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Highlights

What are the main findings?

• In girls, high motor competence at 5 years 10 months (Time 1) amplified the relation-
ship between cognitive flexibility at Time 1 and emotion comprehension one year
later (Time 2).

• Both verbal and visual working memory at Time 1 predicted emotion comprehension
at Time 2; in girls, motor inhibition at Time 1 predicted emotion comprehension at
Time 2; and in boys, it was cognitive inhibition.

What is the implication of the main finding?

• Joint physical activities, which also challenge executive function skills, may help foster
emotion comprehension development.

• The findings highlight the role of motor interventions and joint physical activities
when it comes to choosing activities for young children.

Abstract

Background/Objectives: Increased screen time partially replaces social interaction, phys-
ical activity, and outdoor play in kindergarten children, leading to a risk of decreased
cognitive, emotional, and motor skills. Children with high motor skills are more
likely to have access to challenging joint activities that promote their cognitive and
emotional development. This study examines the moderating role of motor compe-
tence in the relationship between executive function skills and emotion comprehension.
Methods: A sample of 220 kindergarten children (101 girls, 119 boys) completed the
NEPSY-II subtests and the ‘Dimensional Change Card Sort’ tool for executive function skills
assessment, the Movement Assessment Battery for Children—Second Edition (MABC-2) for
motor competence, and the Test of Emotion Comprehension (TEC) for emotion comprehen-
sion. Executive function skills and motor competence were assessed when children were in
their penultimate year of kindergarten (children were aged on average 5 years 10 months),
and emotion comprehension was assessed one year later, when children were in their
final year of kindergarten. When children were in their penultimate year of kindergarten,
caregivers also reported on children’s passive and active screen time, maternal educa-
tion, and family income, which were used as control variables. Results: For girls, motor
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competence moderated the relationship between cognitive flexibility and later emotion
comprehension. High motor competence amplified this relationship (B = 0.171; SE = 0.066;
95% CI [0.041, 0.302]; p = 0.011). For boys, there were no significant moderation effects.
Conclusions: High motor competence can improve emotion comprehension in kinder-
garten girls. Emotional development may benefit from effective shared motor interventions
for children.

Keywords: school readiness; executive function skills; motor competence; emotion
comprehension; joint activity; kindergarten children

1. Introduction
Over the past two decades, sedentary screen time has increased in childhood [1]. As a

result, digital play and watching video content have partly replaced social communication,
motor activity, and outdoor and dramatic play [2]. Moreover, screen time has also increased
in adult caregivers, at the detriment of engaging in stimulating joint activities with chil-
dren [3]. Reduced quantity and quality of shared adult–child interactions during childhood
risk decrements in intellectual, emotional, and motor processing skills in children, which
are foundational for healthy personal and academic development in adulthood [4,5].

Executive function (EF) skills represent a group of top-down mental governance pro-
cesses that regulate one’s thoughts and behaviors [6]. They sustain goal-directed behavior
within complex contexts or changing contingencies. EF skills are conceptualized through
various models, ranging from unitary to modular frameworks and distinctions like cold
and hot EF skills or domain-general and specific EF skills [7,8]. Contemporary theoretical
discussions include a skeptical view that the construct of EF skills is overpriced and poorly
defined. According to this point of view, EF is an umbrella term for a set of diverse cognitive
processes that share a common factor [7]. Consensus in neuroscience, however, highlights
three core sub-skills of inhibition, working memory, and cognitive flexibility that are con-
nected by hierarchical relationships [6]. Cognitive flexibility represents the highest level
of this hierarchy [9]. It begins to develop actively once inhibition and working memory
are established, typically around the age of 4–5 years [6]. During early childhood, EF skills
develop rapidly and are crucial for readiness for formal schooling because they regulate
healthy growth in cognitive, social, and emotional development [10]. This is particularly
important for the foundational development of emotion comprehension skills [11].

Emotion comprehension refers to the ability to process the nature, causes, and conse-
quences of individual emotions and those of others. This understanding helps one manage
emotions in daily life. Much like EF skills, emotion comprehension in the early years
predicts social and academic performance [12] and personal and professional achievements
in adulthood [13]. Early childhood remains a sensitive period for the active development
of emotion comprehension [14]. Joint activities with caregivers, through communication
and play, represent optimal conditions for emotion comprehension development during
early and middle childhood [15].

There is a positive correlation between EF skills and emotion comprehension [16]. This
association can be explained by Vygotsky’s cultural–historical [17] and Leontiev’s activity
perspectives [15]. According to this approach, EF skills, especially emotion comprehension,
develop during shared adult–child activities. The maturation of emotion comprehension
is not a spontaneous process, but a purposeful one, and dependent upon experiences of
shared cognition with caregivers and play with peers. Alexander Zaporozhets [18], one of
the foremost followers of Vygotskian theory, contends that the emergence of new emotions
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and the ability to understand both personal and others’ emotions are not acquired through
passive perception, but through play and learning. Executive functions are essential
for participating in shared activities, as they enable children to follow rules and social
norms. Among these functions, cognitive flexibility plays a special role because it allows
children to overcome cognitive egocentrism, thereby allowing them to engage in rule-
based play [19]. Such shared activities are almost impossible without following rules; thus,
stronger executive control predicts smoother and more successful participation in shared
experiences. Moreover, well-developed EF skills facilitate perspective-taking and emotional
intelligence. However, mechanisms that moderate the association between EF skills and
emotion comprehension are yet to be fully understood.

