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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.

1. Introduction

Different cultural communities provide distinct developmental path-
ways for children within diverse ecocultural contexts (Bronfenbrenner
& Morris, 2007). Cultural pathways are composed of daily routines
that comprise cultural activities requiring language skills. Through rou-
tine interactions with their parents and other established community
members, children are socialized to use particular languages (Garrett
& Baquedano-Lépez, 2002; Schieffelin & Ochs, 1986). According to the
ecocultural (Bronfenbrenner & Morris, 2007) and language socialization
models (Garrett & Baquedano-Lépez, 2002; Schieffelin & Ochs, 1986),
bilingual children have a cognitive advantage that can be partly at-
tributed to their language context, where young bilinguals must inten-
tionally utilize multiple language resources to create meaning. In this
study, we investigated the specific roles of translanguaging practice and
language abilities in bilingual children’s inhibitory control.

A typical argument presented by many researchers on the effect
of language switching context on inhibition control (e.g., Abutalebi
& Green, 2008; D’Souza et al., 2020; Green & Abutalebi, 2013), is
that bilinguals’ experience in managing conflict between competing
phonetic and lexical representations may prompt inhibitory control
(Green, 1998). Most studies found a positive correlation between lan-
guage switching frequency and inhibitory control in bilinguals (e.g.,
Abutalebi & Green, 2008; Green, 1998; Green & Abutalebi, 2013); how-
ever, others questioned whether language switching frequency was as-
sociated with enhanced inhibition control (e.g., Kalamala et al., 2020).
Recent studies have proposed that second language ability might af-
fect the relationship between language switching frequency and inhibi-
tion control (Bonfieni et al., 2019; Thanissery et al., 2020). However,
these studies (e.g., Bonfieni et al., 2019) did not consider both the roles
of proficiency in the two languages and the differences between ex-
pressive language ability (ELA) and receptive language ability (RLA).
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Moreover, such studies only recruited adult bilinguals as participants
and did not examine language ability in bilingual children’s cognitive
development. Thus, we aimed to address this gap by examining the
relationship between language switching frequency, language abilities
(Mandarin/Uyghur ELA and RLA), and inhibitory control in Uyghur-
Mandarin bilingual children.

1.1. Language switching frequency and inhibitory control in bilinguals

Language switching refers to bilinguals alternating between lan-
guages according to the language used by an interlocutor in a bilin-
gual conversation (Green & Abutalebi, 2013), which reflects the cross-
linguistic activation and systematic control of the two languages (Lai &
O’Brien, 2020). Language switching frequency is the frequency at which
an individual switches between languages in daily life (Verreyt et al.,
2016). Inhibitory control refers to the ability to control one’s tendency
to respond automatically or impulsively and to inhibit presenting irrele-
vant 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-
hibitory control. The inhibitory control model (Green, 1998) states that
bilinguals have a cognitive advantage over monolinguals because they
need to restrict access to the irrelevant language that was simultane-
ously activated with the relevant language, which may lead to strength-
ened inhibitory control. The adaptive control hypothesis (Abutalebi &
Green, 2016) further proposes that bilinguals are often required to en-
gage in adaptive language switching according to different language
contexts (i.e., single, dual, and dense code-switching). Single-language
context refers to the use of one language in one context. Dual language
context is one where bilinguals alternate between languages accord-
ing to the language used by an interlocutor in a conversation. Dense
code-switching language context refers to the mixing of languages in an
utterance or sentence. Among these contexts, language switching in a
dual-language context requires more inhibitory control than in a single-
language or dense code-switching language context. Bilinguals perform
better on inhibitory control tasks because of their experience of fre-
quently switching languages in a bilingual environment (e.g., Sanchez-
Azanza et al., 2020).

Many studies have supported the positive relationship between lan-
guage switching frequency and inhibitory control in bilinguals. For
example, Sanchez-Azanza et al. (2020) found that the frequency of
language switching in daily life was positively associated with exec-
utive control performance in Spanish-Catalan bilinguals (19-44 years
old). Liu et al. (2019) found that language switching training may en-
hance bilinguals’ inhibitory control; however, some recent empirical
studies suggested that the association between language switching fre-
quency in daily life and inhibitory control does not always exist. For
example, Kalamala et al. (2020) demonstrated that dual-language con-
text intensity did not predict performance on response-inhibition tasks.
Based on a review of several recent studies, Paap et al. (2021) indi-
cated that bilinguals’ performance on executive functioning tasks did
not reflect the expected advantage of a language switching context.
Pliatsikas et al. (2021) suggested a dynamic restructuring model to ex-
plain this inconsistency, in which bilingualism is considered a dynamic
experience where the adaptive brain structure and cognitive functions
develop dynamically together with changes in language abilities and
switching needs. Similarly, Paap (2018) proposed a controlled-dose hy-
pothesis assuming that the early stages of second language acquisition
require domain-general inhibition; only as fluency is gained and ubiq-
uitous practice accrues can bilingual-language control become increas-
ingly automated and the demand for domain-general inhibition is low-
ered. Taken together, these perspectives emphasize that the relation-
ship between language switching frequency and inhibitory control is
dynamic and may be influenced by language abilities. We review this
issue in detail in the following paragraph.
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1.2. Moderating effects of language proficiency

