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Abstract
Purpose: This cross-sectional study aimed to depict expressive language profiles and clarify
lexical-grammatical interrelationships in Mandarin-speaking preschoolers with Autism Spectrum
Disorder (ASD) during the administration of the simplified Chinese Psychoeducational Profile-
Third Edition (SCPEP-3) screening.
Methods: We collected naturalistic language samples from eighty-one (74 males) 2-7-year-old
(Mean age = 55.6 months, SD = 15.17) Mandarin-speaking children with ASD in clinician-child
interactions. The child participants were divided into five age subgroups with 12-month intervals
according to their chronological age. Computer-assisted part-of-speech tagging, constituency
analysis, and dependency analysis addressed the developmental trajectories of early lexical and
grammatical growth in each age subgroup.
Results: Significant within-ASD differences were observed in content words, function words, and
lexical categories. Nouns and verbs were the predominant lexical categories, while noun types
overwhelmed verb types in children over three years old. The grammatical development of 5-to-
6-year-old Mandarin-speaking children with ASD was better than 3-to-4-year-old children. The
trends of syntactic structures, grammatical relations, and grammatical complexity in each age
group were similar.
Conclusions: Mandarin-speaking preschoolers with ASD produce more lexicons with increasing
age. They preserve the noun bias as a universal mechanism in early lexical learning. Moreover,

their developmental trajectories of grammatical growth were comparable in each age subgroup. In
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addition, their lexicons and grammar were synchronically developed during early language
acquisition.
Key words: lexical categories, noun bias, grammatical profiles, SCPEP-3, Mandarin, children with
ASD
Introduction

Language impairment has been excluded from the diagnostic criteria for autism spectrum
disorder (ASD) in the DSM-5 (American Psychiatric Association, 2013), while delays in language
development are part of parents' main concerns in seeking screening and intervention for young
children with ASD (Robins et al., 2014). Early expressive language skills can predict long-term
language outcomes in preschoolers with ASD (Mawhood et al., 2000). This study attempted to
capture the expressive language profiles of 2-7-year-old Mandarin-speaking children with ASD in
clinician-child interactions to support clinical decisions and individualized intervention plans.

Owing to social communication deficits in children with ASD, naturalistic language
sampling is a critical measure for assessing expressive language variability (Bacon et al., 2019).
However, studies that examined the heterogeneity of language abilities in children with ASD were
mainly based on parent-child interactions (e.g., Song et al., 2022; Song & So, 2022). In this study,
we focused on the lexical and grammatical characteristics of Mandarin-speaking preschoolers with
ASD while administering the simplified Chinese Psychoeducational Profile-Third Edition
(SCPEP-3) (Yuetal., 2019). Therefore, ours is the first study to investigate the expressive language
profiles of 2-7-year-old Mandarin-speaking children with ASD in clinician-child interactions. In
particular, we compared the lexical and grammatical subdomains of language based on computer-
assisted Part-of-Speech (POS) tagging, Chinese constituency and dependency rules, and explored

the lexical-grammatical interrelationships of this population.
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Lexical development in expressive language of preschoolers with ASD

To date, research has adopted both standardized tests (e.g., Charman et al., 2003; Smith et
al., 2007; Su et al., 2018) and naturalistic language samples (e.g., Song et al., 2022; Wittke et al.,
2017) to reveal the heterogeneity of lexical production in children with ASD, contributing to our
knowledge of lexical development in this group (Hart & Curtin, 2021). Despite unbalanced lexical
development in children with ASD, few studies have addressed the developmental trajectories of
lexical growth in Mandarin-speaking preschoolers with ASD.

In natural languages, lexical categories can be broadly classified into content words (CWSs)
and function words (FWs) (e.g., Hochmann et al., 2010; Radford et al., 2008). CWs, such as houns
and verbs, primarily carry lexical-semantic information and have many word types (i.e., the
number of unique words that occur). By contrast, FWSs, such as prepositions and conjunctions,
primarily carry syntactic information and have fewer word types but a higher frequency of word
tokens (i.e., the total number of words that occur) (Villena, 2002; Zaccarella et al., 2017). The
content-function distinction is universal, although the particular lexical subcategories included in
CWs and FWs could be language-specific (i.e., Mandarin has classifiers). Charman et al. (2003)
reported that the percentages of common nouns, predicates, and closed-class terms in children with
ASD were comparable to those in vocabulary-matched normative samples. Su et al. (2018)
demonstrated that Mandarin-exposed preschoolers with ASD have lexical production similar to
their total-vocabulary-matched typical development (TD) peers in the lexical categories of nouns,
verbs, pronouns, classifiers, and question words. However, a critical gap in the literature is the lack
of a thorough analysis of CWs and FWs of children with ASD in naturalistic language samples,

which is one of the primary focuses of this study.
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One major issue in early lexical composition was the relative importance of nouns and
verbs. The debate has centered on whether a universally anchored noun bias helps children
bootstrap into lexical learning (Gentner, 1982). It has been hypothesized that nouns are acquired
faster than verbs because the concepts of nouns are perceptually more stable than those of verbs
(Stolt et al., 2009). Cross-linguistic evidence for noun bias has been observed in Spanish, Dutch,
French, Hebrew, Italian, Korean, and American English (e.g., Bassano, 2000; Bornstein et al.,
2004). However, 22-month-old TD children exposed to verb-friendly languages such as Mandarin,
Korean, and Japanese produced more verbs than nouns (Tardif, 1996; Tardif et al., 1997). Do
young children with ASD exhibit noun bias during early lexical learning? Indeed, studies by Tager-
Flusberg et al. (1990) and Charman et al. (2003) have suggested that such noun bias might operate
in young English-exposed children with ASD, as they produce more nouns than other lexical
categories. Moreover, Swensen et al. (2007) conducted research close to the beginning of the
therapy. They found that 2-to-3-year-old English-exposed children with ASD showed similar noun
bias as TD children in language comprehension. Given that these studies were conducted in the
noun-friendly language of English, it would be interesting to investigate the noun/verb dominance
of Mandarin-speaking preschoolers with ASD to explore whether noun bias is language-specific
or universally inherent to young children across languages. To address this question, we explored
the noun/verb dominance in Mandarin-speaking preschoolers with ASD.

