
Early Childhood Research Quarterly 63 (2023) 327–336

Contents lists available at ScienceDirect 

Early Childhood Research Quarterly

journal homepage: www.elsevier.com/locate/ecresq 

Effects of language switching frequency on inhibitory control in bilingual

preschool children: Different roles of expressive and receptive language

abilities

Jin Chen 

a , 1 , Yiwei Zhao 

a , 1 , Xinpei Xu 

c , Junsheng Liu 

a , b , ∗ , Ciping Deng 

a , b , ∗

a Shanghai Key Laboratory of Brain Functional Genomics, Affiliated Mental Health Centre (ECNU), School of Psychology and Cognitive Science, East China Normal

University, Shanghai 200062, China
b Shanghai Changning Mental Health Center, Shanghai 200062, China
c Shanghai Institute of Early Childhood Education, Shanghai Normal University, 200234, China

a r t i c l e i n f o 

Keywords:

Language switching frequency

Inhibitory control

Expressive language ability

Receptive language ability

a b s t r a c t 

Although research has indicated the contribution of bilinguals’ language switching frequency and language abil- 

ities to their inhibitory control, the mechanism of how they work together to influence inhibitory control is

unclear. This study examined the moderating role of expressive and receptive language abilities on the rela- 

tionship between language switching frequency and inhibitory control. Participants were 229 Uyghur-Mandarin

bilingual preschoolers aged 4.5 to 6.5 years. They were individually tested on expressive language ability (ELA),

receptive language ability (RLA), and inhibitory control. Their frequency of language switching was collected

from parents’ and teachers’ reports. The results showed that language switching frequency was positively associ- 

ated with inhibitory control in children with high Uyghur ELA and low Mandarin ELA, and vice versa. Moreover,

language switching frequency was negatively associated with inhibitory control in children with both low Uyghur

and Mandarin ELA, but not significantly associated with inhibitory control in children with both high Uyghur

and Mandarin ELA. Additionally, this moderating effect of language abilities was not found in receptive language

abilities. The significant moderating effect of ELA, but not RLA, suggests the active role of children in their early

executive function development; this extends the current understanding of how and when language switching

frequency impacts bilinguals’ inhibitory control.
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. Introduction

Different cultural communities provide distinct developmental path-

ays for children within diverse ecocultural contexts ( Bronfenbrenner

 Morris, 2007 ). Cultural pathways are composed of daily routines

hat comprise cultural activities requiring language skills. Through rou-

ine interactions with their parents and other established community

embers, children are socialized to use particular languages ( Garrett

 Baquedano-López, 2002 ; Schieffelin & Ochs, 1986 ). According to the

cocultural ( Bronfenbrenner & Morris, 2007 ) and language socialization

odels ( Garrett & Baquedano-López, 2002 ; Schieffelin & Ochs, 1986 ),

ilingual children have a cognitive advantage that can be partly at-

ributed to their language context, where young bilinguals must inten-

ionally utilize multiple language resources to create meaning. In this

tudy, we investigated the specific roles of translanguaging practice and

anguage abilities in bilingual children’s inhibitory control. 
∗ Corresponding authors at: Shanghai Key Laboratory of Brain Functional Genomic

cience, East China Normal University, 407 Junxiu Building, 3663 North Zhongshan 

E-mail addresses: jsliu@psy.ecnu.edu.cn (J. Liu), cpdeng@psy.ecnu.edu.cn (C. Den
1 Jin Chen and Yiwei Zhao contributed equally to this work. 

ttps://doi.org/10.1016/j.ecresq.2023.01.002

eceived 19 March 2021; Received in revised form 18 December 2022; Accepted 4 J

885-2006/© 2023 Elsevier Inc. All rights reserved.
A typical argument presented by many researchers on the effect

f language switching context on inhibition control (e.g., Abutalebi

 Green, 2008 ; D’Souza et al., 2020 ; Green & Abutalebi, 2013 ), is

hat bilinguals’ experience in managing conflict between competing

honetic and lexical representations may prompt inhibitory control

 Green, 1998 ). Most studies found a positive correlation between lan-

uage switching frequency and inhibitory control in bilinguals (e.g.,

butalebi & Green, 2008 ; Green, 1998 ; Green & Abutalebi, 2013 ); how-

ver, others questioned whether language switching frequency was as-

ociated with enhanced inhibition control (e.g., Kalamala et al., 2020 ).

ecent studies have proposed that second language ability might af-

ect the relationship between language switching frequency and inhibi-

ion control ( Bonfieni et al., 2019 ; Thanissery et al., 2020 ). However,

hese studies (e.g., Bonfieni et al., 2019 ) did not consider both the roles

f proficiency in the two languages and the differences between ex-

ressive language ability (ELA) and receptive language ability (RLA).
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oreover, such studies only recruited adult bilinguals as participants

nd did not examine language ability in bilingual children’s cognitive

evelopment. Thus, we aimed to address this gap by examining the

elationship between language switching frequency, language abilities

Mandarin/Uyghur ELA and RLA), and inhibitory control in Uyghur-

andarin bilingual children. 

.1. Language switching frequency and inhibitory control in bilinguals 

Language switching refers to bilinguals alternating between lan-

uages according to the language used by an interlocutor in a bilin-

ual conversation ( Green & Abutalebi, 2013 ), which reflects the cross-

inguistic activation and systematic control of the two languages ( Lai &

’Brien, 2020 ). Language switching frequency is the frequency at which

n individual switches between languages in daily life ( Verreyt et al.,

016 ). Inhibitory control refers to the ability to control one’s tendency

o respond automatically or impulsively and to inhibit presenting irrele-

ant information. This is a core component of executive function ( Salwei

 de Diego-Lazaro, 2021 ; Treffers-Daller et al., 2020 ) and might be the

common factor ” underlying its different elements ( Valian, 2015 ). 

