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EXECUTIVE FUNCTIONS IN CONNECTION  
WITH THE DEVELOPMENT OF BILINGUAL 

SPEECH OF SENIOR PRE-SCHOOLERS

Vera Khotinets, Oksana Kozhevnikova
Udmurt State University, Russian Federation

ABSTRACT 

The paper analyzes the topical problems of bilingualism effects and its benefits in cogni-
tive control of speech activity in two or more languages. In psychological science, there is 
insufficient research on the cognitive regulation of bilinguals in connection with speech de-
velopment in the first and the second languages especially of children in the pre-school 
period that is characterized by a leap in speech development, functional restructuring, and 
expansion of regulatory resources. There is scarcity of works related to the specifics of cog-
nitive control of speech activity of bilingual children with different levels of language profi-
ciency and usage. The research aim was to examine the regulatory functions coordinative 
and subordinative preschool bilinguals in actualization of speech activity in their native and 
Russian languages. The study involved 65 bilingual children (Udmurt/Russian) aged 5.7 to 
7.5 from preschool institutions of the Udmurt Republic: children with coordinative bilingual-
ism (n = 32, 15 boys, 17 girls) equally speaking both languages and subordinative bilingual-
ism with significant interference of the dominant language (mother tongue) while using the 
other (n = 33, 17 boys, 16 girls). Data collection materials were presented to the subjects 
in two versions: in the native and Russian languages. Theresearch techniques used in the 
study included: the Stroop Color and Word Test, “The Classification of Geometric Figures” 
“Verbal memory” “Visual Memory” “Verbal antonyms,” “Verbal classifications,” “Speech 
development (correction, restoration, completion of statements)” tests. The methods of 
mathematical statistics – descriptive statistics, the Mann-Whitney U-test, the Spearman cor-
relation coefficient were used in data analysis. Based on the results of the empirical study, 
the fact of the absence of significant differences in the cognitive regulation of speech activity 
in the native language of preschoolers with coordinative and subordinative bilingualism was 
established. The obtained research results confirm astatement of Vygotsky’s cultural-his-
torical theory that speech development causes changes in the development of regulatory 
functions. The practical significance of the findings is reinforced by the escalation of emigra-
tion processes in most countries increasing the professional responsibility of educators in 
supporting diversity and preserving the uniqueness of the childhood as an important stage 
in the general development of a person.

Keywords: cognitive flexibility, coordinative and subordinative bilingualism, executive functions, 
interference control, preschool age, speech development, udmurts, working memory. 
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Introduction 

Scientific interest in the effects of bilingualism and multilingualism is 
constantly increasing and focuses on the issues of benefits in cognitive con-
trol of speech activity in two or more languages (Zhou & Krott, 2016). 
The widely used concept of “executive functions” is recently complemented 
by Russian scholars with such terminology as “control functions” associ-
ated with behavior change management (Nikolaeva & Vergunov, 2017) 
and “regulatory functions” providing targeted problem solving and adap-
tive behavior in modified circumstances (Veraksa et al., 2019). As a rule, 
regulatory functions that enhance cognitive processes include inhibitory 
control, working memory (verbal and non-verbal) and cognitive flexibility. 
Inhibitory control blocks and suppresses irrelevant verbal and non-verbal 
information (Bialystok et al., 2004). Cognitive flexibility ensures plasticity 
of cognitive activity in alignment with performance requirements and sub-
ject priorities (Nikolaeva & Vergunov, 2017). Working memory updates 
verbal and non-verbal information in the linguistic context of the target 
language (Samuel et  al., 2018). Along with that, bilinguals demonstrate 
difficulties associated with cognitive linguistic processing: low fluency of 
speech, a low rate of lexical access, a smaller volume of passive vocabulary 
in both languages, etc. (Bialystok et  al., 2014; Medvedeva et  al., 2017; 
Kozhevnikova & Khotinets, 2021). In addition, some scholars found no dif-
ferences between bilingual and monolingual subjects due to the wide age 
range of research samples (Bialystok, 2017; Dick et al., 2019).

