,33,57]. This occurs particularly if the domains of language measured
are linked and if the time spent between the ages of measurement is not very long.

The different models tested in the logistic regression analyses can only explain a
relatively modest percentage of the variance in the different linguistic measurements,
ranging from Negalkerke’s R2 = 0.153 in the case of word production at 22 months of age
to Negalkerke’s R2 = 0.414 in the case of vocabulary comprehension at 60 months of age.
This indicates that other factors, whose effects have not been studied in this research, may
also be predictors of language delay at different ages. In fact, the low sensitivity values
found (ranging from 18.6 to 34.3) gives support to the former idea.

As a final conclusion, but not less important, GA does not seem to have any important
effect on the prediction of language delay in the case of healthy preterm children when no
serious handicap is associated, coinciding with other research findings [14,15,71]. These
results of the regression analyses also agree with the ANOVA comparisons, giving strength
to the conclusion. The fact that gestational age did not have any significant effect on the
language delay of low-risk PT children needs to be highlighted, since this is a novel result
in the literature, and it contrasts with other previous studies carried out with VPR or EPR
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children [29,30,33]. Again, this conclusion has to be taken with caution and cannot be
generalized for PT children with other conditions.

5. Conclusions

Several conclusions can be drawn from this study. First, healthy PT children do not
have, in general terms, a higher risk of language delay than FT children, and seem to have a
lower risk of language delay/impairment than very preterm or extremely preterm children
studied in other investigations. Second, previous language delay and cognitive delay
are the strongest and longest-lasting predictors of later language impairment. The effect
of certain predictors of early language delay, such as a low number of gestures and low
vocabulary understanding at 10 months of age as well as gender, disappears as language
development evolves. On the contrary low maternal education affects language delay after
a certain point, indicating a cumulative effect over time.

A limitation of this study is that the effect of medical problems on PT children’s
language delay could not be studied since children with medical problems were excluded.
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Abstract: Preterm children (born <37 gestational weeks) who are born at very early gestational
age (<32 weeks, very preterm, VP) and/or with very low birth weight (≤1500 g, VLBW) are at
increased risk for language and literacy deficits. The continuum between very early language
development and literacy skills among these children is not clear. Our objective was to investigate the
associations between language development at 2 years (corrected age) and literacy skills at 7 years
in VP/VLBW children. Participants were 136 VP/VLBW children and 137 term controls (a 6-year
regional population cohort, children living in Finnish-speaking families). At 2 years of corrected
age, language (lexical development, utterance length) was assessed using the Finnish version of the
MacArthur–Bates Communicative Development Inventory and the Expressive Language Scale from
Bayley scales of Infant Development, second edition. At 7 years, children’s literacy skills (pre-reading
skills, reading, and writing) were evaluated. Statistically significant correlations were found in
both groups between language development at 2 years and literacy skills at 7 years (r-values varied
between 0.29 and 0.43, p < 0.01). In the VP/VLBW group, 33% to 74% of the children with early
weak language development had weak literacy skills at 7 years relative to those with more advanced
early language skills (11% to 44%, p < 0.001 to 0.047). Language development at 2 years explained
14% to 28% of the variance in literacy skills 5 years later. Language development at 2 years had
fair predictive value for literacy skills at 7 years in the VP/VLBW group (area under the receiver
operating characteristic (ROC) curve (AUC) values varied between 0.70 and 0.77, p < 0.001). Findings
provide support for the continuum between very early language development and later language
ability, in the domain of literacy skills in preterm children.

Keywords: early language development; literacy skills; very preterm; very low birth weight; prema-
turely born children; longitudinal follow-up; regional cohort study; assessment

1. Introduction

Prematurely born (<37 gestational weeks) children born at very early gestational age
(<32 gestational weeks, very preterm, VP) and/or with very low birth weight (≤1500 g,
VLBW) are at increased risk for developmental impairments and learning deficits such
as difficulties in early language development [1–3] and literacy skills [4–7], including
pre-reading skills, reading, and writing. The gap to full-term controls in language and
literacy skills is evident even in the absence of neurodevelopmental impairment (NDI),
including cerebral palsy, hearing impairment, blindness, or severe cognitive impairment
(intelligence quotient, IQ < 70) [8,9]. The goal of clinical follow-up is to identify weak
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development as early as possible to provide targeted intervention to improve develop-
mental outcomes. Findings of recent longitudinal studies, although sparse, suggest that
difficulties in language functions persist from early years through late childhood, up to
the age of 13 years [3,10,11]. Previous investigations, including a recent study of a large
French cohort [12], highlight the usefulness of a validated parent-reported measure, such
as the MacArthur–Bates Communicative Development Inventories (CDI) [13], in assessing
early language skills of children born VP/VLBW to predict developmental difficulties in
language [2,3].

Although earlier studies have provided essential information regarding the continuum
between early language skills and later language performance in children born VP/VLBW,
far fewer reports have used literacy skills as an outcome measure [14–17]. Furthermore,
most of the existing studies examining associations between language and literacy skills
have been based on samples of school-aged children, not assessing very early childhood. To
date, the earliest age point in a longitudinal setting has been reported by Pritchard et al. [17]
who investigated the relations between school readiness domains, including language, at
the corrected age (i.e., adjusted age, representing the age of the child from the expected
date of delivery) of 4 years and later educational achievement at school age. To the best
of our knowledge, the possible longitudinal associations between very early language
development at 2 years and literacy skills at 7 years is an open question in this high-
risk population.

In early clinical follow-up of prematurely born children, their development is often
followed up to the age of 2 years. However, the language development of VP/VLBW chil-
dren is not always assessed specifically. Clinicians evaluating early language development
of children born VP/VLBW would benefit from the knowledge of whether lexical devel-
opment and utterance length at 2 years of corrected age have predictive value for literacy
outcome at 7 years in this vulnerable population, and whether there is a cost-effective way
of identifying toddlers at potential risk for literacy deficits. To maximize the effects of early
intervention, it is crucial to identify children with weak skills as early as possible.

In the current study, we analyze longitudinal associations between language skills at
2 years of corrected age and literacy skills at 7 years in a Finnish sample of children born
VP/VLBW. In Finland, children begin formal schooling in the year in which they reach the
age of 7 years. Finnish is a transparent language with a highly regular grapheme-phoneme
correspondence, and thus, basic decoding skills are often acquired during the first year of
school see e.g., [18]. In addition, more than one-third of Finnish first-graders can already
read before entering school. Previous findings from longitudinal studies investigating
Finnish children with a hereditary risk for dyslexia and their controls [19,20] suggest that
features of early language development, including lexical development and utterance
length, have predictive value for later reading acquisition [20,21]. In preterm children, this
association has not been analyzed previously.

This study had three aims: (1) to evaluate the associations between language skills
at 2 years of corrected age and literacy skills at the beginning of schooling, at 7 years,
in a regional cohort of Finnish-speaking children born VP/VLBW and in their full-term
controls; (2) to analyze how much early language skills explain the variance of literacy
skills at 7 years; and (3) to assess the predictive value of language skills at 2 years for
literacy skills at 7 years measured using area under the receiver operating characteristic
(ROC) curve (AUC) values in VP/VLBW children and their controls.

2. Materials and Methods
2.1. Participants

This study is part of the multidisciplinary 6-year regional cohort study of prematurely
born children called PIPARI (Development and Functioning of Very Low Birth Weight
Infants from Infancy to School Age) [22,23]. The participants were children born <32 weeks
of gestational age and/or with birth weight ≤1500 g in Turku University Hospital, Finland,
in 2001–2006. From 2001 to 2003, the inclusion criteria were birth weight ≤1500 g and
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prematurity (<37 gestational weeks). From the beginning of 2004, the inclusion criteria
were expanded to include all infants born <32 weeks of gestation, regardless of birth weight.
At least one of the parents had to speak Finnish or Swedish, the two official languages
in Finland. Children with severe congenital anomalies or diagnosed syndromes affecting
their development were excluded.

The present study sample consisted of 136 children born VP/VLBW living in Finnish-
speaking families. The flow chart of the children born VP/VLBW participating in this
study is presented in Figure 1. Neurodevelopmental impairment was determined if one or
more of the following factors were present by the corrected age of 2 years: cerebral palsy,
hearing impairment (threshold >40 dB), blindness, or severe cognitive impairment (Mental
Developmental Index, MDI of the Bayley Scales of Infant Development II [24], BSID-II,
<70 standard scores). In the PIPARI study, the age of VP/VLBW children was corrected for
prematurity until the age of 2 years.

Figure 1. Flow chart of the prematurely born children born at very early gestational age (<32 weeks,
very preterm, VP) and/or with very low birth weight (≤1500 g, VLBW) included in the study.
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The control group consisted of healthy full-term (≤37 weeks of gestation) infants born
in the same hospital between 2001 and 2004. They were recruited by asking the parents of
the first boy and the first girl born in each week to take part in the study. If the family was
not interested in partaking in the study, the parents of the next boy/girl were invited. The
full-term controls were born ≥37 weeks of gestation, were not admitted to a neonatal care
unit during the first week of life, and had at least one parent speaking either Finnish or
Swedish. The exclusion criteria were any major congenital anomalies or chromosomal or
genetic syndromes, the mother’s known use of illicit drugs or alcohol during pregnancy,
and the infant’s birth weight being small for gestational age according to age- and gender-
specific Finnish growth charts. In the present study, only those 136 children born VP/VLBW
and those 137 controls who had data available from both the language assessment at 2 years
of corrected age and literacy skills assessment at 7 years were included.

The PIPARI study protocol was approved by the Ethics Review Committee of the
Hospital District of Southwest Finland in December 2000 and January 2012. After receiving
oral and written information, all parents who agreed to participate provided written
informed consent.

2.2. Assessment at 2 Years of Corrected Age

Language skills were assessed with the Finnish long-form version of the MacArthur–
Bates Communicative Development Inventory (FinCDI, toddler version) [25], and the
Expressive Language Score (ELS) from BSID-II. The FinCDI is a validated, parent-report
measure evaluating the development of lexicon and grammar, including inflectional mor-
phological skills. Variables of lexicon size and mean length of the three longest utterances
(M3L) were used. Lexicon size is the number of words the parents estimated that their
child uses, based on word lists (595 words). M3L is calculated in morphemes (i.e., the
smallest units of language creating a difference in meaning) based on the three longest
recent utterances the child has made. The ELS consists of 10 pictures and 5 objects that the
child was asked to name in the testing situation.

2.3. Assessment at 7 Years

Reading precursors, reading, and writing ability were evaluated during the first
weeks of grade 1 of primary school (a 6-week period from August to September during
the school entrance year). Reading precursors assessed were phonological awareness and
letter knowledge. To evaluate phonological awareness, three- to seven-letter words were
presented phoneme by phoneme [26]. Children were instructed to mark one picture out of
four alternatives that they thought would best match the word (max 9). To evaluate letter
knowledge, the child was asked to name 29 uppercase letters presented in random order
(max 29) [27]. In this study, the sum score of the tasks of phonological awareness and letter
knowledge was used as the measure of precursors of reading (max 38).

Reading skills were evaluated using a short version of the Finnish reading test ARMI—
a tool for assessing reading and writing skills in Grade 1 [27], consisting of a wordlist of
two-syllable (seven words), three-syllable (two words), and five-syllable (one word) words.
The child was asked to read the words aloud. The score for reading skills was the number
of correctly read words (max 10). To evaluate writing skills, the child was asked to write
5 words and 8 pseudowords said aloud one word at a time [19]. The writing skills score
was the total number of correctly written items (max 13).

2.4. Statistical Analyses

All analyses were run separately for all children born VP/VLBW, for preterm children
without neurodevelopmental impairment, and for controls. Pearson’s correlation coefficient
values were used to investigate the correlations between the continuous language and
literacy variables measured at 2 and 7 years. All language and literacy variables were
also categorized. The 10th percentile cut-off value was used to evaluate the association
between early weak language skills at 2 years of corrected age and weak literacy skills at
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7 years of age. For the FinCDI, the cut-off value was based on the normative sample, and
for the other measures, the 10th percentile cut-off values were derived from the control
group. Comparisons between categorical variables were done using cross-tabulation with
the Chi-square test or Fisher’s exact test. Multiple variable linear regression analysis was
conducted to assess how much 2-year language variables explain the variance in literacy
skills at 7 years when the effect of background factors were taken into consideration. The
dependent variables were reading precursors (sumscore of letter knowledge and phoneme
synthesis), reading, and writing skills at 7 years. The independent variables were lexicon
size, M3L, and ELS measured at 2 years. Since the independent variables were strongly
correlated with each other, they were analyzed separately. Nine regression models were
run: in the first three models, lexicon size was used as an independent variable; in the
next three models, M3L; and in the last three models, ELS. In the preliminary analyses,
the following background factors were associated with the outcome variables and were
therefore included in the regression models: gestational age, mother’s self-reported reading
difficulties, father’s self-reported reading difficulties, and paternal education. Maternal
education was not included because in the preliminary analysis paternal education level
correlated more strongly with the outcome variables. Due to multicollinearity between
maternal and paternal education, only paternal education was included in the regression
analyses. Lastly, the predictive value of early language development at 2 years for literacy
skills at 7 years was analyzed using the AUC values. The AUC is the measure of the ability
of a test to distinguish between classes [28]. The greater the AUC values, the better the
prediction model. An area of 1. represents a perfect classifier, whereas a ROC curve no
better than chance would have an area under the curve of 0.5. AUC values are interpreted
as follows: excellent predictive value 0.90–1, good 0.80–0.90, fair 0.70–0.80, poor 0.60–0.70,
and fail <0.60 [28]. All statistical analyses were performed using IBM® SPSS® Statistics for
Windows, version 26.0. (IBM Corp., Armonk, NY, USA). Two-tailed p-values < 0.05 were
considered statistically significant.

3. Results
3.1. Data Description

The background characteristics of the children are presented in Table 1. No statisti-
cally significant difference in background factors was found between the children born
VP/VLBW who participated in the study and the VP/VLBW children living in Finnish-
speaking families whose language and literacy data were unavailable (n = 46, 25%), except
that there were more multiple births among participating children (36% of the study
children vs. 16% of the dropouts, p = 0.02).

Table 1. Background characteristics of very preterm/very low birth weight (VP/VLBW) children
and full-term controls. Numbers (percentages) are shown. If mean (standard deviation) [minimum,
maximum] are presented, they are indicated separately.

Characteristic Children Born VP/VLBW Controls

(n = 136) (n = 137)
n (%) n (%)

Gestational age (weeks); M (SD),
(min., max) 28.9 (2.7) (23.0, 35.9) 40.2 (1.2) (37.1, 42.3)

Birth weight (grams); M (SD) (min., max) 1116 (303) (400, 1820) 3663 (442) (2830, 4980)
Small for gestational age a, 39 (29) 0
Prenatal corticosteroids 129 (95) –
Multiple birth 49 (36) 0
Male 83 (61) 67 (49)
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Table 1. Cont.

Characteristic Children Born VP/VLBW Controls

Bronchopulmonary dysplasia 22 (8) –
Laser-treated retinopathy of prematurity 4/127 d (3), –
Neurodevelopmental impairment 13 (10) 0

Mental Developmental Index <70 3/134 d (2) 0
Cerebral palsy 9 (7) 0
Hearing impairment (threshold >40) 4 (3) 0
Visual impairment 0 0

Brain pathology, MRI at term age b –
Normal finding or minor

abnormality 94/135 d (69) –

Major abnormality 41/135 d (30) –
Maternal education c

High 64/127 d (47) 43 (31)
Intermediate 52/127 d (38) 70 (51)
Low 11/127 d (8) 24 (18)

Paternal education c

High 36/126 d (27) 36 (26)
Intermediatel 80 (59) 72 (53)
Low 10 (7) 29 (21)

a Small for gestational age was defined as a birth weight < −2.0 SD, according to the age- and gender-specific
Finnish growth charts. b See specific magnetic resonance imaging (MRI) protocol and details about the classifica-
tion elsewhere [29]. c High is defined as a Bachelor’s degree, Master’s degree, or Doctoral degree; Intermediate
is defined as high school or vocational school; Low is defined as primary or lower secondary or less. d The
percentages were calculated from the data available. VP/VLBW = very preterm (<32 gestational weeks)/very low
birth weight (≤1500 g).

