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Background. According to numerous studies, people’s development of executive function is a predictor of their successful acquisition of literacy skills. However, the data on
the relationship between the development of verbal language and executive function in
preschool aged children are insufficient and contradictory.
Objective. The goal of our research was to study the connection between the three
main EF components (working memory, inhibition, and cognitive flexibility) and various
spoken language skills in children of senior preschool age. It is the first stage of a longitudinal study aimed at understanding the relationship between executive function and language development starting from ages 5–6, and proceeding through elementary school.
Design. Our study sample included 279 children aged 5–6 years (M = 5.6 years) attending a senior group in Moscow kindergartens (139 boys and 140 girls). The study used
NEPSY-II diagnostic complex subtests and the Dimensional Change Card Sort (DCCS)
test to measure the level of executive functions (working memory, cognitive flexibility,
and inhibition). Language development (vocabulary, phonemic awareness, and word
generation) was measured by neuropsychological methods (Akhutina, Pylaeva, 2015).
Results. The results of the study showed significant associations between all EF
components and language skills development in preschool children. Oral language skills
were more closely related to the level of development of verbal working memory and
cognitive flexibility than they were to inhibition or visual working memory. Children
with low levels of EF development were significantly less able to cope with tasks such
as understanding prepositional structures, understanding similar sounding words, and
showing verbal fluency, than children with a high EF level. Furthermore, children with
normal and high levels of EF development displayed no significant differences in language development. Thus, the study showed that children with a low level of EF have
difficulties with language development.
Conclusion. Our results provide important details about understanding the relationship between executive functioning and language development in children of senior
preschool age.
Keywords: Preschool age, executive function (EF), language, vocabulary, phonemic
awareness, word generation.
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Introduction
The levels of executive function (EF) and language development are major indicators of development in preschool children (Vygotsky, 1984), forming the basis for
school readiness (Elkonin, 2006; Matthews, Ponitz, & Morrison, 2009), and serving as predictors of further academic achievement (Blair & Razza, 2007; Duff et al.,
2015; Duncan et al., 2007; Willoughby et al., 2012).
According to numerous studies, EF development is a predictor of the successful acquisition of reading and writing skills (Aaron et al., 2008; Cutting et al., 2009;
Cantin et al., 2016; Yeniad et al., 2013). However, the data on the relationship between verbal speech and EF in children of preschool age are insufficient and contradictory (Pazeto, 2014). There are ongoing efforts to do theoretical and empirical
research in this area, as evidence is building up in favor of the view that the level of
EF predicts language development (Blair et al., 2012, Henry, Messer, & Nash, 2012;
Verhagen & Leseman, 2016). Conversely, there are longitudinal studies which have
shown that expressive language in childhood predicts later development of EF
(Kuhn et al., 2014; Petersen et al., 2013).
Executive function
One of the most significant models for understanding EF development has been
proposed by Miyake and his colleagues (Miyake et al., 2000). According to this
model, the neuropsychological basis for mastering one’s behavior is formed by a
group of cognitive skills that enable targeted problem-solving and adaptive behavior in new situations. According to this approach, EF is divided into the following
three main components: 1) working memory; 2) cognitive flexibility, which is associated with the ability to switch from one rule to another; and 3) inhibitory control,
which is supposed to inhibit one’s dominant response to a situation in favor of what
a task requires. Although originally based on the results obtained for adults, the
applicability of this model to describe child development has been confirmed in a
number of studies (Diamond & Lee, 2011; Lehto et al., 2003, Visu-Petra et al., 2013;
Almazova et al., 2016).
Connection between EF and language skills
The existence of a link between EF and language development in preschool age
children has been shown in a number of correlation studies (Blair & Razza, 2007;
Matthews, Ponitz, & Morrison, 2009). For example, Blair and Razza (2007) analyzed the relationship between two EF components (inhibition and switching),
on the one hand, and various academic skills, including speech, on the other. The
study involved 170 children aged 3-5 years. The development of inhibition proved
to be significantly related to a child’s vocabulary, phonological processing abilities,
and letter knowledge, while switching turned out to be associated with vocabulary only. The researchers suggested that these outcomes may support the idea that
inhibition is instrumental in the development of academic skills for children of
preschool age (Blair & Razza, 2007).
A study by Matthews and colleagues (2009), which was conducted on a sample
