https://doi.org/10.1016/j.bandl.2023.105268 This is the Pre-Published Version.

Developmental Language Disorder in Chinese Children: A Systematic Review of Research
from 1997 to 2022

Li Sheng?, Jiayu Yu?, Pumpki Lei Su®, Danyang Wang®, Tzu-Hung Lu¢, Lue Shen®, Ying Hao',
& Boji Pak Wing Lam®

*The Hong Kong Polytechnic University, *University of Texas-Dallas, “University of California-
Urvine, “University of Delaware, °Boston University, ‘Nanjing Normal University,

fUniversity of North Texas

Address correspondence to Li Sheng, Research Centre for Language, Cognition, and
Neuroscience & Department of Chinese and Bilingual Studies, The Hong Kong Polytechnic

University, Hong Kong SAR, China. Email: Isheng@polyu.edu.hk. Tel: 852-27667446, Fax:

852-23340185.

Acknowledgments
The authors wish to thank Dr. Anita Wong for her comments on a previous version of the paper,

and Dr. Julie (Hsin-Jen) Hsu for providing information on language assessment tools in Taiwan.

1

© 2023. This manuscript version is made available under the CC-BY-NC-ND 4.0 license http://creativecommons.org/licenses/by-nc-nd/4.0/


mailto:lsheng@polyu.edu.hk

Abstract

Developmental language disorder (DLD) is one of the most common neurodevelopmental
disorders. The influences of DLD on language development have been delineated in detail in
English. The same is not true for Chinese, a group of Sinitic languages with distinct typological
features that may modify the profile of DLD crosslinguistically. We conducted a systematic
search of English and Chinese journal databases and reviewed 59 studies on the manifestations
of DLD in Chinese. Methodological quality appraisal of the literature revealed several areas of
improvement to enhance transparency and replicability. A bibliometric analysis indicated a steep
growth trajectory of this literature. Examination of the participant selection and diagnostic
criteria revealed limitations and calls for the development of assessment tools and increased
knowledge of evidenced-based diagnostic practice. Areas of deficits demonstrated by Chinese
children with DLD were synthesized qualitatively and discussed in light of the literature on
clinical markers of DLD in English.
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1. Introduction
1.1. The need for a systematic review on Chinese DLD

Developmental language disorder (DLD, also known as Specific Language Impairment,
or SLI) is a neurodevelopmental disorder that negatively affects a person’s ability to understand
and speak their native and subsequently learned language(s) (Bishop et al., 2017). Since the
1980s, this population has received intense research attention (Leonard, 2020). Deficits in finite
verb morphology, nonword repetition, and sentence repetition are the most established
phenotypic markers of DLD in young children who speak English, the most studied and served
population (Archibald & Joanisse, 2009). Much of the theorizing on DLD is also centered on
findings from English and other Indo-European languages, leading to theoretical accounts that
revolve around characteristics of these well-studied languages that may not be universally
applicable (Kidd & Garcia, 2022). For instance, the extended optional infinitive account (Rice &
Wexler, 1995) and the surface account (Leonard et al., 1992) both aim to explain the
extraordinary difficulties with tense/agreement marking morphemes exhibited by English-
speaking children with DLD. These theories bear less directly on languages that do not mark
tense and agreement. In this review, we focus on Chinese, a group of Sinitic languages. Chinese
is tonal, has relatively simple syllable structures, a sparse morphology, a heavy reliance on word
order, and a rich inventory of aspect markers and classifiers. Nouns and verbs are not marked for
number, gender, case, or tense. The use of aspect markers is grammatically optional but
interfaces with event semantics and pragmatic conditions (Li & Thompson, 1989; Matthews &
Yip, 1994). These distinct linguistic features in Chinese place different demands on its learner
and likely induce language-specific vulnerabilities. Thus, the study of Chinese DLD may provide

novel evidence for building generalizable accounts of this disorder.



Practically speaking, there is a pressing need to raise awareness of and enhance clinical
services for DLD in all countries. Though the linguistic and cognitive phenotypes of DLD in
English speakers are well delineated (Leonard, 2014), this disorder remains a hidden disability in
English-speaking countries (McGregor et al., 2020). With a prevalence rate of around 7-11%
(Norbury et al., 2016; Tomblin et al., 1997), DLD is more common than other widely known
developmental disorders, such as autism and attention deficit and hyperactivity disorder.
However, only 18% of children who suffer from DLD are identified and receiving professional
help in the United States (Zhang & Tomblin, 2000). Under-identification is likely to be far more
frequent in speakers of Chinese, given the lack of awareness of language disorders and the lack
of referral systems and assessment instruments in mainland China (He, 2020; Zhang et al., 2021),
where the largest number of Chinese speakers reside. While still in its infancy, research on
Chinese DLD is gaining traction among scholars from various disciplines. The goal of the
current study is to provide an up-to-date review of the literature on Chinese DLD and summarize
the evidence from studies that assessed the deficits demonstrated by children with DLD relative
to typically-developing controls (for reviews of grammatical deficits in Cantonese DLD, see
Fletcher et al., 2009; and Wong, 2023).

1.2. Chinese language background

Chinese languages belong to the Sinitic language family and are commonly divided into
10 main dialect/language' groups (Ministry of Education of the People’s Republic of China,
2021). Standard Mandarin is the largest Chinese dialect and the official language of mainland

China, Taiwan, and Singapore (see Table 1). Though the 10 main Chinese dialects are not

1n official documents, the different varieties of Chinese are labeled as dialects, due to the fact that the different
spoken forms share the same written form. From a linguistic perspective, the differences between these dialects
are analogous to those of mutually unintelligible languages of the same family (e.g., French and Spanish) (Tardif et
al., 2009). Here, we use “dialect” and “language” interchangeably to recognize both of these realities.



mutually intelligible to each other, the majority of the population can communicate via the
common tongue of Mandarin, as 80.72% of the population in mainland China can speak
Mandarin (Ministry of Education of the People’s Republic of China, 2021) and 96.8% of the
population in Taiwan uses standard Mandarin as either a primary (66.4%) or a secondary
(30.4%) language (Directorate General of Budget, Accounting and Statistics, Executive Yuan,
2020). The only other Chinese language that enjoys the official status is Cantonese, which is the
official language in Hong Kong and Macau Special Administrative Regions (hereafter referred to
as Hong Kong and Macau). Mandarin is the most spoken language in the world, with 918 million
first-language speakers and 199 million second-language speakers; Cantonese is also a widely
spoken language with more than 73 million first-language speakers worldwide (Kan et al., 2020).

Cantonese and Mandarin differ the most in phonology. For instance, one frequently cited
difference is that there are six lexical tones in Cantonese but only four in Mandarin (Fung, 2009).
Cantonese and Mandarin share many similarities in the domain of morphosyntax: both rely on
word order to express grammatical relationships and both have subject-verb-object as the basic
word order. Differences also exist. For example, Cantonese ditransitive sentences place the direct
object before the indirect object, whereas Mandarin ditransitive sentences use the opposite word
order. Also, the omission of the agent is permissible in Mandarin passive sentences but not in
Cantonese passives. The Mandarin vernaculars spoken in mainland China and Taiwan show
some differences in vocabulary and pronunciation, due to the influences of Japanese and
Southern Min dialect on Taiwanese Mandarin, differences in translations of foreign words, and
historical and political reasons (Cheng, 1985; Zhou & Zhou, 2019).

In terms of written language, the Chinese orthography may adopt the simplified script,

which is used in mainland China and Singapore; or the traditional script, which is used in Hong



Kong, Macau, and Taiwan. Many traditional characters are visually more complex than

simplified characters. For instance, the word “deaf” is written as “Z” in simplified Chinese, and
“#8” in traditional Chinese. However, readers who are taught to read one script are usually

capable of reading the other script. Moreover, despite phonological, semantic, and syntactic
differences in the oral form, Mandarin, Cantonese, and other Chinese languages share the same
writing system, giving rise to “a situation of multiple languages in the oral format but not in
written form” (Reetzke et al., 2015, p.817).

To capture the growth trajectory of Chinese DLD research, we will describe the
bibliometric characteristics of the literature focusing on the geographic locations of the
participants and the specific Chinese dialect/language spoken by the participants. To present a
more comprehensive picture of the status of this literature, we will include in our search both
English language journals and Chinese language journals.

1.3. Evidence-based diagnostic criteria

To investigate the area and degree of deficits exhibited by a clinical population, one must
apply a pre-determined set of criteria to select the clinical group and a relevant comparison
group. An integral component of DLD diagnosis involves administering standardized norm-
referenced language tests and separating individuals into typical and disordered groups using a
cutoff score (Bishop et al., 2017; Reilly et al., 2014). DLD diagnosis is not a cut and dried
process. Much variability exists in the criteria applied in both research studies and real-life
decisions in English-speaking children, the most studied population. Spaulding et al. (2006)
noted that researchers used scores between 1SD and 1.5SD below the normative mean on one or
more language tests to select participants with DLD, whereas school systems in the United States

required between 1.5SD and 2SD below the mean on one or more language tests to qualify



students for service. A well-known epidemiological study in the US (Tomblin et al., 1997)
operationalized DLD as scores of 1.25SD below the mean on 2/5 language composites. A more
recent epidemiological study in the UK (Norbury et al., 2016) operationalized DLD as scores of
1.5SD below the mean on 2/5 language composites. Finally, the ICD-10 criteria for language
disorders (World Health Organization, 1992) require scores of -2SD or below on 2/5 language
composites (Norbury et al., 2016). In short, stakeholders have different definitions of the
demarcating line dividing typical from impaired language performance.