Theoretically, language switching frequency positively affects in-

ibitory control. The inhibitory control model ( Green, 1998 ) states that

ilinguals have a cognitive advantage over monolinguals because they

eed to restrict access to the irrelevant language that was simultane-

usly activated with the relevant language, which may lead to strength-

ned inhibitory control. The adaptive control hypothesis ( Abutalebi &

reen, 2016 ) further proposes that bilinguals are often required to en-

age in adaptive language switching according to different language

ontexts (i.e., single, dual, and dense code-switching). Single-language

ontext refers to the use of one language in one context. Dual language

ontext is one where bilinguals alternate between languages accord-

ng to the language used by an interlocutor in a conversation. Dense

ode-switching language context refers to the mixing of languages in an

tterance or sentence. Among these contexts, language switching in a

ual-language context requires more inhibitory control than in a single-

anguage or dense code-switching language context. Bilinguals perform

etter on inhibitory control tasks because of their experience of fre-

uently switching languages in a bilingual environment (e.g., Sanchez-

zanza et al., 2020 ). 

Many studies have supported the positive relationship between lan-

uage switching frequency and inhibitory control in bilinguals. For

xample, Sanchez-Azanza et al. (2020) found that the frequency of

anguage switching in daily life was positively associated with exec-

tive control performance in Spanish-Catalan bilinguals (19–44 years

ld). Liu et al. (2019) found that language switching training may en-

ance bilinguals’ inhibitory control; however, some recent empirical

tudies suggested that the association between language switching fre-

uency in daily life and inhibitory control does not always exist. For

xample, Kalamala et al. (2020) demonstrated that dual-language con-

ext intensity did not predict performance on response-inhibition tasks.

ased on a review of several recent studies, Paap et al. (2021) indi-

ated that bilinguals’ performance on executive functioning tasks did

ot reflect the expected advantage of a language switching context.

liatsikas et al. (2021) suggested a dynamic restructuring model to ex-

lain this inconsistency, in which bilingualism is considered a dynamic

xperience where the adaptive brain structure and cognitive functions

evelop dynamically together with changes in language abilities and

witching needs. Similarly, Paap (2018) proposed a controlled-dose hy-

othesis assuming that the early stages of second language acquisition

equire domain-general inhibition; only as fluency is gained and ubiq-

itous practice accrues can bilingual-language control become increas-

ngly automated and the demand for domain-general inhibition is low-

red. Taken together, these perspectives emphasize that the relation-

hip between language switching frequency and inhibitory control is

ynamic and may be influenced by language abilities. We review this

ssue in detail in the following paragraph. 
328
.2. Moderating effects of language proficiency 

From the inhibitory control model perspective ( Green, 1998 ), the

ilingual inhibitory control advantage is derived from the competition

etween bilinguals’ activation of both target and non-target languages

imultaneously. The co-activation of two languages requires mobilizing

nhibitory control to suppress non-target language interference, which

ay contribute to developing inhibitory control. This assumption pre-

upposes that bilinguals may simultaneously activate their two lan-

uages in two-language contexts ( Thierry & Wu, 2007 ), which requires

ontrol mechanisms to resolve the competition between the two lan-

uages. However, Costa et al. (2017) found that bilinguals can selec-

ively activate second language vocabulary without activating the cor-

esponding first language representations when they reach high profi-

iency in their second language. This suggests that bilinguals with dif-

erent language proficiencies have different inhibitory costs to language

witching. For unbalanced bilinguals, switching from a weaker to a more

ominant language is more difficult than the other way around, showing

symmetric inhibitory costs ( Meuter & Allport, 1999 ). The smaller the

ifference between languages proficiencies, the smaller the asymmetric

ost ( Monsell et al., 2000 ). Casado et al. (2022) also demonstrated that

he more balanced the proficiency in the two languages, the lower the

ontrol elicited by second language production. Thus, different bilingual

roficiencies may require different control mechanisms to resolve lan-

uage competition and exhibit adaptive influences on executive control.

Several studies have indicated that second language ability plays

n important role in language control and modulating the depen-

ency of bilingual processing on domain-general cognitive control (e.g.,

butalebi et al., 2013 ; Bonfieni et al., 2019 ; Jiao et al., 2019 ). When

econd language proficiency is low, individuals need more cognitive

esources to suppress the influence of the first language. The effect of

anguage switching on inhibitory control weakened as second language

roficiency increased. Since the participants in these studies were adults

ho were already proficient in their first language and were learning a

econd language, research only focused on the moderating effects of sec-

nd language ability. However, for bilingual preschool children, both of

heir languages are in a period of rapid development, and the ability de-

elopment status of the two languages may jointly determine the effect

f language switching on inhibitory control. 

Based on the above analysis, we speculated that the two language

bilities of bilingual children would moderate the association between

anguage switching frequency and inhibitory control. The more bal-

nced the abilities of the two languages, the weaker the positive effect

f language switching on inhibitory control. 

.3. Different roles of expressive and receptive language abilities 

Language ability is assumed to comprise ELA and RLA. Accord-

ng to the self-organizing model of language processing ( Curtin et al.,

011 ), ELA and RLA are independent but interrelated language abil-

ties ( Pickering & Garrod, 2013 ). ELA refers to an individual’s abil-

ty to express and convey information to another person, which helps

hildren use language information directly to select the right object

y explicitly generating tags and activating related concepts internally

 Feldman, 2019 ). RLA refers to the ability to recognize and understand

he language of others, using linguistic information to activate related

oncepts ( Cheung et al., 2022 ). 

