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1. Introduction

The papers included in this dissertation addressed the linguistic aspects of language impairment in
children with Autism Spectrum Disorder (ASD). On the one hand, the present study investigates
the language abilities of Russian primary-school-aged (7-11-year-old) children with ASD at diffe-
rent linguistic levels (phonology, vocabulary, morphosyntax, and discourse); on the other hand, it
focuses on the phonological mechanisms which play a significant role in word production and
recognition in pre-school typically developing (TD) children and can be impaired in children with
ASD. The published articles show how linguistic approaches can contribute to such complex prob-
lem as language development in ASD.

ASD is a highly heterogeneous group of neurodevelopmental disorders associated with im-
pairment in social interaction and restricted / repetitive behavior [American Psychiatric Associati-
on, 2013; I'puropenko, 2019]. Although language impairment is not a core symptom of ASD,
about 75% of children have comorbid language impairments at different linguistic levels [Kjelga-
ard, Tager-Flusberg, 2001]. The behavioral studies of language functioning in TD children and
children with autism is one of the most important areas in contemporary experimental linguistics
because of the several theoretical and applied reasons. First, according to the epidemiological evi-
dence, there is a dramatic increase of this disorder in the last 20 years [Cardinal et al., 2021];
second, some atypical patterns of language development in children with ASD may shed a light
on psycholinguistic aspects of language acquisition in TD children. Finally, investigations of pho-
nological mechanisms involved in the word production and recognition at the early stage of child
development (pre-school age) can highlight some aspects of language development and help to
explore the atypical trajectory of developmental state of these mechanisms in ASD.

The previous studies have addressed some aspects of language impairment in Russian child-
ren with ASD: e.g., grammar and lexicon [Maunenuc u ap., 2005; Pomanosa, Axytuna, 2011; Po-
MaHoBa, 2012]; discourse [I1aBnos, 2017, 2018a, 2018b, 2018c]; phonology [Lyakso et al., 2021;
Jlsixkco u np., 2020]; finally, some general characteristics of language abilities in autism were
explored in [Démopona, 2020].

However, although some aspects of language functioning were studied in Russian children
with ASD, until now there is a lack of systematic analysis of language impairment in ASD at
different linguistic levels, using standardized language assessment tools. Moreover, the previous
studies, investigating language in ASD, included a small number of participants. Finally, nothing
is known about how phonological mechanisms (i.e., phonological neighborhood density) involved
in word production and recognition are functioning in Russian-speaking pre-school children. This
knowledge is needed for understanding the trajectory of language development in school-aged

children with ASD.



The central goal of the study was to show that a) language assessment at different linguistic
levels with the standardized tool, taking into account psycholinguistic parameters of the Russian
language, can significantly contribute to the understanding of language behavior in autism and
explore some new mechanisms of language deficit in ASD; b) such linguistic approach can be
useful for speech and language therapists because it highlights the specific deficit in a child; c)
phonological neighborhood density of a word is a language-specific and play a different role in
word production and recognition even at the early stage of language acquisition. In general, this
corresponds to interdisciplinary ‘nature’ of contemporary psycholinguistics.

The object of the research is a language behavior of Russian children with ASD. The subject
of the study is impairment at different linguistic levels in children with ASD and phonological
mechanisms involved in word production and recognition at early stages of language development
in TD children.

The research novelty:

e The language abilities of a large group of Russian children with ASD were described at
different linguistic levels with standardized language assessment tool which takes into
account the relevant for Russian psycholinguistic properties.

e Expressive and receptive domains were compared at the levels of vocabulary, morpho-
syntax, and discourse in the same group of children with ASD; also, the role of non-verbal
IQ in difference between expressive and receptive domains was shown.

¢ Phonological neighborhood density influenced word production and recognition in young
children. This may be used for the further studies on language development in ASD.

The theoretical significance of the study:

e We showed the essential positive effect of applying a linguistically based approach to
exploring language impairment in children with ASD.

e We described language impairment at different linguistic levels in children with ASD,
showed the role of non-language factors in language functioning, and highlighted the
subgroups of children with ASD according to their language abilities.

e We revealed experimentally the patterns in expressive and receptive language domains at
different linguistic levels in children with ASD and demonstrated the role of non-verbal
IQ in these patterns.

e The study showed that phonological neighborhood density of a word influenced word
production and recognition in Russian pre-school children, and these patterns are langu-
age-specific.

