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Abstract

Background: The COVID-19 pandemic significantly disrupted the daily routines of preschool children, potentially impacting
their fundamental movement skills (FMS), physical activity (PA), physical fitness (PF), and executive function (EF).

Objective: This study aimed to compare FMS, PA, PF, and EF in preschool children during the COVID-19 pandemic with those
after its peak. It also investigated the associations between these components to inform potential interventions for cognitive and
physical development.

Methods: The study involved two cohorts of preschool children aged 5 to 6 years from four kindergartens in Zhuhai, China.
Data were collected in two phases: the pandemic cohort during September to November 2021 and the post-pandemic cohort from
September to November 2023. Participants' demographic data, anthropometric measurements, and performance in FMS, PA, PF,
and EF were assessed. FMS was evaluated using the Test of Gross Motor Development, PA was monitored with accelerometers,
and EF was measured through computerized tasks assessing cognitive flexibility, inhibitory control, and working memory.
Statistical analyses included independent sample t-tests and generalized linear mixed models.

Results: A total of 174 children participated in the pandemic cohort, and 189 in the post-pandemic cohort. Post-pandemic
participants demonstrated significantly better performance in locomotor skills (p < 0.001), balance (p < 0.001), cardiorespiratory
fitness (p = 0.002), flexibility (p < 0.001), muscular strength (p < 0.001), muscular endurance (p = 0.019), speed-agility (p <
0.001), inhibitory control (p < 0.001), and working memory (p = 0.004) compared to their pandemic peers. Conversely,
pandemic participants exhibited higher scores in ball skills (p < 0.001) and spent more time in moderate-to-vigorous physical
activity (MVPA) (p = 0.002). Notably, associations between FMS, PA, PF, and EF varied between cohorts, with PF positively
correlating with EF components post-pandemic.

Conclusions: The findings highlight significant differences in FMS, PA, PF, and EF between preschool children during and after
the COVID-19 pandemic. The post-pandemic cohort showed improvements in various physical and cognitive skills, suggesting
that interventions to restore and enhance these abilities are necessary. Furthermore, the study emphasizes the need for integrated
approaches to support holistic development in preschool children, particularly in the wake of significant disruptions such as the
pandemic.
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Pandemic  Disruptions  and  Their  Consequences:  A Comparative  Analysis  of  Physical  and

Cognitive Development in Preschool Children

Abstract

Background:  The  COVID-19  pandemic  significantly  disrupted  the  daily  routines  of  preschool

children,  potentially impacting their  fundamental movement skills (FMS), physical activity (PA),

physical fitness (PF), and executive function (EF). 

Objectives: This study aimed to compare FMS, PA, PF, and EF in preschool children during the

COVID-19 pandemic with those after its peak. It also investigated the associations between these

components to inform potential interventions for cognitive and physical development.

Methods:  The  study  involved  two  cohorts  of  preschool  children  aged  5  to  6  years  from  four

kindergartens  in  Zhuhai,  China.  Data were collected in  two phases:  the pandemic cohort  during

September to November 2021 and the post-pandemic cohort from September to November 2023.

Participants' demographic data, anthropometric measurements, and performance in FMS, PA, PF, and

EF  were  assessed.  FMS  was  evaluated  using  the  Test  of  Gross  Motor  Development,  PA was

monitored  with  accelerometers,  and  EF  was  measured  through  computerized  tasks  assessing

cognitive  flexibility,  inhibitory  control,  and  working  memory.  Statistical  analyses  included

independent sample t-tests and generalized linear mixed models.

Results: A total of 174 children participated in the pandemic cohort, and 189 in the post-pandemic

cohort. Post-pandemic participants demonstrated significantly better performance in locomotor skills

(p  <  0.001),  balance  (p  <  0.001),  cardiorespiratory  fitness  (p  =  0.002),  flexibility  (p  <  0.001),

muscular strength (p < 0.001), muscular endurance (p = 0.019), speed-agility (p < 0.001), inhibitory

control (p < 0.001), and working memory (p = 0.004) compared to their pandemic peers. Conversely,

pandemic  participants  exhibited  higher  scores  in  ball  skills  (p  < 0.001)  and spent  more  time in

moderate-to-vigorous physical activity (MVPA) (p = 0.002). Notably, associations between FMS,

PA, PF, and EF varied between cohorts, with PF positively correlating with EF components post-
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pandemic.