Early on in development, children comprehend more vocabulary

han they produce ( Ibbotson, 2022 ), which may be because language

omprehension is generally considered easier than language expression.

his reception-expression gap is more evident in bilingual preschool

hildren ( Gibson et al., 2014a ). In contrast to language comprehen-

ion, language expression requires children to activate the appropriate

ords to convey ideas. The limited lexical experience of bilingual chil-

ren results in a weaker connection between the semantic and phono-

ogical representations of these words. From the weak link hypothesis,
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eak semantic-phonological representations can accomplish receptive

anguage tasks but not word generation tasks ( Gibson et al., 2020 ). Con-

idering the asymmetry in the development of preschool children’s ex-

ressive and receptive language abilities, we separately examined the

oderating role of ELA and RLA in bilingual populations. 

Furthermore, because cognitive demands differ between expressive

nd receptive language tasks, the repressed or relatively inactive rep-

esentations are sufficient for the less demanding receptive tasks but

ot for the more demanding expressive tasks. Thus, compared to RLA,

LA requires stronger mental links between the pronunciation of a word

nd its meaning ( Gollan et al., 2008 ). Meanwhile, the inhibitory control

odel holds that the degree of inhibition in bilingual children is propor-

ional to the degree of parallel activation ( Hilchey & Klein, 2011 ). If this

s the case, then the expression task requires high activation and corre-

ponding high inhibition demands. Bilinguals’ cognitive control skills

re enhanced as a result of their increased need for language control.

ased on the above analysis, we further expected that the moderating

ffect of ELA would be more pronounced than that of RLA. 

.4. Bilingual context of young Uyghur children in China 

The Xinjiang Uygur Autonomous Region of China is the major bilin-

ual region in the world where both Uyghur and Mandarin are used

 Chen et al., 2018 ). Historically, this area has always been a multi-ethnic

egion with many coexisting cultures. The long-term coexistence of vari-

us ethnic groups and cultures, along with the high prevalence of multi-

anguage and multilingual press, publications, radio, and television, has

reated a bilingual environment where diversity is respected and em-

raced. Both the Uyghur and Mandarin languages are frequently used

n daily life. Uyghur is one of the regional language while Mandarin is

he national common language in China which plays a dominant role in

he economy, social and educational development. 

Uyghur and Mandarin belong to the Altaic and Sino-Tibetan lan-

uage groups, respectively. Mandarin is an isolating language, while

yghur is an agglutinative language ( Mang, 2003 ), and significant dif-

erences exist between the two ( Wang, 2012 ). However, Uyghur has a

ong history of contact and mutual influence with the Chinese language.

he grammatical morphology, structure, and word formation rules of

he two languages have many commonalities ( Mang, 2003 ). The com-

onalities and differences between the two languages present specific

hallenges for Uyghur-Chinese bilingual children. 

Young Uyghur children in China often use the two languages in-

erchangeably as part of normal communication in their daily lives,

ut the diversity and richness of the language environment means that

heir languages develop at different rates. Therefore, there are chil-

ren with balanced bilingual development —those with Mandarin as

heir dominant language, those with Uyghur as their dominant lan-

uage, and those with weaker development of both languages. More-

ver, children’s dominant and non-dominant language patterns may

hange based on their experience of a language environment as bilin-

uals may be more proficient in their heritage language (the lan-

uage spoken at home with their parents) early in life, while Mandarin

ecomes their dominant language at the preschool/school age. As a

ilingual population with little research, Uyghur-Mandarin bilingual-

sm provides a relatively new natural bilingual context for investigat-

ng complex associations between language switching frequency, lan-

uage ability, and inhibitory control. This study can thus reveal some

ew information about the moderating effect of language abilities on

he relationship between language switching frequency and inhibitory

ontrol. 

.5. The present study 

To summarize, the foregoing review of literature shows that the high

requency of language switching in a bilingual context is expected to
329
romote bilingual children’s inhibitory control because it involves fre-

uent invocation of cognitive control mechanisms (e.g., Green & Abu-

alebi, 2013 ; Verhagen et al., 2017 ). Previous research on this associa-

ion has shown mixed results. Some studies with adult bilinguals sug-

est that the association may depend on second language ability (e.g.,

iao et al., 2019 ). A common explanation for this association is that,

ith the improvement of second language ability, cognition associated

ith second language processing evolves from that requiring cognitive

ontrol to that involving automated processing (e.g., Abutalebi, 2008 ;

osta & Sebastián-Gallés, 2004 ). However, the association for young

ilinguals may be more complex, since both first and second languages

re in the learning phase, and bilingual language abilities jointly affect

he level of activation and control of the two languages (e.g., Costa et al.,

017 ). More development research is therefore needed for the outstand-

ng issue. 

This study provides an explanatory mechanism for the association

etween language switching frequency and inhibitory control by test-

ng the moderating effects of young children’s Uyghur and Mandarin

anguage abilities (see Fig. 1 ). We examined both the main effects of

anguage switching frequency on inhibitory control and how language

witching and bilingual children’s abilities work together in affecting in-

ibitory control. Furthermore, we explored hypothetical models for the

oderating roles of ELA and RLA on the relationship between language

witching frequency and inhibitory control. 

Based on previous studies and theories, this study hypothesized that

a) the effect of language-switching frequency on inhibitory control may

e positively significant or nonsignificant; (b) bilingual children’s lan-

uage abilities moderate the relationship between language switching

requency and inhibitory control. There may be three-way interactions

etween Mandarin- and Uyghur-language abilities and language switch-

ng frequency in predicting inhibitory control. We hypothesized that the

ore unbalanced the language abilities of Mandarin and Uyghur, the

tronger the positive effect of language switching on inhibitory control;

c) expressive language is the more cognitive loading form of language

ommunication, and we hypothesize that the moderating effect of lan-

uage ability between language switching frequency and inhibitory abil-

ty is more pronounced in expressive than in receptive language. 