Descriptive statistics for language and literacy variables were measured and group
comparisons are presented in Table 2. A statistically significant difference between the
groups was found in every language (p-values from 0.04 to < 0.001) and literacy variable
(p-values from 0.002 to 0.003). When children with neurodevelopmental impairment were
excluded, the group differences remained statistically significant in ELS and in every
literacy variable.

Table 2. Descriptive statistics and group comparisons for the language variables at 2 years of age and literacy variables at
7 years of age for all VP/VLBW children, for VP/VLBW children without neurodevelopmental impairment (NDI), and for
full-term controls.

VP/VLBW
Children Controls Group Comparison

for the Mean
VP/VLBW
Children Controls

Measure Mean (SD) (min,
max)

Mean (SD) (min,
max) 95% CI p Weak skills

n (%)

Weak
skills
n (%)

Language at 2 years
Lexicon size 236 (159) (4, 574) 281 (164) (9, 581) 5.87 to 82.76 0.017 21 (15%) 6 (4%)
M3L 5 (3) (1, 14) 6 (4) (1, 21) 0.02 to 1.61 0.036 26 (21%) 18 (14%)
ELS 9 (5) (0, 15) 11 (5) (0, 15) 0.86 to 3.31 <0.001 21 (17%) 13 (10%)

Literacy skills at 7
years

Reading
precursors 30 (8) (3, 38) 33 (6) (11, 38) 1.08 to 4.56 0.002 27 (20%) 13 (10%)

Reading 4 (4) (0, 10) 6 (4) (0, 10) 0.55 to 2.57 0.003 49 (36%) 25 (18%)
Writing 3 (4) (0, 13) 4 (4) (0, 13) 0.70 to 2.65 0.001 64 (48%) 45 (33%)

VP/VLBW children
without NDI
Language at 2 years

Lexicon size 247 (155) (4, 574) −5.08 to 73.1 0.087 16 (13%)
M3L 5 (3) (1, 14) −0.20 to 1.43 0.138 20 (18%)
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Table 2. Cont.

VP/VLBW
Children Controls Group Comparison

for the Mean
VP/VLBW
Children Controls

ELS 9 (5) (0, 15) 0.57 to 3.05 0.004 17 (15%)
Literacy skills at 7 years

Reading precursors 31 (8) (4, 38) 0.64 to 4.06 0.007 23 (19%)
Reading 4 (4) (0, 10) 0.42 to 2.50 0.006 36 (44%)
Writing 3 (4) (0, 13) 0.59 to 2.60 0.002 60 (49%)

VP/VLBW = very preterm (<32 gestational weeks)/very low birth weight (≤1500 g); NDI = Neurodevelopmental Impairment;
(SD) = Standard Deviation; (min, max) = minimum and maximum; n = number; (%) = percentages; 95% CI = Confidence Interval
for the mean; p = significance level; M3L = mean length of the three longest utterances value; ELS = Expressive Language Score.

3.2. Associations between Language Development at 2 Years of Corrected Age and Literacy Skills at
7 Years

Statistically significant positive correlations were found in both groups between all
variables measured at 2 and 7 years (r-values between 0.29 and 0.43, p < 0.01) (Table 3).
When children with neurodevelopmental impairment were excluded, the correlations
remained statistically significant. The r-values were slightly smaller for precursors of
reading but remained the same or even slightly increased in reading and writing.

Table 3. Pearson correlation coefficient values (r-values) between language measures at 2 years and
literacy measures at 7 years of age for all VP/VLBW children, for VP/VLBW children without NDI,
and for the full term controls.

7 y

Reading Precursors Reading Skills Writing Skills

2 y

Children born VP/VLBW
Lexicon size 0.37 ** 0.40 ** 0.33 **
M3L 0.43 ** 0.41 ** 0.31 **
ELS 0.36 ** 0.39 ** 0.29 **
Children born VP/VLBW
without NDI
Lexicon size 0.33 ** 0.42 ** 0.34 **
M3L 0.39 ** 0.43 ** 0.32 **
ELS 0.30 ** 0.39 ** 0.31 **
Controls
Lexicon size 0.32 ** 0.39 ** 0.32 **
M3L 0.34 ** 0.39 ** 0.36 **
ELS 0.29 ** 0.38 ** 0.33 **
** Correlation is significant at the 0.01 level (2-tailed). VP/VLBW = very preterm (<32 gestational weeks)/very
low birth weight (≤1500 g); NDI = neurodevelopmental impairment; y = years.

Based on the cross-tabulation, 33% to 74% of VP/VLBW children who had weak early
language development (10th percentile) had also weak literacy skills at 7 years (see Table 4).
The corresponding proportions for VP/VLBW children with typical language development
at 2 years were 11% to 44%. In the controls, the corresponding proportions for children with
weak language at 2 years were 15% to 83%. However, the results of the cross-tabulation
were statistically significant only between weak lexicon size and weak reading skills and
between weak M3L and weak reading and writing skills.
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Table 4. Results of the cross-tabulation with Chi-square or Fisher’s exact tests of the associations between weak lexicon size
(10th percentile, <30 words), weak M3L (10th percentile, <2.06), weak ELS (10th percentile, <1.60) measured at 2 years, and
weak reading precursors (10th percentile, <25), weak reading (<10th percentile, 0 words), and weak writing (10th percentile,
0 words) measured at 7 years. Results for all VP/VLBW children, for VP/VLBW children without NDI, and for full-term
controls are presented.

Weak Reading Precursors at 7
years

Children born VP/VLBW Children
without NDI Controls

Measured at 2 years n (%) p n (%) p n (%) p
Lexicon size 0.001 0.039 0.101
Weak 10 (48%) 6 (38%) 2 (33%)
Normal 17 (15%) 17 (16%) 11 (8%)
M3L <0.001 <0.001 0.058
Weak 13 (50%) 9 (45%) 4 (22%)
Normal 11 (11%) 11 (12%) 8 (7%)
ELS 0.037 0.169 0.325
Weak 7 (33%) 5 (29%) 2 (15%)
Normal 16 (15%) 15 (15%) 10 (8%)

Weak reading skills at 7 years
Lexicon size 0.007 0.068 0.301
Weak 13 (62%) 9 (56%) 2 (33%)
Normal 36 (31%) 35 (33%) 23 (18%)
M3L 0.009 0.058 0.013
Weak 14 (54%) 10 (50%) 7 (39%)
Normal 27 (27%) 26 (28%) 17 (15%)
ELS 0.08 0.101 0.253
Weak 11 (51%) 9 (53%) 4 (31%)
Normal 34 (32%) 32 (32%) 20 (16%)
Lexicon size 0.019 0.027 0.019
Weak 14 (74%) 12 (75%) 5 (83%)
Normal 50 (44%) 48 (45%) 40 (31%)
M3L 0.005 0.004 <0.001
Weak 17 (71%) 15 (75%) 14 (78%)
Normal 39 (39%) 37 (40%) 28 (24%)
ELS 0.028 0.019 0.268
Weak 14 (70%) 13 (77%) 6 (46%)
Normal 46 (44%) 44 (44%) 38 (31%)

M3L = mean length of the three longest utterances value; ELS = Expressive Language Score; VP/VLBW = very preterm (<32 gestational
weeks)/very low birth weight (≤1500 g); NDI = neurodevelopmental impairment.

The regression models of the VP/VLBW group, including early lexicon size as a
predictor, explained 23% of the variance in reading precursors, 27% of the variance in
reading skills, and 17% of the variance in writing skills at 7 years (Table 5). In these
models, early lexicon size and paternal education were statistically significant independent
predictors. The regression models of the controls are presented in Appendix A.
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Table 5. Results of multiple variable linear regression analysis with reading precursors, reading and writing skills at 7 years
of age as dependent variables, and with lexicon size at 2 years of corrected age and background factors as independent
variables. Results of VP/VLBW children are presented.

Reading
Precursors Reading Writing

b 95% CI p b 95% CI p b 95% CI p
Gestational age −0.05 −0.66 to 0.38 0.589 0.04 −0.20 to 0.32 0.642 0.03 −0.20 to 0.27 0.764
Reading
difficulties

Mothers 0.15 −0.40 to 9.50 0.071 0.10 −0.93 to 4.01 0.223 0.07 −1.29 to 3.25 0.462
Fathers −0.07 −5.63 to 2.39 0.432 −0.02 −2.28 to 1.73 0.791 −0.07 −2.73 to 0.95 0.412

Paternal
education 0.25 1.47 to 7.56 0.004 0.31 1.42 to 4.46 <0.001 0.20 0.26 to 3.05 0.024

Lexicon size 0.31 0.01 to 0.03 0.001 0.32 0.004 to 0.01 <0.001 0.30 0.002 to 0.01 0.001
Fit statistics

F 7.0 9.0 5.0
P for F <0.001 <0.001 0.001
R2 0.23 0.27 0.17
∆R2 0.20 0.24 0.13

VP/VLBW = very preterm (<32 gestational weeks)/very low birth weight (≤1500 g); F = value of F-statistic; p = significance value;
R2 = coefficient of determination; ∆R2 = adjusted coefficient of determination.

The models including M3L as a predictor explained 27% of the variance in reading
precursors, 28% of the variance in reading skills, and 16% of the variance in writing skills
at 7 years (Table 6). M3L and paternal education were statistically significant indepen-
dent predictors.

Table 6. Results of multiple variable linear regression analysis with reading precursors, reading, and writing skills at 7 years
of age as dependent variables, and with M3L at 2 years of corrected age and background factors as independent variables.
Results of VP/VLBW children are presented.

Reading
Precursors Reading Writing

b 95% CI p b 95% CI p b 95% CI p
Gestational age −0.06 −0.72 to 0.34 0.484 0.03 −0.22 to 0.32 0.711 0.03 −0.21 to 0.29 0.762
Reading
difficulties

Mothers 0.12 −1.47 to 8.67 0.163 0.08 −1.35 to 3.82 0.351 0.07 −1.49 to 3.30 0.472
Fathers −0.06 −5.51 to 2.63 0.491 −0.02 −2.28 to 1.87 0.842 −0.08 −2.78 to 1.07 0.294

Paternal
education 0.25 1.50 to 7.66 0.004 0.32 1.44 to 4.57 <0.001 0.21 0.27 to 3.18 0.021

M3L 0.37 0.57 to 1.54 <0.001 0.35 0.25 to 0.75 <0.001 0.26 0.08 to 0.55 0.008
Fit statistics

F 8.0 8.5 4.0
P for F <0.001 <0.001 0.003
R2 0.27 0.28 0.16
∆R2 0.23 0.25 0.12

M3L = mean length of the three longest utterances value; VP/VLBW = very preterm (<32 gestational weeks)/very low birth weight
(≤1500 g); F = value of F-statistic; p = significance value; R2 = coefficient of determination; ∆R2 = adjusted coefficient of determination.

The models including ELS as a predictor (Table 7) explained 20% of the variance in
reading precursors, 25% of the variance in reading skills, and 14% of the variance in writing
skills at 7 years. ELS, paternal education, and mother’s self-reported reading difficulties
were statistically significant independent predictors.
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Table 7. Results of multiple variable linear regression analysis with reading precursors, reading, and writing skills at 7 years
of age as dependent variables, and with ELS at 2 years of corrected age and background factors as independent variables.
Results of VP/VLBW children are presented.

Reading
Precursors Reading Writing

b 95% CI p b 95% CI p b 95% CI p
Gestational age −0.01 −0.58 to 0.50 0.901 0.07 −0.15 to 0.39 0.401 0.06 −0.17 to 0.33 0.531
Reading
difficulties

Mothers 0.18 0.24 to 10.48 0.039 0.13 −0.58 to 4.56 0.132 0.11 −0.98 to 3.72 0.253
Fathers −0.06 0.5.75 to 2.71 0.501 −0.02 −2.33 to 1.91 0.824 −0.08 −2.80 to 1.08 0.384

Paternal
education 0.20 0.46 to 7.10 0.029 0.27 0.88 to 4.19 0.003 0.18 −0.09 to 2.93 0.069

ELS 0.26 0.13 to 0.72 0.005 0.28 0.08 to 0.38 0.002 0.21 0.01 to 0.28 0.029
Fit statistics

F 6.0 7.0 3.4
P for F <0.001 <0.001 0.007
R2 0.20 0.25 0.14
∆R2 0.17 0.21 0.10

ELS = Expressive Language Score; VP/VLBW = very preterm (<32 gestational weeks)/very low birth weight (≤1500 g); F = value of
F-statistic; p = significance value; R2 = coefficient of determination; ∆R2 = adjusted coefficient of determination.

The exclusion of children with neurodevelopmental impairment did not alter the
results. In the control group (Appendix A), the same models explained a smaller proportion
of the variance in outcome relative to children born VP/VLBW.

In VP/VLBW group, the AUC values of language variables at 2 years regarding literacy
skills at 7 years varied between 0.70 and 0.77 (p < 0.001) (Table 8). Exclusion of children
with neurodevelopmental impairment did not significantly alter the results. In controls,
the values varied between 0.62 and 0.73 (p-values from 0.18 to < 0.001), respectively.

Table 8. Area under the receiver operating characteristic (ROC) curve (AUC) values for weak reading precursors (sum score
< 25, 10th percentile), weak reading (0 words, 10th percentile), and weak writing (0 words, 10th percentile) skills at 7 years
with lexicon size/M3L/ELS at 2 years as predictor variables.

AUC Value of Lexicon Size 95% CI p

Children born VP/VLBW
Reading precursors 0.70 0.58 to 0.83 0.001
Reading 0.72 0.63 to 0.81 <0.001
Writing 0.72 0.64 to 0.80 <0.001

Controls
Reading precursors 0.65 0.50 to 0.80 0.081
Reading 0.67 0.56 to 0.78 0.009
Writing 0.69 0.60 to 0.78 <0.001

Children born VP/VLBW
Reading precursors 0.77 0.66 to 0.89 <0.001
Reading 0.74 0.65 to 0.83 <0.001
Writing 0.73 0.64 to 0.82 <0.001

Controls
Reading precursors 0.73 0.58 to 0.87 0.009
Reading 0.65 0.51 to 0.78 0.029
Writing 0.73 0.64 to 0.82 <0.001

Children born VP/VLBW
Reading precursors 0.72 0.61 to 0.82 0.001
Reading 0.71 0.62 to 0.80 <0.001
Writing 0.74 0.65 to 0.83 <0.001
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Table 8. Cont.

AUC Value of Lexicon Size 95% CI p

Controls
Reading precursors 0.62 0.44 to 0.80 0.182
Reading 0.64 0.52 to 0.77 0.029
Writing 0.71 0.62 to 0.80 <0.001

AUC values are interpreted as follows: excellent predictive value 0.90–1, good 0.80–0.90, fair 0.70–0.80, poor 0.60–0.70, and fail < 0.60 [28].
AUC = Area Under the ROC Curve; M3L = mean length of the three longest utterances value; ELS = Expressive Language Score;
VP/VLBW = very preterm (<32 gestational weeks)/very low birth weight (≤1500 g); NDI = neurodevelopmental impairment.

4. Discussion

To the best of our knowledge, this is the first controlled follow-up study providing
longitudinal information on the associations between very early language development at
2 years of corrected age and later literacy skills in VP/VLBW children and their controls.
Significant correlations between every language and literacy variable were found both
in the VP/VLBW group and in the control group. Most of the children born VP/VLBW
with weak language skills at 2 years had also weak literacy skills at 7 years. Lexicon size,
M3L, and ELS measured at 2 years were statistically significant predictors in the regression
models explaining the variance in literacy skills, especially in the VP/VLBW group. Every
language variable at 2 years had a fair predictive value for literacy skills 5 years later in
children born VP/VLBW when measured using AUC values.