The practical significance of the study:

e The results of the study showed that the language abilities of children with ASD may
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depend on linguistic level, so that the child may have normal vocabulary, but impaired
morphosyntactic processing. This means that the formal language assessment needs to
include the assessment of all linguistic levels, from phonology to discourse. As a result,
language testing could help speech-language therapists to choose the best therapy.

e The results of the study demonstrated that although language impairment is not a core
symptom of ASD, the formal language assessment should become part of the general
psychological assessment of children with ASD besides the tests which accounted for the
severity of autistic traits or non-verbal IQ. In Russian clinical practice, language therapy
for children with autism is mostly dependent on the general communication skills of a
child, the severity of autistic symptoms and the child’s intellectual level: children with
severe autistic traits and problems in social communication usually receive more langua-
ge therapy although they can have normal language abilities. At the same time, children
with good communication skills and normal non-verbal IQ may not get language therapy
although some of them can have a deficit in linguistic processing. In other words, langu-
age abilities of children with ASD are not always related to general cognitive profile and
have to be assessed separately.

o The series of lectures “The stages of brain development in typically developing children
and children with Autism Spectrum Disorder” implemented into the educational program
“Practicum in Psycholinguistics” (Bachelor program, HSE School of Linguistics).

The main results of the study and provisions for the defense:

e The language assessment tools which take into account the relevant for specific language
psycholinguistic properties contribute significantly to exploration of language profiles of
children with ASD.

e Non-verbal IQ differently account for the patterns of production and comprehension at
different linguistic levels in children with ASD.

e Word production and recognition in TD children depend on the phonological neighbor-
hood density of a word. This has to be taken into account in speech therapy of children

with ASD which predominantly based on the vocabulary development.



2. Language abilities of Russian children with ASD

Article selected for the defense:

Arutiunian V. et al. Language Abilities of Russian Primary-School-Aged Children with Au-
tism Spectrum Disorder: Evidence from Comprehensive Assessment // Journal of Autism and

Developmental Disorders. 2022. Vol. 52. Ne 2. P. 584-599.

2.1. Introduction

Although language impairment in ASD is a comorbid disorder, most of the children with this di-
sorder has impairments at all linguistic levels in both production and comprehension [Bishop et
al., 2004; Nevill et al., 2019]. At the phonological level, children with ASD have difficulties in
phonological awareness and phonological short-term memory [Habib et al., 2019; Loucas et al.,
2010; Wang et al., 2017; Wolk et al., 2016]. Although children with ASD have impairment at the
vocabulary, this is the less affected linguistic level [Arunachalam, Luster, 2018; Kjelgaard, Tager-
Flusberg, 2001]. Morphosyntax and discourse is also significantly affected in these children in
both expressive and receptive domains [Coderre et al., 2018; Eigsti et al., 2007; Kuijper et al.,
2017; Wittke et al., 2017].

Some studies have investigated which non-language factors influenced the language abilities
of children with ASD. Specifically, it was shown that non-verbal IQ [Kjelgaard, Tager-Flusberg,
2001], early vocalization, and joint attention [Nevill et al., 2019] contributed language functioning
in autism.

Summarizing, previous studies have demonstrated a high variability of language in children
with ASD. The goal of the present study was to describe the language profiles in 7—11-year-old
(primary-school-aged) Russian children with ASD in both expressive and receptive language do-
mains and to understand which non-language factors (age, non-verbal 1Q, and the severity of autis-
tic symptoms) accounted language abilities of these children. The novelties of the studies were
following: 1) we investigated only primary-school-aged children whereas most of the studies inc-
luded children from a broader age range (e.g., 4—14-year-old); 2) our group of children with ASD
included participants varying in non-verbal 1Q, so we did not pre-select children with autism in
order to get a full picture of language abilities in this population; 3) we aimed to explore language
profiles in children with ASD at all linguistic levels using not parental reports but measuring lang-
uage abilities directly, i.e., in formal testing; 4) this is the first study that systematically described
the language abilities of Russian children with ASD.