of 268 3–5 year-old children, revealed a correlation between self-regulation (a multicomponent variable which depends on cognitive skills, including working mem-
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ory, attention control and switching, and inhibitory control) and sound awareness,
whereas its link to vocabulary development (Picture Naming Test) was not established (Matthews, Ponitz, & Morrison, 2009). Many studies have also shown a link
between executive function, and reading and writing skills in the senior preschool
and junior school years (Cutting et al., 2009; Diamond, 2006; Duncan et al., 2007)
The relationship between EF and language development in preschool-aged children has also been revealed by longitudinal studies. Fuhs and Day (2011) studied
the dynamics of EF and language development in 132 children aged 4-5 years for
one academic year. At the beginning and end of the school year, they diagnosed the
development of two EF components (inhibition and switching) and assessed the
children’s school readiness. When processing the autumn and spring data separately,
they found a significant connection between both EF components and the receptive
vocabulary. However, none of the EF components were associated with the results of
the tests measuring expressive vocabulary (as shown in the Picture Naming subtest
of the WPPSI-III). The study also showed that children with a receptive vocabulary
and a high level of phonological awareness (according to the WPPSI) are significantly more successful in developing inhibition and switching abilities than children
with average and low levels of verbal ability (Fuhs & Day, 2011).
In a study by Fuhs and colleagues (2014), 562 four-year-old children were assessed at the beginning and end of their prekindergarten year, and followed to the
end of kindergarten. Researchers report that strong bidirectional associations were
found for the generalized indicators of EF and oral comprehension skills, but not
for literacy skills in the pre-K year. In addition, after controlling for pre-K gains in
both EF and achievement, EF skills continued to be a moderate predictor of kindergarten language gains (Fuhs, Nesbitt, & Farran, 2014).
Evidence of such association discovered later in a study by Pazeto and colleagues
(2014) analyzed the dynamic relationship between EF and language development
in children of preschool age. The study involved 90 children aged 4-5 years who
were tested in their final year of kindergarten and in the first grade. The study revealed significant changes in the level of spoken language competence and reading
and writing skills, while the level of development of all EF components, except for
voluntary attention, remained more or less unchanged. This result shows that language skills develop faster than EF does in children of preschool age. Correlation
analysis showed that the levels of EF and spoken language competence are significantly associated with the development of reading and writing skills, whereas EF
and spoken language skills appear to be relatively more independent of each other.
Similar results showing the dynamic relationship between EF and language
development were obtained in longitudinal studies by Bohlmann and colleagues
(2015) and by Slot and Suchodoletz (2018). Bohlmann and colleagues revealed
a link between the vocabulary and self-regulation skills in 250 children aged 3-5
years. The preschool children underwent three measurement waves during a period
of two years. The results showed that there is a bidirectional relationship between
the variables studied: the larger the child’s vocabulary had been before the study began, the greater the results he or she achieved in the development of cognitive control during the study period; likewise, the level of executive control development
determined the intensity of vocabulary growth. The study by Slot and Suchodoletz
(2018) was aimed at assessing the dynamics of language and EF development in
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227 children aged 3-4 years. When they entered kindergarten, all the children had
their actual level of language and EF development measured, and these levels were
later compared with the end-of-school year data. A bidirectional association was
found to exist between the development of language and of EF. The authors concluded that language development is important for stimulating the development of
EF (Slot & Suchodoletz, 2018).
A number of studies have shown a connection between EF and children’s vocabulary (Blair & Razza, 2007; Fuhs & Day, 2011; Bohlmann, Maier, & Palacios,
2015). However, some of the results are contradictory (Matthews, Ponitz, & Morrison, 2009). It is interesting to note that the picture-naming task often tends to be
unrelated to EF components (Matthews, Ponitz, & Morrison, 2009; Fuhs & Day,
2011). Other studies found a statistically significant connection between listening
comprehension and EF at the preschool age (Blair & Razza, 2007; Matthews, Ponitz, & Morrison, 2009; Fuhs, Nesbitt, & Farran, 2014), unlike a large number of
studies showing the relationship between EF and reading and writing skills (Cutting et al., 2009; Diamond, 2006; Duncan et al., 2007). However, the mechanism
of this association has not been studied sufficiently (Pazeto et al., 2014). It is also
noteworthy that many studies (e.g., Blair & Razza, 2007; Fuhs & Day, 2011) consider only two EF components–inhibition and switching–whereas the connection
between working memory and language skills has been studied to a lesser extent.