Previously, the associations between language and literacy ability in children born
preterm have been analyzed at 4 years of age at the earliest [17]. In a longitudinal study
consisting of 110 children born VP and 113 term controls, Pritchard and colleagues [17]
found an association between school readiness domains including language at age 4 years,
and literacy and numeracy skills at ages 6 and 9 years. In addition, in the study of Perez-
Pereira et al. [30], morphosyntactic production and comprehension of syntactic structures
at 5 years were associated with reading outcome at 9 years in preterm children. The
knowledge of letters and words at 5 years [31] and phonological awareness and expressive
and receptive language at 6 years [16] have been found to be associated with reading and
writing outcome at 7 years [31] and at 8 years [16] in VP populations. In two previous
cross-sectional studies [14,15], reading performance at 8 years in children born VP was
correlated with lexical production and grammar comprehension [14] and with phonological
awareness and rapid naming [15]. To date, it has been unclear whether an association
between very early language development and later literacy outcome can be detected in
VP/VLBW children. Our findings fill in this gap, suggesting that the association between
language and literacy at 7 years of age is evident already at age 2 years in children born
VP/VLBW.

In the present cohort, most children born VP/VLBW with small lexicon size, short
M3L, and weak ELS at 2 years had weak literacy skills at 7 years compared with those with
more advanced early language. In previous studies considering the continuum of language
in children born VP/VLBW small lexicon size and short utterance length at 2 years have
been shown to predict later language development [3,4,10,12]. Our study extends this
knowledge to literacy skills. These results together emphasize the need for early screening
of weak language development in the vulnerable group of VP/VLBW children

Another novel finding was that language skills at 2 years explained a significant
amount of the variance in literacy skills 5 years later, especially in the VP/VLBW group.
Thus, the present findings provide evidence for the existence of a continuum between
language development at 2 years and literacy ability at 7 years in these children. This
study offers an interesting perspective on the association of early language with later
literacy skills in preterm children using the Finnish language, which has a highly regular
grapheme–phoneme correspondence. Different language versions of the CDI have been
shown to be a cost-effective way of identifying small lexicon and short utterance length at
2 years [2–4,12]. In this study, the variables of the FinCDI were even stronger predictors
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for later literacy skills than ELS, which is a performance-based subtest of BSID-II [24].
Thus, our results support the view that parents can provide valuable information on early
language development of their children, when structured, validated measure, such as CDI,
is used.

Paternal education was a significant background variable in the regression models,
especially in children born VP/VLBW. For the controls, the effect of paternal education
was not as clear. The effects of paternal education are less studied than those of maternal
education. However, in previous studies regarding the same PIPARI cohort [22,23], paternal
education was found to relate also to precursors of reading at 5 years [5], and to verbal
comprehension at 11 years [32] in children born VP/VLBW. Our findings suggest that
fathers may have a significant role in supporting the language development of preterm
children in the home environment during childhood years, at least in societies which
emphasize the role of both parents in early childhood care, as in Finland.

In this study, lexicon size, M3L, and ELS measured at 2 years had fair predictive value
(AUC values varied between 0.70 and 0.77, p < 0.001) for literacy skills 5 years later in the
VP/VLBW group. The explaining value of early language at 2 years of age for literacy
performance at school age has been investigated previously in full-term populations, e.g.,
in children with a familial risk of dyslexia [19,20]. Parallel results have been noted for
late talkers, i.e., children with small expressive lexicon at 2 years but with an absence
of cognitive delay or any other neurological condition explaining the slow language
acquisition [33,34]. Late talkers perform consistently lower on language and literacy tasks
at school age and even in adolescence than their peers [33–35]. In the present study,
the predictive value of early language at 2 years of age for literacy skills at 7 years was
established for the first time in the vulnerable population of preterm children born at very
early gestational age (<32) and/or with very low birth weight (≤1500 g). Comparable
findings detected in different populations support the view that very small lexicon size
and/or very short utterance length at 2 years of age are risk factors for later language and
literacy deficits after controlling for background factors. Furthermore, the predictive value
of early language skills for later literacy outcome was better in children born VP/VLBW
than in controls. This finding may be explained by the fact that the VP/VLBW sample
included more children with early weak language skills relative to controls [3]. These
results may also reflect the persistence of language-related difficulties among children born
VP/VLBW with early weak language.

This study has several implications. First, it shows very clear longitudinal associations
between very early language skills and later literacy outcome in preterm children. Thus, our
findings propose the clinical importance of screening language skills of preterm children
born at very early gestational age and/or with very low birth weight at 2 years of corrected
age. Our findings highlight the usefulness of the validated parent-reported form, such
as CDI [13,25] in the follow-up of the vulnerable group of high-risk prematurely born
VP/VLBW children for identifying children at risk for later literacy deficits. Identifying
developmental problems as early as possible is important, since it enables targeted early
interventions and support. In addition, standardized parental report forms, such as CDI,
may promote parents’ active involvement in observing and supporting the language
development of their preterm-born child. Our results provide information also for the
educational professionals working with school-aged children born VP/VLBW showing the
higher percentage of weak pre-reading, reading and writing skills in this population when
compared with full-term control children.

Strengths of the study include its longitudinal design with a well-defined cohort
of children born VP/VLBW together with a control group born in the same hospital.
The longitudinal data from altogether 274 children provided a great possibility to assess
the associations between early language development and later literacy performance.
Both a validated parent-report form [13,25] and a test-based measure [24] were used to
gather information on early lexical and grammatical development. The use of different
types of method to assess early language development strengthened our findings. In our
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study, the phonological awareness task, which included three to seven-letter words said
aloud phoneme by phoneme, also relates to working memory and actually measures both
domains. However, the participants also had visual aid: at the same time as they heard
the phonemes, they saw pictures of the correct word and three other alternatives. The
participants had to mark one picture out of four alternatives they thought would best match
the word. This might have reduced the burden of the working memory during the task. As
a limitation, measures used in the study provided information on expressive language only.
Information on receptive language would have provided an even more comprehensive
view of early language development. This should be taken into consideration when
applying these results to a clinical context.

5. Conclusions

Language development is essential for academic learning of children starting school.
It is important to recognize potential risks for learning disorders as early as possible. Our
study shows, for the first time, that problems in literacy skills at the beginning of formal
schooling at 7 years of age may be identified already at age 2 years in preterm children
born at very early gestational age and/or with very low birth weight. Early identification
enables early interventions for those preterm children at risk for later literacy deficits.
If concern arises regarding the early language ability of preterm children based on the
results of a parental report form, such as CDI, a broader assessment of language skills
by a speech-language pathologist is recommended. We emphasize the need for further
studies (randomized controlled trials) regarding effective early interventions for VP/VLBW
children at risk for literacy deficits.
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Appendix A

Table A1. Results of multiple variable linear regression analysis with reading precursors, reading, and writing skills at 7
years of age as dependent variables, and with lexicon size at 2 years of age and background factors as independent variables.
Results of full-term controls are presented.

Reading
Precursors Reading Writing

b 95% CI p b 95% CI p b 95% CI p
Gestational age 0.01 −0.87 to 0.94 0.94 0.02 −0.53 to 0.65 0.81 −0.04 −0.78 to 0.52 0.73
Reading
difficulties

Mothers 0.08 −2.67 to 3.90 0.38 0.06 −0.85 to 3.43 0.45 0.13 −0.58 to 4.12 0.22
Fathers −0.10 −6.62 to 1.95 0.25 −0.02 −3.21 to 2.36 0.80 −0.04 −3.75 to 2.38 0.66

Paternal
education 0.06 −1.36 to 3.45 0.47 0.19 0.38 to 3.51 0.029 0.12 −0.50 to 2.94 0.26

Lexicon size 0.38 0.01 to 0.19 <0.001 0.39 0.01 to 0.15 <0.001 0.34 0.005 to 0.01 <0.001
Fit statistics

F 4.2 5.3 3.3
P for F 0.001 <0.001 0.008
R2 0.15 0.19 0.12
∆R2 0.12 0.15 0.09

Table A2. Results of multiple variable linear regression analysis with reading precursors, reading, and writing skills at 7 years of age
as dependent variables, and with M3L at 2 years of age and background factors as independent variables. Results of full-term controls
are presented.

Reading
Precursors Reading Writing

b 95% CI p b 95% CI p b 95% CI p
Gestational age 0.005 −0.90 to 0.94 0.95 0.02 −0.54 to 0.67 0.62 −0.04 −0.80 to 0.51 0.66
Reading
difficulties

Mothers 0.03 −2.80 to 3.80 0.77 0.09 −1.02 to 3.33 0.63 0.12 −0.66 to 4.03 0.16
Fathers −0.10 −6.70 to 1.90 0.27 −0.03 −3.32 to 2.37 0.72 −0.04 −3.80 to 2.32 0.63

Paternal
education 0.05 −1.80 to 3.04 0.61 0.17 0.02 to 3.22 0.04 0.09 −0.82 to 2.62 0.30

M3L 0.34 0.30 to 0.91 <0.001 0.38 0.26 to 0.67 <0.001 0.36 0.24 to 0.68 <0.001
Fit statistics

F 3.4 5.6 4.1
P for F 0.006 <0.001 0.002
R2 0.13 0.19 0.16
∆R2 0.09 0.16 0.12

M3L = mean length of the three longest utterances value.
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Table A3. Results of multiple variable linear regression analysis with reading precursors, reading, and writing skills at 7 years of age
as dependent variables, and with ELS at 2 years of age and background factors as independent variables. Results of full-term controls
are presented.

Reading
Precursors Reading Writing

b 95% CI p b 95% CI p b 95% CI p
Gestational age 0.01 −0.86 to 0.99 0.88 0.02 −0.52 to 0.68 0.80 −0.03 −0.79 to 0.53 0.70
Reading
difficulties

Mothers 0.04 −2.61 to 4.15 0.65 0.11 −0.72 to 3.65 0.38 0.14 −0.40 to 4.34 0.10
Fathers −0.09 −6.64 to 2.13 0.31 −0.02 −3.19 to 2.48 0.81 −0.04 −0.370 to 2.50 0.68

Paternal
education 0.06 −1.60 to 3.32 0.49 0.19 0.20 to 3.38 0.03 0.11 −0.70 to 2.80 0.22

ELS 0.29 0.14 to 0.59 0.002 0.38 0.19 to 0.48 <0.001 0.35 0.16 to 0.47 <0.001
Fit statistics

F 2.5 5.5 3.7
P for F 0.04 <0.001 0.004
R2 0.09 0.20 0.14
∆R2 0.06 0.16 0.10

ELS = Expressive Language Score.
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Abstract: Early language acquisition is critical for lifelong success in language, literacy, and academic
studies. There is much to explore about the specific techniques used to foster deaf children’s language
development. The use of rhyme and rhythm in American Sign Language (ASL) remains understudied.
This single-subject study compared the effects of rhyming and non-rhyming ASL stories on the
engagement behavior and accuracy in recitation of five deaf children between three and six years
old in an ASL/English bilingual early childhood classroom. With the application of alternating
treatment design with initial baseline, it is the first experimental research of its kind on ASL rhyme
and rhythm. Baseline data revealed the lack of rhyme awareness in children and informed the
decision to provide intervention as a condition to examine the effects of explicit handshape rhyme
awareness instruction on increasing engagement behavior and accuracy in recitation. There were
four phases in this study: baseline, handshape rhyme awareness intervention, alternating treatments,
and preference. Visual analysis and total mean and mean difference procedures were employed to
analyze results. The findings indicate that recitation skills in young deaf children can be supported
through interventions utilizing ASL rhyme and rhythm supplemented with ASL phonological
awareness activities. A potential case of sign language impairment was identified in a native signer,
creating a new line of inquiry in using ASL rhyme, rhythm, and phonological awareness to detect
atypical language patterns.

Keywords: deaf; preschool; rhyme; rhythm; recitation; engagement; language processing;
phonological awareness; sign language; language deprivation; language impairment; single case
study; alternating treatments

1. Introduction

The difference between hearing and deaf toddlers’ early language access and experience is
stark. From birth, hearing children access the playful phonological patterns of spoken language on a
minute-by-minute basis [1]. Hearing children benefit greatly from language activities that incorporate
rhythmic and rhyming spoken language (e.g., nursery rhymes or Dr. Seuss), especially if paired with
spoken phonological awareness tasks [2–4]. What has become ubiquitous among households, daycare,
and early childhood education programs for hearing children is largely absent or inaccessible to deaf
children. Deaf children can neither fully nor easily access sound, limiting their ability to fully benefit
from spoken rhyme and rhythm. As we will see, early childhood education for deaf children is only
just beginning to incorporate American Sign Language (ASL) rhyme and rhythm in the classroom.
There are different reasons for this gap between deaf and hearing children; one of these reasons is the
lack of comparable research as to the benefit of ASL rhyme and rhythm for deaf children’s phonological
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awareness and language development. This study adds to a growing body of research aimed at
addressing this gap.

While there are historical documents on language play in American Sign Language (ASL)—such
as on rhyme, rhythm, and poetry in the deaf community—this practice has been excluded from most
early childhood classrooms that serve deaf children [5]. The absence of early language approaches that
utilize ASL can be explained by the long history of the stronghold of oralism (speaking-only) in Deaf
education [6]. The exclusion of deaf teachers meant that their unique cultural and linguistic approaches
were also precluded from deaf children’s language experiences. It was not until the 1970s that ASL
began to be embraced in a few deaf schools. A contributing factor to this change was the recognition
of ASL as a true, sophisticated language by linguists [7]. Since then, there is accumulating evidence
that deaf children immersed in a signing environment during their early years can meet language
milestones, develop robust literacy skills, and excel in academic studies [8–10]. Yet negative biases
towards the use of ASL with deaf toddlers have not wavered, especially during the early childhood
period [11]. Although tremendous potential is evident, approaches that maximize deaf children’s
visual access to language have still not fully infiltrated the educational system.

In small pockets of deaf education, some doors have opened for deaf educators and leaders to enter
the field and devise methods of language instruction that are culturally and linguistically responsive
to deaf ways of learning [12]. ASL rhyme and rhythm were among the approaches that materialized in
the ASL/English bilingual classroom [13]. Deaf educators and researchers have recently begun to come
together to create new ASL rhyming and rhythmic resources in response to the demands from teachers
and families (e.g., ASL Mother Goose Program and Hands Land). We ask whether parallel forms of
language intervention using ASL rhyme and rhythm can support engagement and recitation skills in
deaf children. This single-subject study compared the effects of rhyming and non-rhyming ASL stories
on the engagement behavior and accuracy in recitation of five deaf children between three and six
years old in an ASL/English bilingual early childhood classroom.

1.1. Literature Review

Chukovsky [14] documented hearing children’s fascination with language and their tendency to
make up rhyming words. His own four-year-old child was found spontaneously screaming, “I’m a big,
big rider! You’re smaller than a spider!” Hearing children are regularly exposed to rhyme and rhythm
packed with patterns and repetitions in sound that propel language development. Rhymes are the
same sounds produced across different words such as in this verse: “the fat bat sat on the cat’s hat”.
Rhythms are the patterned stressed and unstressed beats that sounds make. The developing human
brain is biologically captivated by these patterns and fires neurons to build robust connections [15].
The consistent and abundant input of rhyme and rhythm on a daily basis through incidental exposure
in the environment (e.g., restaurants, grocery stores, car rides, television) and explicit instruction
(e.g., parentese, daycare centers, early childhood classrooms, interventions) make a significant impact
on hearing children’s development.

