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This study used a longitudinal method to investigate relations between motor abilities and
mental health in young children. We analyzed longitudinal data of 38 Japanese children
who were 3-6years old. We administered the Movement Assessment Battery for
Children-Second edition (MABC2) and Strength and Difficulties Questionnaire (SDQ) at
3-4 years and 5-6 years of age: MABC2 was used to evaluate each child’s motor ability;
SDQ was used to assess the degree of their mental health difficulties and prosocial
behavior. Logistic regression results indicated that the MABC2 score at 3-4 years can
predict the risk of motor skill impairments at 5-6 years (adjusted odds ratio was 0.354).
Motor ability assessed at 3-4 years, however, did not predict the risk of mental health
problems at 5-6 years. Analyses of longitudinal quantitative changes in motor ability and
mental health confirmed these results. Mental health problems that occurred at 5-6 years
were related only to individual SDQ score differences at 3—-4 years. The MABC2 total score
at 3—-4 years was not related to later prosocial behavior. Boys tended to obtain a lower
MABC2 score at 5-6years. Girls tended to obtain a higher SDQ prosocial score at
5-6 years. Results of this study suggest that motor skill impairment and SDQ-measured
mental health are independent characteristics in young Japanese children aged 3-6 years.

Keywords: preschool children, longitudinal study, motor ability, prediction, SDQ-difficulty

INTRODUCTION

In recent years, relations between motor skill impairment and mental health in children have
received increasing attention (Cairney et al., 2010; Hill, 2010; Mancini et al., 2019). Responses of
parents to questionnaire surveys frequently indicate emotional and behavioral difficulties in children
with developmental coordination disorder (DCD; Emck et al., 2009), a neurodevelopmental disorder
characterized by motor skill impairment and difficulties related to daily living, academic, and
vocational settings (American Psychiatric Association, 2013). Usually, DCD has been diagnosed after
a child has become 6 years old (Blank et al, 2012). Epidemiological studies have revealed that
children quite commonly have DCD and also that this disorder is much more common among boys
than among girls (Kadesjo and Gillberg, 1999; Du et al., 2020). Many reports have described studies
showing DCD comorbidity with other developmental disorders such as attention deficit
hyperactivity disorder (ADHD), dyslexia, and autism spectrum disorders (ASD) (Hulme and
Snowing, 2009; Hirata et al., 2015).

Skinner and Piek (2001) reported from analysis of subjective rating scales that children
(8-10years of age) and adolescents (12-14 years of age) with DCD had lower self-worth in
various domains such as physical, social, and academic domains. Skinner and Piek (2001) also
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reported that children and adolescents with DCD had higher
degrees of anxiety than their peers. Children with DCD
(7-10 years of age) displayed higher rates of emotional and
behavioral difficulties than their peers, based on their teachers’
and parents’ subjective ratings from the Strength and Difficulties
Questionnaire (SDQ; Crane et al.,, 2017).

Reports of some studies have described that these mental
health problems are secondary to motor-related problems that
appear once a child begins elementary school, when they are
challenged by social and peer demands (environmental stress
hypothesis, Cairney et al., 2010; Mancini et al., 2019; Piek et al,,
2008). These findings indicate that monitoring the mental health
of children with a lower degree of motor ability is crucially
important. Almost all such studies, however, have investigated
relations between motor skills and mental health in elementary
school children and adolescents (Emck et al., 2009; Rodriguez
et al, 2019). Few researchers have examined these links in
children as young as 3-6 years.

Almost all earlier reports of the relevant literature describe
studies that have adopted cross-sectional methods (Cairney et al.,
2010; Emck et al., 2009; Mancini et al.,, 2019). Cross-sectional
methods analyze data from a population at one specific point in
time. If children with low motor abilities are growing and
developing along with their mental health problems (Pick
et al., 2008; Cairney et al., 2010; Mancini et al.,, 2019), then
their respective motor capabilities at an early age can facilitate
prediction of the severity of mental health difficulties they might
face at a later age. No report has described a study conducted
using this longitudinal method to test this hypothesis in children
as young as 3 years.