Consequently, most of the longitudinal studies have established a bidirectional
relationship between EF and language development in preschool children (Zelazo
et al., 2003; Fuhs & Day, 2011; Slot & Suchodoletz, 2018). These data are also supported by the research of Henry and colleagues (2012), which showed that children
with language impairments had much lower EF developmental outcomes (verbal
and nonverbal working memory, inhibition and planning) than those with normative language development parameters. Researchers note that difficulties remained
even after the diagnostic tasks were adapted to match the children’s speech abilities
(Henry, Messer, & Nash, 2012).
Another group of studies found a significant predictive relationship between
children’s EF measured in the fall of preschool, and their receptive vocabulary measured in the following spring (Blair & Razza, 2007; Montgomery, Magimairaj, &
Finney, 2010; Rose, Feldman, & Jankowski, 2009; Verhagen & Leseman, 2016; Weiland et al. 2014). For example, the study by Rojas-Barahona and colleagues (2015)
found statistically significant changes in the rate of language development taking
place after children were given classes designed to develop their working memory.
The third point of view is based on the model that sees language and EF development as mutually stimulating processes (Bohlmann, Maier, & Palacios, 2015),
a view which is consistent with the cultural-historical approach to understanding
language development and self-regulation in child development (Vygotsky, 1962;
Luria, 1976; Reshetova, 2017).
The data presented in this paper are based on the first wave of a longitudinal
study aimed at understanding the EF-language relationship in children starting
from ages 5-6, and continuing through elementary school. The goal of this research
was to study the connection between all three main EF components (working
memory, inhibition, and cognitive flexibility) and various spoken language skills
in senior preschool age.
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Methods
The sample and procedure of the study
Our sample included 279 children aged 5-6 years (M=5.6 years) who were attending a senior group in Moscow kindergartens (139 boys and 140 girls). All tasks
were carried out by the children in the spring of 2017, individually, in a quiet room.
The parents of the preschool children gave their written informed consent for their
children’s participation in the study. The procedure was approved by the Board of
Ethics, Faculty of Psychology, Lomonosov Moscow State University.
Measures of EF
The test battery consisted of tasks that explored three main EF components in children: working memory, cognitive flexibility, and inhibitory control. Most of methods used in the study were Russian versions of subtests from the neuropsychological complex NEPSY-II, which is designed to evaluate children’s mental development
within the age bracket of 3-16 years (Korkman, et al., 2007). Previous research has
shown the possibility of using these tests on Russian preschool children (Almazova,
Bukhalenkova, & Veraksa, 2016).
To assess verbal working memory, a subtest of the NEPSY-II Sentence Repetition (SR) was used. This subtest is designed to assess the ability to repeat sentences
of increasing complexity and length. A series of sentences was read to a child, who
was then asked to reproduce each sentence immediately upon its presentation.
Each correct repetition of the sentence scores two points. If the child makes one
or two mistakes, the sentence is scored one point; if more mistakes are made, the
sentence is scored 0 points.
To estimate visual working memory, a subtest of the NEPSY-II Memory for Designs (MD) was used. It is designed to assess spatial memory for novel visual material. The child is shown a grid with four to eight designs on a page, which is then
removed from his or her view (subtests 2-5). The child selects the designs from a set
of cards, and places the cards on the grid in the same location as was shown previously. Points are scored separately for correctly remembering the spatial (max=48)
and content (max=24) characteristics of the images. Bonus points are scored for
correctly remembering the integral configurations of the objects and image details
(max=48).
To assess the level of cognitive flexibility, the Dimensional Change Card Sort
(DCCS) method was used (Zelazo, 2006). The children are required to sort a series
of bivalent test cards, first according to one dimension (color), and then according
to another (shape). On the third sorting, a child had to sort the cards according to
an additional factor (cards with borders/cards without borders). The test measures
the child’s ability to regulate his/her behavior according to complex rules, thereby
assessing the level of the child’s cognitive flexibility.
To assess the level of inhibition development, the Inhibition subtest of the NEPSY-II was used. It is designed to assess the ability to inhibit automatic responses
in favor of novel responses, and the ability to switch between types of responses.
During the first step, the child looks at a series of shapes (squares and circles) and
names the shape as quickly as possible (Naming).Then, having named the shapes,
he/she has to switch to an alternate response (“circle” instead of “square” and vice
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versa) (Inhibition). The researcher calculates the number of the children’s corrected
and uncorrected mistakes, and the time it takes them to complete each phase.