Conclusion:  The  findings  highlight  significant  differences  in  FMS,  PA,  PF,  and  EF  between

preschool children during and after the COVID-19 pandemic.  The post-pandemic cohort showed

improvements in various physical and cognitive skills, suggesting that interventions to restore and

enhance these abilities  are  necessary.  Furthermore,  the study emphasizes  the need for  integrated

approaches  to  support  holistic  development  in  preschool  children,  particularly  in  the  wake  of

significant disruptions such as the pandemic.

Keywords:  fundamental  movement  skills;  physical  activity;  physical  fitness;  executive  function;

preschool children; COVID-19

Introduction

Executive function (EF) is defined as a set of top-down cognitive processes that reflect the ability to

flexibly  adapt  to  contextual  demands  in  goal-directed  behaviors.  Working  memory,  inhibitory

control, and cognitive flexibility have been considered as the fundamental components of EF 1. Early

childhood is a notably critical period for EF emergence and development. EF in early childhood is

positively associated with academic achievement, social-emotional development, and school success

in late childhood 2-4.

Fundamental movement skill (FMS) is the basis of more complex movements required to participate

in sports, games, or other activities  5. Physical activity (PA) is any body movement produced by

skeletal muscles that requires energy expenditure 6. Physical fitness (PF) refers to the general ability

to  perform  PA,  including  aerobic  fitness,  muscular  strength,  endurance,  flexibility,  speed,  and

balance 7. Early childhood is also characterized by rapid development in FMS, PA, and PF. Mastering

FMS provides more opportunities for sports participation during early childhood  8. Sufficient PA

during the early years improves physical and mental health 9. PF is one of the most powerful markers

for health and daily life activities in preschoolers 10. FMS, PA, and PF are based on body movements,
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which are closely related and differentiated.

Empirical studies suggest that FMS is positively associated with EF in preschool children. Stein et al.

(2017) found that FMS was positively related to EF, especially cognitive flexibility in 5-6 year-old

children 11. A cross-sectional study showed that FMS was moderately and positively correlated with

EF  12. There are explanations for the association between children’s FMS and EF. The underlying

processes,  such  as  sequencing,  monitoring,  and  planning  are  shared  between  motor  skills  and

cognitive abilities 13. In higher demanding complex tasks, motor and cognitive tasks are assumed to

share neural mechanisms and take advantage of common resources to enable information processing,

behavioral organization, and attention or suppression of irrelevant stimuli 14. Another explanation for

the  relationship  is  that  motor  and  cognitive  abilities  may  have  similar  developmental  timelines

during childhood, are acquired comparably, exhibit similar learning stages, and have related training

effects 15. 

The developmental and learning mechanisms suggest that engagement in PA can provide valuable

learning experiences that promote the development of EF and may even serve as prerequisites for EF

development  16.  Besides,  PA can  trigger  specific  biochemical  and  hormonal  changes,  such  as

improving cerebral blood flow and increasing neurotransmitter  levels in brain regions associated

with EF 17,18. However, the relationship between PA and EF in preschoolers is still in their inception

due to divergent results in previous studies  19. McNeill et al. (2018) found a positive association

between PA and EF  20. Another study indicated that a higher level of MVPA was associated with

lower EF skills 21. The above findings conflict with the results that the association between PA and

EF was not significant 22.

Individuals  with  higher  levels  of  PF  are  more  able  to  carry  oxygen  and  confer  the  ability  to

compensate  for  the  negative  effects  of  vigorous  exercise  while  performing  EF  tasks.  Thus,  EF

performance can be improved through the improvement of PF  23. There are scarce studies on the

relationship between PF and EF in preschoolers and their findings are inconsistent. Hermahayu et al.
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(2019) indicated that muscular strength and agility were positively related to EF 24. Health-related PF

was positively associated with inhibitory control in preschoolers 25. A cross-sectional study indicated

that CRF was not associated with any cognitive variables 26. 

The continuation of the COVID-19 pandemic and large-scale quarantine has resulted in massive

changes in preschoolers’ daily routines, subsequently having detrimental consequences to physical

and cognitive function. A cross-sectional study reported that the COVID-19 pandemic impeded FMS

development,  especially  for  object  control  skills  27.  MVPA time  was  significantly  short  due  to

insufficient opportunities for exercise during the COVID-19 pandemic 28. The reduction in physical

fitness outcomes in all  preschool children was found during the pandemic  29.  Preschool children

showed slower growth of cognitive flexibility and working memory during the lockdown compared

to their peers before the pandemic 30. 

