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Abstract

Background The closing of schools and sports clubs during the COVID-19 lockdown raised questions about the pos-
sible impact on children’s motor skill development. Therefore, we compared motor skill development over a one-year
period among four different cohorts of primary school children of which two experienced no lockdowns dur-

ing the study period (control cohorts) and two cohorts experienced one or two lockdowns during the study period
(lockdown cohorts).

Methods A total of 992 children from 9 primary schools in Amsterdam (the Netherlands) participated in this study
(age 5 - 7;47.5% boys, 52.5% girls). Their motor skill competence was assessed twice, first in grade 3 (T1) and thereaf-
ter in grade 4 (T2). Children in control group 1 and lockdown group 1 were assessed a third time after two years (T3).
Motor skill competence was assessed using the 4-Skills Test, which includes 4 components of motor skill: jumping
force (locomotion), jumping coordination (coordination), bouncing ball (object control) and standing still (stability).
Mixed factorial ANOVA's were used to analyse our data.

Results No significant differences in motor skill development over the study period between the lockdown groups
and control groups (p > 0.05) were found, but a difference was found between the two lockdown groups: lockdown
group 2 developed significantly better than lockdown group 1 (p=0.008). While socioeconomic status was an effect
modifier, sex and motor ability did not modify the effects of the lockdowns.

Conclusions The COVID-19 lockdowns in the Netherlands did not negatively affect motor skill develop-

ment of young children in our study. Due to the complexity of the factors related to the pandemic lockdowns

and the dynamic systems involved in motor skill development of children, caution must be taken with drawing gen-
eral conclusions. Therefore, children’s motor skill development should be closely monitored in the upcoming years
and attention should be paid to individual differences.

Keywords COVID-19, Lockdown, Motor skill development, Motor competence, Children, Sex, Socioeconomic status,
4 skills test

*Correspondence:

Anne R.den Uil

arden.uil@hva.nl

Full list of author information is available at the end of the article

©The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativecom-
mons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12889-023-16733-1&domain=pdf

den Uil et al. BMC Public Health (2023) 23:1871

Background

The outbreak of the COVID-19 pandemic disrupted daily
life across the world. For children, it drastically decreased
guided physical activity possibilities through the closing
of sports clubs and schools. In the Netherlands, sports
and physical activities for children were fully cancelled
from March 16th to April 28" 2020. Until July 1st, only
outside sports activities were allowed and competitions
were cancelled. Throughout summer of 2020, all sports
activities were possible again. Primary schools were also
closed on March 16th and reopened fully on June 8th,
while in many schools physical education (PE) hours
were still reduced or fully dropped. Reasons for this
were for example a lack of staff, prioritizing catching up
on the rest of the school curriculum, and organizational
challenges related to offering PE within the still existing
physical distancing measures and the limited number of
children allowed in class. After summer recess children
went back to their regular school curriculum. In Decem-
ber 2020, schools were closed and sports activities were
restricted again. Consequently, for several months school
day routines (including two times 45 min of PE per week
and at least two times 15 min of outside play per day) and
physical activity habits were disrupted.