Evidence-based diagnostic criteria are advocated to overcome the arbitrariness in
diagnostic decision making (Nitido & Plante, 2020; Spaulding et al., 2006). Specifically, tests
used for identifying language impairment should have at least acceptable diagnostic accuracy
(i.e., greater than 80% sensitivity and specificity, Plante & Vance, 1994). Moreover, instead of
using a single arbitrary cut score across tests, the cut score should be test- and age-specific and
should show empirical evidence of acceptable sensitivity and specificity values (Plante & Vance,
1994). Whereas only one out of 21 English tests of child language achieved acceptable
diagnostic accuracy in the mid-1990s (Plante & Vance, 1994), five out of 43 commercially
available English tests of child language reported acceptable diagnostic accuracy in the mid-
2000s (Spaulding et al., 2006). Though the number of tests that meet diagnostic standards is on
the rise, not all researchers, arguably the most informed segment of stakeholders, routinely use
evidence-based methods to identify their participants. Nitido and Plante (2020) examined the use
of diagnostic criteria in studies of DLD published between 2015 and 2019. They limited the
evidence to studies conducted with native English speakers in the United States because
validated diagnostic measures are not available in many countries and languages. The review

showed that the majority of the 90 studies conducted in the US with English speakers did not use



evidence-based diagnostic criteria. To be specific, only 38 articles (42%) reported that they
strictly used validated diagnostic methods in participant selection, despite that 13 out of the 30
tests used by these studies reported more than acceptable sensitivity and specificity. Failures to
use evidence-based diagnostic practice could threaten the validity of research findings: using a
test with low sensitivity could lead to under-identification and a biased DLD sample consisting
of children with more severe impairment, and inflated probability of finding significant
differences between the DLD and control groups on researcher-designed tasks. Conversely,
using a test with low specificity could lead to over-identification and a sample consisting of
children not affected by DLD, making the comparison with the control group invalid.

The variability in and the evolving nature of the diagnostic standards observed in the
English DLD literature highlight the importance to examine the participant selection criteria in
the Chinese DLD literature. Cognizant of the shortage of assessment instruments in Chinese, our
intention is not to criticize studies for not using evidence-based diagnostic criteria, but to
document the field’s current practice in order to inform future directions.

1.4. Aims of the review

This review aims to give a thorough portrayal of Chinese DLD research, understand the
status quo of the literature, identify gaps, and make recommendations for future studies. The
specific questions we aim to address are:

1. How is the methodological quality of this literature? We deemed this an important
question to guide the future development of this line of research and to determine whether or not
a meta-analysis should be conducted in the current review. We used a critical appraisal checklist

to evaluate the quality of identified articles and summarize the results.



2. What are the bibliometric characteristics of the Chinese DLD literature? To address
this question, we reported the level of research output by year, journal type (English language,
Chinese language), and participants’ geographic region.

3. What diagnostic criteria are used to identify participants with DLD? To answer this
question, we summarized the diagnostic tools, cut scores, and psychometric properties of the
tools, if available, used in the included studies.

4. How is DLD manifested in Chinese languages? What are the areas and magnitude of
deficits? To answer these questions, we provided a qualitative description of the study foci in
Chinese DLD research. A meta-analysis to report the size of deficits was not conducted in light
of the methodological quality appraisal findings in question 1.

2. Method
2.1. Searches

To identify potential articles, we searched from the first available date to present using
the databases and search terms specified in Table 2. Initial searches were conducted in June 2020
and a new round of updated and more comprehensive searches were performed simultaneously
in July 2022 in three sets of databases: 1) English databases (ProQuest, which contains 62
databases such as ERIC, PsycINFO, and LLBA; and PubMed), 2) Chinese databases from
Mainland China (CNKI, hereafter referred to as simplified Chinese), and 3) Chinese databases
from Taiwan (ITPLS and Airiti; hereafter referred to as traditional Chinese). Even though
Chinese (Cantonese or Mandarin) is an official language in Hong Kong and Singapore, we were
unable to identify any relevant academic journals published in Chinese at these two locations.
We found a virtual library of Chinese journals published in Macau. But the search terms “3&= 18
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returned zero result in the virtual library. We also conducted searches targeting other major
Chinese dialects (e.g., Wu dialect, Southern Min dialect) in the simplified and traditional
Chinese databases. These attempts also resulted in zero entry.

Following the searches, a primary coder screened the titles and abstracts of all non-
duplicated results, and a secondary coder independently screened one-third of the results, to
determine whether or not the articles would potentially meet the inclusion and exclusion criteria
(specified in the next section). Reliability was above 90% for all three sets for title screening and
ranged from 88% to 93% for abstract screening. Full text articles were assessed by two
independent coders regarding the article’s eligibility. Each included article was coded on
participant characteristics and outcome measures by two coders. Participant characteristics
included age, gender, geographic location, language spoken, other dialect/language exposure,
diagnostic criteria, DLD and TD matching criteria, standardized language test names and scores,
nonverbal 1Q test names and scores, reliability and validity information of the language and
nonverbal 1Q tests. Outcome measures were listed one by one, and each measure was coded in
regard to type (neural/behavioral), modality (expressive/ receptive), task procedure, group means
and SDs, and effect size (Cohen’s d). Disagreements were resolved by consensus at each stage.
2.2. Inclusionary and exclusionary criteria
Included studies must meet the following criteria:

e Published in a peer-reviewed journal. We set this criterion so that only studies with
relatively high methodological rigor are included.

¢ Included Chinese-speaking children with DLD as the participants.

e Used a conventional definition of DLD, including a specific reference to low

receptive/expressive language skills based on at least one standardized test and/or
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language sample (e.g., 1 SD — 1.5 SD below the mean), concerns by familiar adults (i.e.,
parents, teachers), clinical diagnosis, or a combination of these?.
e Used a group comparison design by including both a group of participants with DLD and
a typically developing comparison group that was matched to the clinical group on
chronological age or language level.
e Contained participants whose age fell into the range from preschoolers to high school
students (i.e., 3-18 years of age).
e Contained at least one outcome measure that assessed speech, language, literacy, or
cognition at the behavioral and/or neurological level.
Studies were excluded if they:
e Were master’s or doctoral theses, conference proceedings, or book chapters.
e (Contained only participants who were outside of the 3-18 years age range.
e (Contained only parent outcomes, genetic outcomes, and social-emotional outcomes.
2.3. Quality rating
We used the JBI systematic reviews critical appraisal checklist for analytical cross-
sectional studies to rate the methodological quality of the studies (Moola et al., 2020). This tool
includes eight criteria to evaluate the internal validity (e.g., “were objective, standard criteria
used for measurement of the condition?”) and reporting quality (e.g., “were the study subjects
and the setting described in detail?”) of a study. Based on the explanation of the criteria in the
scoring manual, we added specific descriptors relevant to the study of DLD (see Table 3 for the

checklist). Each study that passed full article screening was appraised by two reviewers, who

2 A conventional definition of DLD would also require that the study include participants whose nonverbal
intelligence is within normal limit (e.g., within 2 SD of the mean). However, a number of studies did not mention
nonverbal IQ scores. We did not exclude studies that are missing this information from our review. But we
documented whether or not nonverbal IQ scores were reported.
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achieved consensus on all the scores through discussion and consultation with the first author.
Studies that failed to meet more than three of the eight criteria (i.e., has > 3 “no”s) would not be
included in the systematic review.
3. Results

The results from the searches are detailed in Figure 1. The searches yielded a total of
1764 records. After removing 672 duplicates, 1092 results went through title screening. Nine
hundred thirty-five titles were eliminated after title screening. The remaining 157 results went
through abstract screening, which further eliminated 92 results. Sixty-five full text articles were
each read by two independent coders to assess the articles’ eligibility. Eight articles were
eliminated after reading the full text for not meeting the inclusion and exclusion criteria. After
title, abstract, and full text screening, 57 articles remained. In addition, one article received more
than three “no”s on the quality appraisal checklist and was excluded from the review. Parallel
measures were taken to seek out additional articles by contacting authors who publish on this
topic, searching the reference lists of published studies as well as the publication lists of authors,
and setting auto-alerts on relevant research platforms. Three additional articles published in
Chinese were identified from these sources. The following sections report results on the 59
included articles.
3.1 Quality appraisal

Quality appraisal results are presented in Table 3. For the first appraisal question “were
the criteria for inclusion in the sample clearly defined?”, a majority of the studies (52/59) clearly
defined their inclusionary criteria for both DLD and TD groups, three studies only provided
inclusionary criteria for the DLD group, and four studies did not describe criteria for either

group. For question 2 “were the study subjects and the setting described in detail?”, we coded
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whether or not information on participant age, sex, language assessment scores and recruitment
site was provided. A majority of the studies (44/59) received an “incomplete”. Specifically, one
study was missing participant age, 17 studies were missing language assessment scores, 19
studies were missing recruitment sites, and 24 were missing sex distribution of the participants.
For question 3 “was language ability measured in a valid and reliable way?”, the majority of the
studies (56/59) received a “yes” as they either used published standardized tests or reported the
validity and reliability of self-designed tests. The three remaining studies relied on clinician
referrals and did not use any language tests. For question 4 “were standard criteria used for
measurement of the condition?”, given the wide variability noted in previous literature, we
adopted a lenient criterion and assigned a “yes” as long as the study mentioned at least -1SD
below the mean on one or more language measures and nonverbal 1Q of > 70. A majority of the
studies (49/59) received a “yes. Seven articles fulfilled the language measure but did not provide
the nonverbal 1Q criterion. Three studies did not state how the condition was measured and
received a “no”.

For question 5 “were confounding factors identified?”, we coded whether or not the study
considered three potential confounding factors that could lead to group differences unrelated to
the diagnosis: age, socioeconomic status (SES), and amount of dialect/language exposure. Only
two studies statistically compared the two groups on all three variables. A majority of the studies
(54/59) compared the two groups on at least one but not all three variables. Among them, one
study missed age, 48 studies missed SES, and 54 studies missed dialect/language exposure.
Three studies missed all three factors. For question 6 “were strategies to deal with confounding
factors stated?”, of the two studies that considered all three potential confounds, one dealt with

the unmatched factor through statistical means, and one study did not. For the remaining 57
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articles, this item was “not applicable” because the study did not report any information on these
factors in the first place (3 studies), or the study considered some of the potential confounds
(e.g., age) and found them to be well-matched.