Grammatical development in expressive language of preschoolers with ASD

Notably, recent work has mainly focused on the variability of structural language in
children with ASD. Of particular interest in analyzing language samples collected from the Autism
Diagnostic Observation Schedule (ADOS) (Lord et al., 1999), research has contributed to

exploring the heterogeneous grammatical development measured by the Index of Productive



116

117

118

119

120

121

122

123

124

125

126

127

128

129

130

131

132

133

134

135

136

137

Syntax (IPSyn) (Scarborough, 1990) and Mean Length of Utterance (MLU) (Brown, 1973) in
children with ASD. For example, Park et al. (2012) concluded that the overall grammatical
development in 3-6-year-old children with ASD seemed to be delayed rather than unique. While
their noun phrases, sentence structures, and MLU were below the expected level, the verb phrases
and morphological structures developed atypically. In addition, Wittke et al. (2017) categorized
children with ASD into three subgroups: normal language, grammatical impairment, and language
impairment, according to the production of the MLU and the usage of Brown’s 14 grammatical
morphemes. Moreover, using the hierarchical phrase-based grammatical analysis, Leung and Li
(2015) demonstrated that the flexibility and the number of different syntactic structures in
Cantonese-speaking children with ASD were distinguishable from age-matched TD children. This
work marked a call to characterize grammatical profiles of Mandarin-speaking preschoolers with
ASD, particularly a systematic investigation of syntactic structures in this group.

Research has revealed a systematic pattern in children’s morphosyntactic development
across languages. For example, English-speaking children produce nonadult-like verbal forms
when they are in two-word stages, and such verbal forms appear to be random when they reach
three years of age in many languages, including Dutch, French, German, Icelandic and others
(Legendre, 2006). However, Mandarin differs from other languages in that it lacks inflectional
morphological markers for information orders (Li & Thompson, 1981). Unlike German-, Spanish-,
and Arabic-speaking children, Mandarin-speaking children prefer “old-before-new” information
structures (e.g., Narasimhan & Dimroth, 2008; Ceja Tel Toro et al., 2016; Semsem & Chen, 2019,
See Chen et al., 2020). Despite this, Mandarin has a relatively straightforward structure that

follows the canonical subject-verb-object (SVO) word order as in English (e.g., Xu et al., 2022),
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while allowing the pervasive ellipsis of noun phrases in a sentence (Lee & Naigles, 2005). Thus,
Mandarin has a distinct syntactic structure.

Until recently, MLU and the mean length of the five longest utterances (MLUS5) (e.g., Wu,
2020) have been regarded as good indicators of grammatical complexity in Mandarin-speaking
children. At the same time, only a few equivalent language assessment tools are available to
measure the grammatical development of Mandarin. Nevertheless, from a theoretical perspective,
Mandarin encodes grammatical information in a highly configurational rather than morphological
way. In the current study, we sought to address the grammatical development of Mandarin-
speaking preschoolers with ASD by focusing on constituency analysis and dependency grammar.
Constituency analysis involves grouping smaller syntactic units (tokens) into more extensive
constituents (phrases), and these constituents further group to form even more extensive syntactic
constituents (larger phrases or clauses) (Poiret et al., 2021). Contrastingly, dependency grammar
determines syntactic structures based on word-to-word connections and represents various
grammatical relations (GRs). GRs are exemplified in traditional Chinese grammar by notions, such
as subjects and direct/indirect objects, which can straightforwardly represent abstract syntactic
information (Sun et al., 2019). Hence, this study provides new grounds for exploring grammatical
development in Mandarin-speaking preschoolers with ASD.
The early lexical-grammatical relationship in children with ASD

The focus on lexical-grammatical relationships has been motivated by conflicting
developmental linkages in early language acquisition (McGregor et al.,, 2012). One is an
indispensable relationship between lexical and grammatical development in young TD children.
For example, they must acquire a critical mass of lexicons that precedes their grammatical

formation (Bates & Goodman, 1997; Marchman & Bates, 1994). However, this view contradicts
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the modular dissociation view, which proposes that grammar is an autonomous and core
representational domain in the linguistic system whose development is dissociated from the
lexicon domain (Crain & Lillo-Martin, 1999). Thus, it is crucial to further distinguish between the
disassociation and unification views of lexical and grammatical development in children’s
languages.

Similarly, studies on children with ASD have proposed two contrasting views:
asynchronous and synchronous lexical-grammatical interrelationships in early language
acquisition. The asynchronous view proposes that lexicon and grammar have independently
developed principles. Of those supporting studies, Eigsti et al. (2007) demonstrated that 5-year-
old children with ASD displayed syntactic impairments while they could produce similar word
types and tokens as the vocabulary-matched TD children. Weismer et al. (2010) found that 30-
month-old toddlers with ASD displayed a weaker lexical-grammatical association than
vocabulary-matched 25-month-old late speakers. Moreover, Mandarin-acquiring preschoolers
with ASD seem to have similar lexical and grammatical production as vocabulary-matched TD
children, while their specific lexical-grammatical associations were less apparent with Putonghua
Communicative Development Inventory (PCDIs; Su et al., 2018). In contrast, the synchronous
view proposes that lexical and grammatical domains develop simultaneously during early language
development (Dixon & Marchman, 2007). For example, Fusaroli et al. (2019) employed a
longitudinal corpus of 2-5-year-old children with ASD over six visits and reported the coexistent
growth of word types, tokens, and MLU with age. Given the inconclusive findings, it is interesting
to elaborate on the developmental relationships of lexical and grammatical domains in Mandarin-
speaking preschoolers with ASD to further understand “the inner architecture of the language

faculty (e.g., the lexicon and grammar domains)” (Su & Naigles, 2022, p62).



184

185

186

187

188

189

190

191

192

193

194

195

196

197

198

199

200

201

202

203

204

205

206

Research gaps and current study

Research investigating the early language profiles of Mandarin-speaking preschoolers with
ASD has primarily targeted parent-child interactions. Few research has examined the expressive
language characteristics in clinician-child interactions. In contrast to caregivers, clinicians are less
familiar with children. They are more likely to have systematic training on potential goals and
motivations during interactions, which is beneficial for comprehensive evaluation (DeThorne &
Channell, 2007). Concerns about language problems in children with ASD prompted the study to
identify lexical and grammatical characteristics in a clinical screening context, to provide a
framework for early screening and tailored interventions for this group.

This study aimed to answer the following questions: (1) What are the developmental
trajectories of lexical growth, including CWs, FWSs, and lexical subcategories, in Mandarin-
speaking preschoolers with ASD? (2) Do Mandarin-speaking preschoolers with ASD show noun
bias during early lexical learning? (3) What are the grammatical profiles, including syntactic
structures, GRs, and grammatical complexity, of Mandarin-speaking preschoolers with ASD? (4)
What is the lexical-grammatical relationship in the early language development of Mandarin-
speaking preschoolers with ASD?