Motor competence is often developed during play and learning. It refers to a degree
of proficiency in a variety of physical movement skills [20]. In early childhood, it refers to
fundamental locomotor, object control, and balance skills [20] in addition to simple manual
dexterity skills [21]. This foundational competence forms the basis for the acquisition of
more complex movements and sport-specific skills. High motor competence in childhood
forecasts physical fitness and movement intensity and frequency [22]. It has also been
found to positively predict EF skills [23] and emotional development in children [24].
Nevertheless, the association between motor competence and emotion comprehension, an
important indicator of emotional intelligence, warrants investigation at the transition from
early to middle childhood.

Optimal motor competence remains essential for socialization and personal devel-
opment in childhood. Motor competence grows when children learn new foundational
movement skills through active leisure and sport. Optimal motor skills, especially manual
dexterity skills and fundamental movement skills, predispose children to more oppor-
tunities to participate in a variety of shared play experiences (involving object control
skills, balance skills, running, jumping) [15]. Accordingly, children who are proficient
in fundamental movement skills are likely to have more opportunities to engage in de-
velopmentally challenging activities such as sport, play, and games [25]. Children with
poor motor competence participate less in play and different physical activities with
other children [26]. However, high motor competence alone is insufficient for successful
participation in shared activities, which fundamentally rely on EF skills. Thus, optimal
participation in developmentally challenging activities with adults and peers requires both
advanced motor competence and well-developed EF skills. Based on Vygotsky’s cultural–
historical theory [17] and Leontiev’s activity theory, it is plausible that children’s EF skills
and emotion comprehension are moderated by motor competence [15]. Therefore, motor
competence may strengthen the relationship between EF skills and the development of
emotion comprehension.

Through activities related to play and sport, children are exposed to numerous experi-
ences that involve interaction, cooperation, and competition, which allow them to discover
and regulate their strengths, emotions, and feelings [26]. In middle childhood, EF skills are
positively correlated with motor competence [23], and motor competence is associated with
emotion comprehension [27]. However, the moderating role of motor competence in the
relationship between EF skills and emotion comprehension has yet to be established [25].
This adds further empirical ground that suggests that motor competence moderates the
relationship between EF skills and emotion comprehension in young children.

The literature thus far remains fragmented and is devoted to the relationship between
EF skills and fundamental movement skills, the relationship between EF skills and emotion
comprehension, or the relationship between fundamental movement skills and emotion
comprehension [27]. Motor competence, EF skills, and emotion comprehension have not
been sufficiently addressed with an integrated perspective in middle childhood.
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One cross-sectional study conducted by Li and colleagues [27] examined the mediating
role of EF skills in explaining the relationship between motor competence and emotion
comprehension in children aged 3 to 6 years. Both gross motor skills and EF skills were
significant predictors of emotional understanding. Remarkably, EF skills mediated the
association between gross motor skills and emotional understanding. However, the direct
effect of gross motor skills on emotional understanding weakened when EF skills were
statistically considered as mediators. Although the findings, based on a limited design,
highlight that EF skills, motor competence, and emotion comprehension should be ob-
served as a triadic system, it could be that the association between EF skills and emotion
comprehension is moderated by motor competence. Ideally, this must be examined using a
longitudinal approach.

Boys and girls experience distinct biological and contextual influences on their cogni-
tive, motor, and emotional development [28]. For example, the content and the structure of
the activity of boys and girls are characterized by different behaviors and patterns in social
interaction [29]. Among young boys, play tends to involve physical contact and large motor
activities (e.g., running, jumping), and is more unstructured yet directed by peers [28]. In
contrast, for young girls, play is more structured, verbal, and adult-oriented [29]. Screen
time experiences also differ for girls and boys [30]. Differences in content and structure
of activities associated with gendered parenting and biological influences may thus lead
to differences in the development of EF skills [31], motor competence [32], and emotion
comprehension [10] between boys and girls. Research on such variables should ideally
adopt a sex-stratified approach, comparing boys with boys and girls with girls.

The purpose of this longitudinal study was to investigate the moderating role of motor
competence in the relationship between each EF skill and later emotion comprehension
in boys and girls. More specifically, we aimed to examine whether motor skills at age
5 years 10 months moderate the association between EF skills and subsequent emotion
comprehension one year later, separately in boys and girls. Potential individual and family
characteristics that could influence interpretations, such as screen time, maternal education,
and family income, were controlled to provide net estimates above and beyond the influence
of competing explanations. Based on respective cultural–historical and activity theoretical
perspectives by Vygotsky and Leontiev, we expect that children with higher EF skills will
show higher emotion comprehension, and high motor competence will strengthen this link.
In addition, we expect that these triadic systems will be different in boys and girls, due to
gender differences in the patterns of child development.

2. Materials and Methods
2.1. Participant Selection and Description

All participants in this IRB-approved study were from Moscow, Russia. The inclusion
criteria were as follows: (a) attending kindergarten; (b) typically developing children;
and (c) native Russian speakers. Exclusion criteria were as follows: (a) unwillingness to
participate; (b) prohibition of sports for health reasons; and (c) absence of sports clothing
and footwear for the motor competence assessment. It is important to note that, in Russia,
formal schooling (first grade) starts at an average age of 7.5 years, which is one year later
than in many countries (e.g., in Europe and North America).