Another causal relation can be postulated. Empirical studies
have revealed that one’s mental state, such as motivation, can
improve movement test performance (Moreno et al.,, 2010). If
some children have high severity of mental health problems in
their early years, such as hyperactivity or anxiety, then these
psychological conditions might prevent the subsequent
development of motor skills (Cantell et al, 1994). It seems
necessary and valuable to clarify relations between motor
abilities and mental health in young children from a
longitudinal perspective.

This study uses a longitudinal method to investigate the
relation between motor abilities and mental health in young
Japanese  children  (Anastassiou-Hadjicharalambous  and
Stylianou, 2011). We applied the Second version of the
Movement Assessment Battery for Children (MABC2;
Henderson et al., 2007) and SDQ (Goodman and Goodman,
2009) to examine 3-6-year-old Japanese children. The former,
MABC2, is used to evaluate a child’s motor ability and is used
worldwide to identify DCD (Blank et al., 2012). The latter, SDQ,
is used worldwide to assess aspects of mental health (Goodman
and Goodman, 2009; Kremer et al.,, 2015; Maurice-Stam et al.,
2018). Many studies have confirmed the general validity and
reliability of these two scales, and specifically for Japanese
children (Matsuishi et al., 2008; Hirata et al., 2018). Despite
the international use of MABC2 and SDQ, few reports of the
relevant literature have described studies investigating these
scales’ predictive value (Griffith et al., 2017; Neilsen et al,
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2019). In actuality, MABC2 and SDQ can provide a
quantitative score and a cut-off point to identify DCD risks
and to clarify aspects of mental health. The cut-off point of
each scale has been used to identify the risk of disorder (Hirata
et al, 2015). The quantitative score provides continuous
information of a participant’s ability. To confirm the
predictive value of MABC2 and SDQ, we conducted
longitudinal analyses using quantitative scores and cut-off
points of these scales.

In fact, the SDQ can evaluate not only the severity of children’s
mental health problems but also the prosocial behavior
(Goodman, 1994). If children with high motor ability are
growing and developing along with good mental health, then
their respective motor capabilities at an early age can predict
positive aspects of mental health at a later age. We also assessed
this point from a longitudinal perspective.

Earlier studies have demonstrated sex differences for MABC2
(Hirata et al,, 2018) and SDQ (Matsuishi et al., 2008; Kremer
et al,, 2015). Hirata et al. (2018) reported significantly higher
MABC2 total scores for Japanese girls aged 3-6 years than for
boys of similar age. Matsuishi et al. (2008) also reported
significantly higher SDQ total scores for Japanese boys than
for girls. In this study, we included participants’ sex for
longitudinal analyses.

AIMS

The purpose of this study was to clarify the relation between
motor abilities and SDQ-measured mental health in Japanese
3-6-year-old children from a longitudinal perspective. We took
two measurements using a longitudinal method. Then, we
analyzed the correlation among variables. Dependent variables
were quantitative scores and cut-off points of MABC2 and SDQ
at the second measurement. Independent variables were
quantitative scores of the MABC2 and SDQ at the first
measurement. We also included participants’ sex among
independent variables. We hypothesized that the degree of
motor ability at an early age can predict the severity of mental
health problems at a later age (Pick et al., 2008; Cairney et al.,
2010; Mancini et al., 2019). The relation between motor ability at
an early age and SDQ-measured prosocial behavior at a later age
was also analyzed.

MATERIALS

Participants

We requested study participation at nursery schools attached to a
university. One nursery school agreed to participate in this
longitudinal study. The activities of Japanese nursery schools
follow the national curriculum. Therefore, this nursery school
does not appear to be a special case. The selection of this school
does not influence the generalizability of study results to any great
degree. Children were included if they had normal or corrected-
to-normal vision and had no apparent illness or condition that
might affect motor skills. Children were excluded if they had a

Frontiers in Education | www.frontiersin.org

November 2021 | Volume 6 | Article 725954


https://www.frontiersin.org/journals/education
www.frontiersin.org
https://www.frontiersin.org/journals/education#articles

Hirata et al.

severe neurological disorder or any physical difficulty. Their
condition was confirmed from interviews of their guardians
and reviews of their records. The parental socioeconomic
status, such as education and income level, was not
investigated, similarly to an earlier Japanese MABC2 study
(Hirata et al., 2018). Participants’ ethnic origins were not
investigated because the Japanese population shows higher
ethnic homogeneity than either European or North American
countries.