Methods
2.1 Participants

Participants in the current study were taken from the Big Data and Atrtificial Intelligence
(Al) Assisted Early ASD Screening Project in Mainland China. This Al-assisted project recruited
young Mandarin-speaking children with ASD at a local hospital's Child Development and
Behavior Center in Southern China. Appropriate Institutional Review Board approval was

obtained from the hospital, and written consent was obtained from the caregivers of the participants
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before participation. The data collection for this project lasted for six months (from March 2020
to August 2020), and a subset of 119 language samples was available for transcription. Participants
had to meet the following eligibility criteria: first, they were 2-7 years old and had Mandarin as
their native language; second, they had to attend the SCPEP-3 assessments; and third, they had to
be diagnosed with ASD based on the DSM-V without any prior intervention. Thirty-eight children
were excluded because they did not complete the audio recordings or were not diagnosed with
ASD. Participants with other known psychiatric disorders or severe neurological (intractable
epilepsy) conditions were excluded from recruitment. Finally, eighty-one children (74 males) with
ASD (mean age = 55.6 months, SD = 15.17) participated in this cross-sectional study. The
participants were divided into five subgroups at 12-month intervals according to their
chronological age (CA). The mean (M) and standard deviation (SD) of CA, developmental age of
the standard scores of communication (DAC) in the sSCPEP-3, and other demographic information
by age group are presented in Table 1.

Table 1. Demographic information of participants

CA band Sexratio  Chronological Age Developmental age of Communication

(years; months) N (%) (M:F) M (months) SD M (months) SD

2;0-2;11 5 (6.17%) 3:2 30.0 316 23.6 12.55

3;0-3;11 24 (29.63%) 23:1 41.3 3.70 316 12.83

4;0-4;11 18 (22.22%) 8:1 52.8 2.78  39.6 4.08

5;0-5;11 18 (22.22%) 17:1 65.4 3.78 497 13.32

6,;0-6;12 16 (19.75%) 15:1 77.1 417 46.2 16.51

Total 81(100%) 74:7 55.6 1520 39.8 15.28
Measures

Simplified Chinese Psychoeducational Profile — Third Edition (SCPEP-3)
The sCPEP-3 is a standardized instrument with toys, games, objects, and pictures to

measure children’s behaviors and skills (Yu et al., 2019). Schopler et al. (2005) first developed the
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third edition of the Psychoeducational Profile (PEP-3) from an earlier version of the PEP (Schopler
& Reichler, 1979) for early evaluation and tailored interventions for children with ASD. The Heep
Hong Society translated the PEP-3 into a simplified Chinese version (sCPEP-3) for Mainland
China. The sCPEP-3 includes two main sections: a Performance Test and the caregiver report. In
this study, we only analyzed the Performance part, composed of 10 subsets combined into three
composites to assess the child’s communication development, motor abilities, and presence of
maladaptive behaviors (Schopler et al., 2005). The psychometric evaluation of the sCPEP-3
showed good internal consistency (ranging from .94 to .98), test-retest reliability (ranging from .73
to .98), and inter-rater reliability (ranging from .64 to .93). Notably, the SCPEP-3 is a promising
comprehensive tool for characterizing the overall development of children with ASD, and it has
been widely used in Chinese hospitals and training centers (Yu et al., 2019).
Clinician-child interaction

The Performance Test in the SCPEP-3 is a norm-referenced assessment based on the
clinician’s direct observation of a child’s competence and performance. It is a semi-structured
interview that requires limited verbal skills for children, and has 172 items with corresponding
materials available for evaluation (Fu et al., 2010). This allows clinicians to adjust open questions
or ongoing activities according to the children’s performance. These characteristics enable
children with ASD to complete screening-based evaluations in relevant scenarios during clinician-
child interactions (Liu et al., 2022). Each time, the child was presented with a standardized set of
assessment materials and was required to interact with the clinician. All participating children and
clinicians were presented with similar materials.

Procedures

11



248

249

250

251

252

253

254

255

256

257

258

259

260

261

262

263

264

265

266

267

268

269

270

The Performance Test in sCPEP-3 was conducted as part of a clinical or research
evaluation. All Performance Tests were administered and scored by qualified clinicians according
to the examiner’s manual guidelines. A parent was allowed to sit behind the child as a companion
if needed, but he/she could not provide any hints that could interfere with the child’s performance.
The clinician starts with a set of open questions for the parent, including the child’s medical history,
developmental milestones, and family background while the child is playing in the room to warm
up. The clinician then guides the child to sit at a desk to administer structured activities and answer
questions promptly. Clinicians have attempted to elicit as many language productions of the
children as possible during interactions. A research assistant audio-recorded language samples of
clinician-child interaction during the Performance Test using a high-quality recording pen. The
average time for each audio recording was approximately 90 minutes.

Transcription

The audio-recorded language samples of children with ASD were transcribed using the
annotation software Praat (Boersma & Weenink, 2022). The transcribers attended one week of
Praat annotation training until their correct rate reached at least 95% in practicing transcriptions.
Two transcribers independently annotated the same audio file and then double-checked and
corrected the miscoded characters and mismatched transcripts. If errors or disagreements occurred,
the transcribers discussed them until agreement was reached. 85% of the annotated transcriptions
were randomly selected to check their reliability and revised by the research assistant. All
transcripts were saved as TextGrid files. We excluded stereotyped language (i.e., echolalia, singing,
and idiosyncratic language) following the conventions for natural language sampling in children
with ASD (Tager-Flusberg & Anderson, 1991).

Coding

12
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Automatic coding was assisted by manual checking and fine-tuning adjustments according
to the Mandarin context. In this study, tagging labels were defined on the transcripts with Python
3.4 by adhering to authorized linguistic data resources, including the POS tagging guidelines for
the Penn Chinese Treebank (CTB) (3.0) (Xia, 2000), the Stanford Dependencies Chinese in the
HanLP Documentation (Chang et al., 2009), and the Bracketing Guidelines for the Penn Chinese
Treebank (3.0) (Xue et al., 2000). These guidelines were modeled following the Government and
Binding (GB) theory introduced by Chomsky (1981). In the dependency grammar approach,
tokens are the only nodes in the tree. The relationships between tokens are graphically represented
as arrows in governor-dependent links (see Appendix 1). A dependent node has only one governor,
except for the root node, which provides a tree structure (Poiret et al., 2021). Constituency parsing
and dependency rules provide syntactic analysis, and their structural properties are represented in
brackets (phrase-structure trees). The main criteria for tagging lie in the principles of contemporary
linguistic theory. We follow the X-bar theory (Radford, 1988) for a definition of syntactic phrases
such as Noun phrases (NP) and Verb phrases (\VP); other syntactic structures also follow a two-
level structure. This hierarchical model of early grammar reflects the adjacent and non-adjacent
dependencies that govern simple and complex syntactic structures.