During the first stage of the study (Time 1), in April 2023, 311 children in their
penultimate year of kindergarten participated in the assessment of motor competence.
At the time of the EF skills assessment (3 and 6 days after motor competence assessment),
only 293 of these children were in kindergarten, and 4 children refused to complete the
EF skills assessment. At the second stage of the study (Time 2), in March–April 2024,
220 children in their final year of kindergarten with complete motor competence data were



Children 2025, 12, 1381 5 of 14

available for emotion comprehension assessment. Another 73 children were absent from
kindergarten because of illness or shifting to another kindergarten.

This study, therefore, includes 101 girls and 119 boys with complete data on motor
competence at Time 1 and emotion comprehension at Time 2. At Time 1, girls were,
on average, 5 years and 10 months (±3.7 months) and boys 5 years and 10 months
(±3.8 months). At Time 2, girls were, on average, 6 years and 9 months (±3.9 months) and
boys 6 years and 9 months (±3.8 months).

2.2. Measures
2.2.1. Measures: Predictor Variables—EF Skills (Time 1)

All EF skills, except for cognitive flexibility, were assessed using the NEPSY-II sub-
tests [33]. The NEPSY–II Sentence Repetition subtest measured verbal working memory.
Children were required to remember and repeat 17 sentences that progressively increased
in complexity, length, and grammatical structure. Two points were awarded for each
correctly repeated sentence, one point for a sentence with one or two errors, and zero points
for more than two errors (maximum total score = 34). The NEPSY–II Memory for Designs
subtest assessed visual working memory. Across four trials that increased in complexity
and number of images, children viewed a grid containing pictures and then had to select
the appropriate cards and place them on an empty grid in the same locations as previ-
ously shown (maximum total score = 120). The NEPSY-II ‘Inhibition’ subtest evaluated
cognitive inhibition. Children were asked to name, as quickly as possible, forty figures
(squares, circles, and arrows) using the opposite label of what was displayed. Time and er-
ror scores were converted into a combined scaled score ranging from 1 to 20. The NEPSY-II
‘Statue’ subtest measured motor inhibition. Children were instructed to remain still for
75 seconds without opening their eyes, speaking, or moving while auditory stimulus were
presented. They received zero to two points for successfully following instructions during
each 5-second interval (maximum total score = 30). Cognitive flexibility was assessed using
the Dimensional Change Card Sort [34]. This task consists of a set of 23 cards featuring
blue or red rabbits or boats. In the first trial with six cards, the children sorted the cards by
color. In the second trial with six cards, the children sorted the cards by image (rabbits and
boats). In the final trial with 14 cards, children alternated between sorting rules based on
the presence or absence of a frame on the card (maximum total score = 24).

2.2.2. Measures: Moderator Variable—Motor Competence (Time 1)

Motor competence was assessed using the Movement Assessment Battery for Children-2
(MABC-2) [21]. This included three tasks assessing manual dexterity skills, two tasks
assessing object control skills, and three tasks assessing balance. For manual dexterity,
children (1) placed plastic coins into a bank box as quickly as possible, (2) threaded beads
onto a lace, and (3) traced a single continuous line from point A to point B without crossing
the boundaries. For object control, children (4) caught a beanbag thrown by the examiner
with both hands and (5) threw a beanbag in an attempt to land it on a designated target
mat. For balance, children (6) stood on one leg on a mat for up to 30 seconds with arms
free and the opposite foot raised, (7) walked along a line on the floor with heels raised, and
(8) made five consecutive jumps from mat to mat, taking off and landing with both feet
together. Before each task, the examiner provided a standardized verbal explanation and
demonstration, followed by a practice phase with a recommended number of trials. If an
error occurred during practice, the examiner reminded the child of the correct procedure.
Formal trials commenced immediately afterward, with no assistance provided. The total
motor competence score represented the sum of standardized scores across all eight tasks
(maximum total score = 149).
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2.2.3. Measures: Outcome Variable—Emotion Comprehension (Time 2)

Emotion comprehension was assessed using the Test of Emotion Comprehension
(TEC) [35]. The TEC consists of a picture book, separate versions for girls and boys, which
depicts a simple cartoon scenario. Beneath each scenario, there are four emotional outcomes
represented by facial expressions. The examiner reads the story aloud, and the child is
asked select the emotion that best corresponds to the character’s situation by pointing to
one of the four facial expressions. The total score ranges from 0 to 9, with higher scores
indicating greater emotion comprehension.

2.2.4. Measures: Confound Control Variables (Time 1)

To account for potential competing explanations, we included parent or caregiver-
reported variables, such as family income, maternal education, screen time, and child’s
age. Family income was based on the caregiver’s subjective estimate (“below average,”
“average,” or “above average”). Maternal education was recorded in total years of schooling.
Screen time represented the total number of minutes of passive and active screen exposure
per week. Child’s age was measured in months at the time of assessment.

2.3. Procedure

At Time 1, motor competence assessment was conducted first, followed by two ses-
sions assessing EF skills three days later. After the assessment, the children’s caregivers
completed an online questionnaire about sociodemographic data and the child’s screen
time. The questionnaire link was distributed to parents via the kindergarten’s WhatsApp
group. At Time 2, only the emotion comprehension assessment was conducted. All the
assessments were administered individually with each child and performed by specially
trained examiners. During each assessment, the children were allowed to stop the proce-
dure if they did not wish to continue. However, only four children stopped the EF skills
assessment, and no one stopped the other assessments. All assessments were carried out
between 8 am and 12 pm.