However, little is known about whether the adverse impacts of COVID-19 on physical and cognitive

function changed after the end of the epidemic. Besides, evidence of the association between FMS,

PA, PF, and EF is limited and inconsistent 31. Therefore, this study aimed to examine the differences

in FMS, PA, PF, and EF between preschool children during the COVID-19 pandemic and those after

the pandemic. This study also explored the association between FMS, PA, PF, and EF during and

after the COVID-19 pandemic. Specifically, this study aimed to examine whether the components of

FMS, PA, and PF are associated with the different components of EF (cognitive flexibility, inhibitory

control, and working memory). By identifying which components of physical function are associated

with cognitive development, it is possible to promote optimal cognitive development for prevention,

intervention, and educational purposes in preschool children after this challenging period.

Methods

Participants

Preschool education is provided by kindergartens for children aged 3–6 years in mainland China.
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This study invited 45 registered kindergartens of the Zhuhai Early Childhood Education Association

in Zhuhai, Guangdong Province, China for assessments. Four kindergartens agreed to participate in

this study and all participants were of Han ethnicity. The four kindergartens were administrated by

the same early childhood education provider and catered for children from urban areas with medium

family socio-economic status (SES). Therefore, there is no difference between all participants in SES

background and the pre-school education syllabus.

This study included two cohorts  of children aged 5 to 6 years old.  Between  September 2021 to

November  2021,  pandemic  cohort  data  was  collected.  During  this  period,  the  Guangdong

government requested a reduction in the movement and gathering of people, and that all teachers and

students  in  kindergartens  should  refrain  from  going  out  for  non-essential  purposes  to  strictly

implement  preventive  and  control  measures  against  the  outbreak  of  the  disease  (Guangdong

Provincial  Command Office  for  Prevention  and Control  of  Coronavirus  Disease,  2021).  In  May

2023, the COVID-19 pandemic no longer constitutes a ‘public health emergency of international

concern’ (World Health Organization, 2023). The post-pandemic cohort invited children of the same

age from the same kindergartens. Data were collected between September 2023 to November 2023.

Children were included in the study if (1) their parents provided written informed consent; (2) they

were not diagnosed with important organ diseases or any neurological disorders; and (3) they were

normally developing children with the corresponding cognitive ability.  

This  study followed  the  Strengthening  the  Reporting  of  Observational  Studies  in  Epidemiology

(STROBE) reporting guidelines.

Measures

Demographic data

Participants’ demographic data including birth date, gender, and SES was collected through parent-

reported  questionnaire.  SES  consisted  of  fathers’  and  mothers’  education  levels  and  income.

According  to  the  Chinese  education  system,  parental  education  level  was  divided  into  low
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(secondary school or below), middle (high school), and high (university or above). Parental income

included  low  (≤US$603/month),  middle  (US$604-  US$757/month),  high  (US$758-

US$2682/month), and highest (> US$2683/month)  32. The score for each variable was transformed

into a z-score and used to calculate a mean to represent the SES 33,34.

Anthropometric measurements

The measurements of height and weight were conducted using a stadiometer (Seca) and a weight

scale (Wujin, RGT-120), respectively, while the participants were barefoot and lightly clothed. The

body mass index (BMI) was computed by dividing the body weight by the square of height (kg/m2).

To account for age and gender variations in growth patterns, the BMI was transformed into BMI z-

scores using the LMS method 35. 

Executive function

Child-friendly computerized behavioral tasks including the ‘animal Stroop’ task, ‘stop-signal’ task,

and ‘safari training’ task, were used to assess different aspects of EF. Participants completed the tasks

in the order of animal Stroop task, stop-signal task, and safari training task. To minimize fatigue, no

time-limit breaks were provided between the tasks. This measurement took place individually in a

quiet room within the kindergarten, supervised by a competent research assistant. The duration of the

EF tasks and practice time was approximately 20 minutes.

The  animal  Stroop  task  is  a  nonverbal  task  to  assess  participants’ ability  to  flexibly  inhibit  a

prepotent or habitual response 36. During each trial, participants were presented with an image and a

sound, both depicting animals. Participants were asked to determine whether the sound of the animal

and the image of the animal were congruent or incongruent. Participants completed five warm-up

trials to familiarize themselves with the task procedure and the requirement for rapid responses. The

formal task included a total of 100 trials and lasted about 2 minutes. The Stroop effect is calculated

as the average response time difference between incompatible and compatible trials.

The stop-signal task assesses response inhibition and control impulsivity. During the practice stage,
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participants were instructed to respond as quickly as possible to a series of arrows pointing either left

or right,  with the arrow circled in  green.  Children’s understanding of the task requirements was

checked,  such as  identifying  the  correct  response  key and the  corresponding finger.  Only  when

children answered all understanding checks correctly were they allowed to proceed to the testing

phase; otherwise, they received further instruction and understanding checks. The practice block only

included go trials to emphasize the importance of the go component for young children 37. Feedback

was provided after each trial, and the average reaction time was presented at the end of the practice

to engage children’s interest. The practice stage consists of 10 trials. In the formal task, participants

were instructed not to respond to arrows circled in red. Performance feedback was given after each

trial. The formal task comprised 100 trials and lasted around 2 minutes. The mean reaction time for

go trials is used as an indicator of response inhibition ability.