From the inhibitory control model perspective (Green, 1998), the
bilingual inhibitory control advantage is derived from the competition
between bilinguals’ activation of both target and non-target languages
simultaneously. The co-activation of two languages requires mobilizing
inhibitory control to suppress non-target language interference, which
may contribute to developing inhibitory control. This assumption pre-
supposes that bilinguals may simultaneously activate their two lan-
guages in two-language contexts (Thierry & Wu, 2007), which requires
control mechanisms to resolve the competition between the two lan-
guages. However, Costa et al. (2017) found that bilinguals can selec-
tively activate second language vocabulary without activating the cor-
responding first language representations when they reach high profi-
ciency in their second language. This suggests that bilinguals with dif-
ferent language proficiencies have different inhibitory costs to language
switching. For unbalanced bilinguals, switching from a weaker to a more
dominant language is more difficult than the other way around, showing
asymmetric inhibitory costs (Meuter & Allport, 1999). The smaller the
difference between languages proficiencies, the smaller the asymmetric
cost (Monsell et al., 2000). Casado et al. (2022) also demonstrated that
the more balanced the proficiency in the two languages, the lower the
control elicited by second language production. Thus, different bilingual
proficiencies may require different control mechanisms to resolve lan-
guage competition and exhibit adaptive influences on executive control.

Several studies have indicated that second language ability plays
an important role in language control and modulating the depen-
dency of bilingual processing on domain-general cognitive control (e.g.,
Abutalebi et al., 2013; Bonfieni et al., 2019; Jiao et al., 2019). When
second language proficiency is low, individuals need more cognitive
resources to suppress the influence of the first language. The effect of
language switching on inhibitory control weakened as second language
proficiency increased. Since the participants in these studies were adults
who were already proficient in their first language and were learning a
second language, research only focused on the moderating effects of sec-
ond language ability. However, for bilingual preschool children, both of
their languages are in a period of rapid development, and the ability de-
velopment status of the two languages may jointly determine the effect
of language switching on inhibitory control.

Based on the above analysis, we speculated that the two language
abilities of bilingual children would moderate the association between
language switching frequency and inhibitory control. The more bal-
anced the abilities of the two languages, the weaker the positive effect
of language switching on inhibitory control.

1.3. Different roles of expressive and receptive language abilities

Language ability is assumed to comprise ELA and RLA. Accord-
ing to the self-organizing model of language processing (Curtin et al.,
2011), ELA and RLA are independent but interrelated language abil-
ities (Pickering & Garrod, 2013). ELA refers to an individual’s abil-
ity to express and convey information to another person, which helps
children use language information directly to select the right object
by explicitly generating tags and activating related concepts internally
(Feldman, 2019). RLA refers to the ability to recognize and understand
the language of others, using linguistic information to activate related
concepts (Cheung et al., 2022).

Early on in development, children comprehend more vocabulary
than they produce (Ibbotson, 2022), which may be because language
comprehension is generally considered easier than language expression.
This reception-expression gap is more evident in bilingual preschool
children (Gibson et al., 2014a). In contrast to language comprehen-
sion, language expression requires children to activate the appropriate
words to convey ideas. The limited lexical experience of bilingual chil-
dren results in a weaker connection between the semantic and phono-
logical representations of these words. From the weak link hypothesis,
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weak semantic-phonological representations can accomplish receptive
language tasks but not word generation tasks (Gibson et al., 2020). Con-
sidering the asymmetry in the development of preschool children’s ex-
pressive and receptive language abilities, we separately examined the
moderating role of ELA and RLA in bilingual populations.

Furthermore, because cognitive demands differ between expressive
and receptive language tasks, the repressed or relatively inactive rep-
resentations are sufficient for the less demanding receptive tasks but
not for the more demanding expressive tasks. Thus, compared to RLA,
ELA requires stronger mental links between the pronunciation of a word
and its meaning (Gollan et al., 2008). Meanwhile, the inhibitory control
model holds that the degree of inhibition in bilingual children is propor-
tional to the degree of parallel activation (Hilchey & Klein, 2011). If this
is the case, then the expression task requires high activation and corre-
sponding high inhibition demands. Bilinguals’ cognitive control skills
are enhanced as a result of their increased need for language control.
Based on the above analysis, we further expected that the moderating
effect of ELA would be more pronounced than that of RLA.

1.4. Bilingual context of young Uyghur children in China

The Xinjiang Uygur Autonomous Region of China is the major bilin-
gual region in the world where both Uyghur and Mandarin are used
(Chen et al., 2018). Historically, this area has always been a multi-ethnic
region with many coexisting cultures. The long-term coexistence of vari-
ous ethnic groups and cultures, along with the high prevalence of multi-
language and multilingual press, publications, radio, and television, has
created a bilingual environment where diversity is respected and em-
braced. Both the Uyghur and Mandarin languages are frequently used
in daily life. Uyghur is one of the regional language while Mandarin is
the national common language in China which plays a dominant role in
the economy, social and educational development.