2.2. Method
A total of 107 native Russian-speaking children participated in the study: 82 children with ASD
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(65 boys, 17 girls, age range 7.01-11.10 years, M,,.= 9.11, SD = 1.5) and 25 age-matched TD
children as a control group (14 boys, 11 girls, age range 7.09-10.11 years, M, .= 9.1, SD = 1.0).

All children with ASD had a clinical diagnosis within the autistic spectrum, according to
ICD-10, and 67 out of 82 also were assessed by a licensed psychiatrist with Autism Diagnosis
Observation Schedule—Second Edition, ADOS-2. Additionally, to confirm the validity of the dia-
gnosis, parents of both ASD and TD groups of children were asked to fill in the Russian version
of the Autism Spectrum Quotient: Children’s Version, AQ. The results from the AQ questionnaire
were in agreement with the clinical diagnosis. Non-verbal 1Q was also measured in both groups.

Language abilities were measured with the Russian Child Language Assessment Battery,
Word repetition test and Phoneme detection test from [Dorofeeva et al., 2020]. Thus, in general
each child was screened with 13 tests, assessing phonology, vocabulary, morphosyntax, and disco-

urse in expressive and receptive domains.

2.3. Results

The first step of analysis was to provide between-group comparison in each language test. The
results showed that children with ASD had statistically significantly lower scores in each test,
excluding Word repetition (see Figure 1). In general, this corresponded to studies demonstrating
that lexical level is less affected linguistic level in children with ASD [Kjelgaard, Tager-Flusberg,
2001].

The second step of analysis was to reveal how different psycholinguistic parameters of sti-
mulus items influenced the accuracy in each test. In phonological tests, the length of items did not
account for accuracy in any groups of children. In lexical tests, we found the effect of word class:
nouns and verbs were produced and recognized with comparable accuracy in TD group but child-

ren with ASD struggled more with verbs than with nouns in both production and comprehension.
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Figure 1. The comparison of ASD and TD groups in each language test

In morphosyntax, the psycholinguistic parameters also influenced accuracy: e.g., in Sentence
repetition test the items were balanced in such parameters as word frequency (high vs. low) and
word length (short vs. long). In TD children neither frequency nor length predicted accuracy. By
contrast, in the ASD group we found the significant effects of frequency and length on accuracy,
so that children with ASD repeated short sentences and sentences with high-frequency words bet-
ter than long sentences and sentences consisting of low-frequency words. Sentence comprehension
test consisted of items with canonical (SVO) and non-canonical (OSV) word order. The results
demonstrated there was no effect of word order on accuracy in the TD group. However, in the
ASD group there was the significant influence of word order on accuracy, indicating that children
with autism comprehended sentences with canonical SVO word order more accurately than sen-
tences with noncanonical OVS word order.

At the level of discourse, in Discourse comprehension test there was an effect of question
type (explicit vs. implicit) in accuracy in ASD group: children with ASD struggled more with
implicit questions.

At the next step of analysis we aimed to reveal the relationships between non-language fac-
tors (age, AQ scores that reflected the severity of autistic traits, and non-verbal 1Q) and language

abilities in children with ASD. The results showed that children’s non-verbal IQ predicted accura-



cy in 9 out of 11 language tests (in the other two tests the 1Q effect was significant only before a
Bonferroni correction), indicating that the lower non-verbal IQ was associated with lower langua-
ge abilities. Interestingly, that children’s age and AQ scores were not related to language abilities
in any test.

The final step of the analysis aimed to subgroup children with ASD according to their lan-
guage abilities on each language test. For each language test across linguistic levels, we divided
children into those who had scores within the normal range (normal language group), those who
scored between 1 and 1.27 standard deviations below the mean (borderline group), and those who-
se scores were more than 1.27 standard deviations below the mean (impaired group). The results
showed that first, there were subgroups of autistic children with normal language abilities in any
test we used. Second, the number of children within the normal range depended on the linguistic
level, so that according to morphosyntax and discourse tests the groups with normal performance
consisted of fewer children in comparison to phonological and lexical tests. Finally, the subgroups
of children with ASD differed in non-verbal IQ in most of the tests, i.e. normal subgroups had
overall higher 1Q than the impaired subgroups. Note, however, but there were some children with
normal language abilities and low non-verbal 1Q (40) as well as children with impaired language

skills and high non-verbal 1Q (115).