There are sequential steps in language acquisition that follow a timetable. As infants begin to
acquire language, they attempt to produce their first sounds, words, and then songs by imitating
their caregivers’ language input. Rhyme, rhythm, and parentese (baby talk) are among the critical
early language approaches utilized for healthy brain development [16]. With rich language input,
toddlers’ language grows exponentially between two and five years old, enabling them to turn
their attention to language itself through the development of phonological awareness. Phonological
awareness is the knowledge and understanding of how sound structures work [17]. Adams [18]
presented a hierarchical trajectory of phonological awareness development. Following the sequence of
development, hearing children first develop sensitivity to and awareness of sounds by recognizing that
they can be put together to form words. With this awareness, they begin to enjoy playing with language
and reciting nursery rhymes. Next, they learn that some words share similar sounds while others do
not. They recognize words that rhyme such as ‘cat,’ ‘fat,’ and ‘bat’. Then, they are able to put together
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individual sounds to produce a word. They can say “bat” after being given the individual sounds
/b/a/t/. Inversely, they can break down a word into individual sounds by saying /b/a/t/ when given the
word ‘bat’. Finally, they can manipulate sounds in words through deleting or substituting. If asked
to say ‘fear’ without the /f/, they would be able to say ‘ear.’ If asked to replace individual sounds to
create new rhymes, they would be able to say ‘bat,’ and ‘sat,’ or ‘sit’ and ‘sip.’ With these language
opportunities, children often enjoy playing with sounds by singing out aloud by themselves or with
each other—dee, dee, bee, bee, tee, tee, rub, rub, dub, dub. With a strong foundation in language,
hearing children are primed to navigate the challenges and complexity of literacy development.

A meta-analysis by the National Early Reading Panel [19] concluded that access to lexical
store, phonological memory, and phonological awareness during early years is a good predictor for
literacy success. This finding signifies the importance of using approaches that maximize young
children’s language input, and that includes rhyme, rhythm, and phonological awareness [2,4,20–23].
Patscheke et al. [22] investigated the impact that music and phonological training had on phonological
awareness in four- to six-year-old children of immigrant families. Thirty-nine preschoolers were
randomly assigned to three groups and received a twenty-minute intervention thrice a week. One group
received music training along with phonological training. One group received phonological training
only. One group served as the control and received sports training. Children in the music group and
phonological group significantly increased their scores on the phonological awareness test. However,
the effect size of the music group was much larger compared to the phonological group. This finding
supports the hypothesis that combining music with phonological awareness activities increases
language outcomes. Further expanding on evidence, Dunst and Gorman’s meta-analysis [24] also
found that all children, regardless of differences in disability, age and gender, had positive outcomes in
their language and literacy development after exposure to rhyme and rhythm.

The widespread use of music in every culture makes it common for hearing children to recognize
rhymes and enjoy reciting songs without specialized interventions. Hearing children with language
disabilities, however, may struggle with phonological awareness tasks and need more explicit
instruction. When hearing children show difficulty with imitating or reciting common nursery rhymes,
professionals raise red flags for dyslexia or language impairment [25]. Multiple interventions that
utilize rhyme and rhythm exist for the purpose of helping develop phonological awareness in hearing
children [4]. Similarly, activities to increase engagement and recitation skills are typically a part of
interventions in early childhood education.

1.2. Engagement and Recitation

The construct of engagement is defined as having cognitive, affective, and social components [26].
First, there is the cognitive task of having heightened alertness and focused attention. Second, there is
the affective behavior of having positive attitudes towards the language and the willingness to use it.
Third, there is the social aspect of initiating interactions using language. Rhyme and rhythm are known
to increase attention, motivation, imitation, and interaction in hearing children, especially for those
with disabilities [27]. A meta-analysis found that there were large effects on attention and motivation
from music therapy for hearing individuals with developmental or behavioral disabilities [28].

A single-subject mixed method study conducted by Vaiouli et al. [27] looked into the effectiveness of
a music intervention in engaging three hearing kindergarteners with autism. Each music therapy session
included a welcome song, a child-led part, an adult-led part, and a goodbye song. Actions that counted
as engagement behaviors were the child’s instances of focusing on the adult’s face, shifting gazes,
showing awareness and positive affect with smiles or nods, exchanging looks between the object and
the adult, and pointing at or showing objects. Significant gains in engagement behaviors were seen in
all three children. Similarly, Perry [29] conducted a qualitative study observing 10 hearing students
with multiple disabilities during music therapy sessions. Music activities led to increased attention,
turn taking, and expressive language. Some children exhibited behaviors of interest and attention
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during musical activities that they rarely demonstrate in routine activities. Not only do rhyme and
rhythm promote engagement in hearing children, but they also support recitation skills.

Recitation is defined as repeating language aloud from memory. Research shows that being
exposed to rhyme and rhythm enriches the ability to recite [30–33]. Calvert and Billingsley [30] looked
at whether hearing children were able to recite songs without understanding the meaning of words.
They showed an incomprehensible song in French and a comprehensible song in English on television
to 48 English-speaking preschoolers and asked them to recite the song verbatim. Children were able to
successfully recite the incomprehensible French version of the song in the same way as they recited
the comprehensible English song. Children’s ability to process and recite words did not depend on
their knowledge and understanding of these words, indicating the effects of rhyme and rhythm on
recitation skills.

Sheingold and Foundas [34] examined the impact of rhyming and non-rhyming versions of stories
on 24 five- and six-year-old hearing children’s ability to accurately recall the details and provide
the correct picture sequence of stories. More specifically, the researchers wanted to know if the
presence of rhyme would impact memory. Both versions (rhyming and non-rhyming) of each story
had the same information but with rhyming words removed in the non-rhyming version, and they
were counterbalanced in their administration. After the story was told, the child was asked five
questions about the content of the story and arranged the picture cards in the correct sequential order.
The researchers found that hearing children did better with the rhyming version. More children also
chose the rhyming version as their favorite over the non-rhyming version, supporting social validity.

Johnson and Hayes [33] examined the effects of rhyme on 64 preschoolers’ recitation of stories
by comparing their performance in reciting rhyming and non-rhyming versions of a short story.
Both versions were similar in content but had different order of the lines in the stanza to remove the
rhyming aspect in the non-rhyming version. Their dependent variable measures were the numbers
of story words correctly recited and the number of story words recited in the correct presentation
order. The results of two-factor analysis of variance yielded information that the rhyming version
increased verbatim recitation in correct sequential order. However, children also did adequately
well with paraphrasing the non-rhyming version. Preschoolers were able to perceive and process
the phonological patterns, leading to heightened ability to recite rhyming stories. Yet non-rhyming
stories still served their purpose in facilitating comprehension and paraphrasing. This study provides
evidence of different kinds of language processing and their distinct benefits when it comes to recitation
and memory, which serve language development.

Read et al. [35] conducted a group experimental study to see if rhyming words in shared storybook
reading helped hearing children retain more words. They split 24 children aged two to four years old
into two groups and had parents read either a rhyming or non-rhyming version of the same animal
story to their child individually. The results showed that children were able to retain more words in
the rhyming condition, supporting the hypothesis that exposure to rhyme boosts word retention and
vocabulary development. These findings illustrate the ways rhyme, rhythm, phonological awareness,
engagement, and recitation benefit hearing children.

1.3. Deaf Learners

Unlike the literature on the role of spoken rhyme, rhythm, and phonological awareness for hearing
children, little is known about the benefits of ASL rhyme, rhythm, and phonological awareness for deaf
children. While research shows that ASL does have its own ways of generating rhyme and rhythm
through phonological play, syllables, and movements, there is still much to learn about their relevance
to language acquisition and emergent literacy. A review of the literature provides a glimpse into
the potential of ASL rhyme, rhythm, and phonological awareness sharing similar functions for deaf
children as spoken rhyme and rhythm does for hearing children.

Valli [36], a deaf person known for his ASL poetry renditions, conducted his dissertation examining
the role of eye gaze, body shift, head shift, handshapes, and movement in creating rhyme and rhythm
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in ASL poetry. He explored strategies used by teachers in teaching ASL poetry to deaf students.
The teachers incorporated phonological patterns in instruction that stressed repeated patterns in
handshape, location, and movement. Valli saw that this instruction helped deaf children understand,
memorize, and create ASL poetry through visual rhymes. Valli’s work brought new knowledge to the
field regarding the application of ASL linguistics to ASL poetry within the context of deaf education.
Investigations into signed language rhyme and rhythm were also conducted overseas in France.

Blondel and Miller studied the uses of nursery rhymes in French Sign Language (LSF). They said,
“ . . . nursery rhymes exist in sign languages. They are part of language games, along with
tongue-twisters, lullabies, riddles, and so on. As far as we know, they are created by deaf adults
for children” [37] (p. 29). Phonological parameters required for creating rhymes were identified:
handshape, location, movement, and non-manual markers. In LSF, just like ASL, rhythm can be
formed by maintaining the flow and manipulating the transitions of signs to make the initial parameter
(i.e., handshape, location, movement) of the sign match the previous or subsequent signs. Furthermore,
syllables are found in the movements and holds in signed words. The researchers marked the benefits
of developing original nursery rhymes in sign language rather than translating spoken nursery rhymes,
which had linguistic and phonological limitations.

In Canada, original ASL rhyme and rhythm were developed for a parent-infant program called
the ASL Parent-Child Mother Goose Program [38]. In interviews, hearing parents shared excitement in
witnessing their deaf toddlers responding positively to ASL rhyme and rhythm by babbling along
with their arms and hands, producing happy facial expressions, and laughing. These deaf toddlers’
behaviors did not depart from what was expected from hearing toddlers when exposed to spoken
rhyme and rhythm. Because deaf toddlers demonstrate favorable responses while viewing ASL rhyme
and rhythm, some early childhood educators are beginning to see the benefits of incorporating these
practices into their instruction.

Crume observed and interviewed teachers of the deaf in a school that was converted into an
ASL/English bilingual program in the 1990s. It was discovered that rhyming and rhythmic activities
were recently introduced to their early childhood program. Crume defined the sign rhythm activity
as “ASL stories incorporating signs with repetitive movements” [13] (p. 105). A teacher said that
they were experimenting with ASL rhyme and rhythm with preschoolers by repeating signs with
the same handshape in rhythmic movements. Crume expanded on the definition of this practice in
his observation, “In sign rhythm activities, teachers incorporate the repetitive use of signs together
with clapping or patting on knees. The sign rhythm activities allowed deaf students to learn specific
handshapes in signs in a pattern that made learning fun. This provided the deaf students a similar
benefit that hearing preschool children enjoy when they incorporate movement and gesture in
songs” [13] (p. 99). Teachers remarked on the effectiveness of rhyme and rhythm activities in increasing
engagement and motivation in students with limited language.

Researchers identified a predictable progression in phonological skills over the course of natural
acquisition of sign language in young children [39–42]. Young children are able to produce signed
words in correct locations before they learn to use correct handshapes and movements. Di Perri’s
experimental study [43] on phonological awareness in 29 deaf children between four and eight years
old further reinforces these findings. Deaf children were asked to engage in the tasks of identification,
categorization, differentiation, blending, segmentation, and substitution for each phoneme—handshape,
location, and movement. Location was found to be the easiest phoneme for deaf children to manipulate,
followed by handshape, and then movement. Categorization was the easiest phonological awareness
task, followed by identification, and then differentiation. More tasks such as blending, segmenting,
and substituting parameters in signed words were also examined. It was discovered that segmenting a
signed word into parameters was the easiest, followed by blending, and then substituting. No significant
difference could be found in performance across tasks and ages. The hierarchy of ASL phonological
awareness parallels English phonological awareness, with the task of identifying being the easiest and
substituting being the hardest [18], indicating similarities in language development processes.
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Andrews and Baker [44] argued that ASL rhyme and rhythm should be used in early childhood
programs to support healthy language acquisition. They laid down a framework in which ASL rhyme
and rhythm can promote ASL phonological awareness, ASL vocabulary development, and emergent
literacy. Among the prominent advantages of ASL rhyme and rhythm are early communication,
executive functions, language, early literacy, and metalinguistic awareness. The authors asserted that
ASL rhyme and rhythm are a valuable tool in making language experiences positive and fun for young
deaf children and their families alike. Although it may be intuitive to say that ASL rhyme, rhythm,
and phonological awareness benefit deaf children, findings from cognitive neuroscience further add to
the strength of the argument.

Petitto [15,45–47] has carried out some groundbreaking work in neuroscience research on
identifying the functions of ASL in the developing brain. Her twenty years of research have extensively
expanded our knowledge of literacy development in relation to brain mechanisms and phonological
awareness in deaf children. Whether the modality is spoken or signed, the brain responds in the same
way in its search for phonological patterning. Petitto and her colleagues said, “the crucial link for
early reading success is not between print and sound, but between print and the abstract level of
language organization that we call phonology - signed or spoken . . . ” [15] (p. 367). Similar conclusions
were made by McQuarrie and Abbott, who have done substantial work in exploring the role of ASL
phonological awareness in literacy development in deaf children. “Having a strong phonological
foundation in any language may be more important than the modality itself” [48] (p. 96). In terms of the
relationship between phonological awareness in English and literacy skills, a meta-analysis conducted
by Mayberry et al. [49] found that English phonological coding and phonological awareness skills
accounted only for 11% of the variance in reading proficiency in deaf participants. Further affirming
this phenomenon, a recent experimental study tested deaf children’s English vocabulary scores after
viewing ASL-English bilingual stories that utilized ASL rhymes, ASL-English bilingual stories without
any rhymes, and ASL-English stories that had English rhymes. Results showed that deaf children
demonstrated the greatest gains in English vocabulary scores with the ASL rhyming story over the other
two conditions [50]. These findings suggest that ASL rhyme, rhythm, and phonological awareness
may have a bigger role in language and literacy development than previously realized.

While there is no clear explanation yet on exactly how deaf children transfer their ASL knowledge
to the acquisition of English, what can be derived from the current literature is that deaf children
can become successful readers through myriad avenues either with or without spoken phonological
awareness [8] and that ASL phonological awareness may have a positive influence on both ASL and
English literacy [48,50,51]. How the use of two languages—ASL and English—are processed and
mediated in the brain during the acquisition and development phase in bilingual deaf children remain
understudied. Similarly, the impact of ASL rhyme, rhythm and phonological awareness on deaf
children’s language has not been thoroughly investigated.

1.4. Sign Language Impairments and Language Deprivation

Since there are widely recorded challenges in phonological processing tasks in hearing children
with language impairments, it can be assumed that similar challenges would also show up in the deaf
population with ASL. However, only a few studies have been conducted on native signing deaf students
suspected of having dyslexia or sign language impairment. In these studies, deaf students performed
poorly on short-term sequential memory tests such as fingerspelling words, recalling sequences of
items, and repeating ASL sentences [52]. Yet there is a paucity of knowledge regarding the role of
ASL rhyme, rhythm, and phonological awareness in capturing dyslexia or sign language impairments
early on. What complicates the inquiry is the prevalence of deaf children going through their early
years without language access, which confounds the line between signed language impairment and
language deprivation syndrome [53,54].

A language deprived person is defined as an individual who went through their first years without
language access and has had structural changes in the brain as a consequence [55]. Multiple studies
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have looked into the ability to imitate and recite in deaf adults who experienced language deprivation.
These deaf adults had difficulty signing along simultaneously to what was signed to them and struggled
to recall ASL sentences verbatim [56–58]. Knowing that the challenges of phonological processing
tasks remain with deaf individuals into adulthood, questions are raised about the type of specialized
interventions that should be given to young deaf children already experiencing language deprivation.
Whether interventions that incorporate ASL rhyme, rhythm, and phonological awareness can help
counteract the effects of language deprivation are yet to be investigated.

The literature review of rhyme, rhythm, phonological awareness, engagement, and recitation
prompt a wide range of research questions surrounding the role of ASL rhyme and rhythm in young
deaf children’s development. To date, there is little qualitative or quantitative research on ASL rhyme
and rhythm. Thus, any experimental study conducted to explore the relationship between ASL rhyme
and rhythm and other developmental areas in children will be significant and bring new knowledge
and discussion to the field. The purpose of this research was to examine the effects of ASL rhyme and
rhythm on Deaf children’s engagement behavior and accuracy in recitation. The research questions
were as follows:

(1) What are the effects of rhyming and non-rhyming conditions of ASL stories on Deaf children’s
engagement behavior?