The 29 lexical tags (Appendix 2) included in this transcript were based on the 33 POS tags
in the published Penn Chinese Treebanks (Xia, 2000) and adjusted based on Mandarin lexical
categories. Following this convention, CWs include nouns, verbs, adjectives, and adverbs, whereas
FWs include pronouns, prepositions, conjunctions, and determiners, including numerals and
quantifiers (Fromkin et al., 2017). Moreover, interjections and onomatopoeias also belong to FWs
in Mandarin (e.g., Huang & Liao, 2011). We annotated ten categories of syntactic structures

(Appendix 3) based on 23 syntactic tags according to The Bracketing Guidelines for the Penn
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Chinese Treebank (3.0) (Xue et al., 2000). Additionally, we annotated 17 categories of GRs
(Appendix 4) based on the 45 named GRs in Mandarin Chinese, according to Stanford
Dependencies Chinese in the HanLP Documentation (Chang et al., 2009).
Analyses

Following previous studies, we first reported the descriptive statistics of each measure of
variance, including CWs, FWs, and lexical subcategories, as measured by types and tokens within
the CA band. Repeated measures in the general linear model were applied to analyze within-
subject factors. Considering age and lexical production interaction, we used lexical production as
the dependent variable and the CA subgroups as independent variables. Box’s Test of Equality of
Covariance and Mauchly’s test of sphericity were performed. Then, a one-way ANOVA was
conducted to explore subgroup differences in each lexical category. Bonferroni’s post hoc
correction was performed to adjust for multiple comparisons within ASD subgroups. Noun-to-
verb comparisons were performed for both types and tokens. We first examined the overall
numbers of nouns and verbs using paired sample t-tests. Then we examined the noun-to-verb ratio
by computing the production of nouns over the total sum of nouns and verbs. While a score greater
than 0.5 means a noun-biased lexical production, and a score less than 0.5 means a verb-biased
lexical production. We also investigated the type-token ratios (TTR) for nouns and verbs to explore
the differences between nouns and verbs. We conducted Box-Whisker plots of syntactic structures
and radar plots of GRs to investigate grammatical development. Canonical and Pearson’s
correlation analyses were conducted to explore the interrelationships between lexical growth and
grammatical development. Data analyses were conducted using SPSS version 25.0.
Results

Comparison of lexical development in children with ASD

14
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The first aim of this study was to examine the lexical profiles of Mandarin-speaking

preschoolers with ASD. The results of the repeated-measures analyses in Table 2 revealed the

Table 2. Mean (M), SD, and post hoc analysis of lexical categories measured by types

age(y:m) 2;0-211A 3:0-3;11B 4;0-4;11C 50-5;11D 6;0-7,0E F p n%  Bonferroni’s test
LCty M(SD) M(SD)  M(SD)  M(SD) M(SD) (p < .05)
tot 14840 17300 24117 29383  250.25 4.90 .001 21 A<D,B<D

(71.84)  (95.92)  (104.58)  (112.63)  (87.71)
CWs 10700 12863  177.78 22206  186.38 465 .002 .20 B<D
(50.12)  (75.05)  (82.01)  (89.97)  (72.26)

FWs 41.40 44.38 63.39 71.78 63.88 5.23 .001 22 B<D
(22.70) (21.96) (24.61) (23.90) (16.98)

nou 49.00 58.33 81.20 96.80 82.30 4.25 .004 18 B<D
(23.76) (32.42) (40.13) (35.76) (30.50)

ver 40.20 49.38 67.61 85.83 70.94 454 002 19 A<D,B<D
(16.25) (30.29) (30.53) (36.20) (29.09)

adj 7.40 9.58 12.06 16.50 13.44 3.09 .021 14 B<D
(4.45) (6.64) (7.17) (9.06) (6.06)

adv 10.40 11.33 16.89 22.94 19.69 3.98 .006 A7 B<D
(8.79) (8.64) (10.81) (11.89) (11.16)

pro 7.80 9.50 12.33 14.67 12.25 3.80 .007 A7 B<D
(3.83) (4.78) (5.91) (4.83) (3.99)

num 9.60 11.88 17.17 16.94 17.25 3.18 .018 14
(6.19) (7.19) (7.42) (7.13) (5.87)

cla 1.80 2.29 4.39 5.72 4,94 565 <.001 .23 B<D,B<E
(1.92) (1.46) (2.83) (3.44) (3.17)

pre .80 1.71 3.72 4.89 3.31 565 <.001 .23 A<D,B<D
(1.79) (1.78) (2.30) (3.32) (2.60)

con .60 .29 .78 1.11 .88 212 .087 10/
(.89) (.75) (.88) (1.32) (.81)

par 9.80 8.88 12.56 15.28 13.25 522 .001 22 B<D
(6.18) (5.03) (4.50) (5.86) (2.50)

int 10.40 8.79 11.44 11.78 11.00 1.17 .330 06 /
(7.70) (4.66) (5.62) (5.08) (3.81)

ono 0.60 1.04 1.00 1.39 1.00 .630 .644 03 /
(.89) (1.20) (1.03) (1.15) (1.10)

Abbreviations: age(y;m), CA(years; months); LCty, lexical categories measured by types; tot, total vocabulary;
nou, nouns; ver, verbs; adj, adjectives; adv, adverbs; pro, pronouns; num, numerals; clas, classifiers; pre,
preposition; con, conjunction; par, particles; int, interjections; ono, onomatopoeia.

Note: Bonferroni adjusted pairwise comparisons, all ps < .001.
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main effects of age on the total sum of types, F (4, 80) = 4.90, p = .001, #% = .21; types of CWs,
F (4, 80) = 4.65, p = .002, #% = .20; and types of FWs, F (4, 80) = 5.23, p = .001, #% = .22.
Likewise, we observed the main effects of age on the four lexical subcategories included in CWs
(ps < .05) and on most of the eight lexical subcategories included in FWs (ps < .05), except for the
conjunction, interjection, and onomatopoeia types (ps > .05). Bonferroni’s post hoc tests showed
significant group differences for the total sum of types and tokens, CWs, FWs, and ten of the 12
lexical subcategories (ps <.05). As expected, noun and verb types had dominant lexical production

in each age group (nouns: 32.9% - 33.7%; verbs: 27.1% - 29.2%), while the types of classifiers,

prepositions, conjunctions, and onomatopoeia only accounted for a small portion (i.e., less than
2%).

Table 3 presents the rapid growth of lexical development as measured by tokens in each
age group. The results of repeated-measures analyses revealed the main effects of CA subgroups
on the total sum of tokens, F (4, 90) = 4.61, p = .002, #% = .20, tokens of CWs, F (4, 80) = 3.76,
p =.008, #% = .17, and tokens of FWs, F (4, 80) = 5.79, p <.001, 5%, = .23. Similarly, we observed
the main effects of the CA subgroups on eight out of the 12 lexical subcategories (ps < .05), except
for adjective, numeral, interjection, and onomatopoeia tokens (ps > .05). Bonferroni’s post hoc
tests showed that group differences were significant for the total sum of tokens, CWs, FWs, and
six of the 12 lexical subcategories (ps < .05). As expected, noun and verb tokens had dominant
lexical production in each CA subgroup (nouns: 19.9% — 27.3%; verbs: 26.2% — 27.0%), while
the token production of classifiers, prepositions, conjunctions, and onomatopoeia accounted for
only a small portion (i.e., less than 2.6%). As expected, group comparisons revealed that 2-to-3-
year-old children had the lowest lexical production, whereas 5-to-6-year-old children had the

highest. Moreover, compared to 3-to-4-year-olds, children between five and six years old showed
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348

significantly higher production in total vocabulary, CWs, FWSs, and six of the ten lexical

subcategories, except for numerals and conjunctions.

