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Abstract

Phenotypical heterogeneity in language abilities is a hallmark of autism but remains poorly understood. The present study
collected naturalistic language samples from parent—child interactions. We quantified verbal abilities (mean length of utter-
ance, tokens, types) of 50 Chinese-speaking children (M =35; 6) and stratified subgroups based on their autism traits, 1Q, and
language abilities. Using hierarchical cluster analysis, four groups were identified. Group 1, the least affected group, had
mild autism, the highest IQ, and the strongest verbal abilities. Group 2, the severely affected group, had the lowest 1Q, most
severe autism symptoms, and weakest verbal abilities. Group 3 and Group 4 displayed average levels of verbal abilities and
1Q. These findings may characterize the heterogeneous profiles of verbal abilities in Chinese-speaking children.
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Introduction

Autism spectrum disorder (ASD) is widely recognized as
a complex, heterogeneous neurodevelopmental condition.
According to the 5th edition of the Diagnostic and Statisti-
cal Manual of Mental Disorders (DSM-5; American Psy-
chiatric et al., 2013), individuals with ASD have impair-
ments in social communication and interaction, as well as
restricted and repetitive behaviors. Based on the estimation
from Western countries, it affects about 1 in 54 children aged
8 (Maenner et al., 2020). The preliminary prevalence esti-
mates of ASD in mainland China (Sun et al., 2013, 2019) is
similar to that of developed countries, i.e., around 0.8-1.5%
among preschool and school-aged children. Based on this
estimate, in Hong Kong there are approximately over 10,000
individuals aged from O to 12 years diagnosed with ASD,
of which over 7,000 are below six years of age. With such
a large number of young children diagnosed with ASD and
the significance of early intervention for these children, it is
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crucial to understand phenotypical heterogeneity in language
impairments among young Chinese-speaking children with
ASD in Hong Kong.

DSM-5 differentiates individuals with ASD based on
the level of the support (ranging from basic support to sub-
stantial to very substantial support) that should be offered.
Those with more severe autism symptoms should receive
more substantial support than those with milder symptoms.
Researchers have generally reached consensus that there
are large individual variations in cardinal symptoms, cogni-
tive skills, and language communications among individu-
als with ASD (Fernell et al., 2010; Masi et al., 2017). For
example, high-functioning autism individuals, who had
high cognitive abilities and intact language skills, exhib-
ited various levels of social communication impairments
and restricted or repetitive behaviors (Klopper et al., 2017,
Ring et al., 2008). Minimally verbal or nonverbal individu-
als with autism, who had severe impairments in cognitive
and language abilities, showed severe deficits in their social
and communication skills. However, this group of indi-
viduals were always excluded from analysis because of the
difficulties of collecting their data from standardized tests
(Bacon et al., 2019; Bal et al., 2016). To summarize, notable
heterogeneity, spanning the entire range in each of these
domains, imposes challenges for researchers to study its eti-
ology, prognosis, diagnosis, and treatment. To address these
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challenges, the present study aimed to delineate homogene-
ous subgroups of verbal abilities based on the autism symp-
toms, cognitive abilities, and language abilities in a sample
of children with ASD aged three to eight. The following sec-
tions first summarized the previous research that examined
heterogeneity in social communication skills based on stand-
ardized instruments followed by the studies of heterogeneity
using multidimensional measures. Finally, we highlighted
the importance of studying heterogeneity with naturalistic
language samples.

Heterogeneity of Social Communication
Impairments Based on Standardized Instruments

Recent studies have adopted data-driven approaches to
examine clinically meaningful subgroups (Cholemkery
et al., 2016; Georgiades et al., 2013; Hu & Steinberg, 2009).
Of these studies, Georgiades et al. (2013) examined the phe-
notypical heterogeneity in social communication skills based
on the scores in the Autism Diagnostic Interview-Revised
(ADI-R) in 391 toddlers aged 38.3 months on average.
They defined three subgroups by factor analysis according
to the severity of social communication impairments and
stereotyped behaviors. One group (Class 3) showed the most
severe impairments in social communication and repetitive
behavior domains, whereas the other two groups showed
fewer impairments in both domains. Class 1 exhibited more
social communication deficits than repetitive behaviors,
while Class 2 showed reverse patterns. Similarly, Cholemk-
ery et al. (2016) conducted cluster analysis and used ADI-R
as a classification criterion to define clinically meaningful
subgroups in samples with a broad age range from tod-
dlers to adults. This study classified three subgroups based
on the levels of impairment of social communication and
stereotyped behaviors. One subgroup had the most severe
social communication deficits and stereotyped behavior,
whereas the other two subgroups exhibited moderate symp-
toms in these two domains (one with severe impairments in
restricted behaviors but mild impairments in social interac-
tion and the other one showing the opposite profile).

These two studies proposed that there are mixed levels of
autism symptoms, with one group having mild social com-
munication deficit and severe repetitive behavior and another
group with reverse profile (severe social communication
deficit but mild repetitive behavior). However, other studies
did not find similar patterns and reported that severity of two
domains covaried across subgroups (Wiggins et al., 2012).