(2) What are the effects of rhyming and non-rhyming conditions of ASL stories on Deaf children’s
accuracy in recitation?

(3) What are the effects of handshape rhyme awareness instruction on Deaf children’s engagement
behavior and accuracy in recitation?

2. Method

The effects of ASL rhyme and rhythm on deaf children’s engagement behavior and accuracy in
recitation were examined through single subject design. Individual performance was analyzed using a
visual analysis that looks at the level, trend, variability, immediacy of effect, and consistency of data
patterns within condition and between phases. Group performance was investigated through the mean
and mean difference between both conditions and phases. Variables such as vocabulary knowledge
and language ability that may impact overall results were examined. Information derived from social
validity questionnaires provided insight into the significance of this intervention.

2.1. Alternating Treatments Design

The alternating treatments design capitalizes on the benefits of single subject research by giving two
or more treatments to the same individual and then documenting the effects on target behaviors [59,60].
The quick alternation of two different conditions allow for direct comparison between treatments,
minimizing potential confounding factors. This design brings a greater understanding of how
deaf children respond to two different stimuli—rhyming ASL stories and non-rhyming ASL stories.
A functional relation between independent and dependent variables is established when there is
consistent evidence of an effect at a minimum of three different points in time [61]. The students needed
to demonstrate higher levels of engagement behavior during viewing and higher levels of accuracy
in reciting the rhyming or non-rhyming condition of the ASL stories on at least three days’ worth of
attempts. A higher standard for assessing a functional relation is at least 4 or 5 data points [62].

2.2. Participants and Setting

Upon obtaining approval from the Institutional Review Board at the University of Tennessee
(UTK IRB-18-04313-XP), teacher, child, and family participants were recruited from an early childhood
program at an ASL/English bilingual deaf school in the western region of the USA. Teachers interested
in participating in the study were asked to sign consent forms. Interested families were asked to
complete the packet containing a consent form, a family background questionnaire, and a social validity

309



Children 2020, 7, 256

questionnaire. If a family did not give consent for their child to participate in the study, no data was
collected from their child. No child was turned away from being able to participate in the study as
long as they maintained regular attendance in school.

Ten deaf children between three and six years old with varying backgrounds in language level, race,
gender, sex, disability, hearing status, familial hearing status, home language, and socio-economic status
participated in this study. By the end of the study, only five students met What Works Clearinghouse
(WWC)’s criteria of having four or more data points in each condition for stronger evidence of functional
relations. The other five students missed some sessions due to illness, of pulled out for special services
or off-campus appointments, which disqualified them from visual analyses. However, there was a
special case with a deaf of deaf child, who did not meet the WWC criteria, but exhibited atypical
language patterns. This child is included in the report for the purpose of extending our understanding
of a possible case of sign language impairment. Table 1 lists characteristics for each student participant.
The teacher participants were two preschool teachers and a prekindergarten teacher. Two teachers were
native deaf signers and one teacher was hearing but fluent in ASL. The teachers’ teaching experience
ranged from five to twelve years.

Table 1. Student Participants’ Characteristics.

Name Class Age ASL Vocab. VCSL Sex Race Disab. P.H.S. H.L.

Daya P.S. 4.6 3 years old 10/23 2.7 F White None H + H Eng.
Yair P.S. 4.10 Birth 16/23 2.4 M Asian None D + D ASL

Giada P.K. 5.7 4 months old 21/23 4.5 M White None H + H ASL & Eng.
Jaslene P.K. 5.10 Birth 21/23 4.5 M Mixed None D + D ASL
Lexie P.K. 6.5 4 years old (adop.) 14/23 2.8 F Asian None D + D ASL & Sign. Lang.

* Lacey P.S. 3.10 Birth 19/23 3.7 F Asian None D + D ASL

Notes: Names are pseudonyms to maintain confidentiality. P.S. = Preschool. P.K. = Prekindergarten. ASL = age
of initial acquisition in American Sign Language. Adop. = adopted. Vocab. = scores from picture vocabulary
assessment (See Appendix A, Figure A1). VCSL = language age from Visual Communication Sign Language
assessment. M = male. F = female. Disab. = disability. P.H.S = Parental hearing status. D = deaf and H = hearing.
H.L. = home language. Span. = Spanish. Eng. = English. Sign. Lang. = foreign signed languages. * Lacey did not
meet WWC standards but demonstrated atypical language patterns.

Preschool and prekindergarten classes had a daily routine following a schedule of activities.
When it was ASL time, students were seated in a semi-circle facing a large Smartboard. To be consistent
with the classroom routine, the teacher in each classroom, with the first author’s assistance, introduced
either the rhyming or non-rhyming condition of ASL stories in a video format on the Smartboard to
the whole class, including students not participating in the study. After collecting engagement data
from the students via a camera latched to the Smartboard, the first author called them individually
to a private space next to the classroom where they were recorded reciting the story. Prior to the
study, the first author came to their classroom daily for a week and asked them to view and recite
videos from their regular curriculum to get the students acquainted with the researcher, the camera,
and the process.

3. Materials

The first author created a total of five ASL videos—four versions of two ASL stories and an ASL
story for the preferred condition—for the intervention in this study. The first author used to be an ASL
teacher for deaf preschoolers, taught ASL courses in universities, and is a co-founder of Hands Land,
a company that develops ASL rhyme and rhythm for young children. These experiences contributed
to the qualifications required in developing the materials for this study. Both versions were similar in
vocabulary and basic semantic content, but some of the words were ordered differently to eliminate
rhyme and rhythm in the non-rhyming version. Both versions had the same rate and inflection,
were syntactically correct, and made sense semantically. The videos were reviewed for production
similarity by the classroom teachers and a deaf colleague prior to implementation. They confirmed
that the only difference in the videos was the ordering of words and the absence of rhythms in the
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non-rhyming story. (See Tables 2 and 3 for ASL gloss of the rhyming and non-rhyming versions of an
ASL story.) Each line in the rhyming version had the same handshape for all the signed words while
each line in the non-rhyming version had different handshapes. For handshape rhyme awareness
lessons, the first author developed a slideshow presentation with images of rhyming signed words
and images of individual handshapes.

Table 2. Rhyming Version of Animals Crossing.

Rhyming Version

(1) SPOT—ONE—MOUSE—CROSSING (1-handshape rhyme)
(2) SEE—TWO—RACCOONS—CROSSING (2-handshape rhyme)
(3) JAW DROP—THREE—ROOSTERS—CROSSING (3-handshape rhyme)
(4) HAIR STAND—FOUR—ZEBRAS—CROSSING (4-handshape rhyme)
(5) SHOCK—FIVE—DEER—CROSSING (5-handshape rhyme)
(6) WALK—FINISH! (5-handshape rhyme)

Table 3. Non-Rhyming Version of Animals Crossing.

Non-Rhyming Version

(1) SHOCK—ONE—ROOSTER—CROSSING (no handshape rhyme)
(2) JAW DROP—TWO—ZEBRA—CROSSING (no handshape rhyme)
(3) SPOT—THREE—DEER—CROSSING (no handshape rhyme)
(4) SEE—FOUR—MICE—CROSSING (no handshape rhyme)
(5) HAIR STAND—FIVE—RACCOONS—CROSSING (no handshape rhyme)
(6) WALK—FINISH!

4. Measures

4.1. Baseline Assessments

The researcher-made picture vocabulary assessment consisted of printed images of the selected
22 out of 45 vocabulary words in ASL Story 1 and ASL Story 2 (See Appendix A, Figure A1).
The vocabulary words were mouse, raccoon, rooster, zebra, deer, one, two, three, four, five, red, orange,
yellow, green, blue, purple, worm, bison, whale, bird, shark, and skunk. While vocabulary knowledge
was not the main focus of this study, knowing whether students already had previously developed
a lexicon of the target words in the ASL stories could help explain their performance during the
intervention. For the purpose of analysis, three subgroups were formed regarding students’ knowledge
of the target words in the ASL stories: little (0–8 signed words), some (9–18 signed words), and most
(19–23 signed words). The Visual Communication Sign Language (VCSL) scores were collected from
classroom teachers. The VCSL checklist tracks young children’s sign language development and
provides information on whether they are meeting age-appropriate milestones [63]. Two subgroups
based on language abilities indicated in the VCSL checklist were formed for this study: typical and
delayed. Students behind in language by two years or more were considered delayed and placed in
the delayed subgroup.

4.2. Social Vailidity Questionnaire

The researcher-made social validity questionnaire was a 21-item Likert scale ranging from strongly
disagree to strongly agree. There were six categories in the questionnaire: knowledge, experience and
uses, implementation, language development, preference and skills, and recommendations. A few
examples of the items were: “I was familiar with ASL rhyme and rhythm prior to this research”, “I have
access to ASL rhyme and rhythm videos”, “Signing along with ASL rhyme and rhythm videos is easy
for me”, and “ASL rhyme and rhythm videos are good resources for families”. The questionnaire in
English or Spanish was sent to families through regular school-to-home communication.
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4.3. Independent and Dependent Variables

ASL stories with rhyming and non-rhyming versions were the two treatment conditions used to
measure students’ engagement behavior and accuracy in recitation. The four dependent variables were:
nonverbal engagement (viewing), verbal engagement (imitating), words recited correctly, and words
recited in the correct order. The viewing behavior in nonverbal engagement was defined as eyes on the
screen or eyes on peers (if their peers were signing in imitation of the source material). The imitating
behavior in verbal engagement was defined as signing along with the signer in the video or peers
using signed words associated with the ASL story. Disengagement was defined as eyes off the screen,
eyes off the signer, or signing words not associated with the ASL story. Disengagement by interruption
was defined as teacher interruption, student interruption, or other external distractions interfering with
the student’s ability to attend and/or engage with the independent variable. Words recited correctly
were defined as repeating and signing aloud any words from the ASL story from memory, regardless
of the sequence of words. Words recited in the correct order were defined as repeating and physically
signing the words of the ASL story from memory in the correct sequence.

4.4. Data-Recording Procedures

A permanent product in the form of videotaping was used to collect data on engagement behavior
and recitation data. The videos collected for engagement behavior were immediately reviewed after
each intervention session and a 5-second partial interval data recording procedure was used to indicate
if the student was engaged or disengaged. The final metric was calculated by dividing the total number
of 5-second interval engagement behaviors by the total intervals measured during a viewing session
(n = 26–32).

Students’ recitation, which took place individually in a private room, was video recorded and
measured using event recording procedures. The first part of the analysis awarded a point for each
word recited correctly from the ASL story, regardless of the sequence of the signed words. The second
part of the analysis gave a point for each word recited in the correct order. The number of words
signed correctly and the number of words signed in the correct order in the rhyming condition and
the non-rhyming condition were analyzed and compared to determine the preferred condition in
increasing accuracy in recitation.

4.5. Procedural Integrity

Teachers involved in this study received one hour of consultation on administering the whole
class intervention with integrity. They were asked to stick with their routine of calling students to sit
down in a U-circle, asking them to be ready to view a story on screen, clicking ‘play,’ and then staying
behind students. The first author was present at all sessions and provided immediate feedback when
teachers did not achieve fidelity. In 42 sessions, 155 teacher behaviors out of 168 of the total amount of
planned teacher behaviors were successfully executed for a total of 92% procedural integrity.

The second part of the intervention did not include classroom teachers, as students were
individually called by the first author to the conference room to re-watch the ASL story on a laptop and
recite it to camera. All of the 194 recitation sessions met the procedural integrity with 100% fidelity.

4.6. Inter-Rater Reliability

The reliability of the student data was established through the inter-rater agreement of 90%
accuracy or above by the first author and another deaf colleague with a doctoral degree who is also
fluent in ASL. If there were disagreements, both observers viewed the video again and discussed their
observations until an agreement was reached. Thirty percent of the task engagement data and 35% of
the recitation data were double scored, and interrater reliability was 95% and 96% respectively.
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4.7. Visual Analysis

Insights from meta-analyses along with WWC’s criteria for procedures and standards on alternating
treatments design informed the decision to use visual analysis and the total mean and mean difference
in this study [62,64–67]. Visual analysis of single subject data addresses whether behavior changed
and if that change came from the intervention. Six indicators were used to evaluate within-phase and
between-phase data patterns to judge the extent of the effects of the intervention: (a) level, (b) trend,
(c) variability, (d) immediacy of the effect, (e) overlap, and (f) consistency of data patterns across similar
phases [68]. Examination of within- and between data patterns using these six indicators informed the
existence of causal relation and the strength of its evidence [69].

4.8. Total Mean and Mean Difference

The total mean and mean difference procedures were conducted for the whole group to compare
the effects of rhyming and non-rhyming conditions. Non-parametric statistical tests, the Wilcoxon
Signed-Rank Tests, were performed to compare baseline means across rhyming and non-rhyming
conditions. There was no basis for prediction at the baseline, making it exploratory. The treatment means
across rhyming and non-rhyming conditions were predicted to be significant. Finally, a comparison of
the preference phase and treatment means of the same type was predicted to be non-significant.

5. Procedure

Prior to initiating the baseline sessions, family questionnaires were sent to families by putting
the documents in the students’ backpacks and then collecting them when they were sent back to
school—which was the routine home-to-school communication. The first author administered the
researcher-developed picture vocabulary assessment to each student individually in a private room at
the educational setting. The first author pointed to the image and then signed: “WHAT–THIS?” If the
student did not provide a signed word, a pause of five seconds was given before proceeding to the next
picture. If the student signed, “DO NOT KNOW,” the first author proceeded to the next image. If the
student responded with an incorrect signed word, the first author would again point to the image
and sign “WHAT–THIS?”. This provided the student another opportunity to look at the picture and
correct their mistake. If they did not provide the correct signed word on their second attempt, then the
first author proceeded to the next image. Information on students’ present language levels (VCSL) was
collected from the classroom teachers.

There were four phases of interventions in this study: (1) baseline, (2) handshape rhyme awareness
intervention, (3) alternating treatments, and (4) preference. After two weeks of baseline alternating
treatments sessions in both conditions, there was no observable bifurcation [70] in students’ engagement
behavior and accuracy in recitation. Thus, baseline data confirmed the concern of students lacking
handshape rhyme awareness, and this evidence led to the decision to implement the handshape
rhyme awareness intervention. The added condition was two 20-minute lessons on handshape rhyme
awareness given by the first author. The lessons paralleled what was found in lessons that teach
rhyme recognition in spoken language. Activities in the lesson involved asking students: “What same
handshape was used for all of the signed words in the video?” The first author encouraged students to
pay attention and notice the handshape patterns in signed words. Following the handshape rhyme
awareness intervention, alternating treatments of the second story took place to determine the effects of
the intervention on engagement behavior and accuracy in recitation. After the preferred treatment was
identified through visual analysis, the least effective condition was discontinued, and the more effective
treatment was replicated on subsequent days using a new story (See Figure 1 for the intervention
schedule).
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Figure 1. Intervention Schedule.