Due to the amount of time children spend in school,
schools usually offer important opportunities for devel-
oping competence in motor skills. Fundamental motor
skills (FMS) are the building blocks of more advanced,
complex movements required to participate in sports,
games or other context specific physical activity. They
include object control skills (i.e. throwing and catch-
ing), locomotor skills (i.e. hopping, skipping) and bal-
ance or stability skills (i.e. one-foot balance, turning) [1].
As detailed by the developmental model of Stodden et al.
[2], participation in physical activities could be an impor-
tant factor influencing motor skill competence. For such
competence to develop, regular participation in physi-
cal activities and deliberate, instructed practice is nec-
essary [2—4]. While PE classes offer such opportunities
and have been shown to contribute to developing motor
skill competence [5], they were cancelled with the closing
of schools. Several survey studies in different countries
[6-12] show that during the lockdown, participation in
physical activities was strongly reduced and screen time
was increased, while physical fitness decreased and body
mass index increased [13]. In the Netherlands, sports
participation (4 times or more per month) of children
between 5 and 12 years old dropped from approximately
78% in earlier months to 35% during the first lock-
down [12]. Since the closing of schools and sports clubs
impacted children’s opportunities for deliberate practice
in their motor skills, the lockdowns were hypothesized to
negatively impact children’s motor skill development.
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Some initial studies on the effects of the COVID-19
lockdown on (the development of) motor skill compe-
tence indeed confirmed some effects. While two cross-
sectional studies found effects in one of the measured
skills [14, 15], more effects were found by Pombo et al.
[16]. They found that Portuguese children aged six to nine
performed significantly worse after the lockdown than
before the lockdown on five out of six test items of the
motor competence assessment (MCA) [17]. On the other
hand, Carballo-Fazanes et al. [18] studied the long-term
(4-year) changes in motor skill competence in Portuguese
children that were in primary school during the COVID
lockdowns and found almost no changes in motor skill
competence in the total sample and in boys and girls
separately, but did find effects when age and motor ability
at baseline were included. Thereby, the results of studies
on the effects of the COVID-19 lockdowns on motor skill
competence are still mixed and inconclusive.

In addition, the study design of most studies into the
possible effects of the COVID-19 lockdown(s) on the
motor skill development of children thus far lacked a
comparison with motor skill development during a reg-
ular schoolyear. Previously mentioned studies focused
either on a cross-sectional comparisons of groups [14,
15] or on a longitudinal comparison of the COVID-
19 lockdown group [16, 18], but they were not able to
demonstrate altered development compared to a con-
trol group. Therefore, the goal of the present study is
to compare motor skill development of Dutch children
who experienced one or two lockdowns with motor skill
development of children in previous years, who did not
experience such lockdowns. Secondly, given the shown
impact on physical activity levels [19, 20] and motor skill
development [21], the interaction effects of sex, motor
ability and socioeconomic status are studied.

Methods

Design and setting

This longitudinal study aimed to identify possible delays
in motor skill development of Dutch primary school
children who experienced the 2020 and 2021 pandemic
lockdowns, by comparing their motor skill development
to that of children before the pandemic. Nine primary
schools participated that were part of the larger Dutch
MAMBO project, in which the motor skills of children
between 6 and 12 years old were annually assessed. The
selection criteria for schools to be included in the current
study were that data collection must have taken place
in fall and this was done every year from 2017 to 2021
for grades 3 (age 6 years) and 4 (age 7 years), in order to
minimize variability of group characteristics between
cohorts. In a subsample data was also available in grade
5 (age 8 years).
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Lockdowns
During this study two lockdowns took place:

Lockdown 1 (spring 2020) — Schools were closed for
8 weeks. Then for the next 8 weeks, physical educa-
tion was still under restrictions and it was largely up to
schools how to organize it. For example, some schools
still fully cancelled physical education and in some
schools hours were reduced. After this, there was school
recess for 6 weeks.

Organized sports activities for children were fully can-
celled for 6,5 weeks and for 8,5 weeks only outside sports
were allowed and competitions were cancelled. Then,
throughout summer, all sports activities were possible
again.

Lockdown 2 (winter 2020-2021) - the Christmas
holiday was started early, leading to another 8 weeks of
school closure. When schools reopened, physical educa-
tion was less restricted than after the first lockdown.

Organized sports activities were under restrictions
since October, when competitions were cancelled once
again. Per December only outside sports activities were
permitted. Restrictions for sports were only fully lifted
in June, resulting in sports restrictions for a total of
7,5 months.