Uyghur and Mandarin belong to the Altaic and Sino-Tibetan lan-
guage groups, respectively. Mandarin is an isolating language, while
Uyghur is an agglutinative language (Mang, 2003), and significant dif-
ferences exist between the two (Wang, 2012). However, Uyghur has a
long history of contact and mutual influence with the Chinese language.
The grammatical morphology, structure, and word formation rules of
the two languages have many commonalities (Mang, 2003). The com-
monalities and differences between the two languages present specific
challenges for Uyghur-Chinese bilingual children.

Young Uyghur children in China often use the two languages in-
terchangeably as part of normal communication in their daily lives,
but the diversity and richness of the language environment means that
their languages develop at different rates. Therefore, there are chil-
dren with balanced bilingual development—those with Mandarin as
their dominant language, those with Uyghur as their dominant lan-
guage, and those with weaker development of both languages. More-
over, children’s dominant and non-dominant language patterns may
change based on their experience of a language environment as bilin-
guals may be more proficient in their heritage language (the lan-
guage spoken at home with their parents) early in life, while Mandarin
becomes their dominant language at the preschool/school age. As a
bilingual population with little research, Uyghur-Mandarin bilingual-
ism provides a relatively new natural bilingual context for investigat-
ing complex associations between language switching frequency, lan-
guage ability, and inhibitory control. This study can thus reveal some
new information about the moderating effect of language abilities on
the relationship between language switching frequency and inhibitory
control.

1.5. The present study

To summarize, the foregoing review of literature shows that the high
frequency of language switching in a bilingual context is expected to
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promote bilingual children’s inhibitory control because it involves fre-
quent invocation of cognitive control mechanisms (e.g., Green & Abu-
talebi, 2013; Verhagen et al., 2017). Previous research on this associa-
tion has shown mixed results. Some studies with adult bilinguals sug-
gest that the association may depend on second language ability (e.g.,
Jiao et al., 2019). A common explanation for this association is that,
with the improvement of second language ability, cognition associated
with second language processing evolves from that requiring cognitive
control to that involving automated processing (e.g., Abutalebi, 2008;
Costa & Sebastian-Gallés, 2004). However, the association for young
bilinguals may be more complex, since both first and second languages
are in the learning phase, and bilingual language abilities jointly affect
the level of activation and control of the two languages (e.g., Costa et al.,
2017). More development research is therefore needed for the outstand-
ing issue.

This study provides an explanatory mechanism for the association
between language switching frequency and inhibitory control by test-
ing the moderating effects of young children’s Uyghur and Mandarin
language abilities (see Fig. 1). We examined both the main effects of
language switching frequency on inhibitory control and how language
switching and bilingual children’s abilities work together in affecting in-
hibitory control. Furthermore, we explored hypothetical models for the
moderating roles of ELA and RLA on the relationship between language
switching 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
be positively significant or nonsignificant; (b) bilingual children’s lan-
guage abilities moderate the relationship between language switching
frequency and inhibitory control. There may be three-way interactions
between Mandarin- and Uyghur-language abilities and language switch-
ing frequency in predicting inhibitory control. We hypothesized that the
more unbalanced the language abilities of Mandarin and Uyghur, the
stronger the positive effect of language switching on inhibitory control;
(c) expressive language is the more cognitive loading form of language
communication, and we hypothesize that the moderating effect of lan-
guage ability between language switching frequency and inhibitory abil-
ity is more pronounced in expressive than in receptive language.

Furthermore, in early childhood, inhibitory control and working
memory, as subcomponents of executive function, are still in the ini-
tial stage of functional differentiation. Children’s performance on in-
hibitory control tasks may be strongly influenced by working memory
(Ponitz et al., 2008) as they need to memorize the requirements and
rules for completing tasks within a short period. Therefore, we control
for the effect of working memory on inhibitory control when examining
the hypothetical model.

2. Method
2.1. Participants

We recruited 229 Uyghur-Mandarin bilingual preschool children
(4.5-6.5 years old, 109 girls and 120 boys, M,¢, = 63.27 + 5.97 months,
Mage of acquisition Mandarin = 31.42 + 12.22 months) from five kinder-
gartens in Urumgi, Xinjiang Uygur Autonomous Region of China. The
recruitment criteria were set as: (1) normal intellectual development;
(2) normal language development; (3) normal or corrected-to-normal
hearing and vision; (4) both parents are Uyghur-Mandarin bilinguals;
(5) received at least one school year of bilingual education in kinder-
garten. All children and families who met the inclusion criteria filled
out informed consent forms before participating. Following previous re-
search (Yoshida et al., 2011), the study used parental education as an
indicator of socioeconomic status. Parental education was categorized
into five levels (1 = junior high school and below, 2 = high school, 3 = pro-
fessional or technical school, 4 = undergraduate, 5 = graduate and above).
The mean value of SES was 3.47 (SD = 0.80).
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Mandarin expressive language ability (W)

Uyghur expressive language ability (Z)

T~

Language switching frequency (X)

A

: Inhibitory control (Y)

(a) Testing the three-way interaction effect of language switching frequency, Uyghur expressive lan-
guage ability and Mandarin expressive language ability on inhibitory control in Uyghur-Mandarin

bilingual children.