Table 3. Mean (M), SD, and post hoc analysis of lexical categories measured by tokens

age(y;m) 2;0-2:11A 3:0-3;11B  4,0-4;11C 50-5;11D 6;,0-70E F p % Bonferroni’s test

LCto M@GSD)  M(SD)  M(SD)  M(SD)  M(SD) (p < .05)

tot 326.00 449.88 704.94 859.72 633.94 461 .002 .20 A<D,B<D
(199.92)  (302.11)  (409.26)  (411.43)  (311.92)

CWs 211.60 286.42 434.22 516.94 406.81 376 .008 .17 B<D
(124.19)  (197.04)  (253.28)  (251.50)  (208.14)

FWs 114.40 163.46 270.72 342.78 22713 579 <.001 .23 A<D,B<D
(76.65)  (109.07)  (164.15)  (168.00)  (106.63)

nou 89.00 105.33 163.39 171.06 14356 295 025 .13 /
(47.38)  (63.89)  (102.49)  (72.97)  (70.17)

ver 86.40 121.63 190.61 225.67 16700 3.87 .007 .17 B<D
(57.28)  (90.99)  (114.36)  (112.96)  (86.88)

adj 14.60 28.21 30.83 44.33 34.81 184 129 .09 /
(10.46)  (28.79)  (1951)  (2652)  (26.36)

adv 21.60 31.25 49.39 75.89 6144 427 004 .18 A<D,B<D
(19.90)  (28.4) (39.74)  (51.56)  (41.8)

pro 24.80 58.67 107.39 131.89 7150 554 .00l .23 A<C,A<D,
(1751)  (44.69)  (85.16)  (78.33)  (37.03) A<E B<D

num 33.20 34.42 49.89 54.22 4481 238 059 11 J
(25.00)  (22.21)  (28.85)  (2352)  (18.22)

cla 6.40 6.71 15.50 22.56 1538 625 <.001 .25 B<C,B<D
(8.20) (5.99) (10.74)  (1537)  (11.25)

pre .80 3.46 6.44 11.00 5.44 509 001 .21 A<D,A<C,
(1.79) (4.45) (5.71) (8.86) (5.39) B<D

con .80 33 1.67 2.67 231 358 .010 .16 /
(1.10) (0.82) (2.14) (3.13) .7)

par 22.80 36.38 58.61 84.22 5300 473 .002 .20 A<D,B<D
(18.24)  (34.60)  (41.90)  (50.46)  (31.7)

int 24.40 22.00 29.61 33.67 33.19 114 342 .06 /
(26.76)  (13.60)  (24.63)  (23.87)  (18.75)

ono 1.20 1.50 1.61 2.56 1.50 820 514 .04 /
(2.17) (1.96) (1.82) (2.94) (2.00)

Abbreviations: age(y;m), age(years; months); LCto, lexical categories measured by tokens; tot, total vocabulary;
nou, nouns; ver, verbs; adj, adjectives; adv, adverbs; pro, pronouns; num, numerals; clas, classifiers; pre,

preposition; con, conjunction; par, particles; int, interjections; ono, onomatopoeia.
Note: Bonferroni adjusted pairwise comparisons, all ps < .001.
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349  Noun bias in early lexical acquisition

350 Table 4 displays overall noun-to-verb comparisons, revealing the noun/verb bias
351 differences within CA subgroups. We observed that Mandarin-speaking preschoolers with ASD
352  produced significantly more noun types than verb types (p < .05), except for children under three
353

354  Table 4. Nouns and verbs production

CA bands Nouns-to-Verbs paired sample t-test Nouns/(Nouns + Verbs) ratio
t p MeD (95%ClI) M SD
total types 7.45 <.001 10.9 (7.99 ~ 13.81) 53* .09
tokens -4.63 <.001 5.94 (-39.30 ~ -15.66) AT 10
N-TTR 58** A2
V-TTR 45 14
2;0-2;11 types 2.18 .095 8.8(-2.42 ~ 20.02) 53 .07
tokens 0.15 .888 2.6(-45.37 ~ 50.57) .52 .08
N-TTR .55 .16
V-TTR 53 13
3;0-3;11 types 3.67 .001 8.96(3.90 ~ 14.01) 52 14
tokens -1.58 128 -16.29(-37.63 ~ 5.05) A7 14
N-TTR .60** A5
V-TTR 49 18
4:0-4:11  types 3.33 .004 13.61(4.99 ~ 22.24) 54* .06
tokens -1.90 074 -27.22(-57.40 ~ 2.96) A7 .09
N-TTR 54** 10
V-TTR 42 14
5;0-5;11 types 4.31 <.001 10.94(5.59 ~ 16.30) 54* .04
tokens -4.16 .001 -54.61 (-82.32 ~ -26.90) 45 .07
N-TTR 59** .09
V-TTR 42 A1
6;0-7;0 types 3.26 .005 11.38 (3.93 ~ 18.82) 54* .06
tokens -2.20 .044 -23.44 (-46.19 ~ -0.69) A7 .09
N-TTR .60** .08
V-TTR 46 10

Abbreviation: N-TTR, type/token ratio of nouns, V-TTR, type/token ratio of verbs, MeD, Mean Difference.
Two-tailed paired-sample t-test. The significant level is p < 0.05.

*Indicates that Nouns/(Nouns + Verbs) ratio is significantly different from 0.50, ps < .05.

**|ndicates that TTR of nouns is significantly different from TTR of verbs, ps < .05
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years old (p = .095). According to the noun-verb ratios of each age group and overall comparison
measured by types, we categorized them as noun biased for ratios above 0.5. Similar to type
production, we also compared noun and verb token productions. Interestingly, significantly more
verb tokens than noun tokens were only found in Mandarin-speaking preschoolers with ASD over
five years old (t = -4.63, p < .05). Moreover, the TTR for verbs and nouns was unequal, as the
overall mean TTR for nouns (M = .58, SD = .12) was significantly higher than that for verbs (M
= .45, SD = .14). Interestingly, we observed similar trends in TTR for verbs and nouns in all age
subgroups except children between two and three years old. Thus, in general, 2-7-year-old
Mandarin-speaking preschoolers with ASD showed a clear preponderance of noun types over verb
types, though tokens showed a different tendency; their type-token ratios for nouns were much
higher than those of verbs.
Grammatical development in Mandarin-speaking preschoolers with ASD

We explored the grammatical development of Mandarin-speaking preschoolers with ASD
by analyzing the production of syntactic structures, GRs, and grammatical complexity. In the
repeated-measures analyses, the production of syntactic structures based on constituency parsing
was the independent variable, and the CA subgroups were the dependent variables. Significant

main effects of age were observed for the NP, F (4, 80) = 4.63, p =.002, VP, F (4, 80) = 3.75, p