Participants

Nine primary schools fit the selection criteria and partic-
ipated in the current study. They varied in socioeconomic
status and were spread over different neighbourhoods
in Amsterdam, the Netherlands. Informed consent was
received for 1122 children from these schools. Of these,
two children were excluded due to their age (n=2). At
T1, 67 children were not tested due to absence (n=51),
incomplete data (#=2), injury/physical limitations
(m=12) or behaviour/lack of motivation (n=2). At T2,

Table 1 Descriptive statistics of the study sample
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another 61 children were not measured, due to absence
(n=44), incomplete data (n=4), injury/physical limita-
tions (n=1), behaviour/lack of motivation (n=1), change
of school (n=6) and withdrawn informed consent (n=>5).
This led to a final sample of 992 grade 3 children that par-
ticipated in this study (age 5 — 7, 47,5% boys). All children
were assessed at least two times, in grade 3 (T1) and in
grade 4 (T2). They constituted of four cohorts: control
cohort 1 (CC1), control cohort 2 (CC2), lockdown cohort
1 (LC1) and lockdown cohort 2 (LC2). Two control
cohorts were included to create an estimate of regular
year variations compared to differences with COVID-
19 years. Children in the control cohorts did not expe-
rience any lockdowns before or during the study period.
Children in lockdown cohort 1 experienced the first lock-
down between T1 and T2. Children in lockdown cohort
2 experienced the first lockdown before the study period
and a second lockdown between T1 and T2. In control
cohort 1 and lockdown cohort 1 data was also available
in grade 5 (T3; seven schools). Between T2 and T3, lock-
down cohort 1 thus experienced the second lockdown.
Descriptive statistics on the study sample can be found
in Table 1.

Measures

Gross motor skill data were collected using the 4-Skills
Test [22]. This test is easy to conduct in a school set-
ting and has been found to be both reliable (ICC=0.93,
IRR -0.97) [23] and valid (r=0,58) [24] for its current
use. The 4-Skills Test measures 4 components of motor
skill: 1. Jumping force (locomotion), 2. Bouncing ball
(object control), 3. Standing still (stability) and 4. Jump-
ing coordination (coordination). These subscales com-
prise 11 elements of increasing difficulty. Each element
equals a ‘motor age”: the age based on demonstrated

Cohort Sample size (N) Sex(n, AgeT1 YearT1 YearT2 YearT3 N perSESgroup N per motor ability

% boys—girls) (mean+SD) (low-medium-high) group
(Q1-Q2-Q3-Q4)

Control cohort 1 300 142 - 158 6.67+044 2017 2018 2019 126 -128-46 94 -86-69-51
(473 -52.7%) (N=166)

Control cohort 2 241 112-129 6.55+0.37 2018 2019 - 105-83-53 72-56-52-61
(46.5 - 53.5%)

Lockdown cohort 1 213 107 - 106 6.43+0.39 2019 2020° 2021 94 -80-39 53-69-52-39
(50.2 — 49.8%) (N=136)

Lockdown cohort 2 238 110-128 6.36+0.36 2020° 2021 - 116 -84 -38 91-69-49-29
(46.2 - 53.8%)

Sample sizes are based on the analyses from T1 to T2

2 Data collection took place after the first lockdown

b Data collection took place after the second lockdown
SES: socioeconomic status. Q1-Q2-Q3-Q4: quartile groups
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motor skill competence. This test is based on the
assumption that 80% of children will achieve their
respective age level. For example, 80% of 6-year-old
children are expected to be able to skip. If a child suc-
cessfully skips (and fails at subsequent elements), they
score a motor age of 6. Comparing the total score for
motor age (mean of the four components) to calendar
age leads to a score for ‘motor lead’: a positive motor
lead indicates that a child performs better than to be
expected based on calendar age, a negative motor lead
value indicates a delay compared to what is expected
based on calendar age.

Socioeconomic status (SES) was determined at school-
level based on the postal code of the school, leading to
three SES groups (low, medium, high). Motor Ability
was determined by classifying children into four groups
according to their percentile score at T1 (Ql<p25,
25<Q2<p50, p50<Q3<p75, p75<Q4<100), in which
percentiles scores are based on norm values determined
in van Kernebeek et al. [25].

Procedures

Data collection took place in the physical education (PE)
classes during school hours. The test took approximately
45 min per group. After a general introduction, the chil-
dren were divided over four PE-activities to minimize
the emphasis on measuring and to prevent children from
watching each other. One by one children were called to
perform the test. When all children performed the test
item, groups rotated to the next activity. Data was col-
lected by a pool of test conductors. To ensure protocol
compliance, all our test conductors received training on
conducting the 4-Skills Test. In addition, a test leader
was always present to monitor measurement quality and
to coordinate the testing days. Continuity in data collec-
tion throughout the years was pursued through the pres-
ence of our research coordinator, who was responsible
for measurement quality through supervision and yearly
training of the test conductors.