Mandarin receptive language ability (W”)

Uyghur receptive language ability (Z’)

T~

Language switching frequency (X)

Inhibitory control (Y)

(b) Testing the three-way interaction effect of language switching frequency, Uyghur receptive lan-
guage ability and Mandarin receptive language ability on inhibitory control in Uyghur-Mandarin

bilingual children.

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

2.2. Measures

2.2.1. Language switching frequency

Language switching frequency was assessed by a measure adapted
from the Language and Social Background Questionnaire, Item 22
(Anderson et al., 2018; Luk & Bialystok, 2013; see Appendix A). As
with most studies on young children’s language development, the as-
sessment of language switching frequency relies on reports from care-
givers because children are often unable to complete reports by them-
selves. For bilingual preschoolers, which language to use often depends
on the current language environment and conversational needs (Marian
& Hayakawa, 2021). Therefore, we used parents’ and teachers’ reports
to measure children’s language-switching experiences in everyday life.
Parents and teachers were asked to report how often they engage in
language switching with the child at home and school, respectively.
Teachers were also asked to report the frequency of language switch-
ing between the child and their classmates. All items were rated based
on a 5-point Likert scale (1 = never to 5 = always). The range of possible
scores was 0-15. Here, scores were significantly correlated between the
three items for language switching frequency between children and par-
ents, teachers, and peers, r = .26-.58, ps < .001, and thus were summed
to form a single index of children’s language switching frequency in their
daily lives. The Cronbach’s alpha coefficient was .86.

2.2.2. The Head-Toes-Knees-Shoulders task
The Head-Toes-Knees-Shoulders (HTKS) task is a brief game de-
signed 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
used to measure inhibitory control or response inhibition in many stud-
ies (e.g., Fuhs & Day, 2011; Gandotra et al., 2021; Lan et al., 2011) and
is particularly considered an appropriate measure of inhibitory control
in preschoolers. It is easy to conduct with minimal time and material
requirements since children are already familiar with the aspects of the
game (Ponitz et al., 2008, 2009). The task requires children to inhibit a
dominant response and produce a non-dominant response, and consists
of two parts. Part I included two paired behavioral commands. When the
researcher said, “touch your head,” the children were required to touch
their toes; when the researcher said, “touch your toes,” the children were
required to touch their head. Part II included four paired behavioral
commands that the research assistant presented to each child: “touch
your head,” “touch your toes,” “touch your shoulders,” and “touch your
knees.” Similarly, the children were asked to respond to the command
and do the opposite of it (e.g., touch their knees when they heard the
instruction to “touch your shoulders”). A child scored a “2” if they re-
sponded immediately and correctly, a “1” if they self-corrected their
response, and a “0” if they responded incorrectly. The task included 20
items (with a total score range of 0-40). The Cronbach’s alpha of the
HTKS test was .92.

” «

2.2.3. Expressive Vocabulary Test-Mandarin/Uyghur version

The Expressive Vocabulary Test (EVT) by Williams (2007) is a stan-
dardized test for assessing ELA in children. We used the revised Man-
darin version of EVT (Li, 2018) to test Mandarin ELA in children. After
a one-week interval, we measured the children’s Uyghur ELA using the
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Uyghur version revised by Zhou et al. (2015). The child and research
assistant sat facing each other with the EVT booklet placed between
them. After presenting a colored picture to the child, the research assis-
tant asked standard questions (e.g., the names and synonyms for various
objects or actions depicted in the picture). The test ended when the child
gave five wrong answers within seven consecutive questions. Each ques-
tion had a score of 1 for a correct answer or 0 otherwise. The range of
possible scores was 0-130. All item scores were summed to get the total
score. The Cronbach’s alpha of the EVT for the Mandarin and Uyghur
versions were .95 and .91, respectively.

2.2.4. Peabody Picture Vocabulary Test (PPVT)-Mandarin/Uyghur
version

PPVT is an effective tool for assessing RLA in children (Hill et al.,
2015). We used the Mandarin (Lu & Liu, 2005) and Uyghur (Chen et al.,
2018) versions of the test. In a quiet room, the child and the research
assistant sat facing each other with the PPVT booklet between them.
The starting question was based on the child’s age. The research assistant
presented a page with four pictures and said aloud the word representing
one of the four pictures. The child was asked to point to the picture
corresponding to the word. Each question had a score of 1 for the correct
answer or 0 otherwise. The test ended when the child gave six wrong
answers within eight consecutive questions. The range of possible total
scores was 0-125. The Cronbach’s alpha of the PPVT was .92 and .91
for the Mandarin and Uyghur versions, respectively.