The most important contribution to solving the above-mentioned prob-
lem is the research results that demonstrate the choice of strategies and 
ways to solve conflicting objectives in the absence of differences in perfor-
mance between bilingual and monolingual children. A fundamental distinc-
tion is that bilingual children constantly demonstrate compromises between 
speed and accuracy while performing complicated competing tasks. It is 
argued that differences in cognitive problem-solving strategies are caused 
by using two (or more) language systems that affect cognitive processing 
(Struys et al., 2018). According to Bialystok and Craik (2010), the mecha-
nism involved in resolving a potential conflict between two language sys-
tems and choosing a target language is general executive control. The need 
to resolve the conflict in language choice improves regulatory functions 
which, in turn, provides additional advantages in solving complex verbal 
and non-verbal tasks (Emmorey et al., 2008). At the same time, critics of 
bilingual advantages point out that many studies have serious methodo-
logical issues with internal and external validity, the inability to compare 
results due to the multi-determination of bilingual children’s cognitive 
development that is determined by various combinations of sociocultural 
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variables (distance of cultures and similarity of languages), educational sys-
tems and models, educational space and conditions of socialization / indi-
vidualization of the child in the linguistic environment, socio-economic sta-
tus of the family, type of bilingualism of the child, etc. (Haft et al., 2019).

In modern psychology, the problem of correlation of speech and regu-
latory functions in preschool age is associated with solving the issue of the 
direction of their correlation. For the most part, it is empirically confirmed 
that the development of regulatory functions leads to progressive speech 
development. This result is consistent with the idea of gradual increase 
in the cognitive capabilities of children through the development of reg-
ulatory functions. Other studies conducted in the context of Vygotsky’s 
cultural-historical theory demonstrate the opposite pattern: speech devel-
opment causes changes in the development of regulatory functions as chil-
dren with speech deficits have significantly lower results in the develop-
ment of regulatory functions in comparison with normative children. Thus, 
the meta-analysis of studies shows the bidirectional correlation of speech 
development indicators with components of regulatory functions (Veraksa 
et al., 2019; Khotinets & Medvedeva, 2021). The problem of linguistic cog-
nitive processing within interaction of two (or more) language systems and 
linguistic divergence of syntactic structures is also topical today. Bilingual 
children’s cognitive regulation is explored in the context of the necessity to 
choose a language, the effectiveness a particular language system usage for 
cognitive activity implementation. Other important issue is the specifics of 
cognitive control of speech activity of bilingual children in the preschool 
period that is characterized by a leap in speech development, functional 
restructuring, and expansion of regulatory resources.

The aim of this study is to analyze the regulatory functions of preschool 
children with coordinative and subordinative bilingualism in speech activ-
ity in their native and Russian languages. The following research tasks are 
put forward and carried out:

1. To determine the significance of the indicators of regulatory func-
tions in speech activity in native and Russian languages among pre-
school coordinative and subordinative bilinguals.

2. To identify the correlation of regulatory functions with the devel-
opment of bilingual speech in groups of preschool coordinative and 
subordinative bilinguals.

Method
Sampling

The study involved 65 bilingual children (Udmurt and Russian) aged 
5.7 to 7.5 years (M  =  6.53, Med  =  6.5) from preschool institutions of 
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the Udmurt Republic. There are children with coordinate bilingualism who 
equally speak both languages (N = 32, 15 boys, 17 girls) and subordina-
tive bilingualism with significant interference of the dominant language 
(mother tongue) while using the other (N  =  33, 17 boys, 16 girls). The 
fact that boys and girls in both samples did not differ in their regulatory 
functions confirms the results of several studies of asynchronous and het-
erochronous development of regulatory functions within the child popula-
tion (Best et  al., 2009). However, there are gender differences in speech 
development: girls in both groups demonstrated higher results than boys 
(p ≤ 0.05) due to the accelerated rate of their maturation in the preschool 
period (Lynn, 1999).

Parents of bilingual preschoolers were informed about the means and 
methods of interaction with their children. The research subjects were 
homogeneously selected by socio-economic status of the family (middle 
average income, parents’ education level (higher education in groups 
with coordinative bilingualism – 37%, subordinative bilingualism – 34%), 
housing conditions in accordance with established standards, parental 
involvement in the child’s educational process, activity of interaction and 
cooperation with a preschool institution. Based on the results of a written 
survey of parents about the language situation in the family (Medvedeva 
et  al., 2017), only bilingual children using mainly Udmurt language at 
home were included in the research sample. In a preschool institution, 
education process was conducted in a balanced manner in both Udmurt 
and Russian.