The safari  training task was used to assess working memory  38.  The working memory span task

includes  two  stages.  In  the  processing/encoding  stage,  participants  were  presented  with  various

animal pictures and required to indicate the orientation of each picture. If participants’ responses took

longer  than  3  seconds  or  if  they  incorrectly  indicated  the  orientation,  they  received  negative

feedback.  In  the  recall  stage,  participants  were  instructed  to  reproduce  the  sequence  of  animal

pictures presented in the processing/encoding stage in the correct order, without any time limitation.

To maintain engagement, feedback was provided after each trial. This task consists of a total of 90

trials and lasts for 6 minutes. The proportion of correct recall (i.e., accuracy) of each participant

serves as the dependent variable.

FMS

The Test of Gross Motor Development Third Edition (TGMD-3) is  used to  assess FMS  39.  It  is

subdivided  into  locomotor  and  ball  skills  subscales.  Six  locomotors  and  seven  ball  skills  were

measured. Each skill was assessed twice. The sum of scores obtained from the two performance trials

for each skill was used to calculate a raw score. Scoring and coding were completed by the research
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assistant and checked by a second research assistant familiar with the administration of the TGMD-3.

PA

A tri-axial accelerometry (Actigraph, model GT3-BT, Florida) was used to objectively monitor PA.

The device  initialization  and data  analysis  were  performed using the  ActiLife  software  (version

6.13). The  accelerometer  was  attached  to  the  participant’s  right  hip  for  24  hours  over  seven

consecutive days, during all activities except for sleeping and water-related activities. A recording

epoch of 15 seconds was used, and valid wear time was defined as a minimum of 10 hours of wear

time across at least three days (two weekdays and one weekend day). Non-wear time was determined

by 20 consecutive minutes of zero count/minute. The accelerometers were initialized at a sampling

rate of 30 Hz and then reintegrated into 60-second epochs for analysis. The activity counts recorded

by the  accelerometer  were  categorized  into  different  intensity  levels  using  the  cut-off  points  40:

sedentary (< 819 counts per minute (CPM)), light (820-3907 CPM), moderate (3908-6111 CPM),

and vigorous (≥ 6112 CPM).

PF

Cardiorespiratory fitness was measured using the 20-meter shuttle run test. Participants ran back and

forth between two tracks spaced 20 meters apart, starting at an initial speed of 6.5 km/h. The speed

was subsequently increased by 0.5 km/h per minute. The test was performed once. Considering the

young age of the children involved, the track was marked, and a research assistant was guided to

help participants maintain the running pace. 

The sit and reach test was used to assess flexibility. The participant sat on a mat with bare feet, legs

straight, heels together, toes naturally apart, and palms resting on the test board. Then participant was

instructed to gradually lean forward and extend their arms to push the edge of the mobile board in a

maximal  effort  while  maintaining their  knees in  a  static  position.  The procedure was conducted

twice, and the highest value was recorded. 

Sit-ups were used to assess the muscular endurance of the trunk. Participants lay on their backs with
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their knees bent and arms crossed over the other shoulder. They sat up and returned to the starting

position. The research assistant held the participant’s feet. The test was performed once. The number

of lifts that correctly reached the sitting position within 30 seconds was recorded. 

Muscular  strength  was  tested  with  a  WCS-100  electronic  dynamometer  (Shanghai  Wanqing

Electronics Co.,  LTD.).  Participants stood in a quiet  environment  and were instructed to  remain

relaxed with their arms in a neutral position. They were prompted to hold the dynamometer and

adjust  the  grip  distance,  subsequently  using  maximum  force  to  grasp  the  dynamometer.  Two

measurements were taken for both the left and right hand, with the highest value being recorded. 

Dynamic balance was tested using a balance beam. The participants stood on the platform behind the

starting line, facing the balance beam (3 m in length, 10 cm in width, and 30 cm in height), with their

arms held out horizontally. The tester gave instructions started the stopwatch when the participant

began, and closely followed the participant until they crossed the finishing line. The stopwatch was

stopped  as  soon  as  either  the  tiptoe  or  the  participant  crossed  the  finishing  line.  The  trial  was

conducted twice, with the best value being recorded. 