Nursery schools typically have three grades in Japan. Each
grade extends from April of 1year through March of the next
year. The nursery schools we investigated had two classes in each
grade. For this study, two measurements were taken using the
longitudinal method. The first measurement was taken during
July-September of 2016 for children of the first-grade classes.
This grade included children late in their third year of age to early
in their fourth year of age. The second measurement was taken
from November 2018 through January 2019 for children of third-
grade classes. In other words, child data were collected at the
beginning (late 3 years of age to early 4 years of age) and the end
(late 5 years of age to early 6 years of age) of 3 years of a nursery
school. The mean (standard deviation) duration between the first
and second measurements was 28.4 (1.3) months.

Movement Assessment Battery for
Children-Second Edition

MABC2 consists of eight subtests that produced a total motor
score and three sub-component scores: Manual Dexterity (MD),
Aiming-Catching (AC), and Balance (BAL). This assessment was
used as an objective assessment of each child’s fundamental
motor abilities. For this study, the test set for the age band 1
(3-6 years) was applied. The test manual was translated from
English into Japanese by two expert psychologists, each of whom
was familiar with psychological testing for young Japanese
children. Then, after exchanging two independently translated
manuals, they were confirmed as not being different from one
another in terms of the methods of task administration,
recording, and scoring of the child’s motor performance
(Hirata et al., 2018).

The MD component includes three tasks: a one-hand posting
task (e.g., “picking up the coins and putting them in the box one at
a time”), a timed bi-manual assembly task (e.g., “picking up the
beads and threading them one at a time”), and an untimed
drawing task (e.g., “drawing as slowly as necessary to keep
within the boundary lines”). The AC component includes
tasks requiring the throwing of an object to a target (e.g.,
“throwing the beanbag with only one hand”), and the catching
of an object using both hands (e.g., “catching the beanbag with
two hands”). The BAL component consists of a static balance task
(e.g., “remain standing on one foot in one place while balancing”)
and two dynamic balance tasks that involve sustained, controlled
movement (e.g., “walking along a line with heels raised without
stepping off the line”), and more explosive action (e.g., “jumping
on mats, inside their boundaries”). Test-retest reliability of the
MABC2, for which the time frame was 2 weeks, was acceptable
(Henderson et al., 2007). The internal consistency of the Japanese
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version of the MABC2 for age band 1 was acceptable (Hirata et al.,
2018).

According to many earlier studies, and particularly
according to a review by Emck et al. (2009), the norms
attached to the test manual were used to convert raw scores
to each age-adjusted standard score (SS) such as eight test
items, three components, and the total score. Sex-specific
norms were not provided (Henderson et al., 2007). The
mean of these SSs was 10. The standard deviation was 3.
Lower SS values reflect poor motor abilities. For the test set
for age band 1, interpretation should be assigned primarily to
the total test score based on confirmed factor analysis (Schulz
et al., 2011; Hirata et al., 2018). The total test score was
analyzed in this study. The 16th percentile of this score was
used as a lower cut-off point to identify the risk of motor skill
impairment or DCD (Henderson et al., 2007).