Data collection
At the stage of collecting empirical data, standardized methods were 

used in two formats: in native and Russian languages. To detect the level 
of interference control, the Stroop Color and Word Test was implemented 
(Holodnaya, 2004). When children were performing each of the three 
tasks the time was fixed. Then the difference between the time spent 
naming the color of the word (task 3) which does not correspond to its 
meaning and the time spent naming the color of the square (task 2) was 
calculated. The greater the time difference, the larger the interference 
effect and the lower the level of interference control development (con-
trol rigidity). To study cognitive flexibility, the research technique “The 
Classification of Geometric Figures” was used (Abramova, 1999). The main 
task was to classify cards in accordance with three distinguishing features. 
The next task was to independently solve a similar problem of classify-
ing another set of figures according to three features in a verbal form. 
The technique allows to measure cognitive flexibility in the transition 
from one feature (form) to another (color) in the process of classifying. 
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To measure working memory (verbal and visual) and the level of speech 
development, a set of tasks developed by Yasyukova (2008) was used: 
“Verbal memory” “Visual Memory” “Verbal antonyms,” “Verbal classifica-
tions,” “Language Proficiency (correction, restoration, completion of state-
ments)”. Mathematical and statistical analysis of the data using the IBM 
SPSS Statistics 22.0 for Windows software package included: descriptive 
statistics (to calculate the main characteristics of data distribution), the 
Mann-Whitney U test (a nonparametric test to identify significant differ-
ences between indicators); the Spearman correlation coefficient (to detect 
correlations between variables). 

Results 

The summarized results of the research are presented in the Tables 1–4. 
The specificity of regulatory functions of senior preschool coordinative and 
subordinative bilinguals was revealed based on statistical analysis of the 
research data using the Mann-Whitney U-test (Table 1 and Table 2). 

Table 1. Descriptive Statistics and Statistical Assessment of Differences for 
Study Variables (preschool coordinative and subordinative bilinguals’ 
speech activity in native language)

Variable Preschool children 
with coordinative 
bilingualism 
(n = 32)

Preschool children 
with subordinative 
bilingualism 
(n = 33)

U-test The level 
of statis-
tical sig-
nificance 
(р-value)

M SD M SD

1. Interfer-
ence control 

0.835 0.584 0.854 0.601 485.6 0.772

2. Cognitive 
flexibility 

1.913 1.662 2.203 1.826 468.5 0.753

3. Working 
(verbal) 
memory 

5.648 1.117 5.324 1.385 458.5 0.664

4. Working 
(visual) 
memory 

9.221 2.581 8.957 2.637 472.0 0.719

5. Speech 
development

13.002 2.435 13.112 3.926 463.3 0.678



564 Human, Technologies and Quality of Education, 2021

Table 2. Descriptive Statistics and Statistical Assessment of Differences for 
Study Variables (preschool coordinative and subordinative bilinguals’ 
speech activity in Russian language)

Variable Preschool children 
with coordinative 
bilingualism 
(n = 32)

Preschool children 
with subordinative 
bilingualism 
(n = 33)

 U-test The level 
of statis-
tical sig-
nificance 
(р-value)

M SD M SD

1. Interfer-
ence control 

0.841 0.590 2.395 0.685 323.3 0.012

2. Cognitive 
flexibility 

1.907 1.653 2.912 2.041 351.0 0.049

3. Working 
(verbal) 
memory 

5.623 1.338 4.924 1.462 323.5 0.013

4. Working 
(visual) 
memory 

9.155 2.450 9.086 2.557 482.0 0.733

5. Speech 
development

13.537 2.698 8.372 3.8528 145.6 0.001

The interconnections of regulatory functions with development of bilin-
gual speech in groups of preschool coordinative and subordinative bilin-
guals were determined by correlation analysis methodology (Table 3 and 
Table 4). 