6. Results

6.1. Engagement

The mean of total percentage of engagement occurrence intervals in the baseline was 38%
imitating and 54% viewing in the rhyming condition, and 26% imitating and 61% viewing in the
non-rhyming condition. The mean of total percentage of engagement occurrence intervals in the
alternating treatments phase was 44% imitating and 32% viewing in the rhyming condition, and 22%
imitating and 58% viewing in the non-rhyming condition. The mean of total percentage of engagement
occurrence intervals in the preference phase was 45% imitating and 34% viewing in the rhyming
condition. There were no statistically significant differences on the Wilcoxon Signed-Rank Test
for baseline (Z = −0.81, p < 0.42), treatment (Z = −0.67, p < 0.5), or preference phase compared to
treatment (Z = −0.94, p < 0.35). The same was true for imitation for baseline (Z = −1.75, p < 0.08),
treatment (Z = −1.83, p < 0.07), and preference phase compared to treatment (Z = −0.41, p < 0.69);
however, total means seem to show imitation to be happening in the rhyming condition more than
the non-rhyming condition, especially during the treatment phase (M = 43.8 in rhyming condition
compared to M = 22.4) (See Figure 2).
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Figure 2. Engagement: Mean Percentage of Task Engagement Occurrence Intervals in Viewing and
Imitating Behaviors.
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Students’ picture vocabulary assessment scores and their language skills were examined as
variables that may influence engagement behavior. There were two subgroups of students’ knowledge
of the target words in the ASL stories: some (9–18 signed words) and most (19–23 signed words).
The two subgroups of delayed and typical language skills were determined based on the VCSL checklist.
The two students that knew the most vocabulary were the same two students that had age-appropriate
language skills. Similarly, the three students that knew some vocabulary had language delays. The most
vocabulary knowledge and typical language subgroup demonstrated higher total means in imitation
in both conditions (74% in the rhyming condition, 57% in the non-rhyming condition) than the some
vocabulary knowledge and language delayed subgroup (21% in the rhyming condition, 3% in the
non-rhyming condition) (See Figure 3).
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Figure 3. Mean Percentage of Task Engagement Occurrence Intervals in Viewing and Imitating
Behaviors Across Phases in Some Vocabulary/Delayed and Most Vocabulary/Typical Groups.

6.2. Recitation

The mean percentages of words signed correctly in rhyming and non-rhyming conditions in each
phase and across phases are presented in Figure 4. During the baseline, the mean percentage of words
signed correctly in the rhyming condition was 52% and in the non-rhyming condition it was 41%.
After handshape rhyme awareness intervention was given, the mean percentage of words signed
correctly in the rhyming condition was 69% and in the non-rhyming condition it was 36%. In the
preference phase, the mean percentage of words signed correctly in the rhyming condition was 67%.
Wilcoxon Signed-Rank Tests indicated that the baseline and treatment means for words signed correctly
in the rhyming conditions were statistically significantly higher than the non-rhyming conditions,
Z = −2.03, p < 0.04; Z = −2.02, p < 0.04, although the total mean in the treatment (M = 68.8 in rhyming
condition compared to M = 36.0) shows more substantial difference than at baseline (M = 52 in rhyming
condition and M = 40.8 in non-rhyming condition). Furthermore, as predicted, the preference condition
ranks were not statistically significantly different compared to the treatment condition ranks, Z = −0.41,
p < 0.67.
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Figure 4. Mean Percentage of Words Signed Correctly in Rhyming and Non-Rhyming Conditions in
Each Phase and Across Phases.

The mean percentages of words signed in the correct order in rhyming and non-rhyming conditions
in each phase and across phases are demonstrated in Figure 5. In the baseline, the mean percentage of
words signed in the correct order in the rhyming condition was 38% and in the non-rhyming condition
it was 32%. After the handshape rhyme awareness intervention, the mean percentage of words signed
in the correct order in the rhyming condition was 64% and in the non-rhyming condition it was 28%
during the alternating treatments phase. In the preference phase, the mean percentage of words
signed in the correct order in the rhyming condition was 62%. Wilcoxon Signed-Rank Tests performed
for words signed in correct order show the means for rhyming condition in the treatment phase are
statistically significantly higher than those in the non-rhyming condition, Z = −2.02, p < 0.04, while no
significant differences were detected at baseline, Z = −4.05, p < 0.69, or between the preference and
treatment conditions, Z = −0.37, p < 0.72.
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Figure 5. Mean Percentage of Words Signed in the Correct Order in Rhyming and Non-Rhyming
Conditions in Each Phase and Across Phases.
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In the most vocabulary and typical language subgroup, the mean percentage of words signed in
the correct order was 80% in the rhyming condition and 39% in the non-rhyming condition. In the
some vocabulary and delayed language subgroup, the mean percentage of words signed in the correct
order was 25% in the rhyming condition and 18% in the non-rhyming condition. Total means seem to
show more words signed in the correct order in the rhyming condition than the non-rhyming condition
in both subgroups (See Figure 6).
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Figure 6. Mean Percentage of Words Signed in the Correct Order Across Phases in Some Vocabulary/Delayed
and Most Vocabulary/Typical Language Groups.

6.3. Visual Graphs

Visual graphs showing student performance in the rhyming and non-rhyming conditions with
data overlapped for visual comparison are presented for words signed correctly and words signed
in the correct order during recitation. The order of students is listed based on age, starting with the
youngest, with an exception for Lacey who did not meet the WWC standard of having four or more
data points for each condition in each phase. Lacey’s visual graph is included at the end for the purpose
of exploring a possible case of sign language impairment (See Figures 7–17). Most students performed
relatively similarly when it came to accuracy in recitation in both conditions in the baseline, with the
rhyming condition being slightly superior. After receiving handshape rhyme awareness intervention,
most students’ accuracy in recitation increased in the rhyming condition during alternating treatments
and preference phases.
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Figure 7. Daya’s Percentage of Words Signed Correctly in Recitation.
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Figure 8. Daya’s Percentage of Words Signed in the Correct Order in Recitation.
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Figure 9. Yair’s Percentage of Words Signed Correctly in Recitation.
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Figure 11. Giada’s Percentage of Words Signed Correctly in Recitation.
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Figure 13. Jaslene’s Percentage of Words Signed Correctly in Recitation.
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Figure 14. Jaslene’s Percentage of Words Signed in the Correct Order in Recitation.
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Figure 15. Lexie’s Percentage of Words Signed Correctly in Recitation.
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Figure 16. Lexie’s Percentage of Words Signed in the Correct Order in Recitation.
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6.3.1. Daya

Daya was four years old and had language delays and some vocabulary knowledge. Daya came
from non-signing hearing parents and had been learning ASL for a little over a year. After receiving
handshape rhyme awareness intervention, and upon introduction of the alternating treatments phase,
Daya’s level, trend, and variability between both conditions in the alternating treatments were similar
with higher mean percentages in the rhyming condition than the non-rhyming condition (words signed
correctly: 14% higher; words signed in the correct order: 14% higher). There was a consistent and
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small separation of the data paths between both conditions, with the rhyming condition remaining
higher over the non-rhyming condition.

6.3.2. Yair

Yair was four years old and came from a deaf family. Yair was delayed in language by two years
and had some vocabulary knowledge. Yair’s level, trend, and variability between both conditions
in the alternating treatments phase were similar with the mean percentage of the rhyming condition
being 12% higher than the non-rhyming condition for words signed correctly and 15% higher than the
non-rhyming condition for words signed in the correct order. There was a separation in data paths
between both conditions of a small to moderate magnitude with the rhyming condition being superior.

6.3.3. Giada and Jaslene

Giada and Jaslene were five-year-old participants who had early access to ASL, age-appropriate
language skills, and high vocabulary knowledge. During the baseline phase, both Giada and Jaslene
appeared to be oblivious to the existence of handshape rhymes and used the same approaches in their
effort to memorize and recite the entire story in rhyming and non-rhyming conditions. For example,
they would pause when they could not remember what words came next and demonstrate a “thinking
face” as they waited for the words to come to mind. They did not rely on handshape rhymes to clue
them as to what come next in the story. They both started the first session of the baseline phase with
56% and 8% words signed in the correct order in the rhyming condition, respectively, and 38% and
0% in the non-rhyming condition, respectively. The accuracy of their recitations in the last session
was close to 100% in both conditions. During the handshape rhymes intervention, Giada and Jaslene
were shown the rhyming condition of ASL Story 1 and had the handshape rhymes pointed out—both
Giada and Jaslene’s eyes widened, and their mouths stood agape. Giada put hands to face as if to say:
“Why didn’t I see it before?!” During the alternating treatments phase, Giada and Jaslene’s behavior
changed: they immediately pointed out the handshape rhymes in the rhyming condition both during
and after viewing and made accurate comments about them. Then, Giada and Jaslene made a big
jump in their first session of alternating treatments and recited the rhyming condition of the ASL
Story 2 with 92% and 80% of words in the correct order, respectively. Giada and Jaslene’s level, trend,
and variability in data paths between both conditions in words signed correctly and words signed
in the correct order demonstrated a consistent and large magnitude of separation with the rhyming
condition having higher mean percentages over the non-rhyming condition (words signed correctly:
73% and 48% higher, respectively; words signed in the correct order: 77% and 56% higher, respectively).

6.3.4. Lexie

Lexie was six years old—the oldest participant in this study—and was adopted from another
country two years ago. Lexie came to the United States without any language or lexical vocabulary.
After two years of intensive language immersion and support provided by their adoptive deaf parents
and teachers of the deaf, Lexie’s language skills in ASL grew to the three-year-old level according to
the VCSL. Lexie’s trend and moderate variability between both conditions in the alternating treatments
were comparable with the mean percentage of the rhyming condition, being 17% higher than the
non-rhyming condition for words signed correctly and 9% higher than the non-rhyming condition for
words signed in the correct order. There was a separation in data paths between both conditions of a
small to moderate magnitude with the rhyming condition being higher for words signed correctly.

6.3.5. *Lacey

*Lacey had three data points in the rhyming condition during the alternating treatments phases,
which did not meet the WWC criteria for inclusion in this study. However, their recitation data is still
included here for the purpose of expanding our understanding of a possible case of sign language
impairment. Lacey was almost four years old at the time of the study. Lacey came from deaf parents,
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had age-appropriate language skills, and high vocabulary knowledge. Lacey did not sign any words
in the correct order in four out of five rhyming sessions during the baseline. This trend continued in
the alternating treatments phase with 0% of words signed in the correct order for three consecutive
sessions. Lacey produced more words in the correct order in the non-rhyming condition with a range
of 17–21% of words signed in the correct order in the baseline, and a range of 0–15% words signed in
the correct order in the alternating treatments phase (See Figure 17).

6.4. Social Validity Questionnaire

Although only five students met the criteria of having four or more data points in each condition
and phase, there were a total of ten students participating in this study. Eight out of ten caregivers,
five hearing and three deaf, returned the social validity questionnaire. When asked if they knew
how to make rhymes in ASL, four people “agreed,” two people “disagreed,” one person “strongly
disagreed,” and one person was “uncertain.” When asked if they were familiar with ASL rhyme and
rhythm prior to this research, five people “agreed,” three people “disagreed” and one person “strongly
disagreed.” When asked if they had access to ASL rhyme and rhythm videos at home, one person
“strongly agreed,” four people “agreed,” one person “disagreed,” and two people were “uncertain.”
When asked if signing along with ASL rhyme and rhythm videos was easy for them, six people
“agreed,” and two people were “uncertain.” When asked if signing ASL rhyme and rhythm without
videos was easy for them, three people “agreed,” and five people “disagreed.” When asked if they
thought ASL rhyme and rhythm were a good way for families to learn sign language, two people
“strongly agreed,” four people “agreed,” and two people were “uncertain.” When asked if they thought
ASL rhyme and rhythm videos were good resources for families, two people “strongly agreed,” and
six people “agreed.” A caregiver left a comment on the questionnaire, “Anytime spent communicating
with your child is particularly important for bonding. Using fun ASL rhymes and rhythms would
only enhance this experience.” Another caregiver also wrote a note on the questionnaire, “Rhyming
in groups I think might be analogous to singing in chorus—a social activity.” Caregivers’ overall
responses were either positive or uncertain as some were familiar with ASL rhyme and rhythm while
others did not know ASL nor had any exposure to this practice.

7. Discussion

Research on young hearing children shows that engagement, imitation, rhyme awareness,
and recitation play an integral role in language development. This study explored whether ASL rhyme
and rhythm had similar results in deaf children by comparing the effects of rhyming and non-rhyming
conditions of ASL stories after giving explicit instruction in handshape rhyme awareness. The results
of the group means did not indicate a significant impact on engagement. However, significant gains
could be found in group means of accuracy in recitation.

7.1. Engagement and Imitation

There was a difference in the number of intervals deaf children spent imitating compared to
viewing ASL stories with and without rhyme and rhythm, but this was not significant. What is
remarkable about this outcome is that deaf children engaged in imitating behavior in both conditions
on their own without any instruction or modeling from adults. This spontaneous and naturalistic
behavior while attending to stories, including those with rhyme and rhythm, shows how deaf children
are not any different from hearing children in their imitating behaviors [71]. Furthermore, deaf children
with language delays in this study imitated substantially less than deaf children with typical language
skills. This is in align with research that found hearing children with language delays demonstrated
fewer imitating behaviors while listening to songs [25]. Although deaf children with language delays
imitated less than deaf children with age-appropriate language skills in this study, it is important
to note that they still imitated more while viewing ASL rhyme and rhythm than with ASL stories
without rhyme and rhythm. It may be that deaf children’s brains are naturally seeking phonological
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patterns, which affirms the hypothesis of Petitto et al. [15] on the significance of sign phonology in
language development. The alluring and fun nature of rhyme and rhythm seem to elicit more imitating
behaviors in hearing and deaf children alike.

7.2. Recitation and Phonological Awareness

This study departed from past studies by shedding light on whether deaf children are able to
independently recognize rhymes and recite them. Although their performances were slightly better
in the rhyming condition at the baseline, deaf children did not appear to recognize the existence of
rhymes when exposed to ASL rhyme and rhythm and struggled with reciting words in the correct
sequential order. Their lack of handshape awareness was incongruent with the literature on rhyme
awareness development in the population of young hearing children [18]. This finding was somewhat
unsurprising considering that deaf children have extremely limited exposure to and experience with
ASL rhyme and rhythm. The first author’s experience providing professional development on ASL
rhyme and rhythm reinforces this phenomenon. During the training sessions, many of the professionals
at the schools serving the deaf children lacked rhyme awareness themselves. Additionally, classroom
teachers in this study confirmed that their students had extremely limited exposure to ASL rhyme,
rhythm, and phonological awareness. The lack of handshape rhyme awareness may help explain why
they did not initially respond to rhymes in the ASL story.

Deaf children may need to first master the prerequisite skills of handshape identification,
handshape categorization, and rhyme knowledge in order to have heightened awareness and
appreciation of the features found in ASL rhyme and rhythm. Without these foundational skills, children
in this study did not think of using handshape rhymes as a tool to support the sequential memory that
is required for the task of recitation. Multiple studies on hearing children have stressed supplementing
song recitations with phonological awareness activities for better outcomes in engagement and
recitation [20,22,23,72]. Overarching theoretical postulations exist on the importance of having the
skills to recognize rhymes for enhanced ability in remembering vocabulary [73], word pairs [74],
sequences [34] and stories [33]. What can be learned from this study is that when deaf children have
minimal, if any, exposure to ASL rhyme and rhythm, they are not given opportunities to develop
rhyme awareness. Without rhyme awareness, they are oblivious to the existence of rhymes in ASL
songs or stories. Two 20-minute interventions to teach deaf children to recognize handshape rhymes
produced mixed results in this study. Deaf children with age-appropriate language picked up on the
new skill quickly, while there seem to be variations in language delayed deaf children’s performance.
Their overall performance was not unlike the literature on variations in hearing children with disabilities’
acquisition of rhyme awareness with interventions that span months, or even years [27,28].

7.3. Student Performance

Giada and Jaslene’s commensurable age, language abilities, vocabulary knowledge, and the
similarities in their performance during the baseline, alternating treatments, and preference phases
make a useful case study that parallels the literature on typically developing hearing children.
Their ability to successfully recite ASL stories (whether they had rhymes or not) is an age-appropriate
skill [75]. While viewing, they demonstrated more imitating behavior than they did in the baseline.
This marked gain in imitation is important, as the function of imitation in young children may be
related to processing linguistic input from the environment, which helps with memory and furthers
their understanding of language. It is argued that children imitate only the phonological information
that they can perceive and understand well enough to repeat [76]. While reciting, Giada and Jaslene
clearly relied on handshape rhymes as clues to guide them in remembering what signed words should
come next. When Giada and Jaslene gave the wrong signed word, they quickly caught their mistake
because the signed word did not rhyme with the previous signed word. This behavior shows Giada
and Jaslene specifically thinking about the linguistic feature of handshape rhyme and reflecting upon
their own language production, judging the handshape in their signed word as an error to be corrected.
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This type of self-correction demonstrates metalinguistic awareness. The literature states that hearing
children as young as three years old can possess metalinguistic skills that include self-correcting
behaviors in language output, and that children with language impairments often struggle in this
area [77]. Since interrelationships exist between metalinguistic awareness, phonological awareness,
and language abilities [78], Giada and Jaslene’s successes in recitation in the rhyming condition could
be attributed to these factors.