For question 7 “were the outcomes measured in a valid and reliable way?”, the outcomes
were divided into subtypes. Language production measures (e.g., sentence completion, language
sampling) would require inter-rater reliability check of transcribing/coding/scoring, whereas
measures that do not require a verbal responses (e.g., picture pointing, EEG), the description of
the measures should show face validity. Forty-three articles received a “yes” and 16 articles
received a “no”. For question 8 “was appropriate statistical analysis used?”, 15 articles checked
the assumptions and reported them to support the selected statistical analyses, 43 articles
appeared to have used appropriate analyses but did not report the check of assumptions, and one
study used wrong analysis method.

To summarize, a majority of the articles received “yes” for four of the appraisal items
(#1, 3, 4, 7); for three of the items (#2, 5, 8), the majority of the articles were rated as
“incomplete” or “unclear”. Only six articles received yes on 6 or more appraisal items. The
numbers of studies receiving three, four, and five yeses were 18, 18, and 13, respectively. In light
of these findings, we decided to not accompany the qualitative summary of the literature with a
meta-analysis. Table 4 provides a full list of the 59 included articles and a description of the
bibliometric and sample characteristics of each.

3.2 Bibliometric characteristics
3.2.1 Number and language of publications
Figure 2 depicts the growth trajectory of this literature, presenting the number of articles

published in roughly 5-year periods from three databases. Stokes and So (1997) published the
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first study of Chinese DLD in the 4sia Pacific Journal of Speech, Language, and Hearing. The
scholarly attention to Chinese DLD was limited until 2015, when there was a sharp uptick in the
number of peer-reviewed publications that more than doubled the size of the literature from 26 to
59 between 2016 and now. Over the past 25 years, studies on Chinese children with DLD were
mainly published in English journals (66%). The predominance of Chinese DLD studies
published in English is especially robust between 1997 and 2010 (73%). Articles from simplified
and traditional Chinese databases have also risen in the last five years. These findings indicate
increasing attention to Chinese DLD in both English-speaking and Chinese-speaking
communities.
3.2.2 Location of and language spoken by the participants

Table 4 presents the geographical locations of and language spoken by the participants.
Though there are no new studies of Cantonese DLD that fit our criteria since 2017, research
conducted in Hong Kong still takes up a large share of this literature, contributing to 32% of the
publications (19 articles), all of which were published in English journals. Studies of Mandarin
DLD conducted in Taiwan comprise 25% of the literature, appearing in English (8 articles) and
traditional Chinese (7 articles) journals. Finally, studies of Mandarin DLD conducted in
Mainland China first appeared in 2012. Despite the relatively short publication history, there is a
rapid catch-up, with studies featuring participants from Mainland China comprising 42% of the
literature. These articles appeared in English (12 articles) and simplified Chinese (13 articles)
journals.

Another metric to examine research activity by region is to count the number of unique

participants from Hong Kong, Mainland China, and Taiwan. So far, studies from Taiwan have
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included the greatest number of unique participants with DLD (n = 331), followed by those from
Mainland China (n =292) and Hong Kong (n = 290)°.
3.3 Participant selection criteria
3.3.1 Sample size and age

Table 4 presents the sample size, age, and nonverbal 1Q scores of the study participants.
The average sample size per study is 20 children with DLD and 38 age-matched TD controls*. A
majority of the articles (41 articles, 69%) included between 11 and 20 participants in the DLD
group. Four studies (7%) included fewer than 10 participants with DLD; six studies (10%)
included between 21 and 30 DLD participants, and eight studies (14%) included more than 31
participants with DLD. Age-wise, the mean age of the DLD group ranged from 39 months to 139
months. We used the mean age of the group to divide the samples into school-age (i.e., mean age
> 72 months) or preschool-age (i.e., mean age < 72 months), because 6 years of age is the
typical age at which children enroll in elementary school in mainland China (Compulsory
Education Law of the People’s Republic of China). According to this definition, 17 of the studies
(29%) included primarily school-age children, whereas the remainder included primarily
preschool-age children.

3.3.2 Comparison group

3 Among the Hong Kong-based studies, participants from Wong et al (2017) and Wong et al. (2015) overlapped, as
did Stokes & Fletcher (2003) and Stokes & So (1997). Participant overlap also exists among Fletcher et al. (2005),
Leonard et al. (2006, 2007), Stokes et al. (2006), Wong et al. (2004), and Wong et al. (2010b). Among the Mainland
China-based studies, Kim et al. (2019) and Wang et al. (2020) reported the performance of the same group of 15
children with DLD. He & Dai (2012), He & Yu (2013), He et al. (2013), Xu et al. (2020), Yu (2016), Yu et al. (2017),
Zeng et al. (2013) and Zeng et al. (2018) reported the performance of the same group of 12 children with DLD.
Participant overlap also exists among Wang & Yu (2021), Yu et al. (2021), and Yu et al. (2022). Taiwan-based
studies appeared to have no overlap in participants.

4 Two articles included a language-matched control group only and were not included in this calculation. To et al.
(2010) included the normative sample (n= 1080) of the Hong Kong Cantonese Oral Language Assessment. If this
study is excluded, the average sample size is 20 for the DLD group and 20 for the TD group.
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With regard to the TD comparison group selection, 35 studies (59%) included
chronological age-matched controls only; 19 studies (32%) included both an age-matched
control group and a language-matched (e.g., matched on mean length of utterance) control group;
three studies (5%) included both an age-matched control group and a younger TD control group
that was on average 18 months younger than the DLD group; and two (3%) study included a
language-matched control group only.

3.3.3 Tests and cut scores

Figure 3 addresses how DLD and TD groups were selected in the studies reviewed,
specifically, the number of language tests (including subtests from a comprehensive test battery)
on which the participants must score poorly to be included in the DLD group. Twenty-two
studies (37%) categorized a child into the DLD group if they scored below the cutpoint on one
test; 31 studies (53%) required that the child scored below the cutpoint on at least two tests; and
three studies (5%) required that the child scored below the cutpoint on at least three tests. In
addition, three studies (5%) did not report standardized language test scores but relied on clinical
referrals from speech-language pathologists or pediatricians as the basis for DLD inclusion.

Table 5 shows the tests used for diagnosing participants in Hong Kong, Mainland China,
and Taiwan, respectively. Eighteen of the 19 studies conducted in Hong Kong used standardized
language tests. To et al. (2010) was an exception: this study examined narrative performance of
the normative sample of the Hong Kong Cantonese Oral Language Scale (HKCOLAS, T’sou et
al., 2006 ) and included 50 children with DLD, whose diagnosis was made by experienced
Speech-Language Pathologists using “an informal assessment checklist that observed aspects of
semantics, morphosyntax, and pragmatics” because “there was no standardized reference test in

Hong Kong at the time of this study (hence, the development of the HKCOLAS)” (p.654).
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Twelve of the 14 Hong Kong-based studies published in or before 2010 used the Reynell
Developmental Language Scales (RDLS, Hong Kong Society for Child Health and
Development, 1987), a test adapted from English into Cantonese and standardized for local use
(as described in Klee et al., 2009). However, nine studies used the receptive subscale and three
studies used the expressive subscale. Klee et al. (2004) used both the Hong Kong Cantonese
Receptive Vocabulary Test (Lee et al., 1996) and the RDLS receptive subscale and required that
the participants with DLD score lower than 1SD below the mean on either test. Diagnostic
accuracy information is not available for the RDLS. Five studies published in or after 2010 used
the HKCOLAS and the diagnostic criterion recommended by the test developer, which is 1.25SD
below the mean on at least two out of the six subtests. According to the test developers (T sou et
al., 2006), this criterion resulted in a sensitivity of 98.2% and a specificity of 94.6% in a sample
of 56 children with DLD referred by clinicians and 56 TD age-matched peers from the norming
sample of the HKCOLAS.

The 25 published studies conducted in Mainland China used a total of nine different tests,
most of which were not designed to be diagnostic tools for language disorders. Specifically, 80%
of the studies used a standardized test of receptive vocabulary — the Peabody Picture Vocabulary
Test-Revised (PPVT-R, Sang & Miao, 1990); 14 studies used either the Revised Language
Disorder Scale for Preschool Children (RLDS-preschool, Lin et al., 2008a), or the Revised
Language Disorder Scale for School-Age Children (RLDS-school age, Lin et al., 2008b), both of
which were designed for Taiwan Mandarin and normed on children from Taiwan; seven studies
used the verbal subtests of published IQ tests such as the McCarthy Scale of Children’s Abilities
(The team of MSCA-CR, 1991) and the Wechsler Intelligence Scale for Children Revised

(WISC-R, Gong & Cai, 1994); five studies used the Diagnostic Receptive and Expressive
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Assessment of Mandarin (DREAM, Ning et al., 2014); one study used the Criterion-Referenced
Diagnostic Test of Mandarin-Speaking Preschool Children with SLI (Ning, 2012, 2013); one
study used the Children’s Communication Checklist (Bishop, 1998), and two studies used a set
of self-designed language battery. Of the nine tests used, we were able to find diagnostic
accuracy values for only one: the DREAM was validated against a combination of pediatricians’
judgment and spontaneous language samples. When a cutoff score of 80 on any one of the five
DREAM components was applied, an optimal level of accuracy was achieved, yielding
sensitivity of 95% and specificity of 82% in differentiating children with and without DLD (Liu
etal., 2017).