The EF skills assessment was divided into two 20-minute sessions, with a three-day
interval between. The first session included tasks assessing verbal working memory and
cognitive inhibition. The second session included tasks assessing visual working memory,
cognitive flexibility, and motor inhibition. The motor competence assessment was held in
the sports hall and took approximately 25–40 min per child. All participants wore their
usual sports clothing and footwear during the procedure. The emotion comprehension
assessment required approximately 10 min per child. Both EF skills and emotion compre-
hension assessments were administered in a quiet room familiar to the children within
their kindergarten setting. A specially designed application for tablets (Samsung Galaxy
Tab A6) was used to administer the EF skills and emotion comprehension tasks. The role of
the examiner was only to monitor how each child performed the tasks on the tablet.

The study was approved by the ethics committee of the Faculty of Psychology of
Lomonosov Moscow State University (approval No: 2023/18) and conducted in accordance
with the Declaration of Helsinki. Caregivers of all participating children were fully in-
formed about the study procedures and provided written informed consent. The MABC-2
was used on a Russian sample for the first time. Therefore, raw scores were converted to
standard scores following the procedures outlined in the original MABC–2 Examiner’s
Manual [18]. The NEPSY-II subtests, the ‘Dimensional Change Card Sort’ tool, and TEC
had been translated and validated for the Russian population [36,37].
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2.4. Data Analytic Procedures

Our sex-stratified analysis examined whether motor skills moderated the relationship
between EF skills and emotion comprehension in kindergarten children. The inferential
analyses were computed in Jamovi 2.0.0.0. Descriptive statistics (means, standard de-
viations, and ranges) were computed for all study variables prior to the main analyses.
First, we conducted comparisons between participants having complete and incomplete
data. The analysis of the structure of incomplete data revealed that 63.03% of boys and
64.36% of girls had complete data on the moderator and confound control variables. The
sex-stratified Levene’s test was not significant for all continuous variables with complete
and incomplete data on passive screen time, active screen time, and maternal education.
Pearson chi-squared tests were also non-significant for the one categorical variable (family
income level) in children with complete and incomplete data, indicating that the data were
missing at random. To correct for attrition bias, multiple imputation by chained equations
(MICE) was applied in SPSS version 23, and five imputed datasets were aggregated for
inferential analyses. Second, to examine data structure and rule out multicollinearity prior
to moderation analysis, Spearman’s correlations were computed among all study variables.
Third, to control for possible third-variable bias, using linear regression, we estimated
the relationship between control variables (child and family characteristics) and predictor
variables (EF skills) and the moderator variable (motor competence). Finally, moderation
analysis tested the hypothetical model in which the association between each EF skill and
emotion comprehension depended on the level of motor competence.

3. Results
Table 1 reports descriptive statistics for the predictor, moderator, outcome, and control

variables in this study before multiple imputation.

Table 1. Descriptive statistics for predictor, moderator, outcome, and control variables.

Boys Girls

N Mean SD Range N Mean SD Range

Predictor variable (Time 1)
Verbal working memory 113 19.2 3.4 12–27 94 19.6 3.4 12–31
Visual working memory 114 71.2 20.5 34–120 94 70.9 19.8 34–120

Cognitive inhibition 117 10.9 3.0 4–18 98 11.1 3.0 5–17
Motor inhibition 115 26.5 3.9 10–30 97 27.2 2.9 14–30

Cognitive flexibility 113 20.1 2.9 10–24 98 20.6 2.8 12–24
Moderator variable (Time 1)

Motor competence 119 69.9 13.5 30–97 101 73.6 11.8 36–94
Outcome variable (Time 2)
Emotion comprehension 119 5.9 1.4 2–9 101 6.0 1.3 2–8

Control variables (Time 1)
Child’s passive screen time, minutes per week 88 536.6 358.6 60–1800 73 549.0 378.4 60–1925
Child’s active screen time, minutes per week 87 163.5 211.1 0–1080 73 171.6 287.1 0–1900

Maternal education 96 16.3 1.4 11–20 81 15.8 1.5 11–20
Child’s age, months 119 70.3 3.8 63–78 101 69.9 3.7 56–79

N % N %
Family income 95 82
below average 5 0

average 68 78
above average 27 22

Table 2 reports Spearman’s correlations between predictor, moderator, outcome, and
control variables separately in boys and girls. It is important to note that correlational analysis
of the EF skills measures indicated that cognitive flexibility was the most highly correlated
with all other EF skills. Also, correlational analysis revealed no strong associations between
motor competence and EF skills, indicating no threat of multicollinearity. The absence of a



Children 2025, 12, 1381 8 of 14

multicollinearity concern provided the methodological basis for testing a moderation model
with EF skills as predictors and motor competence as a moderator variable.

Table 2. Spearman’s correlations between predictor, moderator, outcome, and control variables in
boys and girls.