Heterogeneity of Social Communication
Impairments Based on Multidimensional Measures

An important breakthrough of the study conducted by Zheng
et al. (2020) abandoned standardized diagnostic instruments

(e.g., ADI-R, Autism Diagnostic Observation Schedule);
rather they opted for dimensional measures for multiple
domains, including autism symptoms, cognitive abilities,
verbal skills, and adaptive function in 188 preschoolers.
Cluster analysis on principal component was conducted,
resulting in an identification of three clusters. Cluster 1 was
the least affected group and characterized as having milder
impairments on social communication skills and repeti-
tive behaviors, as well as advanced language and cognitive
skills. Cluster 2 exhibited more severe social communication
impairment and restrictive behaviors than Cluster 1, yet with
comparable language and cognitive skills. Cluster 3 was the
most affected group and showed more severe cardinal symp-
toms than Cluster 1. The cognitive and language abilities in
Cluster 3 were the lowest than the other two clusters. Taken
together, Zheng et al. (2020) identified two subgroups with
comparable levels of autism symptoms but different cogni-
tive and language abilities.

Klopper et al. (2017) also investigated phenotypical
autism subgroups in individuals without intellectual disabili-
ties. He reported two subgroups, which differed significantly
along the dimensions of social communication impairments
and restricted and repetitive behaviors, but not in receptive
language and verbal comprehension ability. These results
suggested that the severity of core autism symptoms may
dissociate with cognitive and language abilities, therefore
supporting the multi-dimensional approaches when defining
homogenous subgroups.

Heterogeneity of Language Impairments Using
Language Samples

Despite the tremendous efforts to define homogenous sub-
groups over the past decades (Beglinger & Smith, 2001;
Syriopoulou-Delli & Papaefstathiou, 2020), empirically
reliable subgroups have not yet been identified. Moreover,
majority of previous research studied heterogeneity of lan-
guage impairments using standardized or global language
tests. Only very few studies collected naturalistic language
samples (Bacon et al., 2019; Tek et al., 2014; Wittke et al.,
2017). Of these studies, Wittke et al. (2017) investigated var-
iations in vocabularies and grammar use among preschoolers
with ASD. They manually divided participants into three
subgroups (38 high verbal, 11 low verbal, and 33 minimally
verbal) based on the scores of the vocabulary language tests
and non-verbal 1Qs. Then they collected language samples
from Autism Diagnostic Observation Schedule-2 (ADOS-
2; Lord et al., 2012). All but two participants in minimally
verbal group did not generate enough speech and thus were
excluded. The two children in minimally verbal group who
produced sufficient tokens to transcribe and children in low
verbal group were then combined and assigned to the global
language impairment group. They used 10% grammatical
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errors as a cut-off point to manually identify high-verbal
group children into grammatical impairment group and
language normal group. The global language impairment
group scored low in the overall lexical ability but its gram-
matical skills remained intact; the grammatical impairment
group showed the opposite. Grammatical impairment group
was comparable to the normal language group in terms
of the means for utterance level (MLU), but they showed
significantly more grammatical errors than the other two
groups. Their results indicated that children with ASD dis-
played unbalanced language skills in grammar and lexical
components.

Tek et al. (2014) also looked into spontaneous language
samples and examined the structural language acquisition
of 12 toddlers with autism across six-time points over four
months. Based on the raw scores in the expressive language
test, toddlers with autism were divided into two subgroups
using median split based on the scores of the standardized
language test at time point 1: high verbal skills (HV) and
low verbal skills (LV). The study reported that the ASD-HV
group showed drastic improvements in vocabulary, gram-
matical complexity and production, with their develop-
ment patterns similar to those of the typically development
group. On the other hand, the ASD-LV group showed slight
improvement in most of the language measures even at the
last time point.

Although Wittke et al. (2017) and Tek et al. (2014) man-
ually categorized subgroups and their criterion for cut-off
points were controversial, these two studies shed light on the
use of naturalistic language samples instead of standardized
language tests to define homogenous language subgroups.
While global language tests are convenient for researchers,
they have disadvantages for children who are inattentive and
lacking motivation. On the contrary, naturalistic language
sampling can capture the nuanced aspects of linguistic defi-
cits in details, thereby being more sensitive in evaluating
language abilities than global language tests (Casenhiser
et al., 2015; Chiang, 2009; Jyotishi et al., 2017; Rice et al.,
2010). For instance, Casenhiser et al. (2013) conducted a
social-communication-based intervention program and
reported that the treatment group improved significantly in
social skills manifested in the naturalistic language samples
in the one-year follow-up assessment. Surprisingly, this
improvement was not evident in the standardized language
test. Specifically, the treatment group performed better on
language measures such as the mean length of utterance
(MLU), numbers of utterance and other communication
aspects (Casenhiser et al., 2015).

Having said that, language samples in Wittke’s study were
collected in a structured assessment (ADOS-2). However, it
is not an ideal method for eliciting speech from children who
are minimally verbal (Kasari et al., 2013). Indeed, these chil-
dren may be able to produce more vocabulary when talking
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to their parents during free play (Kover et al., 2014). Kover
et al. (2014) collected naturalistic language samples from
different partners and contexts, and compared utterance and
words tokens, as well as pragmatic language. They found
that participants produced more utterances and number of
conversational turns when interacting with parents than
when interacting with examiners.