Measures of language development
We measured the preschoolers’ vocabulary (naming objects and actions, understanding of logical and grammatical constructions), phonemic awareness (understanding similar sounding words), and word generation (the ability to actualize
words).
The Picture Naming subtest of the WPPSI (2006) (Rzhanova et al., 2018) is
aimed at measuring the preschoolers’ vocabulary. This technique consists of 18 pictures depicting various images that are shown to the child one by one, which he/
she should identify. The child is awarded one point for each correctly performed
task. At the end, the total score is calculated for each task (the maximum amount
being 18 points).
The Naming of Actions (Akhutina, 2016) aims at measuring the preschoolers’
vocabulary (the nominative function of speech). It consists of 15 pictures depicting
different actions. The child is shown pages with images and asked to name what it is
depicted there with one word. The child is awarded three points for giving the exact
name; two points for answering by using several words; one point for similar verbal
substitutions or distortion of the sound structure of the word; and zero points for
an incorrect answer or a noun substitution for a verb. Then the total score is calculated for all the tasks (45 points at most).
The method of Understanding of Logical Grammatical Constructions (ULGC)
(Akhutina, 2016) begins with examining the children’s understanding of active and
passive constructions with direct and reverse word order. The child is offered a
sheet with pairs of pictures depicting variants of reversible situations (for example,
“a girl is caught by a boy”). The researcher reads the sentence and asks the child to
show the picture that matches it. Overall, seven sentences are presented, and one
point is awarded for every correctly performed task. The second part examines
the understanding of prepositional constructions. The material consists of a set of
pictures depicting different mutual spatial arrangements of a box and a keg. The
child is asked to show which picture the arrangement of the objects matches (for
example, “there’s a keg behind the box”). Overall, six prepositional constructions
are presented.
The method of Understanding of Similar Sounding Words (USSW) (Akhutina, 2016) was used to measure a child’s phonemic awareness and verbal working
memory. The child is given two sheets that have ten pictures depicting objects with
similar sounding names. At first, the child is asked to name all the objects. Then
the child is given the names of several objects, which he or she is to memorize and
show in the same order in which they were presented. The number of items named
gradually increases from two to six. Children aged 4-5 years are given tests that
grow in complexity until they make mistakes in three tasks in a row. In each assignment, the child is awarded one point for every correctly identified picture (productivity). Additional points are also awarded for duplications (if the child gives the
right word and a similar sounding one, he gets one point), for changed word order
(one point), omissions (one point), and superfluous words (one point).
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The Verbal Fluency Test (VFT) (Akhutina, 2016) is aimed at measuring the
word actualization process and verbal fluency. It consists of three tasks: the first
one is based on free associations (a child is asked to give as many words as possible
within a minute). Tasks two and three involve directed associations: in two, the
child is asked to name a series of actions for a minute, and in three, to name a series
of animals (While the original test, aimed at elementary school age children, called
for naming a series of plants, we replaced plants with animals, as more appropriate
for preschool children). A similar task is found in NEPSY-II (Korkman et al., 2007).
In each task, we calculated the number of productive associations, i.e., all words
without repetition and inadequate words.