The 15 studies conducted in Taiwan used a total of 10 different tests. The RLDS-
Preschool (Lin et al., 2008a) and the RLDS-School age (Lin et al., 2008b) were the most popular
choices and were used by more than half of the studies. The PPVT-R (Lu & Liu, 1998) and the
Wechsler Intelligence Scale for Children (WISC, Chen, 1997; Chen & Chen, 2013) were each
used by three different studies. The Children’s Oral Language Comprehension Test (Lin & Chi,
2002) was used by two studies. The five remaining instruments were each used by one article. To
the best of our knowledge, diagnostic accuracy information was unavailable for these
instruments.

In regard to the cut score adopted by research studies when determining the DLD/TD
status of their participants, variability is noted. A majority of the studies (36 articles, 61%) used
1.2-1.3 SD below the mean (roughly the 10™ percentile) as the cutoff, seven studies (12%)
adopted 1.5 SD below the mean (roughly the 7" percentile), and 13 studies (22%) adopted 1SD
below the mean (roughly the 16" percentile). Three studies (5%) did not use standardized tests

and one study (2%) did not report the cutoff.
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The last column of Table 5 provides information on the cut scores applied to each
individual test. For some of the most popular tests (e.g., RDLS receptive subscales, PPVT,
RLDS), variable cut scores are adopted across studies. This happens even when the test
developer has recommended a specific optimal cut score (e.g., DREAM).

3.4 Areas of deficits: Qualitative description

As summarized in Table 6 and Supplementary Materials Table 1, the 59 articles included
a large number of outcome measures spanning various domains of oral language and some
elements of written language. These outcomes also vary in granularity: some are broad-based
measures of language ability (e.g., number of different words in spontaneous language samples);
others are precise measures of specific skills (e.g., discrimination between /ba/ and /da/). In the
following section, we give a qualitative summary of the areas of studies, arranged by language
domain (e.g., grammar, phonology) or construct (e.g., productivity). Within a domain/construct
and across domains, the description is ordered according to the size of the evidence base of the
outcome measures.

3.4.1 Grammar

Table 6 summarizes the findings by outcome measure. The grammatical domain has
attracted the most attention, with 39 articles investigating elements of grammar. These articles
have included both generic measures of grammar and fine-grained measures targeting the
comprehension and production of specific grammatical constructions. Three of the generic
measures of grammar are derived from conversational or narrative language samples. Among
them, mean length of utterance (MLU) is the most common measure and was included in 10
studies (see Table 6 for the study references). The second most common is a set of complexity

measures such as proportion of complex clauses, subordination index, and syntactic complexity,
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which were included in six independent investigations. Grammaticality is the third generic
measure from language samples and an outcome measure in three studies. The other three
generic grammar measures were sentence/syntactic comprehension, sentence repetition®, and
artificial grammar learning.

Of the fine-grained grammatical measures, aspect markers are the most studied element,
with nine independent investigations targeting this as the sole outcome measure or one of the
outcome measures. These studies used sentence-picture matching (Chen et al., 2022; Chen &
Durrleman, 2022), elicited production (e.g., Chen et al., 2021; He et al., 2013; Fletcher et al,
2005; Stokes & Fletcher., 2003), languages sampling (Hao et al., 2018; Stokes & Fletcher, 2003;
Wong et al., 2003), and self-paced reading (Yu et al., 2019) paradigms. The comprehension
and/or production of passive construction and relative clauses each garnered research attention in
four studies. The production of classifier phrases, a construction at the interface of grammar and
semantics, is the outcome measure in three studies. The rest of the grammatical outcomes were
included in one or two studies, including Ba-sentence (a non-canonical sentence that follows the
Subject-Ba-Object-Verb word order) comprehension and production, Wh- question
comprehension and production, negation production, modal auxiliary production, and topic
structure comprehension and production.

In summary, of the 51 grammar outcome/study combinations listed in this table, group-
level differences between DLD and age-matched TD controls were detected in 42 (82%). Eleven
grammar outcome measures were included in at least two studies. Eight of the 11 measures

revealed largely consistent group differences across studies (i.e., > 75% of the studies yielded

5 Sentence repetition taps on memory, semantic, and grammatical skills. Here we categorize it under the
grammatical domain for the sake of simplicity and following the argument that it is primarily a measure of
linguistic skills rather than memory abilities (Archibald & Joanisse, 2009).
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significant group differences). Grammaticality was an exception as two of the three studies did
not find a significant group difference on this measure. In the discussion, we will revisit this
finding. Ba-sentence comprehension and production and negation production also yielded
ambiguous results: of the two studies under each construction, one study of preschool-age
children reported significant group differences, the other study of school-age children did not
report significant group differences.
3.4.2 Vocabulary

The second most popular domain of focus is vocabulary, with 13 studies contributing to
the understanding of vocabulary deficits, and four studies contributing to the understanding of
novel word learning. Twelve of the 13 studies measured lexical diversity from conversational or
narrative language samples, though the actual measures differed and included the number of
different words (NDW), D (a lexical diversity measure that is relatively less affected by sample
size), type token ratio (TTR), corrected TTR, moving average TTR, measure of textual lexical
diversity (MTLD), and sophisticated vocabulary count. Only one study examined standardized
vocabulary test scores (Wong et al., 2009). Table 6 shows that of the 17 outcome/study
combinations listed, group-level differences between DLD and age-matched TD controls were
detected in 15 (88%). All four studies on word learning outcomes found word learning to be an
area of deficit in Chinese DLD.
3.4.3 Phonology

The third most studied domain in the Chinese DLD literature is phonology which is
included in 13 articles. Nine articles utilized measures of phonological memory. Other
phonological domains such as speech perception, phonological awareness, phonological

retrieval, phonological representation, and speech production were included in one to five
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articles. According to Table 6, 18 out of 24 outcome/study combinations (75%) reported
significant group differences between DLD and age-matched TD groups on phonology.
3.4.4 Productivity

Nine studies examined the amount of language produced by children in narrative (Hao et
al., 2018; Lai & Wang., 2017; Sheng et al., 2020; Torng & Sah, 2020; Tsai & Chang, 2008; Xue
et al., 2022) and conversational (Stokes & Fletcher, 2000; Wong et al., 2010b; Tseng & Liu,
2017) sampling contexts. These studies relied on two measures that respectively count the total
number of utterances (TNU) or the total number of words (TNW) generated by children. Table 6
indicates that group differences between DLD and age-matched TD controls were only observed
in four out of 13 outcome/study combinations (31%).
3.4.5 Narrative discourse

Nine studies examined group differences in narrative discourse measures. Seven studies
investigated the production of story macrostructure, but differences existed in how stories were
elicited and analyzed. Six studies used fictional stories based on pictorial stimuli (Chi et al.,
2012; Hao et al., 2018; Lai & Wang, 2017; Sheng et al., 2020; Torng & Sah, 2020; Xue et al.,
2022), and one study (Tsai & Chang, 2008) elicited personal narratives. Five of the six fictional
narrative studies used Stein and Glenn’s (1979) system of story grammar analysis; Xue et al.
(2022) used the high-point analysis model (Peterson & McCabe, 1983). The personal narrative
study (Tsai & Chang, 2008) adopted Labov’s (1972) story analysis model. Five studies of
narrative discourse explored measures of pragmatics, encompassing the use of referential
devices, connectives, and evaluative comments. Table 6 indicates consistent DLD-TD
discrepancies across studies on measures of story macrostructure and discourse pragmatics (both

100%). One study included a story comprehension outcome as a part of a word learning task that
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embedded novel words into stories. This study found that children with DLD were poorer in
understanding the story contents than TD age peers.
3.4.6 Literacy

Four studies delved into written language. These studies measured word reading, reading
comprehension and its strategies, word dictation, morphological awareness, and orthographic
skills. According to Table 6, differences in literacy measures between DLD and TD groups were
detected in five of the nine comparisons (56%).
3.4.7 Miscellaneous areas

The remaining areas of focus could not be subsumed under other headings and did not
have subcategories. These outcome measures were included in three or fewer studies. The
outcomes are general language abilities as measured by standardized language tests, executive
functions, verbal working memory, verbal and spatial memory, and fluency. Table 6 indicates
that two studies showed general language deficiencies in Chinese children with DLD.
4. Discussion
4.1 Methodological and reporting quality

The growing recognition for reproducibility has propelled the development of reporting
standards in the scientific community. For instance, the EQUATOR (Enhancing the Quality and
Transparency of Health Research) network provides a free online library of reporting guidelines
for many types of studies. More and more journals now require authors to follow these
guidelines when reporting their methodology and writing up the findings. In this spirit, we note
that many articles included in the current review are missing a number of details in the
participant inclusion and group matching criteria. Improper participant selection could threaten

the validity of study results. At a minimum, studies on DLD should present hearing status, and
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scores on nonverbal IQ and standardized language tests to ascertain the clinical status of the
participants. However, many articles are missing this information. Moreover, participant
background, including caregiver’s educational level, and the use of Chinese dialects and second
languages in the child’s environment, are influential in language development. Given the
pervasiveness of bidialectalism and early English exposure in Mainland China, Hong Kong, and
Taiwan, future studies should include information about the use of Mandarin and other
dialects/languages in and outside the home to document the linguistic status of their participants.
This information is currently missing in a majority of the Chinese DLD studies. Recruitment
methods are also usually not reported, further affecting the replicability of the studies. Moreover,
reliability of measurement and assumption checking of statistical tests are often missing. This
type of information is essential to boost the readers’ confidence in the study results and needs to
be reported.
4.2. Bibliometric characteristics

Our searches yielded 59 empirical studies on the manifestations of DLD in Chinese
children published between 1997 and July of 2022. A strength of the current review is that the
“tower of babel bias” (Gregoire et al., 1995) was potentially reduced by retrieving pertinent work
published beyond English. There is a clear and urgent need to raise awareness of DLD
worldwide so that more research can be conducted to increase our understanding of the linguistic
and cognitive manifestations, underlying neurobiological mechanisms, and social emotional
consequences of this disorder. Although there is an upward trend in the growth of the literature
in recent years, the output rate of Chinese DLD (33 articles from 2016-2022) is dwarfed by that
of the English DLD literature (e.g., 90 empirical studies conducted in the United States alone

between 2015 and 2019, Nitido & Plante, 2020).
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When viewed by participant geographic region, the three regions each made important
contributions to this literature. Hong Kong leads the Chinese DLD research considering the
publication history, the number of publications, the breadth of topics (e.g., grammar, phonology,
reading, statistical learning), and the expanded scope of investigations that compared DLD to
other clinical groups such as DLD + dyslexia. Articles featuring participants from Mainland
China, despite the shortest publication history, showed the most rapid growth. The majority of
the articles were published in Chinese language journals and may reduce the language barriers
faced by frontline clinicians who wish to access this literature. Finally, Taiwan has contributed
the largest sample of children with DLD to this literature. Also, there appears to be a higher
number of research groups publishing on this topic. Both observations suggest a greater
awareness of DLD in research and clinical practice in Taiwan than in Mainland China.