1 2 3 4 5 6 7 8 9 10 11

2
B 0.230 *
G 0.223 *

3
B 0.184 0.394 ***
G 0.149 0.161

4
B 0.342 *** 0.114 0.015
G 0.154 0.075 0.092

5
B 0.361 *** 0.238 * 0.233 * 0.315 ***
G 0.328 ** 0.246 * 0.183 0.066

6
B 0.033 0.100 0.078 0.340 *** 0.133
G 0.033 0.364 *** 0.007 0.288 ** 0.081

7
B 0.291 ** 0.280 ** 0.207 * 0.020 0.128 0.141
G 0.284 ** 0.260 * 0.171 0.204 * 0.101 −0.049

8
B −0.161 0.138 −0.003 −0.188 −0.167 −0.057 −0.153
G −0.102 0.051 0.078 0.030 0.044 0.019 0.157

9
B 0.002 0.085 0.097 0.017 −0.023 −0.044 −0.051 0.352 ***
G −0.037 0.111 0.021 −0.232 * 0.036 0.027 0.088 0.480 ***

10
B 0.218 * 0.146 −0.010 0.092 0.075 −0.089 0.088 −0.201 * −0.182
G 0.042 0.046 −0.167 −0.057 −0.059 0.027 −0.142 −0.016 −0.127

11
B −0.027 −0.071 0.050 0.188 0.060 0.095 −0.079 −0.006 −0.038 0.140
G −0.024 −0.017 0.103 0.123 −0.209 0.054 −0.014 −0.057 −0.005 −0.081

12
B 0.047 0.133 −0.216 * 0.172 0.061 0.274 ** 0.042 0.045 0.120 −0.246 * −0.004
G 0.085 0.097 −0.216 * 0.166 0.234 * 0.123 −0.155 0.126 0.114 0.193 0.020

Notes. B—boys, G—girls; 1—Verbal working memory, 2—Visual working memory, 3—Cognitive inhibition,
4—Motor inhibition, 5—Cognitive flexibility, 6—Motor competence, 7—Emotion comprehension, 8—Passive
screen time, 9—Active screen time, 10—Maternal education, 11—Family income, 12—Child’s age; * p ≤ 0.05,
** p ≤ 0.01, *** p ≤ 0.001.

Table 3 reports adjusted unstandardized regression coefficients for the relationship
between baseline child and family characteristics (after multiple imputation) and EF skills
and motor competence in boys and girls, respectively. In boys, active screen time predicted
motor inhibition, maternal education predicted verbal and visual working memory, and
the child’s age in months predicted visual working memory, cognitive inhibition, motor
inhibition, cognitive flexibility, and motor competence. In girls, active screen time predicted
verbal working memory, family income predicted motor competence, and the child’s age
in months predicted verbal working memory, visual working memory, cognitive flexibility,
and motor competence.

Table 3. Unstandardized regression coefficients (standard error) reflecting the adjusted relationship
between control variables (screen time, maternal education, family income, child’s age), and EF skills,
and motor competence at Time 1 in boys and in girls.

B (SE)

Control Variables Predictor Variables Moderator Variable

Verbal Working
Memory

Visual Working
Memory

Cognitive
Inhibition Motor Inhibition Cognitive

Flexibility Motor Competence

Boys
Passive screen time −0.001 (0.001) 0.004 (0.003) 0.000 (0.001) 0.001 (0.001) −0.000 (0.000) 0.000 (0.003)
Active screen time −0.001 (0.001) −0.004 (0.004) −0.001 (0.001) −0.002 (0.001) * −0.001 (0.001) 0.001 (0.005)

Maternal education 0.226 (0.107) * 1.803 (0.578) ** 0.189 (0.095) 0.178 (0.123) 0.105 (0.079) −0.031 (0.843)
Family income −0.405 (0.429) −1.188 (2.354) 0.439 (0.398) 0.083 (0.473) 0.441 (0.340) 3.159 (2.038)

Child’s age 0.081 (0.042) 1.063 (0.217) ** −0.082 (0.038) * 0.137 (0.046) ** 0.063 (0.030) * 0.533 (0.164) **
R2 0.053 0.076 0.039 0.052 0.028 0.048

Girls
Passive screen time 0.000 (0.001) −0.005 (0.003) 0.000 (0.000) 0.000 (0.001) 0.000 (0.000) −0.001 (0.003)
Active screen time −0.002 (0.001) * 0.002 (0.004) 0.000 (0.001) 0.000 (0.001) −0.001 (0.001) 0.004 (0.003)

Maternal education −0.064 (0.127) 1.159 (0.697) 0.076 (0.098) 0.019 (0.097) 0.106 (0.082) 0.424 (0.977)
Family income −0.360 (0.446) 2.360 (2.489) 0.672 (0.356) 0.218 (0.387) 0.257 (0.298) 4.238 (1.509) **

Child’s age 0.110 (0.039) * 0.937 (0.210) ** −0.050 (0.033) 0.056 (0.032) 0.067 (0.028) * 0.506 (0.146) **
R2 0.038 0.065 0.115 0.010 0.031 0.071

Notes. * p ≤ 0.05, ** p ≤ 0.01.
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Table 4 reports the relationships between control variables, EF skills, motor skills, and
emotion comprehension one year later. In boys and girls, control variables (passive and
active screen time, maternal education, family income, child’s age) did not predict later
emotion comprehension. For boys, verbal working memory, visual working memory, and
cognitive inhibition significantly predicted subsequent increases in emotion comprehen-
sion. For girls, verbal working memory, visual working memory, and motor inhibition
significantly predicted subsequent increases in emotion comprehension.