Results
Descriptive statistics
Since the validation of language assessment was carried out on first-graders, let us
first consider the results of these tests for 5-6 years old children (See Table 1).
Table 1
Descriptive statistics of language skills measurements in senior preschool age
Mean

Standard deviation

Picture Naming

13.09

1.970

Naming of Actions

8.73

3.073

ULGC, active, passive constructions

4.57

1.430

ULGC, prepositions

2.68

1.420

USSW, productivity

17.45

7.295

VFT , free associations

17.06

7.344

VFT , actions

7.91

3.517

VFT, animals

11.89

4.525

We observe big standard deviation in the Understanding of Similar Sounding Words test (USSW) implementation that indicates the differences in the
development of the phonemic awareness or verbal working memory of the
preschoolers. The results of the Picture Naming test and the Understanding of
Logical Grammatical Constructions method (ULGC) indicate about the same
level of development of children’s vocabulary. At the same time, the children
vary in performing word generation tasks: naming animals turns out to be easier
than naming actions.

Analysis of the correlation between the indicators
of EF and language skills development
Since one of the tasks at this stage was to examine which EF components were associated with different language skills, we turned to the correlation analysis of the
data (See Table 2).
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.029

.054

.147* .363** –.066

–.090 –.125* –.084

.072

.847

.633

.380

.0 14

.0 0 0

.281

.143

–.076

.019

.027

–.004

.098

.075

.003

–.078 –.142*

.211

.751

.662

.942

.102

.209

.961

.203

.139 *

.074

.093

.113

.0 23

.224

.128

.064

.140*

.126*

.148* .270** .354** –.077

.0 31

.0 22

.0 38

.015

.0 42

.0 21

.252** .317** –.165** –.180** –.139*
.0 0 0

.0 0 7

.0 0 3

.0 23

.171
.114
.062
.068 –.180 **
.271

.003

–.052 –.162** –.124* .132*

.132*

.0 43

.0 31

.177** .166** .157* .185** .321** .526** –.19 0 ** –.110 –.210 ** .001

–.094

VFT,
animals

VFT,
actions

VF , free associations

ULGC
Prepositions

.0 0 0

Inhibition
Cor. Errors

.012

Inhibition
time

Inhibition
Uncor. Errors

.110

Naming
time

MD Total
Score

Naming
Uncor. Errors

MD Bonus

Verbal
WM

MD Spatial

SR

MD Content

Flexibility

Inhibition

USSW,
productivity

ULGC, active, passive
constructions

Naming
of
Actions

Picture
Naming

Visual WM

DCCS

Table 2
Results of the correlation analysis of EF and language skills measurements
(Spearman’s coefficient and significance level)

.0 0 0

.0 0 0

.0 0 0

.209

.0 0 8

.0 0 4

.0 0 6

.0 10

.002

.0 0 0

.0 0 1

.989

.128

.074

.128*

.142*

.129 *

.133* .237** –.084 –.219 ** .032

.097

–.106

.248

.0 47

.0 28

.0 46

.0 35

.135

.103

.123

.093

.110

.114

.049

.052

.142

.083

.072

.436

.078

.067

.072

.082

.211

.283

.249

.190

.0 0 0

.0 0 2

.398

.197

.072

.0 0 1

.624

.279 ** –.063 –.135* –.054
.0 0 0

.324

.0 34

.398

.167** .314** –.041 –.160 ** –.009
.0 0 6

.0 0 0

.510

.0 10

.881

.160 * –.132*
.012

.038

–.052 –148*
.406

Note. ** correlation is significant at the level of 0.01, * correlation is significant at the level of 0.05