Overall, previous findings about the number of homoge-
neous groups in children with ASD regarding their language
abilities are not conclusive. Additionally, to date, very few
studies collected naturalistic language samples for cluster
analyses. Naturalistic language sampling approach has its
advantage in measuring language abilities in children with
ASD. Firstly, naturalistic language sampling is more sensi-
tive to measure the change in language abilities. Different
domains of expressive language measures can be derived
from naturalistic language samples, including phonology,
syntax, lexicon, and communicational skills (Barokova &
Tager-Flusberg, 2020). Secondly, children with ASD could
produce more utterances and display various communication
skills when they are freely talking to their caregivers. There-
fore, the current study adopted the naturalistic language
sampling approach to examine heterogeneity in language
abilities in children with ASD.

We here focused on Chinese (Cantonese)-speaking chil-
dren. A large portion of the aforementioned studies investi-
gating language variations have been focusing on children
with ASD from western countries Research into the hetero-
geneity of language impairment in Chinese-speaking chil-
dren is scarce. Only a small number of studies investigated
the expressive language profiles in Chinese-speaking chil-
dren with ASD. Previous language studies have primarily
compared Chinese children with ASD with typically devel-
oping children in terms of their language abilities and they
did not collect language samples (Su & Naigles, 2019; Yi
et al., 2013; Zhou et al., 2015). Of these studies, Su et al.
(2018) examined uneven expressive language development
in a sample of 160 participants between 17 and 84 months
old Chinese preschoolers with ASD. Parents completed the
Putonghua Communicative Development Inventory-Toddler
form (Tardif & Fletcher, 2008). Three subgroups (low ver-
bal, middle verbal, and high verbal) were defined based on
the total vocabulary production. The three subgroups dis-
played discrepancies in lexical components (e.g., the pro-
portion and total utterance on nouns, verbs, and pronouns),
syntax, and MLU. These results suggested that there are
variations in language abilities in Chinese-speaking chil-
dren. However, this study did not study heterogeneity from
naturalistic language samples and examine the relation of
heterogeneity with IQs and autism severity.

Taken together, the present study aimed to delineate
homogeneous subgroups of verbal abilities in Chinese
(Cantonese)-speaking children with ASD and to compare
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phenotypical presentations and detailed lexical components
among these subgroups. To the best of our knowledge,
this study was the first one looking at the heterogeneity in
language abilities in Chinese-speaking children. We here
focused on some aspects of grammatical complexity (e.g.,
MLU) and lexical diversity (e.g., types, the number of dif-
ferent words, and tokens, the number of total utterances) as
indicators of the language abilities. Mean length of utterance
(MLU) indicates grammatic complexity of language abil-
ity (Brown, 1973) and is highly correlated with scores on
the standardized measurement of grammatical development
(Condouris et al., 2003). Although Scarborough et al. (1991)
reported that the correlation between MLU and grammati-
cal development becomes weaker when MLU exceeded 3.0,
many studies confirmed that MLU outperformed standard-
ized language measures in the estimation of grammatic
complexity (Casenhiser et al., 2015; Jyotishi et al., 2017).
Besides, the number of different words indicates lexical
diversity and the richness of expressive language and is sig-
nificantly correlated with the scores on standardized meas-
urement of semantic development (Condouris et al., 2003).

Hierarchical cluster analysis was conducted to define the
optimal number of clusters based on multiple measurements,
including autism symptoms, IQ, language abilities. Since
clustering is an unsupervised method of machine learning,
we could not predict the numbers of clusters for our cur-
rent data; rather we would choose the optimal number of
clusters based on the elbow method. Then we characterized
the generated subgroups by phenotypical measurements and
detailed lexical components in terms of the types and fre-
quencies of words children could use spontaneously with
their caregivers. The findings of the current study would fill
the gap in the literature by defining subgroups of children
with autism based on their speech collected in the natural-
istic language samples.

Methods
Participants

Participants in the current study were taken from the larger
Robot for Autism Behavioral Intervention project (RABI)
(So, 2020), an intervention conducted at the Chinese Uni-
versity of Hong Kong for Chinese-speaking individuals with
autism aged 3 to 18. RABI recruits Chinese-speaking par-
ticipants diagnosed with autism throughout Hong Kong. A
subset of these participants (N=59; 52 males) contributed
their language samples before intervention. Among the 59
participants, eight did not complete assessments of 1Q and
autism severity within the time allotted and one was absent
from the parent—child interaction. Those nine children were

excluded from this study. Thus, the final sample for the cur-
rent study was 50 (45 males).

Assessments

Autism Diagnostic Observation Schedule—Second Edition
(ADOS-2)

ADOS-2 assesses and diagnoses ASD across age, develop-
mental level, and language skills (Lord et al., 2012). In the
present study, it was conducted by a trained professional who
completed ADOS-2 Advanced/Research Training. ADOS
comparison scores converted from the total raw scores and
chronological ages were reported. In this study, raw scores
of social affect (SA) and restricted and repetitive behavior
(RRB) were also reported separately in order to better cap-
ture the distinct features of both domains.