Strength and Difficulties Questionnaire

The SDQ teacher-reported or parent-reported measure of a
child’s mental health is a 25-item questionnaire. Each item is
rated on a three-point scale. This questionnaire can produce a
total difficulty score and five subscores such as emotional
symptoms  (e.g., often complaining of headaches,
stomachaches, or sickness), negative conduct (e.g., often
losing one’s temper), hyperactive/inattention (e.g., restless,
overactive, cannot remain still for long), peer difficulties (e.g.,
rather solitary, preferring to play alone), and prosocial behavior
(e.g., considerate of other people’s feelings). The total difficulty
score is calculated by adding four subscores such as emotional
symptoms, negative conduct, hyperactive/inattention, and peer
difficulties. This score is 0-40. Higher scores indicate greater
severity of mental health problems. The prosocial behavior
subscore is 0-10. Higher scores indicate a greater degree of
prosocial behavior. Test-retest reliability of the Japanese version
of the SDQ, for which the time frame was 2 weeks, has been
reported as acceptable (Doi et al, 2014). The internal
consistency of the Japanese version of the SDQ is also
acceptable (Matsuishi et al., 2008).

For early assessment of a child’s mental health, the use of the
total difficulty score alone has been recommended (Elberling
et al,, 2010; Goodman and Goodman, 2009). According to the
Japanese norm (Matsuishi et al., 2008), we classified the child’s
mental health based on the total difficulties score. Sex-specific
norms were not provided with the Japanese norms. A score of 12
or higher was regarded as a cut-off point to identify the risk of
mental health problems, i.e., having some need or having high
need for intervention.

Procedure

Ethical approval for the study was obtained from the Research
Ethics Board of Tokyo Gakugei University (No. 282). Consent for
each child’s participation in the study was obtained from proxies.
MABC2 was administered twicee. MABC2 was administered
individually to each child in a quiet room of the nursery
school. On average, 25 min were necessary to complete this
test. Expert psychologists who had been fully trained to
administer MABC2 conducted this test.
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TABLE 1 | Descriptive statistics (N = 38, 15 boys, 23 girls).

3-4years 5-6years

Age in months (Me (IQR)) 46.5 (6.0) 74.5(5.8)
MABC? total score (Me (IQR)) 9.5 (3.8 11.0 3.0
Risk of motor skill impairments® (n (%)) 10 (26.3) 6 (15.8)
SDQ total difficulties score (Me (IQR)) 8.0 (7.0) 7.0 (7.0)
Risk of emotional and behavioral difficulties® (n (%)) 6 (15.8) 7 (18.4)
SDQ emotional symptoms (Me (IQR)) 1.0 (1.0) 1.0 (1.8
SDQ conduct problems (Me (IQR)) 3.0 (8.0 2.0 (8.0
SDQ hyperactive/inattention (Me (IQR)) 0.5 (1.0 1.0 (2.0)
SDQ peer problems (Me (IQR)) 2.0 (2.0 1.0 (3.0)
SDQ prosocial behavior (Me (IQR)) 3.5 (5.0 7.0 (2.8)

Note: Me, Median; IQR, interquartile range.
ACut-off point was 16th percentile.
bCut-off point was 12 points.

When the first and second measurement periods of MABC2
for children started, we provided each class teacher with SDQ
questionnaires for participants. Young Japanese children typically
spend 5days a week in nursery school. Therefore, we used
teacher-report ratings. The teacher was asked to evaluate each
child’s behavior during recent months. The first author collected
the completed SDQ questionnaires at the end of the first and
second measurement periods. In Japanese nursery schools, class
members and class teachers change every year. Consequently,
SDQ raters differed each time.

Statistical Analyses

First, we analyzed the predictive values of the MABC2 total score
and SDQ total difficulty score at 3-4 years for the risk of motor
and mental health difficulties at 5-6years using logistic
regression  analysis. Independent variables were the
participant’s sex (male assigned 1; female assigned zero),
MABC2 total score, and SDQ total difficulty score at
3-4 years. Dependent variables were binary, based on cut-off
points of MABC-2 and SDQ at 5-6 years.

Second, we conducted multiple regression analyses using
quantitative scores to model the longitudinal quantitative
change of motor ability and mental health difficulties in young
children. Independent variables were participants’ sex, the
MABC2 total score, and SDQ total difficulty score at
3-4 years. Dependent variables were the MABC-2 total score,
SDQ total difficulty score, and SDQ prosocial score at 5-6 years.
These statistical analyses were conducted using software (IBM
SPSS Statistics 22; SPSS Japan Inc., Tokyo). Significance of the
results was inferred for p less than 0.05. The statistical power of
each regression analysis using post-hoc procedures was calculated
using G Power 3.1 (Faul et al, 2009). Power above 0.8 was
regarded as acceptable (Cohen, 1992).