2.4. Conclusion

In general, this study showed a high variability in language skills of children with ASD and also
proposed some exploration of this variability. For the first time, language abilities of Russian
children with ASD were described with standardized language assessment tool. The practical sig-
nificance of the study is that it highlighted that the language skills of children with ASD may differ
depending on a linguistic level, e.g. a child may have normal vocabulary, but impaired morpho-
syntactic processing. This means that formal language assessment needs to include the assessment
of all linguistic levels, from phonology to discourse. Moreover, the study demonstrated that
children with normal non-verbal IQ and non-severe autistic traits may have severe language impa-

irments, who may need special intervention by a speech-language therapist.
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3. Expressive and receptive language in Russian children with ASD

Article selected for the defense:

Arutiunian V. et al. Expressive and Receptive Language in Russian Primary-School-Aged
Children with Autism Spectrum Disorder // Research in Developmental Disabilities. 2021.
Vol. 117. Article 104042.

3.1. Introduction

The previous studies in language functioning in autism disagree on the difference in the degree of
impairment between expressive and receptive language domains. Most of the studies have shown
that receptive language is more impaired in comparison to expressive language [Charman et al.,
2003; Kover et al., 2013]. In Kover et al. (2013) study, 49 boys with ASD (Mage = 7.6) were
assessed in receptive vocabulary relative to expressive vocabulary. The authors showed that recep-
tive vocabulary was significantly more impaired in these children. The same pattern was revealed
in [Charman et al., 2003] with another language assessment tool. All these studies resulted the idea
that the expressive-better-than-receptive pattern in language is the unique hallmark of ASD.

However, other studies have revealed the opposite pattern, i.e. more impaired expressive
than receptive language. For example, in Weismer at al. (2010) study with 257 children with ASD
it was shown a more severe expressive than receptive language delay. In [Luyster et al., 2008] the
same pattern was observed: receptive language was stronger than expressive, as measured by the
VABS.

Importantly, some studies did not demonstrate the difference between expressive and recep-
tive domains in children with ASD [Kjelgaard, Tager-Flusberg, 2001; Kwok et al., 2015].

The aim of the present study was to directly compare expressive and receptive language
abilities in a representative group of Russian primary-school-aged children with ASD. The novel-
ties of the study are the following: first of all, our ASD group consisted of only primary-school-
aged children whereas most other studies that compared expressive and receptive language doma-
ins focused on toddlers and preschoolers. This can influence the expressive / receptive patterns in
language because the change with age [Bornstein, Hendricks, 2012]. Second, we assessed langua-
ge abilities using formal testing, and did not rely on parental reports as many previous studies did.
Third, we separately compared expressive and receptive vocabulary, morphosyntax, and discourse
abilities. To the best of our knowledge, this is the first study which has aimed to directly investigate
expressive and receptive language in children with ASD at three different linguistic levels. Fourth,
we investigated the possible role of children’s non-verbal IQ in the difference between expressive

and receptive language domains.
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3.2. Method
The study included 82 children with ASD (65 boys, 17 girls, age range 7.01-11.10 years, M, . =
9.11, SD = 1.5); this was the same children as in the previous study. Thus, the diagnosis and testing

procedure see 2.2. Method.

3.3. Results

The first step of analysis was to compare expressive and receptive language at the level of voca-
bulary (word production vs. comprehension), morphosyntax (sentence production vs. comprehen-
sion), and discourse (discourse production vs. comprehension) in children with ASD. The results
showed that there was a significant difference at vocabulary (word production was more impaired
than word comprehension); no difference was found at morphosyntax level; and there was also a
significant difference between domains in discourse (comprehension was more impaired, Figure

2).
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Figure 2. Expressive and receptive domains at different linguistic levels in ASD

Therefore, a discrepancy between expressive and receptive language domains in primary-
school-aged children with autism was found at the levels of vocabulary and discourse but the
patterns were not similar: word comprehension was less impaired than production but discourse
comprehension was more impaired than production.