Furthermore, in early childhood, inhibitory control and working

emory, as subcomponents of executive function, are still in the ini-

ial stage of functional differentiation. Children’s performance on in-

ibitory control tasks may be strongly influenced by working memory

 Ponitz et al., 2008 ) as they need to memorize the requirements and

ules for completing tasks within a short period. Therefore, we control

or the effect of working memory on inhibitory control when examining

he hypothetical model. 

. Method

.1. Participants 

We recruited 229 Uyghur-Mandarin bilingual preschool children

4.5–6.5 years old, 109 girls and 120 boys, M age = 63.27 ± 5.97 months,

 age of acquisition Mandarin = 31.42 ± 12.22 months) from five kinder-

artens in Urumqi, Xinjiang Uygur Autonomous Region of China. The

ecruitment criteria were set as: (1) normal intellectual development;

2) normal language development; (3) normal or corrected-to-normal

earing and vision; (4) both parents are Uyghur-Mandarin bilinguals;

5) received at least one school year of bilingual education in kinder-

arten. All children and families who met the inclusion criteria filled

ut informed consent forms before participating. Following previous re-

earch ( Yoshida et al., 2011 ), the study used parental education as an

ndicator of socioeconomic status. Parental education was categorized

nto five levels (1 = junior high school and below , 2 = high school , 3 = pro-

essional or technical school , 4 = undergraduate , 5 = graduate and above).

he mean value of SES was 3.47 ( SD = 0.80). 



J. Chen, Y. Zhao, X. Xu et al. Early Childhood Research Quarterly 63 (2023) 327–336

Fig. 1. Moderated moderation model of the relationship between language switching and inhibitory control.
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.2. Measures 

.2.1. Language switching frequency 

Language switching frequency was assessed by a measure adapted

rom the Language and Social Background Questionnaire, Item 22

 Anderson et al., 2018 ; Luk & Bialystok, 2013 ; see Appendix A ). As

ith most studies on young children’s language development, the as-

essment of language switching frequency relies on reports from care-

ivers because children are often unable to complete reports by them-

elves. For bilingual preschoolers, which language to use often depends

n the current language environment and conversational needs ( Marian

 Hayakawa, 2021 ). Therefore, we used parents’ and teachers’ reports

o measure children’s language-switching experiences in everyday life.

arents and teachers were asked to report how often they engage in

anguage switching with the child at home and school, respectively.

eachers were also asked to report the frequency of language switch-

ng between the child and their classmates. All items were rated based

n a 5-point Likert scale (1 = never to 5 = always ). The range of possible

cores was 0–15. Here, scores were significantly correlated between the

hree items for language switching frequency between children and par-

nts, teachers, and peers, r = .26–.58, ps < .001, and thus were summed

o form a single index of children’s language switching frequency in their

aily lives. The Cronbach’s alpha coefficient was .86. 

.2.2. The Head-Toes-Knees-Shoulders task 

The Head-Toes-Knees-Shoulders (HTKS) task is a brief game de-

igned to assess inhibitory control ability in children aged four to six
330
 Burrage et al., 2008 ; Mcclelland et al., 2007 ). The HTKS task has been

sed to measure inhibitory control or response inhibition in many stud-

es (e.g., Fuhs & Day, 2011 ; Gandotra et al., 2021 ; Lan et al., 2011 ) and

s particularly considered an appropriate measure of inhibitory control

n preschoolers. It is easy to conduct with minimal time and material

equirements since children are already familiar with the aspects of the

ame ( Ponitz et al., 2008 , 2009 ). The task requires children to inhibit a

ominant response and produce a non-dominant response, and consists

f two parts. Part I included two paired behavioral commands. When the

esearcher said, “touch your head, ” the children were required to touch

heir toes; when the researcher said, “touch your toes, ” the children were

equired to touch their head. Part II included four paired behavioral

ommands that the research assistant presented to each child: “touch

our head, ” “touch your toes, ” “touch your shoulders, ” and “touch your

nees. ” Similarly, the children were asked to respond to the command

nd do the opposite of it (e.g., touch their knees when they heard the

nstruction to “touch your shoulders ”). A child scored a “2 ” if they re-

ponded immediately and correctly, a “1 ” if they self-corrected their

esponse, and a “0 ” if they responded incorrectly. The task included 20

tems (with a total score range of 0–40). The Cronbach’s alpha of the

TKS test was .92. 

.2.3. Expressive Vocabulary Test-Mandarin/Uyghur version 

The Expressive Vocabulary Test (EVT) by Williams (2007) is a stan-

ardized test for assessing ELA in children. We used the revised Man-

arin version of EVT ( Li, 2018 ) to test Mandarin ELA in children. After

 one-week interval, we measured the children’s Uyghur ELA using the
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yghur version revised by Zhou et al. (2015) . The child and research

ssistant sat facing each other with the EVT booklet placed between

hem. After presenting a colored picture to the child, the research assis-

ant asked standard questions (e.g., the names and synonyms for various

bjects or actions depicted in the picture). The test ended when the child

ave five wrong answers within seven consecutive questions. Each ques-

ion had a score of 1 for a correct answer or 0 otherwise. The range of

ossible scores was 0–130. All item scores were summed to get the total

core. The Cronbach’s alpha of the EVT for the Mandarin and Uyghur

ersions were .95 and .91, respectively. 

.2.4. Peabody Picture Vocabulary Test (PPVT)–Mandarin/Uyghur 

ersion 

PPVT is an effective tool for assessing RLA in children ( Hill et al.,

015 ). We used the Mandarin ( Lu & Liu, 2005 ) and Uyghur ( Chen et al.,

018 ) versions of the test. In a quiet room, the child and the research

ssistant sat facing each other with the PPVT booklet between them.

he starting question was based on the child’s age. The research assistant

resented a page with four pictures and said aloud the word representing

ne of the four pictures. The child was asked to point to the picture

orresponding to the word. Each question had a score of 1 for the correct

nswer or 0 otherwise. The test ended when the child gave six wrong

nswers within eight consecutive questions. The range of possible total

cores was 0–125. The Cronbach’s alpha of the PPVT was .92 and .91

or the Mandarin and Uyghur versions, respectively. 