Table 4. Unstandardized regression coefficients (standard error) reflecting the relationships between
each EF skill at Time 1 and emotion comprehension at Time 2, and the moderation effect of motor
competence at Time 1 on this relationship in boys and in girls.

Boys Girls

Model with verbal working memory as a predictor
Model info F = 1.799, p = 0.089, R2 = 0.149 F = 1.879, p = 0.077, R2 = 0.176

B (SE) t p η2p 95% CI B (SE) t p η2p 95% CI

Verbal working memory 0.108
(0.050) 2.393 0.019 * 0.065 0.018;

0.197
0.120

(0.041) 2.940 0.004 ** 0.110 0.039;
0.202

Motor competence <0.001
(0.011) 0.079 0.938 0.000 −0.021;

0.023
−0.006
(0.012) −0.524 0.602 0.004 −0.031;

0.018
Verbal working memory *

Motor competence
0.003

(0.003) 1.081 0.283 0.014 −0.003;
0.010

−0.004
(0.004) −1.069 0.289 0.016 −0.012;

0.003

Passive screen time <0.001
(<0.001) −1.695 0.094 0.034 −0.002;

<0.001
<0.001

(<0.001) 1.484 0.142 0.030 <0.001;
0.002

Active screen time <0.001
(<0.001) 0.427 0.671 0.002 −0.001;

0.002
<0.001

(<0.001) −0.466 0.643 0.003 −0.002;
<0.001

Maternal education 0.100
(0.119) 0.842 0.402 0.009 −0.137;

0.337
−0.117
(0.100) −1.173 0.245 0.019 −0.315;

0.082

Family income −0.454
(0.345) −1.315 0.192 0.021 −1.141;

0.233
0.199

(0.350) 0.568 0.572 0.007 −0.499;
0.897

Child’s age, Time 1 0.003
(0.003) 1.080 0.283 0.014 −0.003;

0.010
−0.052
(0.047) −1.113 0.270 0.017 −0.146;

0.041

Model with visual working memory as a predictor
Model info F = 1.453, p = 0.187, R2 = 0.123 F = 1.778, p = 0.096, R2 = 0.169

B (SE) t p η2p 95% CI B (SE) t p η2p 95% CI

Visual working memory 0.017
(0.007) 2.328 0.022 * 0.061 0.002;

0.032
0.022

(0.008) 2.921 0.005 ** 0.109 0.007;
0.037

Motor competence <0.001
(0.011) −0.037 0.970 0.000 −0.023

0.022
−0.016
(0.013) −1.294 0.200 0.023 −0.042;

0.009
Visual working memory *

Motor competence
<0.001

(<0.001) 0.158 0.875 0.000 <−0.001;
0.001

<0.001
(<0.001) 0.692 0.491 0.007 <0.001;

0.002

Passive screen time <0.001
(<0.001) −1.967 0.053 0.045 −0.002;

0.000
<0.001

(<0.001) 1.543 0.127 0.033 <0.001;
0.002

Active screen time <0.001
(<0.001) 0.288 0.774 0.001 −0.002;

0.002
<0.001

(<0.001) −0.841 0.403 0.010 −0.002;
<0.001

Maternal education 0.017
(0.019) 0.142 0.888 0.000 −0.220;

0.254
−0.128
(0.099) −1.288 0.202 0.023 −0.326;

0.070

Family income −0.294
(0.350) −0.841 0.403 0.008 −0.990;

0.401
0.173

(0.352) 0.492 0.625 0.003 −0.529;
0.875

Child’s age, Time 1 −0.004
(0.041) −0.086 0.931 0.000 −0.086;

0.079
<0.001

(<0.001) −1.180 0.242 0.020 −0.149;
0.038

Model with cognitive inhibition as a predictor
Model info F = 1.591, p = 0.138, R2 = 0.129 F = 1.106, p = 0.369, R2 = 0.108

B (SE) t p η2p 95% CI B (SE) t p η2p 95% CI

Cognitive inhibition 0.135
(0.050) 2.691 0.009 ** 0.078 0.035;

0.235
0.086

(0.052) 1.637 0.106 0.035 −0.019;
0.190

Motor competence −0.002
(0.011) −0.208 0.835 0.001 −0.025;

0.020
−0.004
(0.013) −0.291 0.772 0.001 −0.028;

0.021
Cognitive inhibition *

Motor competence
0.000

(0.004) 0.278 0.782 0.001 −0.006;
0.008

0.001
(0.005) 0.238 0.813 0.001 −0.008;

0.012

Passive screen time <0.001
(<0.001) −1.628 0.107 0.030 −0.002;

0.000
<0.001

(<0.001) 1.104 0.273 0.016 −0.000;
0.002

Active screen time <0.001
(<0.001) 0.134 0.894 0.000 −0.001;

0.002
<0.001

(<0.001) −0.012 0.990 0.000 −0.001;
0.001
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Table 4. Cont.