Kaufman Brief Intelligence Test, Second Edition (KBIT-2)"

KBIT-2 assesses both verbal and nonverbal intelligence in
people from 4 through 90 years of age (Kaufman, 2004). It is
composed of two separate scales. The Verbal Scale contains
two kinds of items—Verbal Knowledge and Riddles—both
of which assess crystallized ability (knowledge of words
and their meanings). The Nonverbal Scale includes a Matri-
ces subtest that assesses fluid thinking—the ability to solve
new problems by perceiving relationships and completing
analogies. Test items are free of cultural and gender bias.
Children’s standardized Verbal and Nonverbal Scores, plus
a composite 1Q, were calculated and reported.

Parent-Child Interaction

Caregivers were invited to interact with their children for
20 min in a treatment room at the Chinese University of
Hong Kong. Each time, a child was presented with a stand-
ardized set of age-appropriate toys and his/her parent was
instructed to play with the child as they normally would at
home. All participating children and their caregivers played
with the same set of toys. These toys included a food-themed
set (book, puzzle, toy), wooden trains and a police-themed
set (soft toy, book). Each session was video-recorded using
two cameras with high-definition zoom-in functions to cap-
ture the head and hand movements of parent and child.

I There was a child aged 3; 7 and his KBIT-2 standard score was 95.
The findings were still the same after excluding him.
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Transcriptions

The language samples were transcribed by the research
assistants trained in the Codes for the Human Analysis of
Transcripts (CHAT) format using Computerized Language
Analysis (CLAN) software (MacWhinney, 2000). Each lan-
guage sample was transcribed verbatim by one transcriber,
who viewed each recording multiple times until the entire
sample was transcribed. According to CHAT coding con-
ventions, utterances or portions of utterances that could not
be fully transcribed after three viewings were indicated as
unintelligible. A consensus procedure was implemented in
all the 50 transcripts. Once transcriptions were completed,
they were proofed by a second transcriber. Transcribers
viewed each other’s video recordings while reading the ini-
tial transcriptions (Shriberg et al., 1984). When errors or
discrepancies were discovered, transcribers would discuss
among themselves until agreement was reached. Otherwise,
those utterances or portions of utterances were considered
unintelligible.

Coding

CLAN conventions were deployed to perform morphologi-
cal analysis on the transcripts, as well as to mark syntac-
tic errors and extract word type and token variables for all
parts of speech. The grammatical category labels for the
Cantonese corpus were based on the established 33 catego-
ries (e.g., modal verb, directional verb, noun, proper noun,
pronoun, preposition, adjective, adverbs) (MacWhinney,
2000; Matthews & Yip, 1994). 20% of the transcriptions
from 10 of the children were randomly selected and coded
by a research assistant who was naive to the objectives of
the present study. The inter-rater reliabilities for the gram-
matical coding were measured by Cronbach’s Alpha, which
were 0.85 for verbs, 0.93 for nouns, 0.88 for prepositions,
0.89 for adverbs, 0.95 for adjectives, and 0.92 for pronouns.
Lexical measures included both types (number of different
morphemes) and tokens (total numbers of words including
nouns, verbs, adjectives, adverbs, pronouns, and preposi-
tions). The mean length of utterance (MLU, total number
of words divided by total utterances), total number of types,
and total number of tokens were generated using CLAN.
Detailed lexical components, including the percentages of
nouns, verbs, pronouns, adjectives, adverbs, and preposi-
tions, were also calculated.

Each utterance was also coded for jargon and echolalia.
Echolalia is the repetition, with similar intonation, of words
or phrases that someone else has said; it can be immedi-
ate, or right after someone said it, or delayed, meaning a
repetition of something heard in the past (Tager-Flusberg
et al., 2005). Jargon was coded if the child used strings of
non-meaningful speech with odd intonation. Utterances
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containing echolalia or jargon were not included in the
analyses of MLU and types and tokens.

Analyses

Data analyses were conducted by statistical software R
version 4.0.0. We first calculated descriptive statistics of
assessments and language parameters of children with ASD
in this study. Then we examined the relationships among
autism symptoms, cognitive abilities, and language abilities
using Pearson correlation, and reported significance levels.
To define homogeneous subgroups, hierarchical clustering
algorithm and the “complete” method built into R’s hclust
function were used. The elbow method was applied to the
mean of the within-cluster variances in order to determine
the optimal number of clusters. A radar plot was displayed
to visualize the characteristics of each subgroup. Although
there are no rules of thumb about the minimal sample size
for cluster analysis, the common practice is that there should
be no less than 2”k cases (where k refers to the number of
variables) (Dolnicar, 2002; Formann, 1984). Therefore, we
chose five variables to conduct hierarchical cluster analysis:
SA, RRB, overall IQ, MLU, and the number of type tokens.
Then the minimal sample required should be 32, which is
smaller than the current sample size (50). All numerical data
were normalized before conducting cluster analysis. Finally,
we calculated descriptive statistics for all measurements by
subgroups and conduct ANOVA to examine the differences
among subgroups. The assumptions of ANOVA, including
the independence of observations, the normal distribution,
and the homogeneity of variance, were examined, respec-
tively, by using the QQ plots and the residuals versus fits
plot. These assumptions were met. Tukey’s HSD post-hoc
test was performed to adjust for multiple comparisons.