RESULTS

This study analyzed the longitudinal data of 38 children (15 boys,
23 girls; aged 3-6 years) who were recruited from one nursery
school in Japan. For the first measurement, we conducted
MABC2 for all children in the first grade [N = 40, median

Motor Ability and Mental Health

TABLE 2 | Logistic regression analysis results.

Risk of motor skill impairment at 5-6 years

Independent variables B OR
Sex 0.388* 195.245
MABC2 at 3-4 years -0.464* 0.354
SDQ at 3-4 years 0.263 1.653
Chi-square 18.237**

Note: g, standardized partial regression coefficient; OR, adjusted odds ratio; **p < 0.01,
*p < 0.05. This logistic regression model was capable of distinguishing between children
at 5-6 years (° = 18.237, p < 0.001).

(interquartile range) was 46.5 (6) months]. We examined all
children in the third grade, but two children subsequently
transferred to another nursery school. Eventually, 38 children
participated in the second measurement [median (interquartile
range) was 74.5 (5.8) months].

Descriptive Statistics

All measured values were tested for deviation from normality.
Shapiro-Wilk normality tests revealed that not all measures were
normally distributed: the MABC2 total score at 3-4 years was
normally distributed (W = 0.957, p = 0.148); the SDQ total
difficulty score at 3-4 years was not normally distributed (W =
0.874, p < 0.001); the SDQ prosocial score at 3-4 years was not
normally distributed (W = 0.927, p = 0.016); the MABC2 total
score at 5-6 years was not normally distributed (W = 0.943, p =
0.052); the SDQ total difficulty score at 5-6 years was normally
distributed (W = 0.952, p = 0.102); and the SDQ prosocial score at
5-6 years was not normally distributed (W = 0.924, p = 0.013).
According to earlier studies (Hirata et al., 2018), the statistical
criteria for Cronbach’s alpha coefficients were set as follows:
values of 0.70-0.80 were considered high; values of 0.60-0.69
were considered acceptable; and values less than 0.50 were
regarded as having poor reliability. Values of the Cronbach’s
alpha coefficients for each scale were ranged from 0.562 to 0.836,
which indicates acceptable internal consistencies among test
items (for the MABC2 total score at 3-4 years: o = 0.636; for
the SDQ total difficulty score at 3-4 years: a« = 0.625; for the SDQ
prosocial behavior score at 3-4 years: o = 0.836; for the MABC2
total score at 5-6 years: o = 0.562; for the SDQ total difficulty
score at 5-6 years: a = 0.775; for the SDQ prosocial behavior score
at 5-6 years: a = 0.797).

Table 1 presents descriptive statistics of participant age and
score for each scale in the first (3-4years) and second
measurements (5-6 years). Each median of the MABC2 total
score of the present sample was of an age-appropriate level. Each
median of the SDQ total difficulty score also indicated a low risk
of mental health problems. Wilcoxon signed-rank test results
revealed no significant difference between the first and second
measurements of the MABC2 total score (V =176.5, p = 0.06). No
significant difference between the first and second measurements
of the SDQ total difficulty score (V = 471.0, p = 0.07) was found
from Wilcoxon signed-rank test results. Four children had been
included in the risk of motor skill impairments group from the
first measurement to the second measurement. Only one child
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TABLE 3 | Multiple regression analyses results.