Data-analyses
A total score for motor age was calculated if three out
of four components were tested. The ‘motor lead” score
was calculated by subtracting a child’s performance
(motor age in years) from its calendar age. The median
score (or 50™ percentile) was set at 0 by subtracting the
norm median scores of the motor lead, derived from a
MAMBO reference sample [25], from the raw motor lead
scores of each child. This way a motor lead value of zero
represents the 50" percentile score (p50).

To assess whether there was a difference in motor skill
development from grade 3 to 4 between the four cohorts,
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motor lead scores were submitted to a mixed factorial
analysis of variance (ANOVA). In case of a significant
interaction effect, post hoc analyses were performed
using paired-sample t-tests with Bonferroni correction
and a one way-ANOVA with Bonferroni-corrected mul-
tiple comparisons on the difference between T1 and T2.
Two-year follow-up for control cohort 1 and lockdown
cohort 1 was done in the same way, by four mixed fac-
torial ANOVA’s with Bonferroni-adjusted post-hoc tests
where needed.

Furthermore, the potential effect modification by sex,
SES and motor ability was analysed. Each of these were
added to the ANOVA separately, resulting in three
extra mixed factorial ANOVA’. In case of a significant
three way interaction, similar follow-up analyses were
performed.

Only complete cases were used. Statistical significance
was set at p < 0,05 for all tests. All statistical analyses were
executed using IBM SPSS Statistics for Windows, Version
28 (Armonk, NY: IBM Corp).

Results

General effects of time, sex, motor ability and SES

in the total sample

The general effect of time was not significant (p=0.467),
meaning that the average motor lead of the total sample
remained similar between T1 and T2. Boys showed more
motor skill development in one year than girls (p =0.020),
while there was no difference in motor skill development
over one year between SES groups (p=0.434). There
was a significant difference in motor skill development
between all four motor ability groups (p<0.001), for
details see the Supplementary Information.

Differences at T1 and T2 between cohorts
There was a significant difference in motor lead on both
T1 (p<0.001) and T2 (p =0.005) between several cohorts,
thus showing yearly variations in motor skill competence
between cohorts (for details see Table 2).

Differences in motor skill development between cohorts
Our results show an interaction effect of time*cohort
(p=0.006): there was a significant difference in motor
skill development over the study period between lock-
down cohort 1 and lockdown cohort 2, see Fig. 1
(»=0.008). Lockdown cohort 2 shows a significant
increase in motor lead between T1 and T2 (p=0.003),
while the other cohorts show no changes between T1 and
T2 (p>0.05), see Table 2. These results indicate that both
lockdown cohorts show no decline in motor skill devel-
opment over the study period compared to the control
cohorts.
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Table 2 Motor lead (years) at T1 and T2 for the four cohorts and the results of the repeated measures ANOVA + paired samples t-tests

Cohort Motor Lead T1 Motor Lead T2
N me SD m® SD T2-T1
Control cohort 1 300 -0.223 1.092 -0.264 1.200 -0.041 Time*cohort
Control cohort 2 241 0014 1.060 0.081 1175 0067 P08 18
Lockdown cohort 1 213 -0.053 0.934 -0.160 1.195 -0.107 p=r
Lockdown cohort 2 238 -0.380 0.936 -0.218 1.116 0.162*
2 significant differences between CC1-CC2, CC2-LC2 and LC1-LC2
b significant differences between CC1-CC2 and CC2-LC2
" significant change in motor lead from T1 to T2
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Fig. 1 The development of motor lead in years from T1 to T2 for the four different cohorts and from T1-T2-T3 for the two follow-up cohorts
(control cohort 1 (CC1), lockdown cohort 1 (LC1)). Two-year follow-up is done in only 7 schools, which accounts for the differences observed