.008, ADVP, F (4, 80) = 4.11, p = .005, CLP, F (4, 80) = 6.08, p < .001, QP, F (4, 80) = 4.85, p

002, PP, F (4, 80) = 5.60, p = .001, CP, F (4, 80) = 4.26, p = .004, DNP, F (4, 80) = 5.95, p

N

.001, IP, F (4, 80) = 3.44, p = .012. Post hoc analyses showed that 5-to-6-year-olds had the
highest syntactic structures and were significantly higher than 3-to-4-year-olds. Moreover, Figure
1 revealed that Mandarin-speaking preschoolers with ASD produced more NP, VP, ADVP, and IP

than other syntactic structures.
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Production of syntactic structures by age subgroups

NP VP ADJP ADVP CLP QP PP CP DNP Ip

CA2;0-2:11 " CA3,0-3:11 MCA4:0-4;11 MCA5;0-5;11 MCAG6:0-7:0

Figure 1. Box-Whisker plots for the mean of the syntactic structures

The developmental trajectories of the GRs were similar in each CA subgroup, as displayed
by the radar plot in Figure 2. As expected, 5-to-6-year-old children with ASD outperformed the
others in producing GRs. Generally, Mandarin-speaking preschoolers with ASD produced more
nominal subjects, adverbial modifiers, and direct objects, which is consistent with the production
of syntactic structures based on constituency parsing. Additionally, the one-way ANOVA analysis
in Table 5 shows that the grammatical complexity of Mandarin-speaking preschoolers with ASD
varied significantly in subgroups (MLU, F (4, 80) = 5.924, p <.001; MLUS5, F (4, 80) = 4.98, p
= .001). Generally, grammatical complexity increased with age, while 5-to-6-year-old children
produced the longest MLU (M = 2.16, SD = .43) and MLU5 (M = 8.53, SD = 3.37), which was

significantly longer than that of children under four years old (p < .05).
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Visualization of grammatical relations by age subgroups
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Figure 2. Radar plot for the means of GRs
Table 5. ANOVA analysis of MLU and MLUS5 by age subgroups
Age (years; 2;0-2;11(A) 3;0-3;11(B) 4;0-4;11(C) 5;0-5;11(D) 6;0-7,0(E) F p post hoc
months) M(SD) M(SD) M(SD) M(SD) M(SD)
1.48 1.69 1.99 2.16 1.91
MLU (31) (:38) (:36) (43) (31) 592 <.001 A<D,B<D
4.44 5.44 7.06 8.53 6.94
MLUS (1.71) (2.03) (2.56) (3.37) (2.22) 498 00l A<DB<D

Note: The mean difference is significant at the 0.05 level. Adjustments for multiple comparisons were conducted
by Bonferroni.

Associations between lexical acceleration and grammatical development
The results of the canonical correlation analysis (see Appendix 5) revealed strong

associations between lexical production and grammatical development, including syntactic
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structure (r =.998, p <.001), GRs (r =.985, p <.001), and grammatical complexity (r = .846, p
< .001). The Pearson’s correlation coefficient values for lexical categories and the ten syntactic
structures ranged from .574 to .984 (ps < .05), the 17 GRs ranged from .194 to .455 (ps < .05), and
grammatical complexity ranged from .276 to .863 (ps < .05).

To better understand the interrelationship between lexicons and grammar, we calculated
the average mean of syntactic structures, GRs MLU, and MLU?5 as the four independent variables
of grammatical development. The scatterplot (Figure 3) revealed strong correlations between
syntactic structures and types of CWs (r =.957, p <.001), types of FWs (r =.896, p <.001), tokens
of CWs (r =.992, p <.001), and tokens of FWs (r =.963, p <.001). Likewise, Figure 4 illustrates
the associations between the development of GRs and types of CWs (r = .927, p < .001), types of
FWs (r = .867, p < .001), tokens of CWs (r = .948, p < .001), and tokens of FWs (r = .948, p
< .001). They were stable across the dataset and did not rely on outliers for their significance.
Figures 5 and 6 show that lexical categories and grammatical complexity are intertwined. As
observed from the scatterplots, MLU (r = .808, p < .001) and MLU5 (r = .795, p < .001) were
positively and linearly correlated with the type of FWs across the dataset. By contrast, the
associations between grammatical complexity and CWs and the tokens of FWs were likely to be

significant only because of a few outliers.
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Discussion

This study performed within-ASD subgroup comparisons of language in 2-7-year-old
Mandarin-speaking children with ASD using spontaneous language samples in clinician-child
interactions to quantify the wide range of expressive language abilities and probe the lexical-
grammatical interrelationships in ASD. Our findings confirmed that 5-to-6-year-old Mandarin-
speaking children with ASD reach relatively stable language production. Their production of CWs,
FWs, and lexical subcategories displayed significant differences compared to children under four.
Specifically, noun bias is a universal lexical learning mechanism that may be preserved in
Mandarin-speaking preschoolers with ASD. Additionally, the developmental trajectories of
syntactic structures, GRs, and grammatical complexity were comparable in each CA subgroup.
Moreover, grammatical development is intimately intertwined with lexical production in
Mandarin-speaking preschoolers with ASD, supporting the hypothesis that different language
domains develop synergistically and interactively during early language acquisition.
Lexical variables of Mandarin-speaking preschoolers with ASD

An overview of the subgroup findings highlights the distinctive features of lexical profiles
in Mandarin-speaking preschoolers with ASD. Our results showed that their lexical production
increased with age, echoing findings in English-speaking preschoolers with ASD via CDI (e.g.,
Charman et al., 2003) and parent-child interaction (e.g., Fusaroli et al., 2019). However, the
trajectories of lexical development in Mandarin-speaking preschoolers with ASD are highly
variable before they reach stability between five and seven of age. Reports on English-speaking
children with ASD have revealed that their language development is characterized by enduring

trait-like stability between 4-6 years old (Brinchmann et al., 2019; Pickles et al., 2014). It is also
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consistent with studies on TD children showing that five-year-olds are typically versatile language
users with large vocabularies (Vehkavuori et al., 2021).

Mandarin-speaking preschoolers with ASD demonstrate steady growth in CWs, FWs, and
each lexical subcategory, except for interjection and onomatopoeia. Specifically, comparisons
within the CA subgroups revealed that nouns and verbs are dominant lexical subcategories, while
prepositions, conjunctions, and onomatopoeias occupy only a small portion of early lexical
production. Similarly, Song et al. (2022) demonstrated that 3-8-year-old Chinese-speaking
children with ASD produced relatively few prepositions, adjectives, adverbs, and pronouns (less
than 10% of each component). The results confirmed that the growth of FWs was slow because
there was a certain CWs predominance with nouns and verbs (Noro et al., 2015). It is reasonable
that the initial recognition and development of CWs and FWs differ in their unique acoustic,
phonological, and distributional properties (i.e., word frequency) (Shi et al., 2006). Generally, if a
child produces a small number of words, such as classifiers, prepositions, conjunctions, and
onomatopoeias, these words increase slowly with age (Kim et al., 2000). It was assumed that most
FWs belonged to the abstract grammatical category, which requires a combination of additional
information for processing. Children with ASD may have weak central coherence (Bojda et al.,
2021), which may account for their difficulties in learning words that require strong contextual
support to decode meaning (Schafer et al., 2013).