Motor Ability and Mental Health

At 5-6 years

MABC2 Total score

Independent variables B
Sex -0.310*
MABC?2 at 3-4 years 0.430"
SDQ at 34 years -0.150
R 0.603**
Adjusted R? 0.307

SDQ Total difficulties score SDQ Prosocial behavior

B B
0.239 -0.560"
0.004 -0.101

0.5683* -0.368™
0.624 0.649™
0.335 0.370

Note: f, standardized partial regression coefficient; R, multiple correlation coefficient; R?, coefficient of determination; *: p < 0.05; *: p < 0.01.

had been included in the risk of mental health problems group
from the first measurement to the second measurement.
Wilcoxon signed-rank test results revealed significant
difference between the first and second measurements of the
SDQ prosocial score (V = 552.5, p < 0.01).

Predictive Values of MABC2 and SDQ Score
at 3-4 Years for Risk of Motor and Mental
Health Difficulties at 5-6 Years

Table 2 presents some results obtained from logistic regression
analysis. As a model to predict the risk of motor skill impairment
at 5-6 years, this model was able to distinguish between children
at 5-6years (y*> = 18.237, p < 0.001). This model correctly
identified 34 (89.5%) children. Participants’ sex was found to
be significantly (p = 0.036) and positively associated with the
dependent variable: boys had higher odds than girls for inclusion
in the “risk of motor skill impairments” group (standardized
partial regression coefficient () = 0.388; adjusted odds ratio (OR)
= 195.245; 95% confidence intervals (CI) were 1.402-27173.172).
The score of MABC2 at 3-4 years was significantly (p = 0.034)
and negatively associated with the dependent variable, i.e., lower
MABC2 scores at 3-4years were associated with higher
probability of inclusion in the “risk of motor skill impairment”
group at 5-6years (B = -0.464; OR = 0.35, 95% CI were
0.135-0.925). As a model for predicting mental health
problem risks at 5-6years, this model was not able to
distinguish among children (y* = 4.128, p > 0.05).

Longitudinal Quantitative Change of Motor
Ability and SDQ-Measured Mental Health

Three multiple regression analyses were conducted. Table 3
presents the results of these analyses. The multiple regression
coefficients of each analysis were found to be significant (for the
MABC2 total score at 5-6 years: F; 34 = 6.462, p < 0.001; for the
SDQ total difficulty score at 5-6 years: F5 34 = 7.215, p < 0.001; for
the SDQ prosocial behavior score at 5-6 years: Fs 34 = 8.241, p <
0.001). Post-hoc power analysis revealed that multiple regression
analyses for MABC2 score at 5-6 years had adequate power: 0.92.
Post-hoc power analysis also revealed that multiple regression
analyses for SDQ total difficulty score at 5-6 years had adequate
power: 0.95. Finally, post-hoc power analysis revealed that
multiple regression analyses for SDQ prosocial behavior score

at 5-6 years had adequate power: 0.97. Normal Q-Q plots of each
analysis confirmed the normality of residuals. For the MABC2
total score at 5-6 years, participant sex was significantly (p =
0.032) and negatively associated, i.e., boys tended to obtain a
lower MABC2 score (8 = —0.310; 95% CI were —0.592--0.028).
The MABC2 at 3-4years was significantly (p = 0.004) and
moderately positively associated (8 = 0.429; 95% CI were
0.144-0.715).

For the SDQ total difficulties scores at 5-6 years, the SDQ at
3-4years was found to be significantly (p < 0.001) and
moderately positively associated (f = 0.583; 95% CI were
0.307-0.859). For the SDQ prosocial behavior score at
5-6 years, the SDQ total difficulty score at 3-4years was
significantly (p < 0.001) and moderately negatively associated
(B =—0.368; 95% CI were —0.637-0.100), i.e., a higher SDQ total
difficulty score at 3-4 years was associated with a lower SDQ
prosocial behavior score at 5-6 years. Moreover, participant sex
was significantly (p < 0.001) and negatively associated, i.e., girls
tended to obtain a higher SDQ prosocial behavior score (f =
-0.560; 95% CI were —0.829-0.291).