Table 3. Correlations for Study Variables (preschool coordinative and 
subordinative bilinguals’ speech activity in native language)

Variable Bilingualism 
type

1 2 3 4 5

1. Interfer-
ence control

coordinative 1 0.345 0.327 0.264 -0.349*

subordinative 1 0.277 0.289 0.012 -0.246

2. Cognitive 
flexibility

coordinative 0.345 1 -0.357* -0.276 -0.594**

subordinative 0.277 1 -0.342 0.138 -0.480**

3. Working 
(verbal) 
memory

coordinative 0.327 -0.357* 1 0.263 0.382*

subordinative 0.289 -0.342 1 0.440* 0.341*

4. Working 
(visual) 
memory

coordinative 0.264 -0.276 0.263 1 0.249

Note. *p < .05. **p < .01



565V. Khotinets, O. Kozhevnikova. Executive Functions in Connection with ..

Table 4. Correlations for Study Variables (preschool coordinative and sub-
ordinative bilinguals’ speech activity in Russian language)

Variable Bilingualism 
type

1 2 3 4 5

1. Interfer-
ence control

coordinative 1 0.298 0.225 0.168 -0.352*

subordinative 1 -0.172 -0.182 0.126 0.283

2. Cognitive 
flexibility

coordinative 0.298 1 -0.385* -0.278 -0.572**

subordinative -0.172 1 -0.139 0.138 -0.280

3. Working 
(verbal) 
memory

coordinative 0.225 -0.385* 1 0.327 0.374*

subordinative -0.182 -0.139 1 0.365* 0.266

4. Working 
(visual) 
memory

coordinative 0.168 -0.278 0.327 1 0.251

subordinative 0.126 0.138 0.365* 1 0.250

5. Speech 
development

coordinative -0.352* -0.572** 0.374* 0.251 1

subordinative 0.283 -0.280 0.266 0.250 1

Note. *p < .05. **p < .01

Discussion

Research results showing the specificity of regulatory functions of pre-
school coordinative and subordinative bilinguals when performing tasks 
in their mother tongue (Table 1) demonstrated no significant differences 
between all study variables. It was also found that bilingual children’s 
speech in the native (Udmurt) language is at a medium level of devel-
opment. The results obtained through using Russian-language techniques 
(Table 2) represent statistically significant differences in the following var-
iables: interference control (U  =  323.3; p  =  0.012), cognitive flexibility 
(U = 351.0; p = 0.049), verbal memory (U = 323.5; p = 0.013), speech 
development (U  =  145.6; p  =  0.001). These findings are in compliance 
with numerous empirical studies proving that the necessity for increased 
cognitive control of bilingual children is associated with the co-activation 
of both languages and the need for linguistic processing in a target lan-
guage which is not required for those who mainly use one (dominant) lan-
guage (Bialystok & Craik, 2010; Struys et al., 2018). Under equal operating 
conditions, to achieve rapid linguistic effectiveness, coordinative bilinguals 
are more demanding to the control system than those who prefer to speak 
one (native) language (Bialystok, 2017).

It should be specified that in the group of children with subordinative 
bilingualism, the mean value of speech development in Russian is in the 
low level when we speak about different types of interference: phonological 
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(transfer of pronunciation skills of the Udmurt language into Russian), lex-
ical (mixing similar words in the two languages) and grammatical (viola-
tion or deviation of grammatical norms of the Russian language due to the 
transfer of grammatical skills of the native language), as well as limited 
active vocabulary. Thus, the findings are consistent with the researchers’ 
dominant position on speech problems of children with heritage bilin-
gualism in preschool age (Ardila, 2012; Medvedeva & Khotinets, 2018; 
Khotinets & Salnova, 2020).

According to the results of correlation analysis of study variables in 
the group of preschool coordinative bilinguals (Tables 3 and 4), close 
correlations between speech development both in the native and Russian 
languages and indicators of regulatory functions (interference control 
(p < 0.05), cognitive flexibility (p < 0.001), speech memory (p < 0.05)) 
were found. In the group of preschool subordinative bilinguals there were 
less intense and less close correlations of regulatory functions (cognitive 
flexibility (p  <  0.01), speech memory (p  <  0.05)) with speech develop-
ment in their native language. In addition, there was a positive correlation 
between visual and verbal memory (p < 0.05) in the conditions of speech 
activity in Russian.