Speed-agility was assessed through the 4 × 10 meter shuttle run test. Upon hearing the start signal,

participants sprinted and executed a sharp turn around the 10-meter track, exerting maximal effort

over a total distance of 40 meters. At the end of each section of the track, participants were required

to touch the outstretched hand of the tester, who had moved beyond the boundary, with their foot

before swiftly returning to the starting line. The best of the two tests was recorded. 

Procedure

Before the study, signed consent forms were obtained from the parents and kindergartens.    The

training session for research and workshop for the kindergarten teachers were conducted. FMS, PF,

and  EF  tests  were  carried  out  within  one  day  in  the  kindergarten  for  each  participant.  The

demographic information questionnaires were taken home by children to be filled in by their parents

and returned to teachers at the specified time. The day after the completion of FMS, PF, and EF tests,
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accelerometers were placed on children who wore the monitors for seven consecutive days.

Data analysis

Statistical  analyses  were  conducted  using  IBM’s  Statistical  Package for  Social  Sciences  (SPSS)

version 29. Invalid and abnormal values, i.e., z-scores≥±3 SD, were excluded. Descriptive statistics

were used to analyze continuous variables. Independent sample t-tests were used to compare the

means for demographic data, FMS, PA, PF, and EF between two participant cohorts. The generalized

linear mixed models were applied to determine whether FMS, PA, and PF were associated with EFs

after controlling for age, gender, BMI z-score, and SES during and post-pandemic, respectively. The

significance level α was set at 0.05.  

Results

Descriptive statistics

A total of 174 participants were included in the pandemic cohort and 189 participants were included

in the post-pandemic cohort (Figure 1). The mean age of the pandemic cohort was 5.5 years and

42.5% were girls. The mean age of the post-pandemic cohort was 5.5 years and 46.0% were girls.

There was no significant difference in characteristics between pandemic and post-pandemic cohorts.
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Figure 1. Flow chart of study

FMS, PA, PF, and EF during and post pandemic

The results showed that post-pandemic participants performed better in locomotor skills (p< 0.001),

balance (p< 0.001), CRF (p= 0.002), flexibility (p< 0.001), muscular strength (p< 0.001), muscular

endurance (p= 0.019), speed-agility (p< 0.001), inhibitory control (p< 0.001), and working memory

(p= 0.004) than pandemic participants. Pandemic participants scored higher in ball skills than post-

pandemic participants (p< 0.001). Compared to post-pandemic participants, pandemic participants

spent more time in MVPA (p= 0.002). There was no significant difference in LPA and cognitive

flexibility between pandemic and post-pandemic cohorts. 

Association between FMS, PA, PF, and EF

For the pandemic cohort, higher ball skills score was associated with worse performance in cognitive

flexibility (β= -6.62, 95% CI: -12.50, -0.74) and inhibitory control (β= -2.90, 95% CI: -5.64, -0.16).

Spending more time in MVPA was associated with worse cognitive flexibility performance (β= 1.33,

95% CI: 0.15, 2.51). Spending more time in LPA had an association with worse inhibitory control

skills (β= 0.23, 95% CI: 0.02, 0.44). Better flexibility was associated with better inhibitory control

skills (β= -2.58, 95% CI: -4.27, -0.89). PF was not associated with cognitive flexibility. There was no

association between FMS, PA, or PF, with working memory during the COVID-19 pandemic.

After the COVID-19 pandemic,  better  muscular strength performance was associated with better

performance in cognitive flexibility (β= -8.24, 95% CI: -15.36, -1.13). Speed-agility was positively

associated with inhibitory control (β= 5.28, 95% CI: 1.36, 9.20). FMS and PA were not associated

with cognitive flexibility and inhibitory control. There was no association between FMS, PA, and PF,

with working memory after the COVID-19 pandemic.

https://preprints.jmir.org/preprint/69375 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Song et al

Discussion

This study compared the differences in FMS, PA, PF, and EF between two cohorts of preschool

children and examined the association between FMS, PA, PF, and EF during and after the COVID-19

pandemic. Pandemic participants performed better in ball skills and MVPA time than post-pandemic

participants. The post-pandemic cohort scored higher in locomotor skills, PF, inhibitory control, and

working  memory  than  the  pandemic  cohort.  During  the  COVID-19  pandemic,  certain  EF

components were negatively associated with ball skills and PA, and either positively associated with

PF. After the COVID-19 pandemic, PF was associated with better EF components. 