2.2.5. Nonverbal intelligence

Intelligence was assessed using nonverbal matrices from the Das-
Naglieri Cognitive Assessment System-Version 2 (D-N CAS-2) by
Naglieri and Das (1997). Each page contained six different shapes and
geometric designs. The children were asked to identify a spatial or logi-
cal relationship among the figures on a given page by selecting the best
answer from six options. Each question had a score of 1 for a correct
answer or O otherwise. The test ended when the child gave four con-
secutive wrong answers. The range of possible total scores was 0-43.
Deng et al. (2011) reported high test-retest reliability for the D-N CAS-2
in Chinese children (r = .72-.90, ps < 0.01). The Cronbach’s alpha for
this test was .90.

2.2.6. Working memory

We used the Forward Digit Span Task (Wechsler, 1974) to investigate
working memory in children. The research assistant read one number
per second. The span of the numbers increased from three to eleven.
The child was asked to repeat the numbers they heard. Two trials were
performed for each digit length. The child received 1 point if the answer
is correct and 0 otherwise. The test ended when the child failed to repeat
two identical digit lengths. The range of the total scores was 0-16. Raw
scores were converted into standard scores for analysis. The Cronbach’s
alpha for this test was .92.

2.3. Procedure

This study was approved by the institutional review board of the
university. Trained Uyghur-Mandarin bilingual research assistants con-
ducted the research tasks. Cognitive tasks (inhibitory control, nonverbal
intelligence, and working memory) were tested in the children’s dom-
inant language to reduce the influence of language itself. To ensure
the effectiveness and standardization of the test implementation, the
research assistants completed training and passed a one-to-one assess-
ment prior to the study. Child assessments were conducted one-to-one
in a quiet room within approximately 30-40 min. The research assis-
tants were instructed to test the children in one session if possible, or
divide the session into smaller segments if the children showed signs of
fatigue.
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2.4. Data analysis

The statistical analyses comprised two steps. In the preliminary anal-
yses, the distributions of all study variables were tested for violations of
normality, linearity, and homogeneity of variance (Hayes, 2013). Then,
we calculated the means, standardized deviations, and inter-correlations
among the variables. In the second step, we used Hayes’s (2013) PRO-
CESS macro (Model 3) to test the moderating effects. All continuous
variables were standardized. Effects were estimated using bootstrapping
techniques with 5,000 bootstrapped samples and were considered sig-
nificant when 95% bias-corrected confidence intervals (95% CI) did not
include zero (Preacher & Hayes, 2008).

3. Results
3.1. Descriptive statistics

Descriptive statistics and correlations among the variables are pre-
sented in Table 1. The results showed that language switching frequency
was significantly negatively associated with Mandarin ELA, but not with
Mandarin RLA, Uyghur ELA and RLA, and inhibitory control. More-
over, Uyghur ELA and RLA, Mandarin ELA and RLA, nonverbal intel-
ligence, age, and working memory were significantly positively associ-
ated with inhibitory control. Moreover, child age was significantly neg-
atively associated with language switching frequency, but significantly
positively associated with inhibitory control, Uyghur ELA and RLA,
Mandarin ELA and RLA, nonverbal intelligence, and working memory.
Nonverbal intelligence and working memory were significantly associ-
ated with all variables of interest except language switching frequency.
Thus, in the following analyses, child age, nonverbal intelligence, and
working memory were statistically controlled. In addition, to distinguish
the roles of ELA and RLA, the receptive language ability of Mandarin
and Uyghur were covariates in the model for ELA while expressive lan-
guage ability of Mandarin and Uyghur were covariates in the model for
RLA.

3.2. Testing for the moderating role of language abilities

Model 3 in the PROCESS macro was performed to examine the mod-
erating role of language proficiency in the relationship between lan-
guage switching frequency and inhibitory control. We first explored hy-
pothetical models for the moderating role of expressive language abil-
ities, controlling for child age, nonverbal intelligence, working mem-
ory, Uyghur RLA, and Mandarin RLA. The results are shown in Table 2.
The results showed that language switching frequency did not signif-
icantly predict inhibitory control, # = 0.04, SE = 0.06, 95% CI = [-
0.09, 0.16]. Moreover, neither Uyghur ELA nor Mandarin ELA was as-
sociated with inhibitory control, § = 0.10, SE = 0.07, 95% CI = [-
0.04, 0.25]; g = 0.16, SE = 0.10, 95% CI = [-0.03, 0.35]. Further-
more, the interactions of language switching frequency with Uyghur
and Mandarin ELA were not significant in predicting inhibitory control,
B =0.10, SE = 0.07, 95% CI = [-0.04, 0.24]; g = -0.01, SE = 0.07, 95%
CI = [-0.14, 0.13]. However, language switching frequency x Uyghur
ELA x Mandarin ELA showed a significant three-way interaction ef-
fect in predicting inhibitory control, § = -0.32, SE = 0.08, 95%
CI = [-0.48, -0.16].