Noun bias in early lexical learning

Mandarin-speaking preschool children with ASD use a relatively higher proportion of
nouns than verbs in early language production. Indeed, Gentner’s (1982) initial analysis of six
languages (Mandarin Chinese, Japanese, Kaluli, German, English, and Turkish) proposes a

universal noun-first predisposition. This finding is consistent with long-standing and cross-
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linguistic findings that noun bias is not only limited to noun-friendly languages, such as English,
Spanish, Dutch, French, Hebrew, and Italian (Bornstein et al., 2004), but also exists in verb-
friendly languages, such as Korean (Au et al., 1994) and Japanese (Ogura et al., 2006). Moreover,
our findings are consistent with previous research on children with ASD who exhibit noun bias in
early lexical learning (Luyster et al., 2007; Rescorla & Safyer, 2013; Swensen et al., 2007).
Mandarin-speaking preschool children with ASD appear to preserve the noun bias as a strategy for
early lexical learning. Thus, noun bias is a universally shared cognitive factor in early lexical
learning (Imai et al., 2008).

However, it is essential to note that noun dominance was insignificant in Mandarin-
speaking children with ASD aged between two and three years. It aligns with the longitudinal
research of Chen et al. (2016) that nouns were not overwhelmed at 18 months of age, but noun
bias became apparent with age in Mandarin-exposed TD children. Likewise, Tardif (1996)
demonstrated that 22-month-old Mandarin-exposed TD children produce more verbs than nouns.
Moreover, children over five years of age produced significantly more verb tokens than noun
tokens; however, they used only a small number of verbs more frequently (i.e., low type-token
ratios for verbs in almost all age subgroups). The advantage of verb tokens at specific age periods
in Mandarin-speaking preschoolers with ASD can be accounted for by the influence of parents’
input (e.g., Tardif et al., 1997), and the subjects and/or objects are ellipses in the oral language of
Mandarin (e.g., Xu et al., 2022). Nouns are often dropped in the surface structure, and verbs can
occur alone as sentences in Mandarin; therefore, the frequently used verb tokens are repeated by
minimally verbal children with ASD (Lee & Naigles, 2005). Further studies should explore the
expressive language of young children with ASD in parent-child interactions to distinguish the

influence of maternal input in early language acquisition.
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Grammatical development in Mandarin-speaking preschoolers with ASD

The developmental trajectories of grammatical patterns are similar in each CA subgroup
of Mandarin-speaking preschoolers with ASD. They produced more noun, verb, and adverb
phrases than other syntactic structures. It differs from the findings in English-speaking children
with ASD that they were only atypical in using verb phrases measured by IPSyn (Park et al., 2012).
These controversial findings highlight the need for future studies to further explore grammatical
development in children with ASD by collecting data from diverse samples. By contrast, nominal
subjects, adverbial modifiers, and direct objects were produced more frequently than other GRs in
Mandarin-speaking preschoolers with ASD. As previously reported, dependencies governing
subject-noun/verb agreement and auxiliary/inflectional morpheme relations are acquired earlier
than dependencies involving more abstract constituent relationships. These examples indicate
congruent GRs within the nominal and/or verbal context, similar to the findings in 2-4-year-old
French-speaking children (Le Normand & Thai-Van, 2022).

Crucially, MLU and MLU5 were weakly but positively correlated with the age of
Mandarin-speaking preschoolers with ASD. The MLU reached its longest between five and six
years old, which is consistent with the findings of recent studies. For instance, Kover et al. (2014)
reported that 37-53-month-old children with ASD have an MLU of 2.35 in examiner-child play
and an MLU of 2.10 in ADOS screening. In contrast, Song and So (2022) demonstrated that 4-8-
year-old Chinese-speaking children with ASD have an average MLU of 2.65. The contrasting
results of MLU in children with ASD may be due to the wide age ranges, varied autism severities
of participants, and the discrepancy in sampling instruments in language assessment (Barokova &
Tager-Flusberg, 2020). In our study, 4-6-year-old children with ASD had a much longer MLU5

than aged-matched TD children in previous studies (e.g., Zhou & Zhang, 2020). These
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discrepancies could be attributed to the grouping methodology, as the age interval between the
groups was six months in the previous study and 12 months in our study.
Synchronous development between lexicon and grammar in Mandarin-speaking
preschoolers with ASD

Early grammatical development is closely tied to lexical acceleration in Mandarin-
speaking preschool children with ASD. The association between lexicon and grammar in each CA
subgroup confirmed the finding in Finish TD children that the lexical-grammatical
interrelationship was not limited to 2-year-old children, which could be extended to younger or
older age groups (Stolt et al., 2009). Likewise, Weismer et al. (2010) reported that the specific
lexical-grammatical relationships of preschoolers with ASD were less apparent via CDI.
Explanations for these different findings may include varied measurements and participants.

Specifically, the development of syntactic structures, GRs, and grammatical complexity
(MLU and MLU5) were closely intertwined with lexical categories in Mandarin-speaking
preschoolers with ASD. This is in line with the findings in English-speaking TD children that there
is a close linkage between structural ability and FWs in early language development (Day & Elison,
2022). In addition, by analyzing spontaneous speech, Le Normand et al. (2013) also revealed that
types of FWs were a more powerful predictor of grammatical complexity in 2-4-year-old French-
speaking TD children. Theoretical interpretations of these early productions in Mandarin-speaking
preschool children with ASD could be accounted for by the general (not language-specific)
language learning features that the acquisition of grammar starts early and proceeds hand-in-hand
with word learning (de la Cruz-Pavia et al., 2021). We challenged the assumption that children
produce multi-word utterances before they have grammatical knowledge (Le Normand & Thai-

Van, 2022).