The second step of the analysis was to clarify whether the non-verbal IQ of children with

ASD accounted for the difference between their expressive and receptive language domains. We
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divided our participants into two groups: ASD children without intellectual disability (ASD wit-
hout ID, N = 33, non-verbal IQ 2 80) and ASD children with intellectual disability (ASD with ID,
N = 33, non-verbal IQ < 80). A sample #-test showed that there was no difference between the
groups of children in age, #63.9) = 0.88, p = 0.37. Then we compared expressive and receptive
language at the levels of vocabulary, morphosyntax, and discourse in two groups of children with
ASD separately.

The results showed that at the level of vocabulary in both groups of children word compre-
hension exceeded word production, indicating that non-verbal 1Q did not influence the expressive-
receptive pattern. At the level of morphosyntax, there was a difference in patterns between two
groups of children: we showed that ASD children with ID comprehended sentences more accura-
tely than they produced them. At the same time, we found that ASD children without ID did not
show any difference between sentence production and comprehension. Thus, non-verbal IQ accou-
nted for the expressive-receptive pattern at the morphosyntactic level. Finally, at the discourse
level, we also showed a between-difference: ASD children with ID produced a story more accura-
tely than they comprehended a story. By contrast, ASD children without ID did not show any
difference between story production and comprehension. This means that non-verbal IQ influenc-

ed the expressive-receptive pattern at the level of discourse.

3.4. Conclusion

The expressive-better-than-receptive pattern in language has been considered by some authors as
the unique hallmark of ASD which differentiates these children from children with other develop-
mental disabilities. However, several studies, including our own, demonstrate that this is not a
universal characteristic of ASD. Moreover, we have revealed that expressive and receptive langua-
ge patterns differ depending on the linguistic level and children’s non-verbal 1Q. We suppose this

has to be taken into account in clinical practice.
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4. The influence of phonological neighborhood density on word production and
recognition in 4-to-6-year-old children

Article selected for the defense:

Arutiunian V., Lopukhina A. The effects of phonological neighborhood density in childhood
word production and recognition in Russian are opposite to English // Journal of Child Langu-

age. Vol. 47. P. 1244-1262.

4.1. Introduction

Phonological neighborhood density (PND) is one of the significant properties of a word that influ-
ences its production and recognition. PND refers to the number of words that can be formed from
a given word by substituting, adding or deleting one phoneme. Words with many similar sounding
neighbors, such as mash (e.g., smash, ash, cash, mush, mat), have a dense neighborhood, whereas
words with few or no neighbors, such as fudge (judge, fun), have a sparse neighborhood. Cross-
linguistic studies have shown that PND influenced differently word production and recognition
depending on a language [Harley & Brown, 1998; Luce & Pisoni, 1998; Vitevitch, 2002; Vitevitch
& Luce, 1998, 1999; Vitevitch & Sommers, 2003]. Studies with English- and French-speaking
children and adults showed that words with dense neighborhoods were produced faster than words
with sparse neighborhoods; at the same time, words with dense neighborhoods were recognized
slower than words with sparse neighborhoods [Luce & Pisoni, 1998; Vitevitch, 2002]. The reverse
pattern was shown for Spanish-speaking adults: words with dense neighborhoods were produced
slower than words with sparse neighborhoods, whereas a dense neighborhood facilitated word
recognition [Sadat et al., 2014; Vitevitch, Rodriguez, 2004; Vitevitch, Stamer, 2006]. These cross-
linguistic differences in production and recognition were explained by the morphological properti-
es of the languages: words with rich inflectional system have multiple phonological neighbors that
are morphologically derived from the word. This can influence on the patterns in production and
recognition.

The aim of the present study was to determine how PND influences word production and
recognition in 4-to-6-year-old Russian children in comparison to Russian adults. The novelties of
the study are following. First, it compares word production and recognition in the same groups of
participants: the experimental group, consisting of 4-to-6-year-old Russian children, and the cont-
rol group of Russian adults. Secondly, our study compares young children and adults using the
exact same experimental design and materials. Finally, this is the first study that investigates the
facilitatory and inhibitory effects of PND on word production and recognition in young children

who speak a highly inflected language.
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4.2. Method
A total of 25 children (10 boys, 15 girls, aged 4 — 6, Mage = 4.09; SD = 0.8) and 20 adults (13
males, 7 females, aged 19 — 36, Mage = 25.02; SD = 4.6) participated in the study.