To understand the nature of the interaction, we used simple slope
analyses (Dawson & Richter, 2006) considering the conditional effect
of language switching frequency on inhibitory control. We computed
high- and low-Mandarin ELA/Uyghur ELA at +1 and -1 SD scores. As
shown in Fig. 2, language switching frequency was positively associ-
ated with inhibitory control in children with high Uyghur ELA and low
Mandarin ELA, g = 0.47, SE = 0.15, t = 3.23, p = .001, as well as
in children with low Uyghur ELA and high Mandarin ELA, g = 0.25,
SE = 0.12, t = 2.08, p = .04. Moreover, language switching frequency
was negatively associated with inhibitory control in children with both
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Table 1
Descriptive statistics and correlations for study variables.
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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 .20%** 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 2745 .20%%% .00 1
8 Uyghur ELA 33.31 19.32 -12 20" -.04 14* -.06 -.00 15 1
9 Mandarin ELA 3245 1822 .09 .30%** 13 48%x* 43%** -.14* 32%%% .02 1
10 Uyghur RLA 24.61 1795 -.04 31 .00 13* -.02 -.03 .15* R R a1 1
11 Mandarin RLA 28.62 16.36 .04 .38** A1 41 23 -11 .28%** .05 .69*** .16* 1

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

0.6 - B=0.47**
0.4 4 ﬁ =(.25%
3 02 A
-
|
S
I B=-0.20
8
S .02 A
=
=i
0.4 1
-0.6 4
B=-0.37*
-0.8 T T Y
Low language  Middle language  High language
switching switching switching
Table 2

Effects of language switching frequency and expressive language ability (Uyghur
and Mandarin) on predicting inhibitory control.

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

—O—low Uyghur ELA, low
Mandarin ELA

—&—high Uyghur ELA, low
Mandarin ELA

—a— low Uyghur ELA, high
Mandarin ELA

—{high Uyghur ELA, high
Mandarin ELA

Table 3
Effects of language switching frequency and receptive language ability (Uyghur
and Mandarin) on predicting inhibitory control.

B SE t 95% CI B SE t 95% CI

Constant 0.01 0.06 0.14 [-0.11, 0.12] Constant 0.01 0.06 0.20 [-0.11, 0.14]
Child age (months) 0.07 0.07 091 [-0.07, 0.20] Child age (months) 0.07 0.07  0.93 [-0.08, 0.21]
Nonverbal intelligence 0.05 0.07 071 [-0.09, 0.19] Nonverbal intelligence 0.09 0.07 217 [-0.06, 0.24]
Working memory 0.19 0.07  2.82** [0.06, 0.32] Working memory 0.21 0.07  2.97** [0.07, 0.35]
Uyghur RLA 0.07 0.07 0.96 [-0.07, 0.21] Uyghur ELA 0.09 0.07 1.20 [-0.06, 0.23]
Mandarin RLA 0.04 0.09  0.45 [-0.13, 0.21] Mandarin ELA 0.09 0.10 0.91 [-0.10, 0.28]
LSF 0.04 0.06  0.60 [-0.09, 0.16] LSF 0.06 0.07  0.95 [-0.07, 0.19]
Uyghur ELA 0.10 0.07 1.41 [-0.04, 0.25] Uyghur RLA 0.10 0.08 1.21 [-0.06, 0.26]
Mandarin ELA 0.16 0.10 1.68 [-0.03, 0.35] Mandarin RLA 0.08 0.09  0.90 [-0.10, 0.26]
LSF x Uyghur ELA 0.10 0.07 1.41 [-0.04, 0.24] LSF x Uyghur RLA 0.08 0.06 1.21 [-0.05, 0.21]
LSF x Mandarin ELA -0.01 0.07 -0.12 [-0.14, 0.13] LSF x Mandarin RLA -0.07 0.06 -1.21 [-0.19, 0.05]
Uyghur ELA x Mandarin ELA -0.11 0.07 -1.61 [-0.24, 0.02] Uyghur RLA X Mandarin RLA -0.04 0.06 -0.69 [-0.15, 0.07]
LSF x Uyghur ELA x Mandarin ELA ~ -0.32 0.08  -4.01*** [-0.48, -0.16] LSF x Uyghur RLA x Mandarin RLA  -0.08 0.06 -1.34 [-0.19, 0.04]
R? 0.24 R? 0.19

F 5.69"** 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.

low Uyghur and Mandarin ELA, g = -0.37, SE = 0.14, t = -2.55, p = .01,
but not significantly associated with inhibitory control in children with
both high Uyghur and Mandarin ELA, g = -0.20, SE = 0.16, t = -1.26,
p=.21.