Results

On average, each child contributed 124.96 utterances
(SD=37.73), which formed a reliable sample for analy-
sis. Table 1 shows the descriptive statistics of ADOS
comparison scores (ADOS), standardized 1Q scores (both
verbal and nonverbal), as well as language measures. Find-
ings have shown notable variations of language abilities.
MLU ranged from 1.47 to 5.17 (M =2.65, SD=2.49).
The total number of types and tokens ranged from 24 to
224 M =127.96, SD=0.77), and 36 to 900 M =356.82,
SD =190.65), respectively. Table 2 shows the correlation
coefficients among these variables. Social affect score (SA)
was highly correlated with ADOS score (r=0.97), repetitive
and restricted behavior (RRB) score (r=0.48), overall 1Q
(r=—-0.47), verbal IQ (r=0.41), number of types (r=0.41),
and number of tokens (r=0.39). MLU and number of types
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Table 1 Descriptive statistics of assessments and language param-
eters

Mean Median SD Range

Age in months 65.26 65.50 10.33 43-100
ADOS-2

ADOS-CS 55 6 2.72 1-10

SA 9.22 9 4.72 1-20

RRB 1.72 1.50 1.82 0-6
KBIT-2

Overall IQ 94.98 93 21.60 50-147

Nonverbal IQ 93.88 96 23.05 33-142

Verbal 1Q 94.76 93 21.99 55-147
Language parameters

MLU 2.65 2.49 0.77 1.47-5.17

Token types 127.96 118.50 47.99 24-224

Token total 356.82 303.50 190.65 36-900

ADOS-2 autism diagnostic observation scale-second edition, ADOS-
CSautism diagnostic observation scale-comparison scores, SA social
affect, RRBrestrictive and repetitive behaviors, KBIT-2 Kaufman brief
intelligence test- second edition, /Qintelligence quotient, MLU mean
length of utterance

also moderately correlated with overall I1Q score (r=0.31
and 0.28 respectively).

Figure 1 shows the dendrogram illustrating the process
of cases clustering, in which four-clusters were initially
observed. Figure 2, the elbow method graph, shows that the
four-cluster solution gained much smaller within-cluster
variance than the three-cluster solution and five-cluster
solution, indicating that the optimal number of subgroups
was four.

The descriptive statistics for the four subgroups are
shown in Table 3. Tukey’s HSD post-hoc tests were con-
ducted to examine whether there were significant differences
among the four subgroups. Figure 3 shows the radar plot
that visually displays autism severity and developmental

Table 2 Correlation coefficients among variables

profiles by subgroups on standardized scores. In general,
there were significant main effects of subgroups on all
measures including autism symptoms, F (3,46)=27.19,
p<0.001, SA score, F (3, 46)=20.5, p<0.001, RRB score,
F (3, 46)=3.9, p<0.001, overall 1Q, F (3,46)=5.672,
p=0.002, nonverbal 1Q, F (3,46)=3.196, p=0.032, ver-
bal 1Q, F (3,46)=3.835, p=0.015, MLU, F (3,46)=18.55,
p<0.001, types, F (3,46)=29.48, p<0.001, and tokens, F'
(3,46)=32.38, p<0.001.

Group 1 (N=28) was the least affected group and had
relatively better language abilities than the other three
subgroups. Their autism was milder than that of Group 2,
p<0.001 and Group 4, p <0.001; their SA score was also
lower than that of Group 2, p <0.001 and Group 4, p <0.001.
Group 1 also had the highest scores on nonverbal IQ, verbal
1Q, and overall IQ with the means of these scores all exceed-
ing 110. Regarding their language profiles, Group 1 had the
highest MLU (Group 1 vs. Group 2, p <0.001; vs. Group 3,
p <0.001; vs. Group 4, p=0.02), number of types (Group
1 vs. Group 2, p<0.001; vs. Group 3, p<0.001; vs. Group
4, p=0.004), and number of tokens (Group 1 vs. Group 2,
p <0.001; vs. Group 3, p<0.001; vs. Group 4, p<0.001).

In contrast with Group 1, Group 2 (N=14) showed the
moderately severe autism symptoms and the lowest lan-
guage abilities. Their ADOS comparison and SA scores
were higher than those of Group 1 (»p <0.001, and p <0.001,
respectively) and those of Group 3 (p <0.001, and p <0.001,
respectively). Their IQ scores were the lowest with the mean
of the overall IQ and that of verbal IQ both around 80. How-
ever, the differences among Group 2, Group 3, and Group
4 on nonverbal 1Q and verbal IQ did not reach statistically
significant levels. Children in Group 2 had the lowest MLU
(Group 2 vs. Group 1, p<0.001; vs. Group 3, p=0.010; vs.
Group 4, p <0.001), number of types (Group 2 vs. Group 1,
p<0.001; vs. Group 3, p=0.001; vs. Group 4, p<0.001),
and number of tokens (Group 2 vs. Group 1, p<0.001; vs.
Group 3, p=0.009; vs. Group 4, p <0.001).