.2.5. Nonverbal intelligence 

Intelligence was assessed using nonverbal matrices from the Das-

aglieri Cognitive Assessment System-Version 2 (D-N CAS-2) by

aglieri and Das (1997) . Each page contained six different shapes and

eometric designs. The children were asked to identify a spatial or logi-

al relationship among the figures on a given page by selecting the best

nswer from six options. Each question had a score of 1 for a correct

nswer or 0 otherwise. The test ended when the child gave four con-

ecutive wrong answers. The range of possible total scores was 0–43.

eng et al. (2011) reported high test-retest reliability for the D-N CAS-2

n Chinese children ( r = .72–.90, p s < 0.01). The Cronbach’s alpha for

his test was .90. 

.2.6. Working memory 

We used the Forward Digit Span Task ( Wechsler, 1974 ) to investigate

orking memory in children. The research assistant read one number

er second. The span of the numbers increased from three to eleven.

he child was asked to repeat the numbers they heard. Two trials were

erformed for each digit length. The child received 1 point if the answer

s correct and 0 otherwise. The test ended when the child failed to repeat

wo identical digit lengths. The range of the total scores was 0–16. Raw

cores were converted into standard scores for analysis. The Cronbach’s

lpha for this test was .92. 

.3. Procedure 

This study was approved by the institutional review board of the

niversity. Trained Uyghur-Mandarin bilingual research assistants con-

ucted the research tasks. Cognitive tasks (inhibitory control, nonverbal

ntelligence, and working memory) were tested in the children’s dom-

nant language to reduce the influence of language itself. To ensure

he effectiveness and standardization of the test implementation, the

esearch assistants completed training and passed a one-to-one assess-

ent prior to the study. Child assessments were conducted one-to-one

n a quiet room within approximately 30–40 min. The research assis-

ants were instructed to test the children in one session if possible, or

ivide the session into smaller segments if the children showed signs of

atigue. 
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.4. Data analysis 

The statistical analyses comprised two steps. In the preliminary anal-

ses, the distributions of all study variables were tested for violations of

ormality, linearity, and homogeneity of variance ( Hayes, 2013 ). Then,

e calculated the means, standardized deviations, and inter-correlations

mong the variables. In the second step, we used Hayes’s (2013) PRO-

ESS macro (Model 3) to test the moderating effects. All continuous

ariables were standardized. Effects were estimated using bootstrapping

echniques with 5,000 bootstrapped samples and were considered sig-

ificant when 95% bias-corrected confidence intervals (95% CI) did not

nclude zero ( Preacher & Hayes, 2008 ). 

. Results

.1. Descriptive statistics 

Descriptive statistics and correlations among the variables are pre-

ented in Table 1 . The results showed that language switching frequency

as significantly negatively associated with Mandarin ELA, but not with

andarin RLA, Uyghur ELA and RLA, and inhibitory control. More-

ver, Uyghur ELA and RLA, Mandarin ELA and RLA, nonverbal intel-

igence, age, and working memory were significantly positively associ-

ted with inhibitory control. Moreover, child age was significantly neg-

tively associated with language switching frequency, but significantly

ositively associated with inhibitory control, Uyghur ELA and RLA,

andarin ELA and RLA, nonverbal intelligence, and working memory.

onverbal intelligence and working memory were significantly associ-

ted with all variables of interest except language switching frequency.

hus, in the following analyses, child age, nonverbal intelligence, and

orking memory were statistically controlled. In addition, to distinguish

he roles of ELA and RLA, the receptive language ability of Mandarin

nd Uyghur were covariates in the model for ELA while expressive lan-

uage ability of Mandarin and Uyghur were covariates in the model for

LA. 

.2. Testing for the moderating role of language abilities 

Model 3 in the PROCESS macro was performed to examine the mod-

rating role of language proficiency in the relationship between lan-

uage switching frequency and inhibitory control. We first explored hy-

othetical models for the moderating role of expressive language abil-

ties, controlling for child age, nonverbal intelligence, working mem-

ry, Uyghur RLA, and Mandarin RLA. The results are shown in Table 2 .

he results showed that language switching frequency did not signif-

cantly predict inhibitory control, 𝛽 = 0.04, SE = 0.06, 95% CI = [-

.09, 0.16]. Moreover, neither Uyghur ELA nor Mandarin ELA was as-

ociated with inhibitory control, 𝛽 = 0.10, SE = 0.07, 95% CI = [-

.04, 0.25]; 𝛽 = 0.16, SE = 0.10, 95% CI = [-0.03, 0.35]. Further-

ore, the interactions of language switching frequency with Uyghur

nd Mandarin ELA were not significant in predicting inhibitory control,

= 0.10, SE = 0.07, 95% CI = [-0.04, 0.24]; 𝛽 = -0.01, SE = 0.07, 95%

I = [-0.14, 0.13]. However, language switching frequency × Uyghur

LA × Mandarin ELA showed a significant three-way interaction ef-

ect in predicting inhibitory control, 𝛽 = -0.32, SE = 0.08, 95%

I = [-0.48, -0.16]. 

To understand the nature of the interaction, we used simple slope

nalyses ( Dawson & Richter, 2006 ) considering the conditional effect

f language switching frequency on inhibitory control. We computed

igh- and low-Mandarin ELA/Uyghur ELA at + 1 and -1 SD scores. As

hown in Fig. 2 , language switching frequency was positively associ-

ted with inhibitory control in children with high Uyghur ELA and low

andarin ELA, 𝛽 = 0.47, SE = 0.15, t = 3.23, p = .001, as well as

n children with low Uyghur ELA and high Mandarin ELA, 𝛽 = 0.25,

E = 0.12, t = 2.08, p = .04. Moreover, language switching frequency

as negatively associated with inhibitory control in children with both
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Table 1

Descriptive statistics and correlations for study variables.