between the samples

Effects of sex, motor ability and SES

Sex and motor ability did not modify the interaction
between time and cohort. Regarding SES, there was a
significant three-way interaction effect (p<0,001): chil-
dren in the low-SES group of lockdown cohort 2 showed
increased motor skills development (change in motor
lead) compared to the other cohorts (see Fig. 2). Specifi-
cally, lockdown cohort 2 (low SES) showed a significant
increase in motor lead between T1 and T2 (p<0,001),
while the other cohorts did not. For medium SES, no
interaction effects were significant. In the high-SES
group, children in lockdown cohort 1 developed sig-
nificantly poorer than in control cohort 2 (p<0.001) and
lockdown cohort 2 (p=0.010), but children in control
cohort 2 also progressed more than children in control
cohort 1 (p=0.043). In this high-SES group, motor lead
significantly increased from T1 to T2 in control cohort 2
(p<0.001), but significantly decreased in lockdown cohort
1 (p=0.002). For details, see Supplementary Information.

Two year follow-up

Two year follow-up data show no significant difference
in motor skill development between the two cohorts
(p=0.968), with motor lead not significantly changing
over time in both cohorts (see Supplementary Informa-
tion). Similar to the four-cohort analyses, there were no
modification effects of sex and motor ability. A significant
interaction was found for the effect of SES (p=0.012).
Specifically, in the low-SES group, motor lead of chil-
dren in the control cohort significantly decreases with
time from T1 to T3 (p=0.035), while in the lockdown
cohort this is not the case (p>0.05). In the medium-SES
group there was a difference in motor lead development
between cohorts from T2 to T3 (p=0.038), with children
in the lockdown cohort showing a significant decrease in
motor lead from T2 to T3 (p=0.009) and from T1 to T3
(p=0.034), while the motor lead of children in the con-
trol cohort shows no significant changes. No data on the
high-SES group is available in this sample.
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Fig. 2 The development of motor lead in years in low-, medium- and high-SES groups from T1 to T2 for the four different cohorts and from T1-T2-T3
for the two follow-up cohorts (control cohort 1 (CC1), lockdown cohort 1 (LC1)). Two-year follow-up is done in only 7 schools, which accounts
for the differences observed between the samples. Therefore, no data on the high-SES group is available in this sample

Discussion

In this study we compared motor skill development of
primary school children in Amsterdam (the Netherlands)
over a one and two year period during the 2020 and 2021
COVID-19 lockdowns to that in pre-COVID years 2018
and 2019. Our results show that the COVID-19 lock-
downs in the Netherlands did not result in significantly
poorer motor skill development among the children
in our study. Sex and motor ability did not cause sig-
nificant interaction effects between the lockdowns and
children’s motor skill development. It was anticipated
that especially children in low SES areas would be most
adversely affected in terms of their motor skill develop-
ment. Our results, however, showed that their motor
skills developed even better during the lockdown years
compared to the control cohorts that were measured
in the years before the lockdowns. Unexpectedly, it was
the motor skill development of the high-SES group that

had worsened in the lockdown cohort 1 compared to the
other cohorts.

From previous research it might be expected that
children affected by the Covid-19 lockdowns would
show poorer motor skill development compared to
children in control cohorts [14—16, 18]. However, our
findings do not support this. This might be due to
several factors. Firstly, there are relatively few stud-
ies done on this topic, and those that have been done
show significant differences in study designs, e.g. Abe
et al. [15] and Vrieswijk et al. [14] made cross-sectional
comparisons between two different samples: one before
the COVID-19 lockdown and one after the COVID-19
lockdown. It is possible that the detected differences in
these studies are simply natural variation between sam-
ples, especially when samples are not identical in terms
of for example schools or socioeconomic status. In our
data we observed variation in motor skill competence
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at T1 between cohorts, despite matching of the samples
in terms of participating schools and period of meas-
urement. Secondly, it could also be that only young
children (<6 years) were affected in their motor skill
development and that motor skill development of older
children is more robust against changes in the envi-
ronment, since both Vrieswijk et al. [14] and Carballo-
Fazanes et al. [18] mostly found significant differences
in the youngest age group and not in the older children.