ADOS-CS SA RRB Overall 1Q Nonverbal IQ Verbal IQ MLU Types Tokens
ADOS-CS 1 - - - - - - - -
SA 0.97#%#:* 1 - - - - - -
RRB 0.687%** 0.48##:* 1 - - - - - -
Overall 1IQ —0.32% 0.47%%* -0.10 1 - - - - -
Nonverbal 1Q -0.07 -0.25 0.10 0.74% %% 1 - - - -
Verbal 1Q —0.32% 0.4 %% —0.11 0.77%%* 0.38%* 1 - - -
MLU -0.19 -0.25 -0.12 0.31% 0.24 0.29%* 1 - -
Types —0.32% 0.4 %% —0.09 0.28* 0.26 0.24 0.64%** 1 -
Tokens -0.31 0.39%#:* -0.10 0.23 0.30% 0.18 0.75%#:* 0.927## 1

ADOS-CS autism diagnostic observation scale-comparison score, SA social affect, RRBrestrictive and repetitive behaviors, MLU mean length of

utterance
p<0.05%, p<0.01%*, p<0.001***
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Fig. 1 Dendrogram of hierarchi- 7.5-
cal clustering. The x-axis shows
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Fig.2 Elbow method graph shows the four-cluster solution gained
much smaller within-cluster variance than the three-cluster solution
and five-cluster solution

Group 3 (N=18), the largest subgroup, showed mild
autism symptoms and average levels on various language
abilities. Their ADOS comparison score and SA and
RRB scores were lower than those of Group 2 (p <0.001,
p<0.001, and p=0.017, respectively) and those of Group
4 (p<0.001, p<0.001, and p <0.001, respectively). Their
overall IQ was higher than that of Group 2, p=0.002.
Group 3 showed average levels on language abilities: their
MLU, types and tokens were higher than those of Group 2
(»=0.010, p=0.001 and p =0.009, respectively), but lower
than those of Group 1(p=0.001, p <0.001 and p <0.001,
respectively).

Group 4 (N=10) had the most severe autism symp-
toms, especially on RRB domain, and average levels on
language abilities. Their ADOS comparison score and
SA scores were higher than those of Group 1(p <0.001

Table 3 Z-scores of ADOS-2, IQ and language parameters in four clusters

Mean (SD) Group 1 Group 2 Group 3 Group 4 F-value  p-value  Tukey’s posthoc test
(N=38) (N=14) (N=18) (N=10) (»<0.05)
Age in months 63.5 (11.11) 61.86 (10.81) 67.67 (6.03) 67.1 (14.55) 1.016 0.394 /
ADOS-CS 3.38 (1.69) 7 (1.62) 3.56 (1.92) 8.6 (1.26) 27.19 <0.001 1<2;1<4;2>3;3<4
SA 4.75 (2.12) 12.36 (3.82) 6.39 (3.22) 13.5(2.8) 20.5 <0.001 1<2;1<4;2>3;3<4
RRB 1.25 (1.39) 2(1.92) 0.5 (0.79) 39(1.2) 13.94 <0.001 1<4;2>3;2>4;3>4
Overall 1IQ 111.62 (21.55) 79.93 (13.12)  101.11 (21.37) 91.7 (19.53) 5.672 0.002 1>2;2<3
Nonverbal 1Q 111 (26.86) 83.21 (14.98) 94.67 (23.24) 98.1 (16.56) 3.196 0.032 1>2
Verbal 1Q 113 (21.45) 81.86 (16.17) 96.67 (25.27) 90.4 (19.29) 3.835 0015 1>2
MLU 3.68 (0.7) 1.96 (0.35) 2.59(0.52) 2.92 (0.64) 18.55 <0.001 1>2;1>3;1>4;2<3;2<4
Types 197.75 (17.04) 81.07 (30.19)  122.39(26.55) 147.8 (37.65) 29.48 <0.001 1>2;1>3;1>4;2<3;2<4
Tokens 668.62 (146.6)  190.36 (91.48) 322.5(104.64) 402.2(119.31) 32.28 <0.001 1>2;1>3;1>4;2<3;2<4

ADOS-CSS autism diagnostic observation scale-comparison score, SA social affect, RRBrestrictive and repetitive behaviors, MLU mean length of

utterance
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Visualization of four groups of ASD children
1Q_verbal
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FREQ_tokens

FREQ_types

MLU_Words

1Q_nonverbal

1Q_overall

SA

ADOS

] Group 1 2 Group 2

RRB
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Fig.3 Radar plot for the means of z-scores for different variables in each group: red represents Group 1; blue Group 2; green Group 3; and

magenta Group 4

Table 4 Mean number of total utterances and mean percentage of different types of lexical components in four clusters

Mean (SD) Group 1 Group 2 Group 3 Group 4 F-value p-value Tukey’s posthoc test
(N=8) (N=14) (N=18) (N=10) (p<0.05)

Total utterance 157.75 (23.77) 122 (34.9) 129.72 (54.39) 89.3(37.84) 6.702 <0.001 1>2;1>3;2>4

Nouns (in %) 14.69 (5.26) 19.29 (7.75) 25.99 (9.97) 21.03 (7.35) 5.024 0.004 1<2;2<4