DISCUSSION

Relation Between Motor Abilities and
SDQ-Measured Mental Health in Young

Children From a Longitudinal Perspective
We hypothesized that the degree of motor capability at an early
age can predict the severity of mental health problems at a later
age (environmental stress hypothesis, Piek et al., 2008; Cairney
et al, 2010; Mancini et al,, 2019). Based on the explanation
presented above, we analyzed the MABC2 total score, the SDQ
total difficulty score, and the SDQ prosocial behavior score.
Results obtained from logistic regression analysis, however,
indicated that motor abilities at 3-4 years are insufficient to
predict the risk of mental health problems at 5-6years.
Individual differences in mental health at 3-4 years, and vice
versa, were also insufficient to predict a risk of motor skill
impairment at 5-6years. Multiple regression analyses
conducted using quantitative scores of each scale yielded
similar results.

These results clarify motor skill impairments and mental
health problems as independent characteristics for 3-6-year-
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old Japanese children. Pick et al. (2008), using a cross-
sectional method, reported similar results obtained for
3-5-year-old children. Earlier studies indicated the
possibility that “long-term” negative experiences related to
low motor ability lead to mental health problems when
growing up (Pick et al., 2007; 2008). Cairney et al. (2010)
assumed that children are exposed to a “cascade” of negative
psychosocial consequences when motor skill difficulties are a
primary stressor. Results of many studies have indicated that
children of this age have higher or optimistically perceived
self-competence (Bouffard et al., 2003; Harter and Pike,
1984). This characteristic of young children might prevent
the development of mental health problems at nursery
school. Pick et al. (2008) pointed out a need to investigate
the relation between motor and social aspects at different
developmental stages. Mancini et al. (2018) emphasized the
same point. Results obtained from the present study support
this idea. Further research must be conducted to clarify the
longitudinal link between motor ability and mental health
during a longer period, such as from young childhood to
adolescence. Individual differences of motor development are
wide. Therefore, the diagnosis of motor skill impairment has
been recommended for children above 6 years (Blank et al,,
2012). From this perspective as well, an investigation
conducted on a larger time scale is reasonable and necessary.

Contrary to the environmental stress hypothesis,
Rodriguez et al. (2019) reported based on results from
their cohort cross-sectional study that children aged
4-5years with motor skill impairment have more Child
Behavior Checklist (CBCL) points measuring psychological
problems. To ascertain the nature of a link between motor
ability and mental health, more research is expected to be
necessary. Specific examination has been made of the high co-
of motor skill impairments and other
developmental disabilities (Hulme and Snowing, 2009;
Hirata et al., 2015). Assessment of the degrees of various
symptoms such as ADHD and ASD must be included in
future research.

This study also investigated the relation between motor ability
at an early age and SDQ-measured prosocial behavior at a later
age. The MABC?2 total score at 3—4 years was not related to later
prosocial behavior. Bart et al. (2007) reported that the motor
abilities of 88 children aged 5 years were positively related to social
and emotional adjustment at an elementary school. Other studies,
however, reported the SDQ prosocial behavior score as negatively
related to fine motor skills in 245 children aged 5 years (Sargisson
et al, 2014). These conflicting results are difficult to explain.
Further research must be undertaken, especially because it is
important to use the same scale such as the MABC2 and the SDQ
among studies. Girls tended to obtain a higher prosocial behavior
score at 5-6 years in this study. A study to establish the Japanese
norm of the SDQ yielded the same result (Matsuishi et al., 2008).
This tendency was in accord with the classical gender
socialization theory (Brody, 1999). The Millennium Cohort
Study of England (n = 9,850) revealed that the SDQ total
difficulty score of children aged 3-7years was related
negatively and in a longitudinal manner to SDQ prosocial
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behavior (Flouri and Sarmadi, 2016). The same result was
obtained from the present study.

Predictive Value of the MABC2

Results indicated that the score of MABC2 at 3-4 years can
predict risk of motor skill impairment at 5-6 years. Multiple
regression analysis supported similar results. Griffith et al. (2017)
reported similar results, indicating the MABC2 score at 4 years of
age as predictive of motor skill impairment at 8 years in children
who had been born preterm. This study was unable to correct
neonatal information such as birth weight and gestational age.
Investigating the relation between neonatal information and
MABC?2 scores in our participants is necessary, but this study
provided evidence of the longitudinal validity of MABC2. This
study’s results indicate the possibility of the usefulness of MABC2
for assessment and early detection of motor skill impairments in
young children.