FMS, PA, PF, and EF during and post pandemic

The closure of schools and playgrounds during the early pandemic resulted in limited space, lack of

sports instruction, and less time for children to move around, which further contributed to a decline

in PA and related skills such as locomotor skills and PF  41 42. However, this study found that the

pandemic cohort outperformed the post-pandemic cohort in ball skills and time spent engaged in

MVPA, which is inconsistent with previous studies  27,43. During COVID-19, lockdowns and social

distancing measures drove children indoors for their play and recreation needs 44. Preschool children

may adopt new behavioral habits of play or PA in a more closed environment. This habit is extremely

difficult to change after COVID-19 41. Preschool children have to re-adapt to more open spaces and

freer activities, affecting their movement skills and activity intensity. In addition, parents were able

to spend more time with their children during COVID-19, and parental support played a key role in

promoting movement behaviors  45. After COVID-19, parents may not be able to sustain the same

amount of time and effort, resulting in a decreased willingness and ability of children to engage in PA

and ball skills.

The post-pandemic  cohort  performed better  in  inhibitory  control  and working memory than  the

pandemic cohort,  which is due to the change in preschool children’s screen exposure and social

competence during the pandemic. Excessive screen exposure is positively associated with impaired
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EF in preschool children  46. The COVID-19 pandemic has forced children to use digital platforms

and  screen  exposure  has  increased  significantly  45.  Excessive  screen  use  replaces  activities  that

promote cognitive development,  such as  manipulative play and engaging in  imaginative play  46.

Besides,  social  competence  is  critical  to  EF  development,  and  play-based  interactions  in  the

classroom  can  enhance  inhibition  of  impulsive  responses  and  progress  in  self-regulation  47,48.

Changes in the physical context of education have limited preschool children's socialization 49, which

may have inhibited the development of inhibitory control and working memory during the pandemic.

Association between FMS and EF

An interesting result of this study is that ball skills score was negatively associated with cognitive

flexibility  and  inhibitory  control  during  the  COVID-19  pandemic,  which  is  inconsistent  with

previous studies 50,51. Notably, the ball skills were measured using easy motor tasks. These ball skills

are familiar,  frequent,  and largely automated activities for preschool children  50.  EF-related brain

regions, such as the dorsolateral prefrontal cortex, and brain regions required for motor planning and

execution, such as the cerebellum and basal ganglia, are synergistically activated when the task is

difficult, novel, and requires quick responses and concentration  52,53. Preschool children learn ball

skills better during the pandemic, and we assume that the more familiar the ball skills task, the higher

automaticity, and the less EF involvement, leading to a negative association between ball skills and

EF 54,55. Besides, heterogeneity in methodology such as the choice of FMS assessment tool may result

in the inconsistent findings with prior studies51. 

Association between PA and EF

Previous findings have been mixed regarding the associations between PA and EF. A cross-sectional

study reported that PA was not related to inhibitory control in preschoolers from low-income families

19. Vandenbroucke et al. (2016) found that PA was positively associated with working memory and

cognitive flexibility  56. Conversely, the results of this study suggested that MVPA was negatively

associated with cognitive flexibility and LPA had a negative association with inhibitory control skills
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during the pandemic, which is consistent with the findings of Bezerra et al. (2021) and Willoughby et

al.  (2018).  There  are  several  explanations  for  the  negative  association.  Hyperactive-impulsive

behaviors may confound the association between PA and EF 21. Preschool children with high levels

of PA may exhibit EF deficits or be unable to engage in EF-promoting activities in the classroom 57,58,

suggesting that their involvement in PA is more likely to be detrimental to EF development. 

In addition, the intensity and duration of PA alone cannot explain the association between PA and EF

31. During COVID-19, the most frequently reported PA was free play/unstructured PAs, with most

preschool children staying at home all day with little opportunity to participate in structured activities

41.  Unstructured  physical  activity  does  not  enhance  EF  development  19.  In  contrast,  cognitively

engaged PA, such as team sports and structured PA games, may improve EF  59. Willoughby et al.

(2018) suggested that the context in which preschool children engage in MVPA is also important.

The benefits of PA on EF skills may only exist in environments or activities with strong social and/or

cognitive demands on children 60. The restricted social environments during the pandemic may affect

the development of PA and EF association in preschool children. After COVID-19, the reopening of

schools, the resumption of team sports and activity sessions, and more time for preschool children to

engage  in  free  play/unstructured  PA weakened  the  negative  association  between  PA and  EF.

Therefore, there was no association between PA and EF after the pandemic. 