In a word production experiment, we used classical picture-naming task. The stimulus items
included 30 pictures, half of them corresponded to words with dense neighborhoods and the other
half to words with sparse neighborhoods. All stimulus words were selected from the Verbs and
Nouns Database and StimulStat Project and were acquired before the age 4; the groups of words
(high vs. low PND) did not differ in frequency, length, and the age of acquisition. In this task, we
recorded reaction time (RT) and of answers in picture naming.

In a word recognition experiment, we used a visual world eye-tracking paradigm with a
classical ‘look and listen’ task. As in production experiment, we have selected 30 pictures, half of
which corresponded to words with dense neighborhoods and the other half to words with sparse
neighborhoods. The groups of words (high vs. low PND) did not differ in frequency, length, and
the age of acquisition. The portable SMI RED eye-tracker was used in the study. Each trial started
with the presentation of three pictures (one of them corresponded to stimulus word and other two
were distractors) for 2000 ms, and the participants were familiarizing themselves with the pictures
during this time. Then the stimulus word was played, and the participant has to look at the named
picture as fast as possible. We registered the reaction time from the beginning of the stimulus word

to the fixation on the picture.

4.3. Results

In a word production experiment, in children, there was no significant difference in RT between
pictures that corresponded to words with dense versus sparse phonological neighborhoods (Figure
3). At the same time, there was a significant difference in RT between these conditions in adults.
We found that the PND effect in word production in Russian-speaking adults is the same as in
Spanish-speaking adults: words with dense neighborhoods are produced slower than words with

sparse neighborhoods; this pattern is the opposite to word production in English.
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Figure 3. Mean RT’s as a function of PND type and age (ms)

In a word recognition experiment, the results demonstrated that both children and adults
recognized pictures corresponding to words with sparse neighborhoods slower than pictures cor-
responding to words with dense neighborhoods (Figure 4). Therefore, there is a reverse PND effect
in word recognition in comparison to word production for Russian adults. Importantly, the pattern

in both children and adults was the same as in Spanish-speaking adults and the opposite to English.
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Figure 4. Mean RT’s as a function of PND type and age (ms)
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4.4. Conclusion

The results of the study support the hypothesis that morphological complexity of a language influ-
ence the patterns of PND in word production and recognition in children and adults. We found no
effect in 4-to-6-year-old Russian children in word production and a large PND effect in word
recognition, which means that the PND recognition effect starts to develop in early childhood, and
the PND production effect is formed later. Presumably, it is related to vocabulary growth and
morphological development in highly inflected languages such as Russian. Indeed, morphology
plays a significant role in Russian word production and recognition, and it has been reported that
morphological awareness increases when children acquire reading skills [Anglin, 1993; Kornilov

et al., 2012].
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5. Conclusions

The papers included in this dissertation were focused, on the one hand, on language impairment
in Russian primary-school-aged children with ASD at different linguistic levels (phonology, voca-
bulary, morphosyntax, and discourse) and on the expressive and receptive patterns of language
functioning in these children. On the other hand, the study investigated phonological mechanisms
involved in word production and recognition in pre-school TD children which can be significantly
associated with language impairment in ASD.

Chapter 2 described the comprehensive language assessment of children with ASD at diffe-
rent linguistic levels. The study revealed psycholinguistic variables for each language test which
significantly influenced accuracy in children with ASD as well as highlighted non-language fac-
tors contributing to language functioning in these children. The present work described, for the
first time, the language profiles of a representative group of Russian primary-school-aged children
with ASD.

In Chapter 3, we investigated the difference between expressive and receptive language do-
mains at the levels of vocabulary, morphosyntax, and discourse in children with ASD. The results
showed that expressive and receptive patterns can be different depending on linguistic level. More-
over, non-verbal 1Q partly accounted for expressive and receptive patterns in these children.

Chapter 4 presented the psycholinguistic experiment using picture-naming and eye-tracking
with visual world paradigm in Russian pre-school TD children and Russian adults. The results
showed that phonological neighborhood density differently influenced word production and reco-
gnition in young children which further can be used to study children with ASD.

To summarize, the results of the present dissertation described new aspects of language func-
tioning at different linguistic levels in children with ASD as well as highlighted the mechanisms

of word production and recognition in TD children and adults.
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