29



541

542

543

544

545

546

547

548

549

550

551

552

553

554

555

556

557

558

559

560

561

562

563

Limitations

Although our study provides new insights into the lexical and grammatical profiles of
Mandarin-speaking preschoolers with ASD before intervention, several limitations must be
considered. First, the language samples were restricted to the SCPEP-3 clinical screening context,
and future studies should collect language samples from different contexts. In addition,
participants were limited to 2-7-year-old Mandarin-speaking children with ASD; longitudinal
studies focusing on children with ASD under two years old should be conducted. Additionally,
several clinicians contributed to the data, and the reciprocal effect of their individualized language
and children’s production should be considered. Moreover, we only reported lexical-grammatical
relationships, and future studies should explore the predictive effect of specific lexical categories
on grammatical development.
Conclusions

To summarize, ours is the first study focused on profiles of CWs, FWs, and lexical
categories of 2-7-year-old Mandarin-speaking children with ASD in clinician-child interactions.
Our findings support that noun bias is a universal inherent mechanism and that lexical and
grammatical domains are synchronically developed in Mandarin-speaking preschoolers with ASD.
This study provides empirical support to address the linguistic stages of children with ASD and
points to intervention directions.
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Appendices

Appendix 1. Syntactic tree from dependency and constituency analysis

Dependency analysis

POS Tags

Constituency analysis

W] W]

Wo3  xiandzai4 jiudyaod hui2jial chil ping2guo3

I now be going to go home eat apples

(TOP (IP (NP (PN %)) (VP (NP (NT I7E)) (VP (VV BZE[REIZR) (VP (NN IZ3E5R))))

I am going home to eat apples now

(https://hanlp.hankcs.com/demos/con.html)
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835  Appendix 2. POS tags for lexical categories
LeX|caI_ Part-of-speech Tags Examples (Translation)
categories
CWs
noun common nouns NN shul (book)
proper nouns NR Bei2jingl (Beijing)
temporal nouns NT yilyue4 (January)
localizer LC gian2hou4 (around)
verb copula VvC shi4 (be)
you3 as the main verb VE you3 (have)
other verbs \AY zou3 (walk)
adverb adverbs AD reng2ran2 (still)
adjective predicative adjectives VA xue3bai2 (snow white)
FWs
pronoun pronouns PN ni3 (you)
preposition other prepositions P cong2(from)
beid in short bei- SB beid xun4 le5 (beilLB [scold] le/AS.)
construction
(be scolded)
beid in long bei- LB tal bei4 wo3 xund le5. ([he] bei/LB [I] [scold] Ie/AS.)
construction
(He was scolded by me.)
ba3 in ba-construction BA Tal ba3 ni3 pian4 le5. ([he] ba/BA [you][cheat] le/AS.)
(He cheated you.)
conjunction coordinating conjunction cC he2 (and)
subordinating conjunction CS suilran2 (although)
numeral cardinal number CD hao3xiel (some)
ordinal humber oD didyil (the first)
classifier measure words M yi4 xiangl shul ([one][box]/MW [books])
(one box of books)
particle sentence-final particles SP Tal hao3 ba5? ([he][OK] ba/SP?)
(Is he OK?)
aspect markers AS zhe5/AS
de5 for relative-clause etc.,
as a complementizer or DEC Wo3 mai3 de5 shul. ([I][buy] de/DEC [book].)
nominalizers
(the book that | bought)
associative des, as a DEG  wo3 de5 shul ([I] de/DEG [book].)
genitive markers
and an associative markers (my book)
de? {;‘Xedgi‘;;‘ztligggggses DER  pao2 de5 kuai4 ([run] de/DER [fast])
(‘run fast)
(rf;nzser”:jeegead of DVP, DEV man4 man4 de5 shuol ([slowly] de/DEV [speak])
(speak slowly)
some particles MSP tal suo3 xulyao4 de5 ([he] MSP [need])
(what he needs)
interjection interjections 1J a(Ah)
. . yu3 hualhua5 de5 xia4 ([rain] huahua/ONO de/DEV/[fall
onomatopoeia  onomatopoeias ON down].)
(The rain pours down.)
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Appendix 3. Tags for categories of syntactic structures

Tags Syntactic structures Examples (translation)
NP noun phrase zhe4 zhil maol
(this cat)
VP verb phrase xi3 huanl malma5b
(like Mom)
ADJP adjective phrase ke3 ai4 de5 maol
(lovely cat)
ADVP adverbial phrase headed by AD(adverb) feil kuai4 de5 pao2
(run quickly)
CLP classifier phrase yi2 da4d xiangl
(a big box of)
CP clause headed by C (complementizer) wo3men5 yong4 guo4 de5 beilzi5
(the cup we have used)
DNP phrase formed by "XP+DEG" hel shui3 de5 beil zi5
(the cup that used for drinking water)
PP preposition phrase zai4 chuang2 xiadmian4
(under the bed)
QP quantifier phrase xu3duol ren2
(many people)
IP simple clause headed by I(INFL) jin3guan3 kan4zhe5 xiang4 zhedyang4

(although it looks like this)
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Appendix 4. Tags for categories of grammatical relations

Tags
top

nsubj
ccomp
advmod
rcomp
dobj
pobj

nn

clf
nummod
conj
prep

amod

cpm
assm
asp

attr

Short description
topic

nominal subject

clausal complement
adverbial modifier
resultative complement
direct object
prepositional object
noun compound modifier
classifier modifier
number modifier

links two conjuncts

prepositional modifier

adjectival modifier

complementier
associative marker
aspect marker

attributive

Examples (translation)

jiandzhu4 shi4 zhu3yao4 huo2dong4
(construction is the main activity)
jial li3 you3 yi2 ged
(there is one in my house)
wo3 xiang3 xianl wan2
(I want to play it first)
xiao2gou3 xianl hui2jial
(the puppy go home first)
shou3 fang4 hao3
(put the hand in appropriate position)
liu4 xiao2gou3
(walk the dog)
zai4 cedsuo3
(in the washroom)
fu2wu4 zhonglxinl
(service center)
shi2 ge4 ping2guo3
(ten apples)
shi2 ge4 ping2guo3
(ten apples)
jian3daol he2 beilzi5
(scissors and cups)
zai4 jialli3 til
(kick it at home)
kua4 shi4ji4 gonglcheng?2

(cross-century projects)

kailfal Bei2jingl de5 huo2dong4
(the activity to explore Beijing)
wo3 de5 shul

(my book)

chil le5 ping2guo3

(ate apples)

zong3e2 wei?2 er4dshi2 meidyuan2
(the total amount is twenty dollars)

Typed dependency
top (shi4, jian4zhu4)

nsubj (you3, jialli3)
ccomp (xiang3, wan2)
advmod (hui2jial, xianl)
rcomp (fang4, hao3)
dobj (liud, xiao2gou3)
pobj (zai4, ce4suo3)

nn (zhonglxinl, fu2wu4)
clf (ping2guo3, ge4)
nummod (ge4, shi2)

conj (jian3daol, beilzi5)
prep (til, zai4)

amod (gonglcheng2, kua4
shidjid)

cpm (kailfal, de5)
assm (wo3, shul)
asp (chil, le5)

attr (wei2, meidyuan2)
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Appendix 5. Canonical correlation analysis of lexical and grammatical development

861
X1 (Types of CWs)
998
X2 (Types of FWs)
985
X (Lexical production) - Y2 (Grammatical relations)
X3 (Tokens of CWs)
846
X4 (Tokens of FWs)
Y3 (Grammatical complexity)
862
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