The results obtained in our empirical study can be explained through 
the idea that the need to simultaneously manage two active linguistic sys-
tems increases the cognitive load for regulating the interaction of these 
systems (Bialystok, 2017). From the point of view of modern network mod-
els of the mental lexicon, lexical access to languages in the network is 
activated automatically and simultaneously regardless of the language of 
communication. The emerging intra-and inter-lingual competition of nodes 
(structural elements of artificial neural networks) in the bilingual lexicon 
is carried out due to its resource capabilities (considering age, level of lan-
guage proficiency, conditions of linguistic and cultural socialization) which 
ensure the regulation and execution of functioning processes (Li & Farkas, 
2002; Li et  al., 2007). If the mother tongue dominates in the absence of 
inter-language competition and interference effects when fragments of the 
first language are directly “embedded” in the field of the second language, 
the resource of regulatory control decreases. In addition, in case of linguis-
tic divergence of the syntactic structures of the two languages and a low 
level of proficiency in the second language, the prospect of actualizing it in 
the future weakens.

The revealed correlation between visual and verbal memory in the 
group of subordinative bilinguals in the context of speech activity in the 
second language can be explained in the following way: the apparent dif-
ficulty of speech activity increases cognitive load, in particular, required 
working memory (Bialystok et al., 2004; Bialystok et al., 2008; Fernandes 
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et  al., 2007; Just & Carpenter, 1992; Michael & Gollan, 2005; Rosen & 
Engle, 1997). Most likely, the accumulation of regulatory potential in the 
actualization of speech in the second language of subordinative bilinguals 
is accompanied by a “reconfiguration” of memory modalities (Schneider & 
Kozintseva, 2019).

Conclusions

A theoretical analysis of the research problem showed the ambigu-
ity of positions in understanding the effects of bilingualism on the cog-
nitive development of children and the insufficiency of its studying in 
the pre-school period which is characterized by a leap in speech devel-
opment, functional restructuring, and expansion of regulatory resources. 
Based on the results of the empirical study, the fact of the absence of sig-
nificant differences in the cognitive regulation of speech activity in the 
native language of preschool coordinative and subordinative bilinguals 
was established. Moreover, the advantages of coordinative bilingualism in 
performing tasks requiring blocking and suppression of irrelevant verbal 
and non-verbal information (interference control), plasticity of cognitive 
activity in connection with changing performance requirements and sub-
ject priorities (cognitive flexibility), actualization of verbal and non-ver-
bal information (working memory) in the context of speech activity using 
the means of the second language were revealed. At the same time, in 
the group of preschool coordinative bilinguals, close correlations between 
speech development both in the first and second languages and the indi-
cators of regulatory functions were described. Preschool subordinative 
bilinguals demonstrate less intense and less close connections of regulatory 
functions with speech development in their native language. The obtained 
research results confirm a statement of Vygotsky’s cultural-historical theory 
that speech development causes changes in the development of regulatory 
functions. Previous studies conducted by Russian scholars have proved that 
children with speech deficits show significantly lower results in the devel-
opment of regulatory functions in comparison with normative children. 
However, in modern psychology, the problem of the connection of speech 
and regulatory functions in the aspect of solving the issue of the direction 
of their correlation remains unresolved.

As a perspective of further research, we consider the construction of 
a  model for the development of regulatory functions considering various 
scenarios for the mastery of languages (first, second, third) by children 
of different ages: simultaneous, consecutive, early, later language educa-
tion with the aim of constructing psychological and pedagogical technol-
ogies for the development and support of bilingual children at different 



568 Human, Technologies and Quality of Education, 2021

age periods. So, the problem of multi-determination of the development 
of cognitive structures of bilingual children in connection with contempo-
rary socio-cultural changes pre-empts the choice of new methodological 
strategies in exploring individual resources of subjective regulation in the 
context of language socialization. The practical significance of the research 
results is reinforced by the escalation of emigration processes in most coun-
tries increasing the professional responsibility of educators in supporting 
diversity and preserving the uniqueness of the childhood as an important 
stage in the general development of a person.
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