Daya, on the other hand, rarely imitated any signed words while viewing ASL stories in both
conditions across phases. Accuracy in recitation was also low. This performance could be explained by
overlapping factors related to language deprivation impacting phonological processing and language
development. Multiple studies have looked into deaf adults who experienced language deprivation
during their early years and their ability to imitate and recall. These deaf adults had difficulty signing
along simultaneously to what was signed to them and struggled to recall sentences verbatim [56–58].
It appears that the language processing gap possibly stemming from language deprivation already
begins to widen in four-year-old students of non-signing parents like Daya. Similar issues could be
seen in Lexie who also experienced language deprivation during the early years.

As the oldest participant in this study, Lexie’s case of language deprivation was the most extreme,
not having had any language access until four years old. The fact that Lexie had complete access
to language at home in addition to being placed in an ASL-rich environment for two years made a
difference in their ability to engage with language and recite. Lexie having progressed from a child
with no language to a child who could perform as well as some four-year-old deaf children within a
two-year period is encouraging. This informs us that having complete access to language through
ASL at school and at home can build skills to assist with language development such as imitation
and recitation.

The subpar performance of Lacey, a native signing deaf student raised some questions regarding
the understudied phenomenon of dyslexia, signed language impairment, or ADHD in the population
of deaf children from signing families. By documenting deaf children’s imitating behaviors and their
ability to recite ASL rhyme and rhythm in this study, it was possible to recognize more clearly the
language processing gaps in certain students. Because Lacey comes from a deaf family, has had
access to ASL since birth, and had high vocabulary knowledge and age-appropriate language skills,
the results seemed to be an anomaly for someone of this particular background. When asked to
recite the ASL rhyme and rhythm, Lacey was not able to sign most of the words accurately nor in the
correct order. In a follow-up interview with teachers, they said they noticed something was amiss with
Lacey’s language and academic performance. In class lessons where children were expected to recall
an ASL story, Lacey had a tendency of not following the correct sequence. Lacey also struggled with
remembering the sequence of numbers. The teachers attributed the weakness to the child’s “free spirit”
personality and relatively slow social-emotional development.

In spite of the fact of having been signing since birth, Lacey struggled the most of all students
with recitation, demonstrating challenges with language processing tasks pertaining to working and
sequential memory. However, classroom teachers did not raise this as a red flag for sign language
impairment or ADHD. They were not concerned because Lacey was able to produce ASL sentences
independently and engage in meaningful turn-taking conversations, unlike peers who were much
more delayed due to language deprivation. In other words, issues with language processing in this
child were overshadowed by classmates’ even weaker skills. While this is an understandable reality,
not raising a red flag for dyslexia or language impairment meant that specialized attention is not being
given to Lacey’s unique language needs.

Interventions similar to the ones used in this study could provide opportunities for professionals
to attend to whether language processing skills are lacking, especially in deaf children who are native
users of ASL. These kinds of intervention are also used to alert to the possibilities of dyslexia, language
impairment, and ADHD in hearing children. There are well documented difficulties in phonological
processing tasks such as recognizing words that sound the same and reciting rhyme and rhythm [79].
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Whether this is paralleled to sign language impairments in deaf children from signing parents requires
further investigation.

7.4. Social Validity

The social validity of exposing deaf children to rhyming ASL stories was explored through a
questionnaire. While deaf parents were enthusiastic and asked for more resources, most hearing
parents had limited knowledge of and were uncertain about this practice. A hearing parent’s note
on the questionnaire illustrates their uncertainty, “Rhyming in groups I think might be analogous to
singing in chorus—a social activity.” A deaf parent wrote that ASL rhyme and rhythm are fun to create
at home. Deaf children are highly motivated to imitate, and the experience often ends with everyone
bursting into laughter. This comment paints a picture of the high social and cultural importance of this
practice for deaf families. All parents, hearing and deaf, agreed that ASL rhyme and rhythm videos are
good resources for families. Most parents said it would be hard to expose their deaf children to ASL
rhyme and rhythm at home if there were no videos available.

Teachers, like the deaf parents, spoke highly of the role of ASL rhyme and rhythm in fostering
language development and lamented over the lack of resources. They did not feel knowledgeable
and confident enough to sign ASL rhyme and rhythm on their own in their instruction. A teacher
wrote in the questionnaire that they could incorporate ASL rhyme and rhythm, but limited resources
create a stumbling block. Six months after the study took place, the principal requested the first author
to return and give an all-day professional development to the department on implementing ASL
rhyme and rhythm in their classrooms. During the professional development, teachers commented on
witnessing the ways ASL rhyme and rhythm have promoted repetitions and patterns, memorization,
creativity and play, metalinguistic awareness, prediction, humor, family-child bond, and turn-taking
skills in their classes. Issues of resources and training being scarce present major barriers to exposing
deaf children to ASL rhyme and rhythm at home and in school.

7.5. Limitations and Future Directions

There are limitations with the ASL assessments currently available to the public [54]. In this study,
the Visual Communication Sign Language (VCSL) checklist was selected to approximate students’
language abilities according to developmental milestones. While this assessment was helpful in
determining language skills (i.e., typical and delayed) which was important to understanding how
language impacted students’ engagement behavior and accuracy in recitation, the assessment does
have limitations. The VCSL checklist was normed on a small sample of children, which calls into
question the ability to accurately quantify language delay by years. Notwithstanding, it is one of the
few tools that track young children’s language milestones in ASL. The information it provided for this
study was valuable. Future studies would benefit from the inclusion of assessment tools that can more
precisely capture deaf children’s ASL phonological awareness and language skills.

Information extrapolated from this study indicates that not all deaf children have abundant exposure
and experience with language—let alone ASL rhyme, rhythm, and phonological awareness—and this
impacts their language processing abilities. There are still many unanswered questions. What types
of specialized interventions in ASL are effective in closing language gaps? Is training in phonological
processing tasks such as imitation and recitation suitable for deaf children as young as three and four
years old? What is the role of ASL rhyme and rhythm in these interventions? More specifically, do they
need to learn how to successfully imitate, recognize rhymes, and recite ASL rhyme and rhythm as part of
the building blocks towards stronger language foundation and emergent literacy skills? Then, there is
the question of the number of interventions needed to successfully build these skills. A comprehensive
evaluation of ASL phonological awareness activities over a period of time across deaf learners is needed
to thoroughly investigate the effects on language and emergent literacy development. Whether ASL
rhyme, rhythm, and phonological awareness can also be used to identify potential cases of sign language
impairments need to be examined.
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8. Conclusions

The review of the literature provides clarity into the large gaps in our empirical knowledge of the
role of ASL rhyme, rhythm, and phonological awareness in facilitating language and emergent literacy
in young deaf children. A body of research has been built to affirm the significance of exposing hearing
children to rhyme and rhythm supplemented with training in phonological awareness for successful
literacy development. Yet interventions that incorporate deaf cultural and linguistic approaches
using ASL are novel to most classrooms that serve deaf children. The results of this study have
implications for potential positive change at the individual, cultural, educational, and societal levels.
At the individual level, the results of this study inform the field that certain interventions such as
imitation training, handshape rhyme awareness and recitation of rhyming ASL stories may have
a favorable impact on deaf children’s language processing abilities, which are directly linked to
critical emergent literacy skills in the population of young hearing children [80]. At the cultural level,
deaf community members have long offered culturally-rich linguistic models through ASL storytelling,
poetry, rhyme and rhythm, and language games. When the deaf community sees their linguistic and
cultural capital [81] become an important part of deaf students’ experience in schools, this may lead to
a greater understanding, appreciation, and validation of ASL literature—including the genre of ASL
rhyme and rhythm. Should this occur, there may be a shift in deaf children’s relationship with language
and music, making their experiences more deaf-centric and empowering. At the educational level,
this study casts light on how teachers are often untrained in ASL rhyme, rhythm and phonological
awareness. Without proper systemic support, deaf children are being deprived from accessing essential
language exposure and experience that hearing children have. The lack of proper interventions
may have an impact on deaf children’s language and literacy, stalling their ability to maximize their
linguistic potential. Educators can use these data to advocate for more training in culturally and
linguistically responsive approaches. The findings from this study also provide a foundation for future
research to explore interventions that are not only “new and better,” but also specifically geared to
bilingual learners such as deaf children who are primed for the benefits of metalinguistic awareness
and linguistic transfers. Considering that this study has sought to address the gaps in pedagogy due
to long-standing systemic barriers towards the acceptance of deaf cultural and linguistic practices,
outcomes might also have implications at the societal level. This new knowledge about the role of
ASL rhyme and rhythm in early childhood development may propel society to take steps towards
generating a paradigm shift in uplifting deaf pedagogy.
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Abstract: Background: To analyze the oral motor, speech and language phenotype in a sample of
pediatric patients with GLUT 1 transporter deficiency syndrome (GLUT1DS). Methods: eight Italian-
speaking children with GLUT1DS (aged 4.6–15.4 years) in stable treatment with ketogenic diet from a
variable time underwent a specific and standardized speech and language assessment battery. Results:
All patients showed deficits with different degrees of impairment in multiple speech and language
areas. In particular, orofacial praxis, parallel and total movements were the most impaired in the
oromotor domain; in the speech domain patients obtained a poor performance in the diadochokinesis
rate and in the repetition of words that resulted as severely deficient in seven out of eight patients; in
the language domain the most affected abilities were semantic/phonological fluency and receptive
grammar. Conclusions: GLUT1DS is associated to different levels of speech and language impairment,
which should guide diagnostic and therapeutic intervention. Larger population data are needed to
identify more precisely a speech and language profile in GLUT1DS patients.

Keywords: GLUT 1 transporter deficiency syndrome (GLUT1DS); language; speech; oral motor;
dysarthria

1. Introduction

GLUT 1 transporter deficiency syndrome (GLUT1DS) is a rare, treatable, metabolic
encephalopathy due to mutations in SLC2A1 gene [1], which causes a non-functional
glucose uptake by GLUT1 transporter, primarily expressed in endothelial cells forming the
blood-brain barrier and in astrocytes [2]. Ketogenic dietary therapies (KDTs) are recognized
as the gold standard treatment for GLUT1DS since they provide alternative fuel, namely ke-
tone bodies, for brain energy metabolism [2]. Symptoms develop in age-specific pattern [2]
and the classical disease phenotype includes a wide range of movement disorders, drug-
resistant epilepsy, neurodevelopmental impairment, and acquired microcephaly. Moreover,
ataxia, dystonia, dysarthria, persistent tremor, spasticity are typical findings at neurological
examination. Milder and atypical phenotypic variants are continuously reported and
GLUT1DS phenotypic spectrum is progressively expanding. KDTs introduction, especially
when occurring early in life, could lead to improvement of certain symptoms, as often
occurs with epileptic manifestations, intellectual and social adaptive skills [3], whereas its
beneficial effects on movement disorders are less evident [2].

Intellectual disability (ID) is a usual finding in GLUT1DS patients, ranging from
severe to mild; only a minority of affected patients shows normal intelligence quotient
(IQ) [4]. Genotype-phenotype correlation has not been clearly defined so far. Some reports
described a milder phenotype or later disease onset in patients with missense mutations or
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higher cerebrospinal fluid (CSF)/blood glucose ratio [5]. The existence of a proportional
relationship between ID and disease severity is debated: there have been reports both
supporting and disproving this relation [6–8]. De Giorgis et al. defined a typical cognitive
phenotype of GLUT1DS [4], evaluating the neuropsychological profile of 25 patients before
and after KDTs introduction. The typical phenotype observed was characterized by a
performance IQ more affected than verbal IQ (VIQ), together with greater difficulties
in visuospatial and visuomotor skills. In the same study, a significant direct correlation
between IQ (total IQ (TIQ) and VIQ) and CSF/blood glucose ratio values was observed.

Speech and language functions in patients with GLUT1DS are the least documented
in literature and, to the best of our knowledge, they have only been assessed in the context
of broad neuropsychological batteries [5,6,9,10] and have not been deeply characterized
yet. To date, the presence of different degrees of speech and language impairments, with
varying degrees of motor incoordination, have been described as common features in
children and adults with GLUT1DS [2]. In particular, Hully and colleagues [6] reported
language delay with dysarthric speech in almost 80% of GLUT1DS patients. In the study
by Ramm-Pettersen et al. [10], an improvement of those aspects was recorded after KDTs
introduction: the caregivers of six patients reported progress concerning general alertness,
expressive language, articulation, and physical endurance in the wake of the dietary
treatment. The sooner the KDTs is introduced, the greater is its potential of changing the
disease course [2].

The phenotypic variability and the different response to KDTs therapy according
to introduction timing should be read considering that glucose utilization in the brain
increases threefold from infancy to 3 years of age [11] and thus, for patients with GLUT1DS,
that period represents a critical frame if left untreated. Moreover, the neuroconstruc-
tivism approach underlies the bidirectional interactions between human biology and social
environment, the development itself might be seen as playing a crucial role in shaping
phenotypical outcomes [12].

We believe that recognition of a typical speech and language profile might be crucial
for disease assessment and targeted rehabilitation.

For this purpose, the present study aimed to characterize in detail language devel-
opment and to analyze the oral-motor, speech and language phenotype in a pediatric
population of patients with GLUT1DS, through the use of standardized tests.

2. Materials and Methods
2.1. Participants

This was a mono-center study. Among 25 patients with established clinical and genetic
diagnosis of GLUT1DS of all ages treated with KDTs and regularly followed at our clinic [4],
we included eight monolingual Italian-speaking patients (four females and four males),
aged 4.6–15.4 years (median age 10; standard deviation (SD) 3.79; range 4.6–15.4 years).

For each patient, information such as sociodemographic and clinical variables were
collected (child’s pre-peri and post-natal clinically events, developmental history, presence
of otitis’ history or auditory impairment, previous diagnosis other than GLUT1DS, time
of GLUT1DS diagnosis, CSF/blood glucose ratio, SLC2A1 mutation, family history of
GLUT1DS, family history of epilepsy, epilepsy history, presence of movement disorder,
KDTs and rehabilitation initiation timing) (see Table 1).
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In detail, five patients have a missense mutation, two patients have a deletion of
SLC2A1 gene and one patient a truncating mutation. Pregnancy was uncomplicated in
all but one patients. No patient suffered from recurrent otitis media during the first years
of life, nor auditory deficits. Based on parental reports, the following information was
obtained: babbling onset was mainly delayed (age 13.29 months; SD 5.61; range 9–24)
and so was the age of first-word onset (age 18.25 months; SD 7.2; range 12–30) and age
of combinatory speech (age 34.5 months; SD 16.27; range 24–60). Three patients showed
unintelligible speech during the preschool years. Psychomotor development was delayed
in two patients. Before the genetic and clinical diagnosis of GLUT1DS, three patients
were diagnosed with a speech disorder and two patients with ‘dysarthria and ataxia’ of
unknown origin at first disease manifestations. Age at GLUT1DS diagnosis ranged from
24 to 122 months (mean 72.87 months; SD 26.70). Two patients had a family member
affected by GLUT1DS and four patients had a family history of epilepsy. Epilepsy onset
in the described sample occurred from 12 to 84 months (mean 36.28 months; SD 24.71).
The median age at KDTs initiation was 76.75 months (SD 29.85; range 24–121 months).
All patients had movement disorders: seven with mild severity and one with moderate
severity. Rehabilitation was provided in all cases but one: six patients underwent speech
and language therapy, four patients psychomotor therapy, and one patient underwent
cognitive rehabilitation. Rehabilitation started at a median age of 49.71 months (SD 30.53,
range 24–108) and the therapy duration reported lasted from 1.5 years to eight years
(median 4.78 years, SD 2.57).