4.3 Diagnostic criteria

With regard to DLD diagnostic criteria, most studies used one to two tests/subtests and 1-
1.5 SDs below the mean as the cut score. These criteria are generally in line with what have been
used in the English literature (Nitido & Plante, 2020; Spaulding et al., 2006). As for the actual
tests used for diagnosing the study sample, studies on Cantonese DLD in Hong Kong showed the
most uniformity, especially after the development of the HKCOLAS. The HKCOLAS has good
(> 90%) sensitivity and specificity (T sou et al., 2006). Another recently developed test “The
Hong Kong Test of Preschool Oral Language” (TOPOL, Wong et al., 2019) also reported
acceptable sensitivity (85%) and specificity (83%) in a sample of 54 preschoolers with DLD
(aged 2;6 to 5;11) and 54 TD age- and gender-matched peers. These tests are sound options for

researchers studying Cantonese-speaking children with DLD between the age of 2;6 and 12;1.
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In studies conducted in Mainland China, the most popular test is the PPVT-R, a
standardized test of receptive vocabulary normed on 600 children from Shanghai between 3.5
and 9 years of age (Sang & Miao, 1990). There are two potential issues with this choice. First,
existing empirical evidence from English does not support the use of vocabulary tests for clinical
screening and identification. Gray et al. (1999) examined the diagnostic accuracy of four
vocabulary tests. They found that even though the DLD group scored lower than the TD control
group on each test, the individual scores of children with DLD typically fell within the normal
range. In other words, although these tests may accurately reflect a child’s skills in a certain
language domain (i.e., have good construct validity), they are not good identifiers of DLD. To
know whether these concerns are true in Chinese, we would need direct evidence from
diagnostic accuracy studies on these single-word vocabulary tests. Second, even if the diagnostic
power of the test is not in question, the normative sample of the PPVT-R is not representative of
current-day Mandarin speakers in Mainland China as the norm was published in 1990 and
consists of children from Shanghai only. After the PPVT-R, the next popular test choice is the
RDLS, a test of receptive and expressive language normed on 735 children from Taiwan (Lin et
al., 2008a, 2008b). Again, diagnostic accuracy information is unavailable. While the norm could
be representative of the population in Taiwan, its application to Mandarin speakers in Mainland
China may be inapt. Lastly, 30% of the studies conducted in Mainland China relied on the verbal
subtests of general 1Q tests. While these tests may meet psychometric requirements for construct
validity, their utility in diagnosing DLD is questionable. These concerns in test selection indicate
a severe lag in test development. We note that two new tests are emerging for Mandarin-
speaking children in Mainland China: the Mandarin Clinical Evaluation of Language for

Preschooler’s Core Scale (MCELP-CS, Wu et al., 2020), and the Diagnostic Assessment of
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Mandarin SLI on Primary School Students (DAMSLIPSS, Xue et al., 2022). Wu et al. (2020)
reported satisfactory diagnostic accuracy of the MCELP-CS in diagnosing language disorders in
children with hearing impairment, autism, and cerebral palsy. These are welcoming additions
and could to some extent ameliorate the test shortage. Nevertheless, the current uses and misuses
of test suggest a need for researchers and practitioners to develop more sophisticated knowledge
in evaluating tests, interpreting test scores, and using tests wisely to match the purpose of
administration. A highly relevant introductory text on this topic can be found in Klee et al.
(2009).

By contrast, researchers in Taiwan appeared to have more choices available in their
toolkit, since as many as 10 tests were documented in our review. To the best of our knowledge,
though many of these tests reported significant group level differences between impaired and
typical groups in the test manuals, none of them reported diagnostic accuracy. Despite the fact
that there are more test options, instances of using receptive vocabulary and general 1Q tests also
existed, suggesting a continuous need for diagnostic sophistication.

To summarize, as in the English literature (Nitido & Plante, 2020; Spaulding et al.,
2006), we found variability in cut scores across studies, including when the same standardized
tests were used. These variabilities could be because of a lack of information on the optimal cut
score for a specific test, differences in opinion as for where to draw the line between typical and
disordered language, or a deliberate choice to alter the criterion based on the characteristics of
the sample.

4.4 Areas of deficits
The qualitative analysis revealed that Chinese children with DLD show wide-ranging

deficits in basic auditory perception, phonological processing, vocabulary diversity, sentence
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length and complexity, narrative content and organization, literacy, and word learning. At the
same time, there were also areas wherein significant deficits were not consistently found:
grammaticality and total number of utterances produced in narrative tasks did not clearly
differentiate children with DLD from their TD peers (see Table 6).

How do these findings inform us on the nature of DLD? Does the literature provide
consistent patterns on the behavioral traits of DLD that might serve as clinical markers for this
disorder in Chinese? In English, one of the most established clinical markers of DLD is finite
verb morphology (Archibald & Joanisse, 2009; Rice & Wexler, 1996). In Chinese, though tense
and number agreement are not grammatically marked on the verb, aspect, or the temporal
contour of the event, is marked on the verb via a small class of bound morphemes. The nine
studies that examined aspect markers found reduced and less flexible use of aspect markers in
the DLD group than age-matched controls but comparable use as younger MLU controls (e.g.,
Fletcher et al., 2005; Wong et al., 2003). Thus, verb morphosyntax appears to be disadvantaged
in Chinese DLD. However, unlike in English wherein poorer performance in verb finiteness
marking is reported relative to younger MLU-matched group (Rice et al., 2009), the comparable
performance between DLD and MLU control groups suggests that verb aspect marking is not an
area of extraordinary difficulty. It is important to note that finite verb marking is an accuracy-
based measure because failures to use English verb finiteness markers result in the utterances
becoming ungrammatical. By contrast, aspect marking in Chinese is rate-based because though
aspect markers are preferred by mature speakers in certain contexts, these morphemes are rarely
obligatory. This could make the difficulties with aspect marking harder to detect because one
must know the range of performance TD children of the same age would demonstrate to the

same stimuli.
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Grammaticality of narrative language sample is an accuracy-based measure available in
both Chinese and English. Crosslinguistic differences in diagnostic potential is observed for this
measure. In English, percent grammatical utterance in narrative discourse was found to have the
best sensitivity and specificity when pitted against two other discourse measures: finite verb
morphology composite, which calculates the percent accurate production of verb tense, and
clausal density, which measures children’s ability in integrating multiple clauses into sentences
(Guo et al., 2019, 2020, 2021). In Chinese, three studies have examined grammatical accuracy
and they yielded mixed findings: Lai and Wang (2017) found a higher percentage of
ungrammatical utterances (M = 35.4%) in their sample of school-age children with DLD (age
range = 7;2 to 7;11, mean age = 7;6) in comparison to TD controls (M = 18.7%). Hao et al.
(2018) and Sheng et al. (2020) included children of a wider age range (Hao et al: age range = 4,3
to 7;11, mean age = 6;2; Sheng et al: age range 4 to 6 years, mean age = 5;8). Both studies found
low occurrence of ungrammatical utterances in their DLD samples (Ms < 7%); but in Sheng et al.
(2020) the range was sizable (0-29%). This puzzling discrepancy calls for additional evidence
related to the utility of this accuracy-based measure in identifying DLD in Chinese.

Phonological memory as assessed in nonword repetition tasks is also an established
clinical marker in English and many other languages. Our qualitative analysis suggest that this
may also be the case in Chinese as all but one of the nine studies found group differences.
Sentence repetition is widely recognized as a clinical marker of DLD across many languages
(e.g., Armon-Lotem et al., 2015; Conti-Ramsden et al., 2001). So far only two studies have
examined sentence repetition in Chinese and converged on finding significant deficits in
Cantonese and Mandarin-speaking children with DLD. The effect sizes were large to very large

and ranged from .83 to 1.73 in Cantonese (Stokes et al., 2006, participants aged 4;2 to 5;7) and
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3.25 to 3.47 in Mandarin (Wang et al., 2022, participants aged 4;0 to 5;11) when different
scoring approaches were employed. Replication studies are needed for both languages, though
the evidence thus far suggests that sentence repetition is a promising clinical marker in Chinese.
4.5 Areas of research needs

The current review revealed good breadth in the research topics, but there is still a clear
need to enhance quality and build depth in the knowledge base for Chinese DLD. First,
comprehension and production of complex syntax is a known area of deficit across languages
and has received some attention in Chinese (e.g., relative clause). Continued attention in this
area, including studies that focus on less-studied but highly frequent constructions (e.g., serial
verb construction) and studies that use time-sensitive process-based measures (e.g., eye-tracking)
is warranted. Second, several studies have elicited narrative samples to examine the functional
communication abilities of children with DLD. This is a much-needed complement to
decontextualized discrete-skill tasks because narrative more closely mimics daily communication
demands and requires discourse level rather than utterance level planning. However, a widely
accessible large-scale narrative corpus by children with and without DLD remains a gap that
needs to be filled for Chinese. This line of research will also need to tackle methodological
hurdles and stimulate transparency and consensus in basic conventions regarding the
segmentation of utterances and words in Chinese (Sheng et al., 2020). Third, studies of the
learning processes of children with DLD using word learning, statistical learning, artificial
grammar learning paradigms, studies that delineate the cognitive profiles of DLD including
working memory and executive functions, and studies that examine the neurological
underpinning of speech and language processing in DLD are rare and warrant more attention in

future investigations. Fourth, the study of real-time semantic processing and sentence processing
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is missing in the Chinese DLD literature and could be a fruitful avenue for future research. Fifth,
the majority of the studies focused on preschool age children and almost all studies measured
performance at one time point. But DLD is a lifelong disability that does not spontaneously
resolve with age. Studies of older participants (secondary school students, young adults) and
studies of a longitudinal nature should be conducted to build an evidence base on the language,
academic, social-emotional, and occupational outcomes of these individuals as they mature.