Boys Girls

Maternal education 0.101
(0.117) 0.861 0.391 0.009 −0.132;

0.334
−0.083
(0.107) −0.777 0.440 0.008 −0.296;

0.130

Family income −0.438
(0.348) −1.260 0.211 0.018 −1.130;

0.253
−0.132
(0.370) −0.358 0.722 0.002 −0.869;

0.605

Child’s age, Time 1 0.040
(0.041) 0.949 0.345 0.010 −0.043;

0.123
−0.061
(0.050) −1.216 0.228 0.020 −0.161;

0.039

Model with motor inhibition as a predictor
Model info F = 0.921, p = 0.504, R2 = 0.081 F = 1.422, p = 0.203, R2 = 0.138

B (SE) t p η2p 95% CI B (SE) t p η2p 95% CI

Motor inhibition −0.049
(0.043) −1.124 0.264 0.015 −0.135;

0.037
0.144

(0.061) 2.364 0.021 * 0.073 0.023;
0.266

Motor competence 0.006
(0.013) 0.422 0.674 0.002 −0.021;

0.032
−0.012
(0.014) −0.770 0.444 0.008 −0.039;

0.017
Motor inhibition *
Motor competence

<0.001
(0.003) −0.064 0.949 0.000 −0.005;

0.004
0.003

(0.004) 0.825 0.412 0.010 −0.005;
0.011

Passive screen time <0.001
(<0.001) −1.903 0.060 0.041 −0.002;

<0.001
<0.001

(<0.001) 1.020 0.311 0.014 <0.001;
0.002

Active screen time <0.001
(<0.001) 0.620 0.537 0.005 −0.001;

<0.001
<0.001

(<0.001) 0.562 0.576 0.004 0.000;
0.002

Maternal education 0.132
(0.129) 1.025 0.309 0.012 −0.124;

0.389
−0.069
(0.106) −0.651 0.517 0.006 −0.280;

0.142

Family income −0.378
(0.368) 1.027 0.307 0.012 −1.111;

0.354
−0.069
(0.373) −0.185 0.854 0.000 −0.812;

0.674

Child’s age, Time 1 −0.004
(0.043) −0.103 0.918 0.000 0.089;

0.080
−0.089
(0.049) −1.828 0.072 0.045 −0.186;

0.008

Model with cognitive flexibility as a predictor
Model info F = 1.023, p = 0.426, R2 = 0.090 F = 2.117, p = 0.045, R2 = 0.188

B (SE) t p η2p 95% CI B (SE) t p η2p 95% CI

Cognitive flexibility 0.039
(0.059) 0.665 0.508 0.005 −0.078;

0.157
0.015

(0.055) 0.264 0.792 0.001 −0.096;
0.124

Motor competence 0.003
(0.012) 0.260 0.795 0.001 −0.021;

0.027
0.005

(0.012) 0.418 0.677 0.002 −0.020;
0.030

Cognitive flexibility *
Motor competence

0.004
(0.004) 1.009 0.316 0.012 −0.004;

0.012
0.013

(0.004) 3.017 0.004 ** 0.111 0.004;
0.021

Passive screen time <0.001
(<0.001) −1.914 0.059 0.042 −0.002;

<0.001
<0.001

(<0.001) 1.469 0.146 0.029 −<0.001;
0.002

Active screen time <0.001
(<0.001) 0.658 0.512 0.005 −0.001;

0.002
<0.001

(<0.001) −0.425 0.672 0.002 −0.002;
<0.001

Maternal education 0.102
(0.123) 0.827 0.411 0.008 −0.143;

0.347
−0.084
(0.102) −0.824 0.413 0.009 −0.287;

0.119

Family income −0.325
(0.360) −0.903 0.369 0.010 −1.042;

0.391
−0.205
(0.366) −0.560 0.577 0.004 −0.934;

0.524

Child’s age, Time 1 0.009
(0.041) 0.226 0.822 0.001 −0.073;

0.091
−0.071
(0.047) −1.510 0.135 0.030 −0.166;

0.023

Notes. * p ≤ 0.05, ** p ≤ 0.01.

We observed one significant interaction, only for girls. Motor competence moderated
the relationship between cognitive flexibility at Time 1 and emotion comprehension at
Time 2. Higher motor competence amplified the relationship between cognitive flexibility
and later emotion comprehension. Table 5 reports the decomposition of the interaction
between cognitive flexibility with motor competence levels associated with emotion com-
prehension in girls.

Table 5. Decomposition of the interaction between cognitive flexibility with motor competence Levels
at Time 1 associated with emotion comprehension at Time 2 in girls.

Moderator Variable Level B (SE) t p η2p 95% CI

Low Motor Competence
(Mean − 1 SD)

−0.142
(0.084) −1.683 0.097 0.037 −0.311; 0.026

Average Motor Competence (Mean) 0.015 (0.055) 0.264 0.792 0.001 −0.095; 0.124
High Motor Competence

(Mean + 1 SD) 0.171 (0.066) 2.609 0.011 * 0.085 0.041; 0.302

Notes. * p ≤ 0.05.
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4. Discussion
This study examined the importance of motor competence in kindergarten children.

That is, we examined whether motor competence moderates the link between EF skills,
at age 5 years and 10 months, and emotion comprehension one year later. Given the sex
differences in the development of EF skills, motor competence, and emotion comprehension
in early childhood [10,31,32], we employed a sex-stratified approach to our analysis.