Association between PF and EF

This  study  suggested  that  flexibility  was  positively  associated  with  inhibitory  control  in  the

pandemic  cohort.  Flexibility  reflects  joint  mobility  and  coordination  of  body  movements  in

preschool children, coordinated movement enhances inhibitory control 11. Neurologically, flexibility

promotes the development of the sensory-motor cortex of the brain and improves perceptual-motor

coordination,  and the central  cortex involved in motor and sensory systems matures the earliest,

which in turn affects inhibitory control 61. 

https://preprints.jmir.org/preprint/69375 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Song et al

After  the  COVID-19  pandemic,  muscular  strength  was  positively  associated  with  cognitive

flexibility. Previous studies have shown that musculoskeletal fitness benefits children's health but is

mainly  associated  with  enhanced  inhibitory  control  and  working  memory  62.  Skeletal  muscle

influences brain metabolism via muscle contraction-releasing peptides and cytokines, thus, preschool

children with greater muscular strength may have better brain metabolism and cognitive flexibility 63.

This study found that speed-agility was positively associated with inhibitory control. Improved PF

stimulates the growth of structural cells in the brain, contributing to EF development during early

childhood. Specifically, increases in growth hormone and brain-derived neurotrophic factor (BDNF)

are related to enhanced EF 64, and PF can stimulate the release the hormones and BDNF from the

endocrine system and promote EF 65.

Strengths and limitations

The  main  strength  of  this  study  is  the  usage  of  objective  measurement  of  PA,  computerized

assessment of EF, and internationally used tools of FMS and PF. Besides, this study examined the

association between the specific components of FMS, PA, PF, and EF, which shows the associations

more intuitively. 

However,  this  study  has  some  limitations.  First,  this  study  adopted  a  cross-sectional  design.

Longitudinal data will allow for more in-depth analyses of the associations and changes in FMS, PA,

PF,  and EF,  providing complementary information for preschool  children.  Second, the relatively

small sample size and lack of representativeness of this study may limit the generalization of our

findings to the population. Third, this study only collected data on the duration and intensity of PA.

Given that the type and context of PA may influence the association between PA and EF 21,31, future

research should take PA type and context into account.

Implications

This study fills the research gap about the changes and associations between FMS, PA, PF, and EF

components in Chinese preschoolers during and after the COVID-19 pandemic. The findings suggest
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that  the  MVPA level  and ball  skills  of  preschool  children  decreased  after  the  pandemic,  which

reminds us that the short-term behavioral changes due to COVID-19 may persist over time. Actions

need to be taken to improve PA levels and ball skills. Besides, different associations between FMS,

PA,  PF,  and  EF  were  found  during  and  after  the  pandemic.  The  mechanisms  behind  these

associations  need  to  be  further  explored  to  inform  theoretical  models  of  early  childhood

development.  In  addition,  the  interrelationships  among  FMS,  PA,  PF,  and  EF  suggest  that

multidimensional, integrated interventions and educational programs can be used to promote healthy

cognitive and physical development in preschool children.

Conclusion

This study is the pioneer in investigating the differences in FMS, PA, PF, and EF between preschool

children  during  and after  the  pandemic  and examining their  associations.  Locomotor  skills,  PF,

inhibitory control, and working memory increased, while MVPA level and ball skills decreased after

the pandemic, suggesting that interventions need to be carried out to improve these changes. During

the pandemic, certain EF components were negatively associated with ball skills and PA, and either

positively associated with PF. After the pandemic, PF was positively associated with EF components.

These  findings  highlight  that  integrated  interventions  and  programs  can  promote  cognitive  and

physical development during early childhood.
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Table 1. Descriptive characteristics of the included participants
Pandemic cohort (n=174) Post-pandemic  cohort

(n=189)
P value

Age (year) 5.5 (0.4) 5.5 (0.3) 0.820
Gender

Female 74 (42.5%) 87 (46.0%) 0.286
Male 100 (57.5%) 102 (54.0%)

Height (cm) 115.5 (5.1) 115.5 (5.3) 0.994
Weight (kg) 21.0 (3.0) 20.7 (3.4) 0.403
BMI z-score 0.062 (1.034) -0.118 (1.093) 0.111
SES -0.005 (0.681) -0.012 (0.625) 0.919

Note: Data are presented as mean (standard deviation) or number (percentage).
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Table 2. Cohort comparison in FMS, PA, PF, and EF
Pandemic  cohort
(n=174)

Post-pandemic
cohort (n=189)

P value

FMS
Locomotor skills (score) 42.9 (3.4) 45.4 (0.9) <0.001
Ball skills (score) 48.7 (3.4) 44.8 (3.4) <0.001

PA
MVPA (min/day) 56.5 (17.3) 50.2 (22.8) 0.002
LPA (min/day) 251.0 (42.2) 256.8 (40.7) 0.092