M SD 1 2 3 4 5 6 7 8 9 10 11

1 Child gender 0.52 0.50 1

2 Child age 63.27 5.97 .03 1

3 family SES 3.47 0.80 -0.07 .04 1

4 Nonverbal intelligence 12.22 4.39 .09 .30 ∗ ∗ ∗ .04 1

5 Working memory 4.57 2.28 .01 .14 ∗ .09 .29 ∗ ∗ ∗ 1

6 Language switching frequency 8.86 2.91 -.08 -.18 ∗ ∗ -.06 -.11 -.06 1

7 Inhibitory control 29.18 8.57 .03 .21 ∗ ∗ -.11 .27 ∗ ∗ ∗ .29 ∗ ∗ ∗ .00 1

8 Uyghur ELA 33.31 19.32 -.12 .29 ∗ ∗ ∗ -.04 .14 ∗ -.06 -.00 .15 ∗ 1

9 Mandarin ELA 32.45 18.22 .09 .30 ∗ ∗ ∗ .13 .48 ∗ ∗ ∗ .43 ∗ ∗ ∗ -.14 ∗ .32 ∗ ∗ ∗ .02 1

10 Uyghur RLA 24.61 17.95 -.04 .31 ∗ ∗ ∗ .00 .13 ∗ -.02 -.03 .15 ∗ .51 ∗ ∗ ∗ .11 1

11 Mandarin RLA 28.62 16.36 .04 .38 ∗ ∗ ∗ .11 .41 ∗ ∗ ∗ .23 ∗ ∗ ∗ -.11 .28 ∗ ∗ ∗ .05 .69 ∗ ∗ ∗ .16 ∗ 1

Note. ∗ p < .05, ∗ ∗ p < .01, ∗ ∗ ∗ p < .001; ELA = expressive language ability; RLA = receptive language ability. 

Fig. 2. The simple slope indicating the moderation effects.

Table 2

Effects of language switching frequency and expressive language ability (Uyghur

and Mandarin) on predicting inhibitory control.

𝛽 SE t 95% CI

Constant 0.01 0.06 0.14 [-0.11, 0.12]

Child age (months) 0.07 0.07 0.91 [-0.07, 0.20]

Nonverbal intelligence 0.05 0.07 0.71 [-0.09, 0.19]

Working memory 0.19 0.07 2.82 ∗ ∗ [0.06, 0.32]

Uyghur RLA 0.07 0.07 0.96 [-0.07, 0.21]

Mandarin RLA 0.04 0.09 0.45 [-0.13, 0.21]

LSF 0.04 0.06 0.60 [-0.09, 0.16]

Uyghur ELA 0.10 0.07 1.41 [-0.04, 0.25]

Mandarin ELA 0.16 0.10 1.68 [-0.03, 0.35]

LSF × Uyghur ELA 0.10 0.07 1.41 [-0.04, 0.24]

LSF × Mandarin ELA -0.01 0.07 -0.12 [-0.14, 0.13]

Uyghur ELA × Mandarin ELA -0.11 0.07 -1.61 [-0.24, 0.02]

LSF × Uyghur ELA × Mandarin ELA -0.32 0.08 -4.01 ∗ ∗ ∗ [-0.48, -0.16]

R 2 0.24

F 5.69 ∗ ∗ ∗ 

Note. ∗ p < .05, ∗ ∗ p < .01, ∗ ∗ ∗ p < .001; LSF = language switching frequency; 

RLA = receptive language ability; ELA = expressive language ability; CI = con- 

fidence interval.
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Table 3

Effects of language switching frequency and receptive language ability (Uyghur

and Mandarin) on predicting inhibitory control.

𝛽 SE t 95% CI

Constant 0.01 0.06 0.20 [-0.11, 0.14]

Child age (months) 0.07 0.07 0.93 [-0.08, 0.21]

Nonverbal intelligence 0.09 0.07 2.17 [-0.06, 0.24]

Working memory 0.21 0.07 2.97 ∗ ∗ [0.07, 0.35]

Uyghur ELA 0.09 0.07 1.20 [-0.06, 0.23]

Mandarin ELA 0.09 0.10 0.91 [-0.10, 0.28]

LSF 0.06 0.07 0.95 [-0.07, 0.19]

Uyghur RLA 0.10 0.08 1.21 [-0.06, 0.26]

Mandarin RLA 0.08 0.09 0.90 [-0.10, 0.26]

LSF × Uyghur RLA 0.08 0.06 1.21 [-0.05, 0.21]

LSF × Mandarin RLA -0.07 0.06 -1.21 [-0.19, 0.05]

Uyghur RLA × Mandarin RLA -0.04 0.06 -0.69 [-0.15, 0.07]

LSF × Uyghur RLA × Mandarin RLA -0.08 0.06 -1.34 [-0.19, 0.04]

R 2 0.19

F 4.15 ∗ ∗ ∗ 

Note. ∗ p < .05, ∗ ∗ p < .01, ∗ ∗ ∗ p < .001; LSF = language switching frequency; 

RLA = receptive language ability; ELA = expressive language ability; CI = con- 

fidence interval.
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ow Uyghur and Mandarin ELA, 𝛽 = -0.37, SE = 0.14, t = -2.55, p = .01,

ut not significantly associated with inhibitory control in children with

oth high Uyghur and Mandarin ELA, 𝛽 = -0.20, SE = 0.16, t = -1.26,

 = .21. 

Next, we explored hypothetical models for the moderating role of re-

eptive language abilities (Uyghur and Mandarin RLA) on the relation-

hip between language switching frequency and inhibitory control, con-

rolling for child age, nonverbal intelligence, working memory, Uyghur

LA, and Mandarin ELA. The results are shown in Table 3 . No significant

wo- or three-way interactions were found, suggesting that the moder-

ting effect of language abilities on the relationship between language
332
witching frequency and inhibitory control does not hold in receptive

anguage abilities. 