As described in Methods, MABC2 can produce three sub-
component scores: Manual Dexterity, Aiming-Catching, and
Balance. Hirata et al. (2018) reported that this theoretical
three-component model of MABC2 does not fit Japanese
children aged 3-6years. For that reason, only the MABC2
total score was used for this study. It might be valuable to
ascertain whether the MABC2 sub-components differently
reflect children’s mental health. Additional research must be
conducted to elucidate the use of MABC2 sub-components for
assessment of young Japanese children.

Similarly to earlier studies (Kadesjo and Gillberg, 1999; Du
et al., 2020), this study also revealed that boys tend to have a risk
of motor skill impairment. Du et al. (2020) reported that boys
have a much higher prevalence of DCD than girls based on a
nationally representative sample. They also acknowledged that
this phenomenon is not attributable to single-factor contributions
such as personal, environmental, and genetic factors. Many
studies have indicated that boys have a higher prevalence of
various neurodevelopmental disorders such as dyslexia
(Arnettet al,, 2017), ADHD (Sauver et al, 2004), and ASD
(Hulme and Snowing, 2009). Garcia (1994) reported that sex-
related differences in young children can be attributed more to
socio-environmental factors than to biological factors when
learning motor skills. For example, boys are more likely than
girls to define advantaged social status in terms of motor skills
(Chase and Dummer, 1992). More research is necessary to clarify
the nature of sex-related differences for the MABC2 score of
young Japanese children, especially addressing the two
perspectives of biological factors and socio-cultural factors.

Predictive Value of the SDQ

The SDQ score at 3-4 years was moderately associated with the
SDQ score at 5-6 years, but it did not predict a child’s risk of
mental health problems at 5-6 years. Only one child had been
included in the group with risk of mental health problems from
the first measurement (3-4 years) to the second measurement
(5-6 years). These results revealed that the predictive value of
SDQ was not high for young children aged 3-6 years. Neilsen
et al. (2019) reported that the SDQ sub-scores at 5-7 years were
sufficient to identify mental disorders at 11-12 years.
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Nevertheless, they emphasized the importance of continuous
assessment throughout childhood. One can reasonably infer
mental health problems in early years as risk factors, but not
as decisive factors, leading to mental health problems in later
years. Longitudinal characteristics of SDQ have not been
investigated adequately (Neilsen et al., 2019). Results of this
study indicate the importance of continuous assessment
throughout childhood.

Limitations

This study has some limitations. Only one nursery school
participated in this study. Because of the small sample size,
some statistical analyses might not have adequate power.
Based on results of a priori power analyses, more participants
and nursery schools must be included to reinforce the validity of
these results. Moreover, the 3-year design of this study might not
reflect causal relations between motor skill impairments and
mental health. Future studies must use a longer time scale,
such as that from young childhood to adolescence.

Another shortcoming was that only the teacher-rating SDQ
was used. Triangulation of reporting involving multiple
perspectives such as reported information from parents,
teachers, and clinical psychologists (Crene et al., 2017) must
be incorporated into further studies. The raters differed at each
measuring time point, but earlier studies revealed that SDQ had
good inter-rater reliability (van Widenfelt et al., 2003). Moreover,
the SDQ score at 3—-4 years was moderately associated with the
SDQ score at 5-6 years in this study. Therefore, we think that
rater-differences posed no particular shortcoming. The gap
separating objective motor assessment such as the MABC2
and the subjective child’s mental health questionnaire such as
the SDQ must also be considered. The subjective child’s
psychological questionnaire has a risk of overestimation and
underestimation (e.g., Hirata et al, 2015). To confirm the
reliability of subjective evaluation of a child’s mental health,
triangulation by different raters must be used.

The results of this study of gender differences were consistent
with those found from earlier studies. In the nursery school
investigated this time, unfortunately, there were fewer boys than
girls. This point should also be resolved through future studies.
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