Verbs (in %) 19.87 (4.62) 21.38 (6.63) 21.64 (7.47) 18.81 (2.83) 0.298 0.826 /

Prepositions (in %) 0.8 (0.57) 1.36 (0.59) 1.04 (1.01) 1.53 (1.72) 0.84 0479 /

Adjectives (in %) 2.81 (2.14) 4.36 (4.92) 3.79 (2.76) 6.38 (4.56) 1.002 0401 /

Adverbs (in %) 7.52 (3.01) 8.31 (2.86) 4.97 (3.34) 6.32 (2.6) 2.215 0.099 /

Pronouns (in %) 9.9 (3.81) 7.54 (3.09) 523.97) 4.32 (2.67) 4.315 0.009 1>2;2>4

and p <0.001, respectively), and Group 3 (p <0.001 and
p <0.001, respectively), and comparable to those of Group
2. Their RRB score was the highest than that of Group
1, p<0.001, Group 2, p=0.008, and Group 3, p <0.001.
Children in Group 4 did not differ from the other three
subgroups on IQ scores. Their average overall 1Q was
around 90. Similar to Group 1, Group 3 showed average

levels on language abilities: their MLU, types and tokens
were higher than those of Group 2 (»p=0.001, p <0.001
and p <0.001, respectively), but lower than those of Group
1(p=0.021, p=0.004 and p <0.001, respectively).

The profiles of detailed lexical components divided by
each group were shown in Table 4. Children in Group 1
produced more sentences during the parent—child interaction
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with their number of total utterances being higher than
that of Group 2, p<0.001, and Group 3, p=0.04. Verbs
and nouns were the two most commonly used lexicons in
all groups, contributing to approximately 40% of all lexi-
cal components. Children of all four groups used relatively
few prepositions, adjectives, adverbs, and pronouns (less
than 10% on each components). There were no significant
differences in the percentages of verbs, F (3, 46)=0.298,
p=0.826, prepositions, F (3, 46)=0.84, p=0.479, adjec-
tives, F (3, 46)=1.002, p=0.401, and adverbs, F (3,
46)=2.215, p=0.099 among the four groups, but children
in Group 1 used fewer nouns, p =0.008 and more pronouns,
p=0.041, than those in Group 2.

Discussion

This research identified four distinct subgroups among 50
Cantonese-speaking children based on their language out-
puts derived from parent—child interactions, and autism
severity and cognitive functioning assessed using standard-
ized assessments. Compared to other subgroups, Group 1,
the least affected group, had the highest IQ, mild autism,
and strongest verbal abilities. Group 2, the most severely
affected group, had the lowest IQ, most severe autism, and
weakest verbal abilities. Group 3 and Group 4 displayed
average levels of verbal abilities and 1Q. However, Group 4
had moderately severe autism than Group 3.

Based on analyses using the CLAN program, we con-
ducted hierarchical cluster analyses and defined four sub-
groups. Hierarchical cluster analyses are more objective in
defining clinically meaningful subgroups than the manual
stratification used in Wittke et al. study (2017). Dendrogram
initially observed four subgroups, which was then verified by
the elbow method. Both measures reached a consensus that
four subgroups should be identified. This result is reported
in some of the previous studies (Eaves et al., 1994; Hu &
Steinberg, 2009; Wiggins et al., 2017). In one study, Eaves
et al. (1994) identified four clinically meaningful subtypes,
which showed distinct differences in behavioral and cogni-
tive areas. The biggest group showed impairments in verbal
and nonverbal social communication and mild intellectual
disabilities. The second largest group had autism symptoms
similar to the first group but had more severe intellectual
disabilities. The other two subgroups had better intellectual
functioning and mild autism. Nevertheless, other studies
defined three subgroups only (Cholemkery et al., 2016; Fein
et al., 1999; Georgiades et al., 2013; Wittke et al., 2017;
Zheng et al., 2020). That being said, it is difficult to merge
the language profiles of our subgroups with those of sub-
groups identified in the previous studies. This is not surpris-
ing because assessments of language abilities are different
across studies. We collected naturalistic language samples
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derived from spontaneous parent—child interactions while
Wittke et al. (2017) collected the language samples from a
structured assessment and Zheng et al. (2020) administered
standardized language tests. Besides, the present study tar-
geted children aged four to eight years of age while Zheng
focused on preschoolers and Cholemkery et al. (2016) on
individuals with autism ranging from toddlers to adults.
Meta-analyses should be conducted in order to sort out the
similarities and differences of the language profiles charac-
terized in these studies.

Regarding children with different severity levels of autism
in this study, their social affect covaried with restrictive and
repetitive behaviors (see also Zheng et al., 2020). Children
who had severe social communication deficits also had
severe repetitive behaviors. Their autism fell along the spec-
trum ranging from mild (Group 1 and Group 3) to severe
(Group 2 and Group 4). Only Group 1 and Group 3 showed
mixed patterns, but their difference did not reach statistically
significant. Yet, some previous studies found dissociations
between social affect and restrictive and repetitive behaviors
(Cholemkery et al., 2016; Georgiades et al., 2013). The con-
troversial results shed lights on future studies, which should
further explore the relationship between social affect domain
and repetitive and restrictive domain by collecting data from
different measurements and diverse samples from different
cultures and age groups.