. Discussion

The preschool years are a critical period for developing language and

nhibitory control ( Best & Miller, 2010 ). Such development often bene-

ts from the interactions between environment, language, and complex

ognitive systems. We examined the moderating roles of ELA and RLA in

reschoolers on the association between language switching frequency

nd inhibitory control. The results showed that the effect of language
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witching frequency on inhibitory control was only moderated by ELA.

pecifically, language switching frequency was not significantly asso-

iated with inhibitory control in children with both high Uyghur and

andarin ELA, but positively associated with inhibitory control in chil-

ren with high Uyghur ELA and low Mandarin ELA and children with

ow Uyghur ELA and high Mandarin ELA. Moreover, language switching

requency was negatively associated with inhibitory control in children

ith both low Uyghur and Mandarin ELA. These findings can facilitate

ur understanding of the extent to which language switching frequency

ffects bilingual children’s inhibitory control. 

.1. Effects of language switching frequency on inhibitory control 

The effect of language switching frequency on inhibitory control was

ot significant, which suggests that the cognitive advantage provided by

anguage switching frequency does not apply to all bilingual children.

his non-significant result is consistent with the findings of some recent

tudies (e.g., Kalamala et al., 2020 ; Paap et al., 2021 ), but inconsistent

ith those of Hartanto et al. (2020) and Lai et al. (2020) . An explanation

ehind the inconsistent results across studies is the existence of other

ariables that can moderate the association between language switching

requency and inhibitory control. We found that the effect of language

witching frequency on inhibitory control was moderated by language

bilities, supporting the claim that bilingual language proficiencies may

ead to differences in language switching cost among bilingual children

 DeLuca et al., 2019 ). 

.2. Moderating roles of Uyghur ELA and Mandarin ELA 

This study identified the three-way interaction effect of language

witching frequency, Uyghur ELA, and Mandarin ELA on inhibitory

ontrol, indicating their importance regarding the effects of language

witching frequency on inhibitory control in Uyghur-Mandarin bilin-

ual children. As an indicator of language production, ELA reflects the

egree of connection between cognitive processing at the conceptual

nd lexical levels. Two proposals have attempted to explain the moder-

ting effects of ELA. First, from the level of activation and control, lan-

uage proficiency affects the degree of activation of the two languages,

hich may lead to the recruitment of different control mechanisms to

esolve language competition and have adaptive influences on execu-

ive control ( Kroll et al., 2015 ). Second, from language switching cost

erspectives, building on the inhibitory control model ( Green, 1998 ),

he degree of language control applied depends on the relative balance

etween the current activation of the two languages. The model indi-

ated that the higher the first language activation level and the lower

he second language activation level, the greater the second language

ftereffect. The results also revealed an enduring down-regulation of

he first language activation level in more language-balanced speakers

 Casado et al., 2022 ). 

Further analysis of the simple effect showed that the effect of lan-

uage switching frequency on inhibitory control was different in Uyghur

nd Mandarin ELA at various levels. First, language switching frequency

as unrelated to inhibitory control in children with high language abil-

ties in both Uyghur and Mandarin, consistent with previous studies

 Costa & Sebastián-Gallés, 2004 ; Paap et al., 2014 ). According to the

omputational model proposed by Costa et al. (2017) , activation is re-

tricted to one language when two languages reach a given level of pro-

ciency. This means that bilinguals do not need control mechanisms

o resolve the competition between the two languages. Alternatively,

ith language proficiency development, bilinguals may have developed

nd automated language-specific control mechanisms ( Paap et al., 2014 ;

egalowitz & Freed, 2004 ), which might render inhibitory control un-

ecessary. That is, in children with high ELA in both languages, in-

ibitory control is “less affected ” by language switching frequency. 

Second, language switching showed a significantly positive effect on

nhibitory control in the group of bilingual children with high Uyghur
333
nd low Mandarin ELA, as well as in children with low Uyghur and

igh Mandarin ELA. Our findings show that unbalanced bilinguals ben-

fit from the experience of suppressing the dominant language dur-

ng language switching. Bilinguals with unbalanced languages required

ore additional cognitive control when switching between languages

 Declerck et al., 2020 ; Jiao et al., 2020 ). In addition, the results showed

hat the positive correlation between language switching and inhibitory

ontrol in Uyghur dominant bilinguals was higher than in Mandarin

ominant bilinguals. Based on the inhibitory control model, the degree

f activation/inhibition of the two languages was related to language

bility and determined the switching cost ( Costa, 2017 ; Green, 1998 ).

hen bilingual children use their non-dominant language, they need to

aximize the activation of the non-dominant language and suppress the

nterference of the dominant language; when switching to their domi-

ant language, they need to suppress the high activation of the non-

ominant language and activate the suppressed dominant language. In

ur study population, the children spent more time in the Mandarin con-

ext (in kindergarten) than in the Uyghur context (at home). Thus, the

yghur dominant bilinguals might have had a higher language switch-

ng cost. There have been similar discussions about different switching

osts for first versus second language contexts ( Timmer et al., 2019 ).

hus, Uyghur dominant children are likely to need more inhibitory con-

rol to switch between languages compared with Mandarin dominant

hildren. 