An important issue in comparing studies on the effects
of the lockdowns between countries is that the character-
istics of the lockdowns varied widely between countries.
For example, in Portugal children were home-schooled
until the end of the schoolyear and all physical activities
for children were cancelled until September 2020, while
children were discouraged to spend a lot of time outside
[16]. In Canada, for example, many cities even closed
their playgrounds and parks [10], depriving children from
outdoor physical activity opportunities. In the Nether-
lands, families were allowed to go outside and engage in
outside activities freely. While school and sports groups
were closed for Dutch children as well, their outside free-
play activities were not tightly restricted. Additionally,
perceptions of restrictive measures [26] and compliance
with restrictive measures [27] differed between coun-
tries. Possibly, the lockdown in the Netherlands did not
restrict physical activities to the extent that it impacted
the development of motor skill competence. In other
countries this may have been different.

It seems like many factors during the lockdown come
into play in shifting of physical activities and it appears
that we cannot simply state that COVID-19 related
restrictive measures have resulted in deterioration of
motor skill competence in children. Certain factors are
directly related to COVID-19, such as imposed lock-
down measures, perception of and compliance to these
measures [26, 27], the amount of attention for mainte-
nance of physical activity participation during the pan-
demic (both on a country level and on a school and
parent level) and personal factors that define to what
extent children were actually facilitated and able to
maintain a certain level of physical activities [28, 29].
Other factors are related to motor skill development:
it becomes more and more apparent that motor skill
development in general is the result of complex inter-
relations of factors. While it is often assumed that more
physical activity automatically leads to more motor skill
development, many studies do not seem to support this
[30]. While Stodden et al. [2] describe multiple factors
(physical activity, physical fitness, perceived motor com-
petence, weight status) interacting and leading to motor
skill development, other factors beyond these, such as
environmental factors, have been identified [31, 32].
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Although a long-term impact of the COVID-19 lock-
downs on motor skill development could come to light
in the future, it could therefore also be that the direct
effects of the pandemic lockdowns are, at least on a
group level, smaller than expected.

General conclusions on motor skill development dur-
ing the pandemic worldwide are therefore at least difficult
to make. In the Netherlands, it seemed like there quickly
was increased attention to maintaining physical activi-
ties. Our explorative questionnaire amongst PE teach-
ers in Amsterdam revealed that several teachers offered
digital classes or developed at home exercises during
the lockdown. Similarly, especially during the first lock-
down, some parents were also at home and were poten-
tially more available to partake in activities with their
children. In a Dutch survey, parents indicated that they
encouraged their children to do physical activities more
than usual, and they often did this by doing activities
together with their child [33]. It is also possible that chil-
dren played outside more than usual, since school is an
important source of sedentary time [34, 35]. That same
Dutch survey indicated that the percentage of children
that played outside more than 10 h a week increased.
It should be noted that these results are based on self-
report surveys and no direct measurements of physical
activity were done [33]. Nonetheless, such undertaken
home activities may have prevented significant delays in
motor skill development.

Our results show no influence of sex and motor abil-
ity on lockdown effects. Such modifying effects of sex
could have been present due to the dis- and reappear-
ance of typical sex differences in physical activity levels
[19] found during the lockdown [9, 36]. However, this did
not lead to sex-specific effects on motor skill develop-
ment in our study, which is (largely) in line with the stud-
ies by Pombo et al. [16] and Carballo-Fazanes et al. [18].
An a priori hypothesis was also that missing out on PE,
and possibly other school-based programs such as Motor
Remedial Teaching, would negatively impact children’s
motor skill development, especially among those with
pre-existing motor delays. Since children with motor
delays are found to be less active during free play time
than children without motor delays [20], instructed prac-
tice at school is expected to be essential for their motor
skill development. Although Vrieswijk et al. [14] saw indi-
cations that children in the lowest tertile indeed showed
the largest decrease in motor skill competence, Carballo-
Fazanes et al. [18] found that mostly children with higher
motor skill competence at baseline showed lower motor
skill development, while children with lower motor skill
competence at baseline even improved their motor skill
competence. Our study does not confirm either of these
results, since we found no influence of motor ability on
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the presence of lockdown effects in terms of motor skill
development.