.0 18
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The results of both naming tasks (Picture Naming and Naming of Actions) are
significantly associated with the level of development of verbal working memory
(SR), and they are inversely correlated with the number of mistakes in the Inhibition method (the fewer mistakes children make, the better they cope with the naming task), which indicates the link with the ability to self-correct. It is interesting to
note that only the Picture Naming subtest has a significant correlation with cognitive flexibility (DCCS).
A large number of significant correlations were found between the understanding of logical grammatical constructions (ULGC) and tasks on cognitive flexibility
(DCCS), verbal working memory (SR), and inhibition. It is noteworthy that the
understanding of active and passive constructions correlates only with the aspect
of image detail memorization (MD Content) rather than the overall score. At the
same time, the task of understanding prepositions significantly correlates with all
indicators for visual working memory (content, spatial, and bonus scores).
The children’s productivity in the Understanding of Similar Sounding Words
task (USSW) was significantly associated with good results in the working memory tasks (both visual and verbal), cognitive flexibility, and the number of uncorrected errors in the Inhibition subtest, which reflects the information-processing
speed. Such indicators as substitutions and omissions did not have significant correlations with the EF tasks. However, the mistakes associated with the naming of
superfluous words in this task were significantly correlated with cognitive flexibility (r = 0.134, p = 0.025), and those of duplications were linked to the time of
inhibition task performance (r = 0.165, p = 0.007). In other words, the longer it
takes a child to perform the task, the more duplication he has in the phonemic
hearing test.
A child’s productivity on all three tasks of the Verbal Fluency Test (VFT) (free,
action, and animal associations) proved to be significantly associated with verbal
working memory and with the time required for the Naming task in the Inhibition method, which reflects the speed of information processing. At the same time,
the productivity of free association, unlike the others (animal and action word
generation), also correlated with visual working memory. The productivity of free
and animal word generation was also significantly associated with cognitive flexibility (DCCS), while action naming was not. However, the productivity of action
word generation proved to be significantly inversely associated with the number of
corrected mistakes, and was inversely related to the time it took to do the Inhibition task. This result indicates a connection between the ability to generate action
words, and the level of inhibition development.
In sum, oral language skills have the greatest number of significant correlations
with verbal working memory and cognitive flexibility.

Language performance by children with different EF levels
The cluster analysis (using the K-means method) of the results of the children’s
performance on the tests diagnosing cognitive regulation singled out three groups
of children who differed on their level of EF development (Table 3). All differences
between the clusters are significant, except for the number of corrected mistakes in
the Inhibition task (Kraskell-Wallis criterion, p ≤ 0,05).
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It is important to note that children with high levels of EF development significantly differ from those with low levels of EF development on all indicators,
except for the number of corrected mistakes in the Naming task of the Inhibition
subtest (Mann-Whitney’s criterion, p ≤ 0.005). In addition, children with low EF
levels significantly differ in almost all parameters from those with medium EF level
(Mann-Whitney’s criterion, p ≤ 0.005). Only on the correct memorization of image
details (MD Content) and the number of mistakes in both tasks on the Inhibition
subtest are there no differences.
Table 3
Children with different levels of EF development
(centers of clusters, cluster analysis using the K-means method)
Low level
of EF

Medium level
of EF

High level
of EF

Visual Working Memory (MD), Content

34.96

35.60

43.79

Visual Working Memory (MD), Spatial

15.87

18.08

22.73

Visual Working Memory (MD), Bonus

10.76

12.68

34.08

Visual Working Memory (MD),Total Score

61.60

66.36

100.60

Verbal Working Memory (Sentence Repetition)

16

19

20

Cognitive Flexibility (DCCS)

17

19

19

Naming, uncorrected errors

0.9

0.8

0.5

Naming, corrected errors

1.2

0.9

1.3

61.82

43.15

43.25

Inhibition, uncorrected errors

5.2

4.2

2.1

Inhibition, corrected errors

2.4

1.9

2.6

85.09

55.59

56.70

55

130

73

Naming, time

Inhibition, time
Number of children

Children with high and medium EF levels differ less significantly from each
other: nor do they differ in the successful performance of the task on cognitive flexibility (DCCS) and verbal working memory (SR), or the time it takes to complete
the Inhibition tasks (Naming and Inhibition time). However, at the same time,
children with medium EF levels make more mistakes than those with high EF levels. Thus, children with a low level of executive function significantly differ from
the other two groups in terms of the development level of all the EF components.
Therefore, we compared only the two extreme groups–those with low and high
level of EF–on the successful performance of language tasks.
Children with a high level of EF development were more successful in tasks involving understanding of prepositions, understanding of similar sounding words,
and verbal fluency (Table 3). It is important to note that comparison of children
with high and average EF levels did not produce significant differences. Thus, the
results of the cluster analysis showed that it is precisely the low level of EF development which correlates with a low level of language development.
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Table 4
Differences in the performance of language tasks in children with high and low EF levels
(the Mann-Whitney test)
High level
of EF