Finally, the results suggest that for children with lower ability in

oth languages, more frequent language switching resulted in lower

nhibitory control. One possible explanation for this is that high acti-

ation of the non-target language in low-proficiency bilinguals would

ause more interference when switching. The comprehension and pro-

uction of the target language also require greater cognitive effort. This

ind of excessive cognitive load may bring cognitive costs. According

o the limited-resource model ( Eysenck et al., 2007 ), low-proficiency

ilinguals have difficulty adapting to a language switching context be-

ause their cognitive resources are consumed by language processing,

hich leaves fewer resources available for suppressing the interference

rom the non-target language ( Paap et al., 2019 ). Taken together, the

esource-related pattern of adaptation provides evidence of individual-

nvironment interactions ( Pluess et al., 2018 ). Another possible reason

s that a higher cognitive load may cause low-proficiency bilingual chil-

ren to give up control and processing of the language, which may ham-

er cognitive development and learning ( Mücke et al., 2020 ) as well as

nhibitory control development. Thus, for children with weaker devel-

pmental abilities in both languages, a bilingual environment with high

requency of language switching may not be conducive to the develop-

ent of their inhibitory control. 

.3. Moderating roles of Uyghur RLA and Mandarin RLA 

The results showed that RLA in bilingual children had no moder-

ting effect on the association between language switching frequency

nd inhibitory control. ELA is associated with high neural activa-

ion and requires conscious attention and task-related cognitive ef-

ort ( Cheung et al., 2022 ). In contrast, RLA is associated with auto-

atic attention, which requires a relatively lower level of language

omain knowledge and cognitive domain ability. This language pro-

essing requires less language activation or inhibition than expres-

ive language processing, and thus consumes fewer resources ( Mosca

 de Bot, 2017 ). Additionally, based on the weak link hypothesis

 Gollan et al., 2008 ), weak phonological representations in second lan-

uage might be sufficient for meeting the task requirements of receptive

ocabulary but insufficient for the task requirements of expressive vo-

abulary ( Gibson et al., 2014b ). In the context of language switching,

arget language activation and inhibitory control are low and insuffi-

ient for producing a moderating effect. 



J. Chen, Y. Zhao, X. Xu et al. Early Childhood Research Quarterly 63 (2023) 327–336

4

 

t  

t  

a  

e  

H  

d  

w  

P  

a  

t  

i  

i  

b  

r  

q

 

u  

i  

p  

t  

t  

h  

t  

t  

e  

i  

s  

a  

r  

A  

g  

s  

m  

p  

p

5

 

R  

s  

c  

t  

c  

q  

w  

l  

f  

w  

c  

M

D

C

 

i  

X  

&  

t

D

A

 

2  

p  

h

A

 

 

 

 

s  

p  

1  

e  

c  

d  

o

R

A  

A

 

A

A

A

 

B

B  

B  

 

B  

B

C

C  

 

C

 

.4. Limitations and implications 

This study has some limitations that should be considered when in-

erpreting the results. First, this study was cross-sectional, precluding

he examination of causality or directionality. Future studies should ex-

mine developmental changes in this association. Second, we used a par-

nt questionnaire to assess language switching frequency in children.

owever, the real-world complexity of bilingualism requires a more

etailed assessment of the context and process of language switching,

hich can be considered as topics for future study ( Blanco-Elorrieta &

ylkkanen, 2018 ). A study in which observational methods are used to

ssess both language switching in children and the amount of exposure

o language switching performed by other people may produce helpful

nformation. Third, we do not consider the direction of language switch-

ng (i.e., Mandarin to Uyghur and Uyghur to Mandarin). Distinguishing

etween these two types of language switching is important to link the

elative strengths of both. Future research can further consider the fre-

uency of the two switches. 

Despite the limitations, this study significantly contributes to our

nderstanding of how language experiences shape the development of

nhibitory control in bilingual preschoolers. The study may have some

ractical implications. First, the findings can help us better understand

he relationship between language switching frequency, language abili-

ies, and inhibitory control in bilingual preschoolers, which in turn can

elp parents and educators create a more supportive environment for

he cognitive development of children with different language abili-

ies. Children with high language ability are less affected by language

nvironment, while children with unbalanced or poor language abil-

ty may be more affected by their language environment. Language

witching environment cannot simply be regarded as positive or neg-

tive. Children with different language abilities adapt to their envi-

onment in various ways, which can affect their cognition differently.

dditionally, the findings suggest that expressive and receptive lan-

uage abilities play different roles in the relationship between language

witching frequency and inhibitory control. For bilingual children, ELA

ay utilize more complex cognitive processes, and thus may be su-

erior to RLA as an indicator of general language ability in bilingual

reschoolers. 

. Conclusion

This study investigated two aspects of language ability (ELA and

LA) in bilingual children, as well as the associations among language

witching frequency, language ability (ELA and RLA), and inhibitory

ontrol. The findings suggest that only ELA plays a moderating role in

he association between language switching frequency and inhibitory

ontrol in bilingual preschoolers. Specifically, language switching fre-

uency was positively associated with inhibitory control in children

ith high Uyghur ELA and low Mandarin ELA, as well as children with

ow Uyghur ELA and high Mandarin ELA. Moreover, language switching

requency was negatively associated with inhibitory control in children

ith both low Uyghur and Mandarin ELA, but not significantly asso-

iated with inhibitory control in children with both high Uyghur and

andarin ELA. 
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ppendix A. Language switching Frequency Questionnaire 

1 Please indicate how often parents and family members engage in

language switching with the child. 

□ Never □ Rarely □ Sometimes □ Frequently □ Always

2 Please indicate how often teachers communicate with the child using

language switching. 

□ Never □ Rarely □ Sometimes □ Frequently □ Always

3 Please indicate how often friends engage in language switching with

the child. 

□ Never □ Rarely □ Sometimes □ Frequently □ Always

The questionnaire consisted of three questions concerning language

witching regarding children and their family members, teachers, and

eers. Parents reported the language switching frequency at home (Item

). Teachers reported the language switching frequency between teach-

rs and the child at school (Item 2) and between the child and his/her

lassmates (Item 3). In the questionnaire, parents and teachers served as

ifferent information sources to help researchers evaluate the frequency

f language switching instances encountered by the young children. 
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