All patients were on stable KDTs therapy from more than six months at the evalua-
tion time.

2.2. Materials and Procedures

All patients underwent a cognitive and speech and language evaluation. Speech and
language assessment investigated three domains: oromotor, speech, and language abilities
(see Table 2 for a detailed list of standardized tests performed).

Table 2. Description of the tests included in the administered battery.

Task Description

Parental report on
clinical history Child’s pre-peri and post-natal clinically events and speech and language milestones acquisition.

Oromotor skills

Oromotor skills were examined with Orofacial Praxis [13]. Oromotor skills were the ability to plan and
execute movements or sequences of voluntary movements, meaningful or not, using the muscles of the
pharyngo-buccofacial system or the orofacial region. The Orofacial Praxis Test, consisting of 36 gestures,
24 single and 12 complex, elicited through verbal and imitative request.

Phonetic inventory

Phonetic inventory was investigated with the Articulation Test of Fanzago [14].This instrument was
based on spontaneous/repetition elicited denomination of 114 figures which named allow to verify
whether the target phoneme (place in different positions within the word) has been produced correctly or
replaced/omitted/distorted.

Phonological Planning

Phonological Planning was tested by the Repetition of 31 words pronounced by the examiner [15]. This
subtest is designed to assess phonological encoding and decoding through the repetition of words and it
allows to detect the presence of phonological processes. For each word it is possible to calculate the
number and the type of phonological processes produced. It is possible to identify two phonological
processes, simplification and atypical. Simplification processes represent the persistence of normal
primitive processes in successive stages of phonological development. Atypical idiosyncratic processes
included types of simplifications rarely found in normal language development, or those that that are
never found in normal developmental processes.

Diadochokinesis
Diadochokinesis was assessed with Maximum performance rate [16]. This task is used to test the ability
to repeat a syllable sequence (/pataka/) as quickly as possible for 20 s in order to look at motor speech
skills separate from the effects related to word familiarity.

Receptive vocabulary Receptive vocabulary was evaluated by PPVT-III [17]. The PPVT is a receptive vocabulary test in which
the child points to one of four pictures on a page that is named by the examiner.
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Table 2. Cont.

Task Description

Expressive vocabulary
Expressive vocabulary was tested by the Name BVN 5-11 [18]. For this task, the subject is asked to name
20 (for children aged from 5 to 11) or 88 (for children aged from 12 to 18) figures in order to measure
patient’s vocabulary ability.

Receptive grammar Receptive grammar was examined with Comprehension of Instructions NEPSY [19]. This task assesses
receptive language and it involves understanding verbal instructions and processing them into actions.

Expressive grammar Expressive grammar was evaluated by Sentence repetition NEPSY II [19]. This task was used to
investigate the production of grammar structures.

Verbal Fluency

Verbal Fluency was examined with Word generation NEPSY II [19]. This subtest is designed to assess
verbal productivity through the ability to generate words and it consists of two tasks: semantic or
phonemic fluency. The participants are given 1 min to generate as many words as possible within a
semantic category or they are asked to say words that start with a given letter.

Cognitive assessment

Age-appropriate versions of the Wechsler scales were administered to assess intellectual ability: —from 6
to 16 years the Wechsler Intelligence Scale for Children—Fourth Edition [20] or 2–6 year olds, the
Wechsler Preschool and Primary Scale of Intelligence—Third Edition, Italian version (WPPSI-III) [21] and
–Full-scale IQ (FSIQ) scores were derived and classified according to test manual normative data.

Test administration was carried out individually by a professional neuropsychologist
and a speech and language therapist. Both speech and language and cognitive assessments
were performed by administering a comprehensive battery of tests depending on patient’s
age. Language development patterns were reviewed by an expert neuropsychologist and
a speech and language therapist through a standardized questionnaire and by collecting
detailed medical and developmental milestones history.

This study was approved by our Ethical Committee (P-20190033749), IRCCS Mondino
Foundation, Pavia. Written informed consent was obtained from caregivers.

2.3. Statistical Analysis

We firstly performed a set of descriptive analyses. Then, a set of Spearman’s rank
correlation (rho) coefficients were calculated between the age onset of babbling, age at first
word, age at combinatory speech, and the neuropsychological tasks’ results.

3. Results
3.1. Tests Evaluation
3.1.1. Oromotor Skills

Oromotor skills were evaluated with nonverbal tasks, and demonstrated impaired
functioning on at least one subtest. The worst performances were obtained in orofacial
praxis verbal requests, parallel movements, and total score. In particular, in orofacial
praxis verbal request (mean z-score −2.72, SD 3.1; range −9.66 0.75) 4/8 subjects showed a
severely impaired performance and 3/8 had a poor performance; in ‘parallel movements’
5/8 subjects scored a severely impaired performance (mean z-score −3.08, SD 3.42; range
−6.09–1.10) and in ‘total score verbal request condition’ (mean z-score −2.63, SD 2.29;
range −6.83 0.43) 4/8 patients had a severely impaired result and 2/8 patients a mildly
impaired score. See Table 3.
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3.1.2. Speech

All but one individual demonstrated impaired articulation, characterized by imprecise
production of consonants (7/8) and vowels (1/8). Only one child had acquired all speech
sounds expected for his age. Most absent consonants were vibrant [r] (7/8), followed
by voiced palatal lateral approximant [L] (6/8, fricatives [z], [s] (2/8) and affricates [dz],
[ţ] (2/8), both voiced and voiceless. Phonological planning was strongly impaired in all
children but one, who showed a mild impairment (mean z-score −15.24, SD 9.52; range
−31.5 −1.29). All patients showed a high percentage of phonetically inaccurate production
of words.

We identified simplification processes (backing 3/8; fronting 4/8; stopping 3/8;
epenthesis 6/8; metathesis 2/8; cluster reduction 5/8; gliding 1/8; voicing2/8; de-voicing
3/8; affrication 2/8; affrication 3/8; assimilation 4/8; diphthong reduction 2/8) and atypical
processes (stops deletion/reduction in clusters 3/8; conflicting processes 3/8; idiosyncratic
processes 4/8). Speech was typified by the imprecise articulation of consonants and vow-
els, abnormal nasal resonance, low pitch, and prosodic errors (e.g., excessive stress on
unstressed parts of speech, slow rate, short phrases). Evaluation of Diadochokinesis rate
was significantly slower in 3/7 patients, mildly impaired in 1/7 (mean z-score 0.7, SD 3.48;
range −7.86 0.8). Conversation speech intelligibility was adequate in seven out of eight
patients. See Table 3.

3.1.3. Language

Lexical abilities were preserved in 6/8 patients, both in receptive (mean standard score
89.63, SD 13.42; range 75–113) and expressive vocabulary (mean z-score −0.91, SD 2.01;
range −5.45 0.77). Receptive vocabulary resulted in the normal borderline range in 2/8
patients. Expressive vocabulary was severely impaired in one patient, moderately impaired
in two patients, and normal in five patients. Receptive grammar was the most impaired
domain (mean scaled score 4.75, SD 2.81; range 1–8): a severe impairment was seen in
4/8 patients, two patients showed a borderline normal score, and 2/8 patients obtained a
normal score. Expressive grammar (mean scale score 7.37, SD 3.42; range 1–12) was found
impaired just in 1/8 patients, 3/8 performed borderline normal and 4/10 normal. See
Table 3.

3.1.4. Intelligence Quotient

Full-scale IQ (FSIQ) scores varied from moderately impaired to normal (range 41–96;
median 73.38; SD 15.55). Verbal Comprehension Index (VCI) was more conserved compared
to the remaining sub-IQ, with a median score of 85 (SD 11.11; range 66–98). See Table 3.

3.2. Correlations

The results of the Spearman correlation indicated that there was a significant negative
association between age at the babbling onset and phonemic fluency tasks’ score and
phonemic inventory. Age at the babbling onset was inversely related to phonemic fluency
task and the number of consonants acquired: the greater the delay in babbling’s onset,
the smaller the number of words produced at the phonemic fluency task [ρ(5) = −0.89,
p = 0.042] and the number of consonants acquired [ρ(7) = −0.90, p = 0.005]. Age at the
first word onset significantly correlated with phonemic fluency tasks’ score [ρ(5) = −0.91,
p = 0.03] and phonemic inventory [ρ(8) = −0.71, p = 0.049]. Children who produced their
first word earlier had a better performance in phonemic fluency tasks [ρ(5) = −0.91, p = 0.03]
and they had a greater number of stable consonants [ρ(8) = −0.71, p = 0.049]. See Table 3.

Moreover, we attempted a correlation between the severity of language evaluations
(lower scores in language and oromotor assessments) and genotype. Due to the small
sample, we could not find a significance; in particular, as reported in literature about
clinical phenotype severity [7], patients with deletions (n = 2) or truncating mutation (n = 1)
do not seem to have a more impaired profile compared to patients with missense mutations
(n = 5).
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The same correlation was attempted between language evaluation and CSF/serum
glucose ratio without significative results due to the small numbers of patients (n = 6) and
the small range of values (mean 0.35, range 0.27 −0.043).

It has not been feasible to search for different functioning trajectories according to age
of KDTs initiation. Nevertheless, in our sample, patients who started KDTs after six years
of age achieved lower scores in language assessment (n = 4, mean 100.25 months, range
88–121 months). Regarding oromotor skills, we did not observe the same trend.

4. Discussion

Speech and language impairment have already been recognized in patients with
GLUT1DS, but have not been fully characterized compared to other disease symptoms.
In available studies, language functioning in GLUT1DS is depicted as extremely vari-
able, ranging from no apparent deficit to the absence of expressive speech, with most
affected individuals having reduced language skills [22,23]. In the present study, we deeply
investigated speech and language profile in eight Italian-speaking children with GLUT1DS.

Based on parental reports, we documented a delay of early vocal behavior and early
language milestones with a late onset of first word and combinatory speech in the majority
of patients. We also found a significant negative association between babbling onset and
the number of words produced in the phonemic fluency task and phonetic inventory.
The delay in the mean age of babbling onset represents a crucial finding, since several
studies support the predictive value of babbling onset timing and characteristics to de-
termine subsequent speech and language abilities and communication disorders [24,25].
Babbling represents a linguistic and articulatory exercise and the experience of frequent self-
producing consonants and vowels syllables makes infants more aware of similar patterns
in their environmental language, acting as potential building blocks for word representa-
tions [25]. Moreover, in our sample the age at the first word onset significantly correlated
with phonemic fluency tasks’ score and phonemic inventory, meaning that children who
produced their first word earlier had a better performance in phonemic fluency tasks and
a greater number of stable consonants. Importantly, it is often hypothesized that the first
speech-like articulation and the babbling phase, which occur at approximately ten months
of age, allow infants to develop a link between articulatory settings and the resulting
auditory consequences, thus contributing to the development of the phonetic inventory
and adaptation to the ambient language [26]. In this connection, the early signs of speech
and language deviance and slow acquisition of expressive words in the second and third
years of life may set off a cascade, negatively affecting a variety of following additional
linguistic capabilities [24]. This scenario, which is frequently reported in cognitive and
language disorders, has never been described as associated with GLUT1DS previously.

Oral-motor skills were impaired in most subjects in our sample. Development of
orofacial praxis is impaired in a series of developmental disorders such as Developmental
Coordination Disorder, Developmental Apraxia of Speech and Speech disorder [27]. These
conditions have in common the combined presence of motor and language deficits, as
observed in patients with GLUT1DS.

Speech was often characterized by phonetically inaccurate production of words, im-
precise articulation of consonants and vowels, abnormal nasal resonance, low pitch, and
prosodic errors. The most represented impairment was found in the phonological plan-
ning. This task resulted as severely deficient in seven out of eight patients, confirming
the presence of a speech and language disorder, still active in some patients, and partially
compensated in others. Receptive and expressive language abilities revealed different de-
grees of impairment in our patients; some of them showed severe receptive and expressive
linguistic deficits, others had a mild impairment and only one had a normal profile. In
all patients, a more conserved expressive and receptive lexical competence was observed,
while linguistic grammar ability was impaired with a greater compromise of the receptive
abilities. We may assume that a severe impairment at the morpho-syntactic level of lan-
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guage organization could be interpreted as the less likely domain to recover in patients
with a previous speech and language disorder, as observed in GLUT1DS patients.

Several reports describe a mild-to-severe intellectual disability of GLUT1DS patients,
in most cases proportional to the disease’s severity [6–8]. In our sample, FSIQ scores varied
from moderately impaired to normal, one child showed a normal intelligence, five patients
had a borderline intellectual functioning, two patients received a diagnosis of intellectual
disability on mild and moderate ranges. VCI showed up as more conserved compared
to the remaining sub-IQ: these data confirm the results of our previous work, where PRI
was more affected than VCI [4]. A less impaired verbal quotient could lead at first to
a misidentification of language deficits but, as shown by our results, an impairment of
several linguistic domains can be documented with focused tests.

Due to the small number of patients included, it has not been feasible to obtain a
phenotype-genotype and/or a phenotype/glycorrhachia correlation, as well as to search
for different functioning trajectories according to age of KDTs initiation or total IQ level.

Nevertheless, in our sample, patients who started KDTs later in life (mean 8.5 years)
achieved lower scores in language assessment and the patient with lowest IQ achieved one
of the worst performances. Definitely larger samples are needed to assess whether KDTs
initiation timing and mutation type might influence chances of recovery of speech and lan-
guage. Unfortunately, in our sample KDTs introduction was late for all included patients.

Children with GLUT1DS are at a disadvantage in the development of cognitive
functions since the disease itself causes a lower supply of energy for the correct functioning
of the brain, resulting in a multilevel dysfunction affecting cognitive, speech and language
abilities, as evidenced by the neuropsychological and language assessment carried in our
sample [4]. Our data confirm the presence of a potentially heterogeneous cognitive and
linguistic profile with different degrees of impairment in multiple speech and language
areas. The variability of the linguistic profiles observed could be explained based on the
general theoretical framework of neuroconstructivism [12].

This model is suitable to understand the interaction between biological and socio-
environmental factors determining the linguistic development of patients with GLUT1DS.

The neuroconstructivism approach highlights how tiny variations in the initial state
could give rise to domain-specific differences in end states [12]. If brain energy require-
ments are not satisfied in the first years of life, an impairment of input processing and
starting points such as language circuitry will occur. Variability of genetic mutations,
adaptive strategies, successful behavior as well as intact domains leads to inter-individual
outcome differences, that could explain the relative heterogeneity of language profile in
our small sample. We did not find factors determining language outcome; nevertheless,
we believe that focus must be placed in at-risk populations in early infancy, even before
onset of language, and that this time window should represents the optimal timing to start
therapy, namely KDTs.

Limitations of this study are represented by the small number of subjects included—
also due to the low prevalence of the disease—the age heterogeneity and the absence of a
language and speech assessment before KDTs introduction.

5. Conclusions

In conclusion, GLUT1DS can be considered a multilevel condition affecting cognitive,
motor, speech, and language competences. Our results confirm the importance of a com-
plete speech and language evaluation to obtain a detailed profile, that is crucial to plan
early and specific rehabilitative intervention.

GLUT1DS patients are often diagnosed with aspecific language disorder or delay in
the first years of life, before other symptoms manifest. In this scenario, recognizing typical
and atypical language fragilities and searching for a common linguistic phenotype in these
patients could help to guide early diagnosis. An early diagnosis of GLUT1DS would allow
a prompt start of target dietary treatment and of rehabilitative intervention inclusive of
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speech and language training. Further studies are needed to evaluate the effects of KDTs
on language function.
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