Similarly, our results regarding the effects of COVID-
19 lockdowns on motor skill development in different
SES groups are not fully in line with what to expect from
previous studies. Since children with lower SES tend to
have lower motor skill development [21], these children
could have been impacted more by the cancellation of
instructed practice at school. However, we found that
children in the low-SES group did not have altered motor
skill development after the first lockdown while chil-
dren in the high-SES group did. This might be because
children in the low-SES group are already used to par-
ticipating in unstructured activities (without trainer/
teacher) such as outside play [37] and do not depend on
sports groups to practice their skills. This is different for
children in the high-SES group, who are used to going to
sports groups [38] and specifically those were cancelled
during the lockdown. Possibly, due to the temporary
nature of the restrictive measures, these children more
often chose to resort to less active activities and therefore
showed slowed motor skill development. However, the
high-SES group contains children from only one school,
meaning that results of this group could be due to other
factors than SES as well. Over the two-year period, we
saw a decline in motor skill development in the middle-
SES group, while we saw better motor skill development
during the pandemic compared to the pre-pandemic
cohort in the low-SES group.

Lastly, the fact that children (especially in the low-
SES group) showed greater motor skill development in
the schoolyear after the first covid lockdown (lockdown
cohort 2) than in the years before was also unexpected,
since they had experienced two lockdowns. We therefore
expected these children to also show slowed motor skill
development and possibly even more than children who
experienced only the first lockdown. In summary, these
results underline the complexity of motor skill develop-
ment. Assumptions based on one factor that is expected
to impact motor skill development, such as participation
in physical activities, are not confirmed in this study. As
described in Bronfenbrenner’s ecological systems theory
[39], our study shows that a child’s development should
be seen as a complex system in which many layer’s and
factors interact. To have a valuable impact on children’s
motor skill competence, this complex systems view
should thus shape our approach.

Strengths and limitations

The current study has a number of strengths. These
include the one year longitudinal design that was
extended with a two year follow-up, the matching of the
study samples and the use of an experienced team for our
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motor skill measurements. Furthermore, the inclusion
of multiple control and lockdown cohorts allowed us to
study average fluctuations between cohorts. Some limi-
tations of this study must also be pointed out. We only
investigated the total motor skill score, which precluded
us from finding effects in specific skills, as done in Pombo
et al. [16] and Carballo Fazanes et al. [18]. Secondly, this
study only included one school with high socioeconomic
status, which was missing in the two year follow-up
analyses. Therefore, our conclusions on high SES should
be interpreted with caution. Extending on that, a larger
sample size would have made our conclusions, espe-
cially on the modifiers, more reliable. Additionally, we
did not include other possible modifiers, such as weight
status and physical activity participation [40, 41], in our
analyses. Similarly, we did not include other external fac-
tors that could play a role, such as the social and physical
home environment and school and city initiatives during
the pandemic. The inclusion of such modifiers and factors
could have provided us with a more complete picture and
thereby more direction in the interpretation of our results.

Conclusions

In conclusion, it seems like the effects of the COVID-
19-lockdowns on children’s motor skill development are
not as straightforward as they may have seemed at first.
Since children’s willingness to participate in physical
activity has not changed [42] nor their perceived motor
competence [43], the COVID-19 lockdowns may not
have had permanent detrimental effects on children’s
activity choices. While the short-term disruptions clearly
resulted in shifts in physical activity patterns and pos-
sibilities for deliberate practice temporarily, children’s
motor skill development might be more resilient to
changes in the environment than we expected. However,
since even within the Netherlands, both school policies
and the social and physical environment of children vary
so widely, generic conclusions to motor skill development
during the pandemic lockdowns in the Netherlands may
still not show the complete picture. Although we do not
find generic decreases in motor skill development since
the pandemic lockdowns, certain (groups of) children,
might still have deteriorated motor skill competence, as
can be seen in our analyses on SES groups. It will thus be
important for parents and physical education teachers to
closely monitor motor skill development in the upcoming
years and to pay attention to individual differences.
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