Next, we explored hypothetical models for the moderating role of re-
ceptive language abilities (Uyghur and Mandarin RLA) on the relation-
ship between language switching frequency and inhibitory control, con-
trolling for child age, nonverbal intelligence, working memory, Uyghur
ELA, and Mandarin ELA. The results are shown in Table 3. No significant
two- or three-way interactions were found, suggesting that the moder-
ating effect of language abilities on the relationship between language
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Note. * p < .05, ** p < .01, *** p < .001; LSF = language switching frequency;
RLA = receptive language ability; ELA = expressive language ability; CI = con-
fidence interval.

switching frequency and inhibitory control does not hold in receptive
language abilities.

4. Discussion

The preschool years are a critical period for developing language and
inhibitory control (Best & Miller, 2010). Such development often bene-
fits from the interactions between environment, language, and complex
cognitive systems. We examined the moderating roles of ELA and RLA in
preschoolers on the association between language switching frequency
and inhibitory control. The results showed that the effect of language
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switching frequency on inhibitory control was only moderated by ELA.
Specifically, language switching frequency was not significantly asso-
ciated with inhibitory control in children with both high Uyghur and
Mandarin ELA, but positively associated with inhibitory control in chil-
dren with high Uyghur ELA and low Mandarin ELA and children with
low Uyghur ELA and high Mandarin ELA. Moreover, language switching
frequency was negatively associated with inhibitory control in children
with both low Uyghur and Mandarin ELA. These findings can facilitate
our understanding of the extent to which language switching frequency
affects bilingual children’s inhibitory control.

4.1. Effects of language switching frequency on inhibitory control

The effect of language switching frequency on inhibitory control was
not significant, which suggests that the cognitive advantage provided by
language switching frequency does not apply to all bilingual children.
This non-significant result is consistent with the findings of some recent
studies (e.g., Kalamala et al., 2020; Paap et al., 2021), but inconsistent
with those of Hartanto et al. (2020) and Lai et al. (2020). An explanation
behind the inconsistent results across studies is the existence of other
variables that can moderate the association between language switching
frequency and inhibitory control. We found that the effect of language
switching frequency on inhibitory control was moderated by language
abilities, supporting the claim that bilingual language proficiencies may
lead to differences in language switching cost among bilingual children
(DeLuca et al., 2019).

4.2. Moderating roles of Uyghur ELA and Mandarin ELA

This study identified the three-way interaction effect of language
switching frequency, Uyghur ELA, and Mandarin ELA on inhibitory
control, indicating their importance regarding the effects of language
switching frequency on inhibitory control in Uyghur-Mandarin bilin-
gual children. As an indicator of language production, ELA reflects the
degree of connection between cognitive processing at the conceptual
and lexical levels. Two proposals have attempted to explain the moder-
ating effects of ELA. First, from the level of activation and control, lan-
guage proficiency affects the degree of activation of the two languages,
which may lead to the recruitment of different control mechanisms to
resolve language competition and have adaptive influences on execu-
tive control (Kroll et al., 2015). Second, from language switching cost
perspectives, building on the inhibitory control model (Green, 1998),
the degree of language control applied depends on the relative balance
between the current activation of the two languages. The model indi-
cated that the higher the first language activation level and the lower
the second language activation level, the greater the second language
aftereffect. The results also revealed an enduring down-regulation of
the 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-
guage switching frequency on inhibitory control was different in Uyghur
and Mandarin ELA at various levels. First, language switching frequency
was unrelated to inhibitory control in children with high language abil-
ities in both Uyghur and Mandarin, consistent with previous studies
(Costa & Sebastian-Gallés, 2004; Paap et al., 2014). According to the
computational model proposed by Costa et al. (2017), activation is re-
stricted to one language when two languages reach a given level of pro-
ficiency. This means that bilinguals do not need control mechanisms
to resolve the competition between the two languages. Alternatively,
with language proficiency development, bilinguals may have developed
and automated language-specific control mechanisms (Paap et al., 2014;
Segalowitz & Freed, 2004), which might render inhibitory control un-
necessary. That is, in children with high ELA in both languages, in-
hibitory control is “less affected” by language switching frequency.

Second, language switching showed a significantly positive effect on
inhibitory control in the group of bilingual children with high Uyghur
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and low Mandarin ELA, as well as in children with low Uyghur and
high Mandarin ELA. Our findings show that unbalanced bilinguals ben-
efit from the experience of suppressing the dominant language dur-
ing language switching. Bilinguals with unbalanced languages required
more additional cognitive control when switching between languages
(Declerck et al., 2020; Jiao et al., 2020). In addition, the results showed
that the positive correlation between language switching and inhibitory
control in Uyghur dominant bilinguals was higher than in Mandarin
dominant bilinguals. Based on the inhibitory control model, the degree
of activation/inhibition of the two languages was related to language
ability and determined the switching cost (Costa, 2017; Green, 1998).
When bilingual children use their non-dominant language, they need to
maximize the activation of the non-dominant language and suppress the
interference of the dominant language; when switching to their domi-
nant language, they need to suppress the high activation of the non-
dominant language and activate the suppressed dominant language. In
our study population, the children spent more time in the Mandarin con-
text (in kindergarten) than in the Uyghur context (at home). Thus, the
Uyghur dominant bilinguals might have had a higher language switch-
ing cost. There have been similar discussions about different switching
costs for first versus second language contexts (Timmer et al., 2019).
Thus, Uyghur dominant children are likely to need more inhibitory con-
trol to switch between languages compared with Mandarin dominant
children.