The ultimate goal for researchers who study clinical populations is to generate a high-
quality evidence base to support effective clinical practice. The Chinese DLD literature is also in
need of studies that more directly inform assessment and treatment practice. Examples of clinical
practice research can be found in Wang et al. (2022)’s diagnostic accuracy study of Mandarin
sentence repetition and To et al. (2015)’s treatment study of Cantonese grammar.

4.6 Limitations

This review excluded studies that are theses, dissertations, conference proceedings, and
book chapters. Thus, we have inevitably missed some studies on this topic, including ones with
less significant results (Conn et al., 2003). In addition, it is beyond the scope of the current study
to review and summarize the theoretical perspectives of the literature. This worthy goal should
be pursued in future reviews. Also, we stopped short of conducting a meta-analysis in light of the
quality appraisal results and the heterogeneity of outcomes studied in this literature. It is our
hope that a meta-analysis could be pursued in the future with the continuous accrual of high-
quality research evidence.

5. Conclusion
A systematic review of peer-reviewed publications found 59 studies that compared

Chinese children with DLD with typically-developing peers on speech, language, literacy, and
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cognitive outcomes. These articles are published in both English language and Chinese language
journals. While issues with methodological and reporting rigor are present in this young
literature, the studies contain valuable information for researchers who wish to study this
population and clinicians who serve these individuals. Findings from the retrieved articles
corroborate our existing understanding of DLD as a significant and heterogeneous disorder that
poses great challenges to language learning. A qualitative summary of the literature suggests that
nonword repetition and sentence repetition are potential clinical markers of Chinese DLD.
Lastly, features of the Chinese languages may potentially shift the utility of accuracy-based

versus rate-based measures of expressive morphosyntax in identifying DLD.
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Table 1. Countries and regions that use Chinese as an official language

Written

Spoken
Hong Kong Cantonese
Macau Cantonese
Mainland China Mandarin
Singapore Mandarin
Taiwan Mandarin

Traditional Chinese Character
Traditional Chinese Character
Simplified Chinese Character
Simplified Chinese character
Traditional Chinese Character

Note. In addition to Chinese, English is an official language in Hong Kong, Portuguese is an

official language in Macau, and English, Malay, and Tamil are official languages in Singapore.
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Table 2. Search terms

English database Simplified Chinese database Traditional Chinese databas
ProQuest and PubMed CNKI ITPLS, and Airiti library
(Chinese OR Mandarin OR 15 & #115 (language it 5 1815 (language
Cantonese) AND (Pediatric impairment) OR 1% 75 [& A% impairment) OR &5 5 [
OR child OR adolescent) (language disability) OR & &5 2 2

AND (language impairment
OR language disorder OR SLI
OR DLD OR language delay
OR language disability)

1B %% (language delay) AND
JLi (child) OR 27E
(student)

(language disability) OR 75 5
IB%% (language delay) AND
54 % (child) OR £/
(student)

Note. For CNKI searches, we limited the journals to those that are included in CSSCI, CSCD (1
R} 5] SCHHR E Chinese Science Citation Database), or 4 Guide to the Core Journals of
China published by Peking University (AL 50 K% (FRSCAZ O HITIELH S 5D ).

CNKI: China National Knowledge Infrastructure, H [E %1 ; ITPLS: Index to Taiwan Periodical
Literature System, 28 1T L% 5] R4¢; Airiti Library: #2453 I [ E5 67
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Table 3 Summary of quality appraisal results

Appraisal question

Option

n of articles

Yes: specified cutoff scores on language and
nonverbal IQ tests for both groups. The actual

1. Were the criteria for numbers were not scrutinized as long as clear 32

inclusion in the sample criteria were provided,

clearly defined? * Incomplete: only one group is defined 3
No: neither is defined 4
Yes: report age, sex, language assessment scores and 15

2. Were the study recruitment site for both TD and DLD

subjects and the setting

described in detail? ® Incomplete: mention at least one, but not all four 44
criteria
No: mention none of the 4 criteria 0
Yes: used published standardized tests or reported
validity (construct validity or diagnostic validity)

. N o . 56

3. Was language ability and reliability (test retest reliability or internal

measured in a valid and  consistency) of self-designed test

reliable way? Unclear: did not report validity and reliability of 0
any test
No: no language measure 3
Yes: at least -1SD below the mean on one or more

4. Were standard criteria  Janguage measures and nonverbal 1Q = 70. 49

used for measurement of o

the condition? © Incomplete: meet at least one but not both criteria 7
No: did not meet any criteria 3
Yes: compared the two groups on all of the three
variables: age, socioeconomic status and 2
dialect/language exposure

5. Were confounding .

factors identified? ¢ Incomplete: compared Fhe two groups on at least 54
one but not all three variables
No: did not compare the two groups on any of the 3
three variables
Yes: identified the three variables in QS5; the
variables (or some of variables) were NOT 1
comparable; dealt with them.

. No: identified the three variables in Q5; the
?x;igiroensfg?lfdgifg tfz(jgi variables (or some of variables) were NOT 1
stated? comparable; but did NOT deal with them.

’ Not applicable: identified the three variables in Q5
and all the variables were comparable (no need to 57
address); did not compare any of the variables (no
way to address); Incomplete in Q5.
Yes: if outcomes were production measures or
existing instruments, did the authors report inter-
7. Were the outcomes rater reliability for transcribing/coding/scoring? OR 43
measured in a valid and  if outcomes were comprehension or EEG measures,
reliable way? did the description of the measure show face
validity?
No: did not fit above descriptions 16
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Yes: check assumptions and report them to support

the selected statistical analysis 15
8. Was appropriate ) )
statisticarl)re)m;;ysis used?  Unclear: the analysis seems to be appropriate but 43
" did not report the check of assumptions
No: clearly wrong analysis methods 1

a. unfulfilled criteria: TD group is not clearly defined (n= 3);

b. unfulfilled criteria: age (n=1), sex (n =24), language assessment scores (n=17);

c. unfulfilled criteria: nonverbal 1Q (n=7) ;

d. unfulfilled criteria: age (n=1), socioeconomic status (n =48), dialect/language exposure (n=57) .
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Table 4 Individual study and sample summary

Study Characteristics Sample Characteristics
Ref TD DLD
clerence . N Type and N of TD
Location Language comparison group Age Age
total
(total) N (months) NVIQ N (months) NVIQ

Chen & Durrleman /¢ land China~ Mandarin 28 | /A& nonverballQ 14 63.42 101.14° 14 6111 97.5¢

(2022) matched group
1 Age, gender, nonverbal

Chen & Liu (2010) Taiwan Mandarin 40 1Q, maternal education 20 110 100.65' 20 109 96.5'
matched group

. . . 1 Age, gender, maternal

Chen & Liu (2014) Taiwan Mandarin 70 . 33 65.6 102.72 37 65.4 96.32

education matched group
. . . 1 Age, gender, maternal

Chen & Liu (2018) Taiwan Mandarin 54 . 29 65.8 101.12 26 65.2 95.52
education matched group

Chen et al. (2021)  Mainland China Mandarin 34 1 AM group 17 62.31 111.06° 17 61.38 96.18°
1 AM group

Chen et al. (2022)  Mainland China Mandarin 40 *Also includes an HFA 20 63.24 106.95¢ 20 63 91.3¢
group

. . 28.75™
Cheng et al. (2021) Taiwan Mandarin 24 1 AM group 12 57.92 71.17™ 12 58.42 s
Cheung (2003) Taiwan Mandarin 30 AM: 10 88 NR 10 86 NR

46



Chi (2007)

Chi et al. (2012)

Dai & He (2021)

Fletcher et al.
(2005)

Hao et al. (2018)

He & Dai (2012)

He & Yu (2013)

He et al. (2013)

Taipei; Taiwan

Taiwan

Mainland China

Hong Kong

Shanghai;
Mainland China

Changsha,
Guangzhou, Hefei,
Xinxiang;
Mainland China

Changsha,
Guangzhou, Hefei,
Xinxiang;
Mainland China

Mainland China

Mandarin

Mandarin

Mandarin

Cantonese

Mandarin

Mandarin

Mandarin

Mandarin

36

42

40

45

36

36

36

36

1 AM group & 1 LM
group using Preschool
Language Disorder Test

1 Age, gender, SES
matched group

1 Age, gender, SES
matched group

1 AM group

Also includes an HFA

group

1 AM group & 1 LM

group using MLU

1 Age, maternal

education, and nonverbal

1Q matched group

1 AM group & 1 LM
group using MLU; Both

gender matched

1 Age and gender

matched group & 1 LM

group using MLU

LM: 10

18

21

AM: 15
LM: 15

18

AM: 12

LM: 12

AM: 12

LM: 12

AM: 12

67

Primary
grade 1

84

61.63

60.47
37.73

74

59.5

NR

NR

Range: 35 -
59

59.67

23.50°

99.332

WNLF¢

110.67¢
115.13%

98.89¢

WNLS!