Low level
of EF

Level of
significance

ULGC, understanding of prepositions

2.9

2.2

0.010

USSW, productivity

18.9

15.5

0.005

VFT, free associations

18.5

15.8

0.039

VFT, actions

8.6

7.4

0.048

VFT, animals

12.2

10.6

0.039

Discussion
The purpose of this stage of the study was to analyze the interrelationship between
EF components and indicators of language development in senior preschool children.
The results of the correlation analysis showed that the level of language development is significantly associated with the scores on the verbal working memory test.
This relationship is logical and natural since the performance of a working memory
task requires the involvement of language functions. Most tasks aimed at language
measurement require one to keep words in one’s memory, which makes language
methods sensitive to the ability to process and retain auditory information in working memory. Thus, the Sentence Repetition subtest may be a good indicator of not
only verbal working memory development, but of language development as well.
Another explanation of this connection is provided by a theory that the development of EF, and in particular that of working memory, allows children to gradually
identify and memorize individual words from the flow of speech interaction, which
in turn helps them to increase their vocabulary (Blair et al., 2012; Montgomery,
Magimairaj, & Finney, 2010; Rose, Feldman, & Jankowski, 2009; Verhagen & Leseman, 2016; Weiland et al., 2014).
Tasks aimed at measuring the understanding of logical and grammatical constructions, and those on phonological processing abilities, have also proved to be
associated with visual working memory. Among other reasons, this can be explained
by the specifics of this task: the analysis of the large number of pictures the child has
to choose from requires a certain level of development of visual working memory
and, in particular, the analysis of the image details.
Most of the language indicators are significantly correlated with cognitive flexibility, which shows the need to switch from one word, picture, or task to others in
the course of their performance. However, the results on the action-naming tasks
(based on naming of pictures and verbal fluency test) were unrelated to this EF
component. Furthermore, the task of action associations (VFT) was related to the
level of development of the inhibitory process, in contrast to other tasks on verbal
generation. We can assume that naming actions is more difficult than object naming for 5-6 year old children, and involves some other higher mental functions.
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The level of development of inhibitory processes has been significantly associated
with the successful performance of the task of understanding logical and grammatical constructions (both on understanding active and passive constructions, and
understanding prepositions). Perhaps children need to suppress wrong answers
in the course of this task. This might also explain the appearance of redundant
words and duplications when children perform the tasks on phonemic hearing:
when choosing the right pictures, it is difficult for children to inhibit those words
on which they reflected during the task, or have met in previous tests. Another explanation for this relationship may that of Zelazo and his colleagues (Zelazo et al.,
2003), who believe that children need words in order to imagine carrying out a task
before creating the hierarchical structure of the rules needed to solve the problem.
It is quite possible that the level of vocabulary, and the ability to compose phrases,
affect the emergence of EF. For example, when a child is learning to distinguish between the words “cat” and “frog,” while being aware that both names are classified
as “animals”, he/she has to learn to organize concepts in a hierarchical order (Hall &
Waxman, 1993). This understanding of the rules resulting from the use of language
may influence the development of the ability to organize the information necessary
for cognitive processes, which includes such EF components as cognitive flexibility
and inhibition (Zelazo et al., 2003).
Thus, oral language skills are more closely related to the level of development of
verbal working memory and cognitive flexibility then to inhibition, which somewhat contradicts the assumption of Blair and Razza (2007) that inhibition is the
most significant executive function for language development at preschool age.
The results of cluster analysis showed that children with low levels of EF development are significantly less able to cope with the tasks of understanding prepositional structures, understanding similar sounding words, and verbal fluency,
compared to children with high EF levels; whereas children with normal and high
levels of EF development display no significant differences in language development. Thus, a low level of EF development has a lot to do with language difficulties.

Conclusion
The results of our study revealed significant associations between all EF components and language skills development in preschool children. These results are consistent with most research in this area (Fuhs & Day, 2011; Pazeto et al., 2014; Fuhs,
Nesbitt, & Farran, 2014, Bohlmann, Maier, & Palacios, 2015; Slot & Suchodoletz,
2018), and shows the need to further investigate the mechanisms behind this connection. Furthermore, we found that children with a low level of EF also have a low
level of language development.
Limitations
The children’s expressive skills were not fully analyzed in our study. For example, a
correlation analysis of EF with the ability to construct long phrases and sequences was not included. Furthermore, we did not measure the children’s articulation
skills. Letter-reading abilities were not included in the study at this stage because
they are not a part of the curriculum for 5-6 year old children in Russian kindergarten.
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