PF
Balance (s)a 9.2 (3.6) 6.7 (3.2) <0.001
CRF (laps) 16.4 (11.3) 19.1 (6.5) 0.002
Flexibility (cm) 8.9 (5.4) 10.6 (4.4) <0.001
Muscular strength (kg) 6.9 (2.7) 7.7 (2.1) <0.001
Muscular  endurance
(number)

10.3 (3.0) 10.9 (2.5) 0.019

Speed-agility (s)a 16.0 (1.8) 14.9 (2.1) <0.001
EF

Cognitive flexibility (ms)a 150.7 (117.9) 133.7 (96.2) 0.066
Inhibitory control (ms)a 731.8 (57.2) 695.6 (59.4) <0.001
Working memory (%) 83.8 (10.9) 86.7 (9.3) 0.004

Abbreviation: CRF, cardiorespiratory fitness; EF, executive function; FMS, fundamental movement
skills;  LPA,  light  physical  activity;  MVPA, moderate-to-vigorous  physical  activity;  PA,  physical
activity.
Note: Data are presented as mean (standard deviation).
aA higher score indicates worse performance.
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Table 3. Association between FMS, PA, PF, and EF during and post-pandemic
Pandemic cohort (n=174) Post-pandemic cohort (n=189)
Cognitive
flexibilitya

Inhibitory
controla

Working
memory

Cognitive
flexibilitya

Inhibitory
controla

Working
memory

FMS
Locomotor
skills 

4.09 
(-3.38, 11.57)

-0.75 
(-4.23, 2.74)

0.32 
(-0.39, 1.02)

8.87 
(-6.29, 24.03)

-1.12 
(-10.14, 7.90)

-1.14 
(-2.63, 0.35)

Ball skills -6.62 
(-12.50, -0.74)*

-2.90 
(-5.64, -0.16)*

-0.04 
(-0.59, 0.51)

-1.10 
(-5.23, 3.03)

-2.44 
(-4.90, 0.01)

0.05 
(-0.35, 0.46)

PA
MVPA 1.33 

(0.15, 2.51)*
-0.37 
(-0.92, 0.18)

-0.04 
(-0.15, 0.07)

0.11 
(-0.53, 0.74)

-0.08 
(-0.30, 0.45)

-0.02 
(-0.08, 0.05)

LPA -0.41 
(-0.87, 0.05)

0.23 
(0.02, 0.44)*

0.02 
(-0.03, 0.06)

-0.16 
(-0.50, 0.19)

0.11 
(-0.10, 0.31)

0.01 
(-0.02, 0.05)

PF
Balancea 4.15 

(-0.96, 9.27)
-0.68 
(-3.06, 1.70)

0.09 
(-0.39, 0.57)

0.29 
(-4.21, 4.79)

-1.75 
(-4.43, 0.92)

-0.05 
(-0.49, 0.39)

CRF -0.25 
(-1.83, 1.33)

0.45 
(-0.29, 1.18)

0.07 
(-0.08, 0.22)

-1.64 
(-3.81, 0.53)

0.08 
(-1.21, 1.37)

0.07 
(-0.15, 0.28)

Flexibility -0.78 
(-4.41, 2.86)

-2.58 
(-4.27, -0.89)**

0.27 
(-0.07, 0.61)

-0.06 
(-3.29, 3.17)

0.38 
(-1.54, 2.30)

-0.26 
(-0.96, 0.44)

Muscular
strength 

-0.40 
(-7.53, 6.73)

-2.30 
(-5.62, 1.02)

0.52 
(-0.15, 1.19)

-8.24 
(-15.36, -1.13)*

0.67 
(-3.56, 4.91)

-0.26 
(-0.96, 0.44)

Muscular
endurance 

-4.49 
(-10.92, 1.93)

-1.41 
(-4.40, 1.59)

0.04 
(-0.56, 0.64)

-1.05 
(-6.79, 4.70)

0.69 
(-2.72, 4.11)

0.02 
(-0.54, 0.59)

Speed-
agilitya

3.12 
(-7.82, 14.05)

-3.69 
(-8.79, 1.40)

-0.66 
(-1.69, 0.37)

3.71 
(-2.88, 10.30)

5.28 
(1.36, 9.20)**

-0.12 
(-0.08, 0.05)

Abbreviation: CRF, cardiorespiratory fitness; EF, executive function; FMS, fundamental movement
skills;  LPA,  light  physical  activity;  MVPA, moderate-to-vigorous  physical  activity;  PA,  physical
activity.
Note: Data are presented as β (95% confidence interval) 
Adjusted for age, gender, BMI z-score, and SES. 
*p< 0.05, **p< 0.01.
aA higher score indicates worse performance.
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