NR

NR

18

21

14

18

12

12

12

Primary
grade 1

86.04

64.53

60.67

74

59.33

Range:
48-73

59.75

22.78°

93.76*

WNLF¢

97.474

90.44¢

>80f

NR

95.67°
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lao et al. (2017)

Kidd et al. (2017)

Kim et al. (2019)

Klee et al. (2004)

Lai & Wang
(2017)

Leonard et al.
(2006)

Leonard et al.
(2007)

Lin & Zhang
(2021)

Liu & Chien
(2020)

Hong Kong

Hong Kong

Shanghai;
Mainland China

Hong Kong

Taipei, Taichung;
Taiwan

Hong Kong

Hong Kong

Shanghai;
Mainland China

Taiwan

Cantonese

Cantonese

Mandarin

Cantonese

Mandarin

Cantonese

Cantonese

Mandarin

Mandarin

32

110

45

45

60

45

45

40

44

1 AM group & 1 LM
group using MLU

1 Age and nonverbal 1Q
matched group

1 AM group

1 AM group & 1 LM
group matching using
PPVT-R; Both gender
matched

1 AM group & 1 LM
group using RDLS-C

1 Age and gender
matched group

1 AM group & 1 LM
group using MLU

1 AM group & 1 LM
group using MLU

1 Age and gender
matched group

1 AM group

Also includes a SSD only
group

LM: 12

16

53

AM:15

LM: 15

AM: 15
LM: 15

30

AM:15
LM:15
AM: 15
LM: 15

20

24

44.08

116.25

70.2

69.47

57.13

56.87
35.93

91.2

61
38
60.67
37.73

60.51

49.33

109

110.88

30.07"

2547"

NR

NR

WNL!
WNLY
WNL4
WNLY

NR

114.42

16

57

15

15

30

15

20

20
(SSD+LI)

119

70.1

69.47

56.4

89.6

61

60.67

60.64

109.25

105.2¢8

28.4h

WNLY

>852

97.474

>834

NR

96.8%
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Lv & Tsao (2018)

Ma & Liang (2019)

Sheng et al. (2020)

Siu & Man (2006)

Stokes & Fletcher
(2000)

Stokes & Fletcher
(2003)

Stokes & So
(1997)

Stokes et al. (2006)

Taipei, New Taipei
city, Taoyuan,
Yilan; Taiwan

Mainland China

Nanjing; Mainland
China

Hong Kong

Hong Kong

Hong Kong

Hong Kong

Hong Kong

Mandarin

Mandarin

Mandarin

Cantonese

Cantonese

Cantonese

Cantonese

Cantonese

65

32

42

46

30

27

28

44

1 AM group Also
includes a late talker

group

1 AM group

1 Age, nonverbal 1Q,
maternal education, and
Mandarin exposure
matched group

1 Age and gender
matched group

1 LM group using MLU

1 AM group

1 AM group

1 AM group & 1 LM
group using MLU

33

16

21

23

15

14

14

AM: 15

LM: 15

Longitudinal study
from 2-4 years:

Th27ss Tll .:94k
T2: 39.44 %}121.
T3:51.19 Tgé'sp
94.62 Sg50
67.5 120.1¢
67.3 NR

31 NR
52.7 NR
52.78 NR

60 110.67¢
39 112,474

12

16

21

23

15

13

14

14

Longitudinal study
from 2-4 years:

T1: T1:
28.37 9.42k
T2: T2:
39.44 125.17
T3: T3:
50.12 96.5°¢
92.88 >85¢
67.6 120.6°
68.3 NR
48 NR
53.5 NR
53.83 NR
59 97.434
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To et al. (2010)

Torng & Sah
(2020)

Tsai & Chang
(2008)

Tseng & Liu
(2017)

Wang & Huang
(2016)

Wang & Yu (2021)

Wang et al. (2020)

Wang et al. (2022)

Wong et al. (2003)

Wong et al. (2004)

Wong et al. (2009)

Hong Kong

Taiwan

Taiwan

Taipei, Keelung;
Taiwan

Mainland China

Mainland China

Mainland China

Shanghai;
Mainland China

Hong Kong

Hong Kong

Hong Kong

Cantonese

Mandarin

Mandarin

Mandarin

Mandarin

Mandarin

Mandarin

Mandarin

Cantonese

Cantonese

Cantonese

50

36

12

20

46

45

45

32

12

31

41

1 AM group
(normative sample)

1 Age, gender matched
group

1 Age, SES matched
group

1 Age, gender, SES
matched group

1 Age and gender
matched group

1 Age and gender
matched group &
younger TD group

1 AM group & 1 LM
group using PPVT-R;
Both gender matched.

1 Age, maternal
education and Mandarin
exposure matched group

1 LM group using MLU

1 AM group & 1 LM
group using MLU

1080

18

10

23

AM: 15

YTD: 15

AM: 15

LM:15

AM: 11
LM: 9
AM: 14

58 - 145

63.6

103

142

54.87

62.1

45

69.47

57.13

60.8

36

60.36
40.11
64.86

>85!

98.06*

NR

99.82

NR

NR

30.07"

25.47"

120.9™

NR
WNL4
WNLY
111.29¢

50

18

10

23

13

15

16

11

14

66 - 144

64.44

103

139

54.49

61.77

69.47

60.3

60

60.64

64

>85!

89.56°

WNL™

/n

87.4*

NR

WNL™

28.4h

101.9™

WNL!

99.554
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Wong et al.
(2010a)

Wong et al.
(2010b)

Wong et al. (2015)

Wong et al. (2017)

Wu (2020)

Wu et al. (2019)

Xu et al. (2020)

Hong Kong

Hong Kong

Hong Kong

Hong Kong

Taipei, New Taipei
city, Miaoli;
Taiwan

Taipei; Taiwan

Mainland China

Cantonese

Cantonese

Cantonese

Cantonese

Mandarin

Mandarin

Mandarin

39

29

94

74

124

134

36

1 AM group & 1 LM
group using CRVT

1 AM group

*Also includes a SLI-
History group

1 AM group

1 AM group

1 AM group

1 AM group

1 AM group

LM: 13

14

40

34

T5: 54

T6: 35
T3: 40
T4: 38

AM: 12

51

112.11

55.71

84.93

96.68

64

75
41
52

59.67

112.92¢

WNLe

108.93¢

110.78¢

110.76#

NR

NR

NR

DLD-
only: 7

DLD+dys
lexia:13

15

DLD-
only: 19

DLD-+dys
lexia: 25

DLD-
only: 18

DLD+dys
lexia: 22
D5: 18

D6: 17
D3: 22
D4: 34

12

106.29

106.54

55.27

84.66

86.8

95.83

99.36

64

75
40
52

59.75

103.86

WNLP

WNLP

102.8¢

109.32

100.80

1108

101.41

NR

NR

95.67"
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Xue et al. (2022)

Yu (2016)

Yuetal. (2017)

Yu et al. (2019)

Yu et al. (2021)

Yu et al. (2022)

Mainland China

Mainland China

Mainland China

Mainland China

Mainland China

Mainland China

Mandarin

Mandarin

Mandarin

Mandarin

Mandarin

Mandarin

11

36

36

48

44

45

1 AM group & 1 LM
group using MLU; Both
gender matched

1 Age and nonverbal 1Q
matched group

1 AM group & 1 LM
group using MLU; Both
gender matched

1 Age and gender
matched group & LM
group using MLU

1 AM group & 1 LM
group using
comprehension scores of
RLDS-school

1 Age and gender
matched group &
younger TD group

1 Age and gender
matched group &
younger TD group

LM:12

Lower
grades:
26

Higher
grades:
29

AM: 12
LM: 12
AM: 12

LM: 12

AM: 16

LM: 16
AM: 14
YTD: 15
AM: 15

YTD: 15

44.08

98.28

132

54

42

59.5

NR

105.59

87.82

62.27

45.01

62.18

45.01

-0.544

-0.444

NR

NR

112#

105¢

NR

NR

Lower
grades: 29

Higher
grades: 26

12

12

16

15

15

96.6

132

58

59.3

104.24

62.83

61.77

-0.354

-0.694

>80F

>80F

103¢

WNL™

WNL™
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Changsha, AM: 12 NR
Guangzhou, Hefei, 1 AM group & 1 LM

. ~R0f
Zeng et al. (2013) Xinxiang: Mandarin 36 aroup using MLU SV Range: 35 - NR 12 59.33 >80
Mainland China ' 59
Changsha, , AM: 12 59.67
Zengetal 2018)  ouangzhou Hefel, —\ pin 36 I AMgroup & 1 LM NR 12 59.75  95.7f
Xinxiang; group using MLU )
Mainland China LM:12 44.08

Note. NVIQ: nonverbal 1Q; RLDS-school: Revised Language disorder Scale for School-age Children; RDLS-C: Reynell Developmental Language Scales-Cantonese
(Hong Kong version); CRVT: Cantonese Receptive vocabulary test; WNL: Within normal limits.