We found that among girls, motor competence strengthened the association between
cognitive flexibility, measured at Time 1, and subsequent emotion comprehension at
Time 2. It might be that girls with high cognitive flexibility and low motor competence
may not be involved enough in many joint activities with peers and adults. Therefore, they
may not have high emotion comprehension. Such girls are likely to engage in activities that
require switching (e.g., academic activities and activities related to needlework and creativ-
ity) and therefore have a high level of cognitive flexibility. However, these activities are
often sedentary, which do not require motor skills. Also, these activities may not provide a
variety of opportunities for shared stimulating activities with others. On the other hand, if
a girl has both high motor competence and cognitive flexibility, she has many opportunities
to participate in different joint activities. Such girls might be more likely to participate in
both verbal and in various motor activities, whereas typically, young girls’ play tends to be
more verbal and less physically active compared to boys [28,29]. Thanks to strengths in
motor and cognitive flexibility skills, girls might be in a better position to develop emotion
comprehension. Cognitive flexibility is necessary for emotion comprehension as the child
needs to understand both one’s own point of view and emotions and those of other people
at the same time [10]. Moreover, the finding that cognitive flexibility demonstrated the
strongest correlations with other EF skills is consistent with prior evidence suggesting
its leading role in the development of EF skills at this age. This pivotal role of cognitive
flexibility may, in fact, also underlie the observed moderation.

In both boys and girls, verbal working memory and visual working memory at
Time 1 predicted emotion comprehension at Time 2. Kindergarten children have already
developed abilities that are tested in simple emotion comprehension tasks, such as the
ability to recognize and name emotions on the basis of expressive cues, ability to understand
how external causes affect the emotions of other people, ability to understand the relation
between memory and emotion [14]. Differences between children with low and high
emotion comprehension are due to performance in such complex tasks. Visual-imaginative
thinking is closely related to visual working memory [38]. And to perform complex emotion
comprehension tasks, a child needs to compare the details of the real picture and the image
that is formed when listening to the story. Morra and colleagues also found that visual
working memory plays an important role in the development of emotion comprehension in
children between 5 and 11 years [11]. Li and colleagues revealed that the change of working
memory after EF skills training could significantly predict the development of emotional
competence in 4-year-old children [16]. Therefore, a child needs to manipulate in working
memory multiple aspects of the context and appearance, mimic, pantomimic, and posture
of the other person, and then combine this information to comprehend their own emotions
and those of others. To understand the emotions of other people, a child needs to listen
to this person clearly, so verbal working memory is required. In addition, to understand
one’s own emotions, a child needs to be able to name such emotions [39]. Therefore, it is
not surprising that verbal working memory and emotion comprehension were related.

Interestingly, girls with higher motor inhibition at Time 1 had better subsequent emo-
tion comprehension at Time 2 compared with girls with lower motor inhibition. Motor
inhibition enables children to inhibit irrelevant behaviors, helping them focus on un-
derstanding their own emotions and those of others [16]. Conversely, boys with higher
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cognitive inhibition at Time 1 had better subsequent emotion comprehension at Time 2
compared with boys with lower cognitive inhibition.

These two sex-stratified findings seem natural. Studies indicate that preschool boys
naturally tend to be more inclined towards both the amount and intensity of physical
activity than girls [40]. Boys’ play is mainly characterized as active and physically assertive,
while girls’ play tends to be more verbal and governed by rules set by adults in order to
maintain social harmony [28]. The characteristics of boys’ play may foster the development
of motor inhibition, while the characteristics of girls’ play may foster the development
of cognitive inhibition. It can be assumed that participation in play is inherent not only
to one’s own sex, but also to the opposite, and contributes to the development of motor
inhibition in girls and cognitive inhibition in boys. Thus, higher motor inhibition in boys
and higher cognitive inhibition in girls may be associated with better subsequent emotion
comprehension, as these children participate more in play with different characteristics.

Several observations are worthy of note. With the exception of child age, most vari-
ables did not significantly predict EF skills and motor competence. We included several
confound controls—such as screen time, family income, and maternal education—given
the association between child screen time, EF skills, and motor competence [1]. Similarly,
studies have shown a link between SES and EF skills and motor competence [41]. Passive
screen time was not a predictor of EF skills and motor competence; active screen time
was only a predictor of motor inhibition in boys and verbal working memory in girls.
A possible explanation is that screen time data was obtained using non-objective measures.
SES was also almost not a predictor of EF skills and motor competence: maternal education
was a predictor only of verbal and visual working memory in boys; family income was
a predictor only of motor competence in girls. The limited predicting role of SES can be
explained by the fact that many mothers had higher education and most families had
average or above average income level. Moreover, caregivers reported family income level
subjectively, meaning that we do not know the real income of the families.

The present study is not without limitations. First, although we found two sex-specific
moderator effects that correspond to natural inclinations and gender socialization, we
cannot imply causal relationships from our findings due to our associative design. Second,
we had no data about adult–child joint activity or other forms of enrichment, as such
activities can impact both motor competence and EF skills [42].

In terms of strengths, we used sex-stratified analysis, and this approach respects the
idea that boys and girls develop in unique ways because of biological and environmental
influences [28]. Furthermore, we controlled for important individual and family character-
istics that could influence the interpretation of the findings. Finally, we used tools to assess
EF skills, motor competence, and emotion comprehension that are recognized as valid
and reliable.

This study offers a better understanding of how motor competence moderates the
association between EF skills and emotion comprehension in kindergarten children. The
findings can serve as a basis for motor interventions that can improve emotion compre-
hension. The novelty of our research lies in its longitudinal design, confound control, and
our findings that are specific to female development. A better understanding of how these
essential elements of early childhood development relate to each other may help educators
create effective joint activities for children.
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