In line with the previous researches, our study also found
two subgroups (Group 2 and Group 4) exhibited severe
autism symptoms but had different levels on language abili-
ties and cognitive abilities. For example, Eaves et al. (1994)
identified two subgroups with similar autism symptoms, but
their cognitive ability differed, and Zheng et al. (2020) also
reported two subgroups with comparable levels of autism
symptoms were characterized as different cognitive and lan-
guage abilities. Likewise, Group 3 and Group 4 in our study,
showing comparable mild language impairments, exhibited
different levels of autism symptoms, which was similar to
previous findings (Klopper et al., 2017). Our study also did
not report a straightforward relationship between 1Q and
language abilities and autism symptoms in children with
autism. Only Group 1 and Group 2 differed significantly on
nonverbal and verbal IQ: the group with higher IQ (Group 1)
had better verbal skills and milder autism symptoms than the
one with lower IQ (Group 2) (Eagle et al., 2010; Fein et al.,
1999). This finding is similar to those of previous studies
(Ellis Weismer & Kover, 2015; Mouga et al., 2020).

Our findings shed light on the heterogeneity of language
abilities with regard to the use of lexical components. To
date, very few studies identified autism subgroups according
to detailed lexical components (Bacon et al., 2019; Wittke
et al., 2017). In general, the two most commonly used words
found in the present language samples were verbs and
nouns (approximately 40% of the total lexical components).



Journal of Autism and Developmental Disorders (2022) 52:1908-1919

1917

Relatively fewer prepositions, adjectives, adverbs, and pro-
nouns (around 10%) were produced. There were no signif-
icant differences in the use of lexical components across
four subgroups on the proportions of verbs, prepositions,
adjectives, and adverbs produced by these children. These
findings were consistent with the previous studies, which
also found that children with autism used similar frequency
of types of words compared to matched typically developing
children (Eigsti et al., 2007; Park et al., 2012).

Yet, Group 1 used fewer nouns and more pronouns than
Group 2. Group 1 also had the highest MLU, number of
types, and number of tokens, in comparison to other groups.
These findings may suggest that children with better lan-
guage abilities in general or grammar specifically would
be more capable of producing pronouns than those with
weaker language skills. Understanding how children with
autism produce lexical components in spontaneous conver-
sation would provide clinicians and caregivers with valu-
able insights in designing interventions for improving lan-
guage use in social contexts. Clinicians or therapists may
design interventions for those with weaker language skills
for improving their use of pronouns. However, the current
study focused on the percentage of the use of pronouns and
did not examine whether their pronouns were properly used.
Correct use of pronouns may relate to the theory of mind
understanding (Niemiec, 2007). In future study, we should
examine the proper use of pronouns and its relation to theory
of mind understanding.

Despite the fact that our study was pioneering research
into the heterogeneity of language abilities in Chinese-
speaking children, it has a few limitations. First, our lan-
guage samples were collected from 50 children only. Cluster
analysis would benefit from a larger sample size. Related to
this, while Kover et al. (2014) reported that children with
ASD produce more utterances with parents than with exam-
iners, some parents, especially those with ASD as well or
having ASD traits, may have difficulties interacting with
their children, which in turn may influence the children’s
language production. Therefore, we are currently collecting
ASD children’s language samples from their interactions
with parents as well as teachers in order to more compre-
hensively and accurately evaluate these children’s language
abilities. Secondly, this study included children aged three
to eight years of age. Heterogeneity in language abilities
and autism-related traits were observed in individuals with
autism along their lifespan (Fountain et al., 2012; Pickles
et al., 2014). The rate and trajectories of language develop-
ment are highly variable up to 6 years of age but are becom-
ing relatively stable after 6 (Pickles et al., 2014). This study
therefore included children from both variable and stable
periods and yet considered the effects of developmental
maturation and chronological age in the heterogeneity in
language abilities.

Thirdly, our study only focused on lexical components
and did not examine other aspects of language. Further stud-
ies should be conducted to evaluate other language domains
including phonology, syntax, and pragmatics. We are cur-
rently investigating how children with ASD represent tem-
poral concepts in Cantonese through using aspect markers
(Tse et al., 2012). We are also studying the heterogeneity
of gesture production as previous findings have shown that
gesture development is delayed in individuals with autism
(Bono et al., 2004; Mastrogiuseppe et al., 2015) and there
are individual variations in gestural recognition and produc-
tion (So et al., 2016).

Conclusion

To the best of our knowledge, our study could be the first to
identify subgroups of children with autism using multiple
standardized tests and naturalistic language samples derived
from parent—child interactions in Hong Kong. Our language
samples also successfully reflected heterogeneity of lan-
guage abilities in children with different levels of autism
severity and intellectual functioning. Further studies inves-
tigating the heterogeneity of language impairments in autism
should be based on naturalistic language samples collected
in spontaneous interactions. The results highlighted the het-
erogeneity of phenotypical presentations in children with
autism and the significance of applying multiple measure-
ments. Classification is an effective method for researchers
to better understand the behavior and abilities for individuals
with autism. Although delineating subgroups is beneficial
for us to see the distinctions between different subgroups,
the distinct profile of each child was covered by merging
them into a more homogeneous subgroup. It is necessary
to consider differences and profiles from individual levels
when conducting intervention and study (Lai et al., 2013).
Future research should track the developmental trajectory
or etiology of autism spectrum disorder of these clusters.
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