a: Test of Nonverbal Intelligence-3rd edition (TONI- 111, Chinese version; Wu et al., 2006); b: Raven’s Coloured Progressive Matrices (Raven & Court, 1996); c:
Nonverbal 1Q of Wechsler preschool and primary scale of intelligence-fourth edition (Chinese version) (Li & Zhu, 2012); d: Columbia Mental Maturity Scale
(Burgemeister et al., 1972); e: Primary Test of Nonverbal Intelligence (PTONI; Ehrler & McGhee, 2008); f: McCarthy Scale of Children’s Abilities —Chinese
Revised Version (MSCA-CR R&i4H [The team of MSCA-CR], 1991); g: Raven’s Standard Progressive Matrices (Raven SPM; Raven, 1986); h: Combined Raven's
Test (Li et al., 1988); i: Bayley Scales of Infant Mental Development—Revised (Bayley, 1993); j: Leiter International Performance Scale—Revised (Roid & Miller,
1997); k: Bayley Scales of Infant and Toddler Development-Third Edition (Bayley-I1I; Bayley, 2006); 1: Performance 1Q of Hong Kong Wechsler Intelligence Scales
for Children (Chen, 1997); m: Performance 1Q of Wechsler Perschool and Primary Scale of Intelligence-Revised (Chinese version; Chen & Chen, 2000); n: Test of
Nonverbal Intelligence-2rd edition (TONI-II) (Chinese version; Wu et al., 1996); o: Full IQ of Wechsler Perschool and Primary Scale of Intelligence (WPPSI-IV;
Wechsler, 2012); p: Full IQ of Hong Kong Wechsler Intelligence Scales for Children (HK-WISC) (Wechsler, 1981); q: Z-scores of Matrix Analogy Reasoning Set 2
and Set 4 (Naglieri, 1995); r: Stanford-Binet Intelligence Scale-V (Roid, 2003); s: Abbreviated battery 1Q (Roid, 2003); t: Leiter International Performance Scale
(Leiter, 1979)
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Table 5. Tests used in the 59 articles divided by geographic regions

Geographic Test Test type Number  Cut-off
regions of distribution
articles
Hong Kong Reynell Developmental Language  Omnibus 9 1SD: 3
Scales - receptive subscale 1.20SD: 4
1.25SD: 1
1.50SD: 1
Hong Kong Cantonese Oral Omnibus 5 1.25SD: 5
Language Assessment Scales
Reynell Developmental Language  Omnibus 3 1.50SD: 3
Scales - expressive subscale
Hong Kong Cantonese Receptive ~ Vocabulary 1 1SD:1
Vocabulary Test
Mainland Peabody Picture Vocabulary Test-  Vocabulary 20 1SD: 6
China Revised version 1.25SD: 14
Revised Language Disorder Scale ~ Omnibus 12 1.25SD: 12
for Preschool Children
McCarthy Scale of Children’s Verbal IQ 5 1.25SD: 5
Abilities (Chinese Revised
Version) - verbal subtests
Diagnostic Receptive and Omnibus 5 1SD: 3
Expressive Assessment of 1.30SD: 2
Mandarin
Revised Language Disorder Scale ~ Omnibus 2 1.25SD: 2
for School-age Children
Wechsler Intelligence Scale for Verbal IQ 2 1.25SD: 2
Children _verbal subtests
Self-design tasks Omnibus 2 1SD/1.5SD: 1
1.25SD: 1
Children's Communication Omnibus 1 1.25SD: 1
Checklist
The Criterion-Referenced Omnibus 1 1.50SD: 1
Diagnostic Test of Mandarin-
speaking Preschool Children with
SLI
Taiwan Revised Language Disorder Scale  Omnibus 7 1SD: 4
for Preschool Children 1.25SD: 3
Wechsler Intelligence Scale for Verbal IQ 4 1SD: 1
Children _verbal subtests 1.25SD: 2
1.30SD: 1
Peabody Picture Vocabulary Test-  Vocabulary 4 1SD: 1
Revised version 1.25SD: 2
1.50SD: 1
Revised Language Disorder Scale ~ Omnibus 2 I1SD: 1
for School-age Children 1.50SD: 1
Children's Oral Language Omnibus 2 1.25SD: 2
Comprehension Test
Language Disorder Scale of Omnibus 1 1.30SD: 1

Preschooler-Revised
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Test of School-aged Children’s
Auditory Comprehension

The Specific Language
Impairment Checklist

Test of Communication and
Language Ability for School-Age
Children in Chinese

The Receptive and Expressive
Vocabulary Test

Omnibus

Omnibus

Omnibus

Vocabulary

1.25SD: 1

1.25SD: 1

1.30SD: 1

1.25SD: 1
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Table 6 Outcomes measures

. Group
Domain Measure Study difference

Grammar: MLU Hao et al. (2018) 1#
Generic Klee et al. (2004)* 1
Lai & Wang (2017) 1#

Sheng et al. (2020) 0

Tsai & Chang (2008) 1#

Tseng & Liu (2017) 1#

Wong et al. (2009)* 1

Wong et al. (2010b)* 1

Wu (2020) 1#

Xue et al. (2022) 1#

complexity: % of complex Hao et al. (2018) 1#

clauses/ sentences

Sheng et al. (2020) 1

Torng & Sah (2020) 0

Xue et al. (2022) 1#

complexity: subordination Lai & Wang (2017) 1#

index
complexity: syntactic To et al. (2010)* 1#
complexity

grammaticality Hao et al. (2018) 0*

Lai & Wang (2017) 1#

Sheng et al. (2020) 0

sentence repetition Stokes et al. (2006)* 1

Wang et al. (2022) 1

sentence comprehension Siu & Man (2006)* 1

artificial grammar learning lao et al. (2017)* 1#

Grammar: Fine- aspect markers Chen & Durrleman (2022) 1
grained Chen et al. (2021) 1
Chen et al. (2022) 1

Fletcher et al. (2005)* 1

Hao et al. (2018) 1#

He et al. (2013) |

Stokes & Fletcher (2003)* 1

Wong et al. (2003)* 0
Yu et al. (2019) 1#
passive sentence/ construction Hao et al. (2018) 1#

Leonard et al. (2006)* 0

Yu et al. (2022) 1

Zeng et al. (2018) 1

Relative clause He & Yu (2013) 1

Yu et al. (2017) 1

Wang & Yu (2021) 1

Yu et al. (2021) 1
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classifier phrases

Hao et al. (2018)
Stokes & So (1997)*
Xu et al. (2020)

Ba sentence Hao et al. (2018) 0#
Zeng et al. (2013) 1
Wh-question Dai & He (2021) 1
Wong et al. (2004)* 1
negation production Hao et al. (2018) 0#
He & Dai (2012) 1
modal auxiliary production Leonard et al. (2007)* NR
topic sentence structure Yu (2016) 1
Vocabulary NDW Hao et al. (2018) 1#
Lai & Wang (2017) 1#
Sheng et al. (2020) 1
Stokes & Fletcher (2000)* NR
Torng & Sah (2020) 1
Tsai & Chang (2008) 1#
Wong et al. (2010b)* 1
Xue et al. (2022) 1#
D Klee et al. (2004)* 1
Wong et al. (2010b)* 1
Wau et al. (2019) 1
TTR Tseng & Liu (2017) 0#
corrected TTR Tseng & Liu (2017) 1#
MLTD Wu et al. (2019) 1
MATTR Wau et al. (2019) 1
sophisticated vocabulary To et al. (2010)* 1#
standardized vocabulary test Wong et al. (2009)* 1
word learning Chen & Liu (2014) 1
Kim et al. (2019) 1
Ma & Liang (2019) 1#
Wang et al. (2020) 1
Phonology phonological memory/ Chen & Liu (2018) 1
nonword repetition Chi (2007) 1#
Kidd et al. (2017)* |
Ma & Liang (2019) 1#
Siu & Man (2006)* |
Stokes et al. (2006)* 0
Wang & Huang (2016) 1
Wong et al. (2010a)* 1%
Wong et al. (2015)* 1#
speech perception Chen & Liu (2010) 1%
Cheng et al. (2021) 1
Chi (2007) NR
Kidd et al. (2017)* 1
Wong et al. (2009)* 1
phonological awareness Chi (2007) NR
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Kidd et al. (2017)*

Wong et al. (2010a)* 1#
Wong et al. (2015)* 1#
phonological retrieval Kidd et al. (2017)* 0
Wong et al. (2010a)* 1#
Wong et al. (2015)* 0*
phonological representation Kidd et al. (2017)* 1
Wong et al. (2010a)* 0*
speech production Liu & Chein (2020) 1
Productivity TNW Hao et al. (2018) 0*
Lai & Wang (2017) 1#
Sheng et al. (2020) 0
Stokes & Fletcher (2000)* NR
Tsai & Chang (2008) 1#
Tseng & Liu (2017) 0*
Xue et al. (2022) 1#
Wong et al. (2010b)* 1
TNU Hao et al. (2018) 0#
Sheng et al. (2020) 0
Torng & Sah (2020) 0
Tsai & Chang (2008) 0*
Xue et al. (2022) 0*
Narrative story macrostructure Chi et al. (2012) 1#
discourse Hao et al. (2018) 1#
Lai & Wang (2017) 1#
Sheng et al. (2020) 1
Torng & Sah (2020) 1
Tsai & Chang (2008) 1#
Xue et al. (2022) 1#
discourse pragmatics Lai & Wang (2017) 1#
To et al. (2010)* 1#
Torng & Sah (2020) 1
Tsai & Chang (2008) 1#
Xue et al. (2022) 1#
story comprehension Chen & Liu (2014) 1
Literacy word reading Chi et al. (2012) 1#
Wong et al. (2010a)* 0*
Wong et al. (2017)* 1#
morphological awareness Wong et al. (2010a)* 1#
morphological awareness Wong et al. (2015)* 1#
orthographic skills Wong et al. (2010a)* 0*
orthographic skills Wong et al. (2015)* 0*
reading comprehension Wong et al. (2017)* 1#
word dictation Wong et al. (2010a)* 0#
Miscellaneous general language abilities Chi et al. (2012) 1#
Lin & Zhang (2021) 1
Lv & Tsao (2018) NR
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executive function Lin & Zhang (2021) 1
verbal working memory Wong et al. (2017)* 1#
verbal memory Cheung (2003) 0*
spatial memory Cheung (2003) 1#
fluency Tseng & Liu (2017) 0*

Note. * Cantonese-speaking participants; 0: group differences were not found; 1: group

differences were found; NR: the original study did not provide direct group comparison, or the TD

control was not age-matched; “the sample consists of primarily school-age children. The absence

of # indicates that the study included primarily preschool-aged children
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