Finally, the results suggest that for children with lower ability in
both languages, more frequent language switching resulted in lower
inhibitory control. One possible explanation for this is that high acti-
vation of the non-target language in low-proficiency bilinguals would
cause more interference when switching. The comprehension and pro-
duction of the target language also require greater cognitive effort. This
kind of excessive cognitive load may bring cognitive costs. According
to the limited-resource model (Eysenck et al., 2007), low-proficiency
bilinguals have difficulty adapting to a language switching context be-
cause their cognitive resources are consumed by language processing,
which leaves fewer resources available for suppressing the interference
from the non-target language (Paap et al., 2019). Taken together, the
resource-related pattern of adaptation provides evidence of individual-
environment interactions (Pluess et al., 2018). Another possible reason
is that a higher cognitive load may cause low-proficiency bilingual chil-
dren to give up control and processing of the language, which may ham-
per cognitive development and learning (Miicke et al., 2020) as well as
inhibitory control development. Thus, for children with weaker devel-
opmental abilities in both languages, a bilingual environment with high
frequency of language switching may not be conducive to the develop-
ment of their inhibitory control.

4.3. Moderating roles of Uyghur RLA and Mandarin RLA

The results showed that RLA in bilingual children had no moder-
ating effect on the association between language switching frequency
and inhibitory control. ELA is associated with high neural activa-
tion and requires conscious attention and task-related cognitive ef-
fort (Cheung et al., 2022). In contrast, RLA is associated with auto-
matic attention, which requires a relatively lower level of language
domain knowledge and cognitive domain ability. This language pro-
cessing requires less language activation or inhibition than expres-
sive 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-
guage might be sufficient for meeting the task requirements of receptive
vocabulary but insufficient for the task requirements of expressive vo-
cabulary (Gibson et al., 2014b). In the context of language switching,
target language activation and inhibitory control are low and insuffi-
cient for producing a moderating effect.
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4.4. Limitations and implications

This study has some limitations that should be considered when in-
terpreting the results. First, this study was cross-sectional, precluding
the examination of causality or directionality. Future studies should ex-
amine developmental changes in this association. Second, we used a par-
ent questionnaire to assess language switching frequency in children.
However, the real-world complexity of bilingualism requires a more
detailed assessment of the context and process of language switching,
which can be considered as topics for future study (Blanco-Elorrieta &
Pylkkanen, 2018). A study in which observational methods are used to
assess both language switching in children and the amount of exposure
to language switching performed by other people may produce helpful
information. Third, we do not consider the direction of language switch-
ing (i.e., Mandarin to Uyghur and Uyghur to Mandarin). Distinguishing
between these two types of language switching is important to link the
relative strengths of both. Future research can further consider the fre-
quency of the two switches.

Despite the limitations, this study significantly contributes to our
understanding of how language experiences shape the development of
inhibitory control in bilingual preschoolers. The study may have some
practical implications. First, the findings can help us better understand
the relationship between language switching frequency, language abili-
ties, and inhibitory control in bilingual preschoolers, which in turn can
help parents and educators create a more supportive environment for
the cognitive development of children with different language abili-
ties. Children with high language ability are less affected by language
environment, while children with unbalanced or poor language abil-
ity may be more affected by their language environment. Language
switching environment cannot simply be regarded as positive or neg-
ative. Children with different language abilities adapt to their envi-
ronment in various ways, which can affect their cognition differently.
Additionally, the findings suggest that expressive and receptive lan-
guage abilities play different roles in the relationship between language
switching frequency and inhibitory control. For bilingual children, ELA
may utilize more complex cognitive processes, and thus may be su-
perior to RLA as an indicator of general language ability in bilingual
preschoolers.

5. Conclusion

This study investigated two aspects of language ability (ELA and
RLA) in bilingual children, as well as the associations among language
switching frequency, language ability (ELA and RLA), and inhibitory
control. The findings suggest that only ELA plays a moderating role in
the association between language switching frequency and inhibitory
control in bilingual preschoolers. Specifically, language switching fre-
quency was positively associated with inhibitory control in children
with high Uyghur ELA and low Mandarin ELA, as well as children with
low Uyghur ELA and high Mandarin ELA. Moreover, language switching
frequency was negatively associated with inhibitory control in children
with both low Uyghur and Mandarin ELA, but not significantly asso-
ciated with inhibitory control in children with both high Uyghur and
Mandarin ELA.
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Appendix 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
switching regarding children and their family members, teachers, and
peers. Parents reported the language switching frequency at home (Item
1). Teachers reported the language switching frequency between teach-
ers and the child at school (Item 2) and between the child and his/her
classmates (Item 3). In the questionnaire, parents and teachers served as
different information sources to help researchers evaluate the frequency
of language switching instances encountered by the young children.
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