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1. Introduction

Physical inactivity is increasingly becoming a major public
health concern inmany industrialized countries. Afforded by
technological advancement and the low demand of physical
exertion in living, people in the modern societies, youth and
adults alike, have been accustomed to the more sedentary
lifestyles. Inadequate physical exertion, in conjunction with
the easy access to energy dense diet, has led to dramatic
increases in the prevalence of obesity [1]. Obesity is a
chronic disease that is associated with morbidities (e.g.,
cardiovascular disease and type 2 diabetes) and mortality. In
the youth population, in particular, cost-effective preventive
interventions with reasonable suitability in settings such as
schools or preschools are warranted.

Regular participation in physical activity helps reduce
the health risk of childhood obesity and the associated
chronic diseases. In addition, recent studies suggest that
increased participation in physical activity influences cogni-
tive functions in children, including executive functioning
(e.g., working memory and cognitive flexibility) and brain
health [2–6]. However, these studies mainly targeted older
children and adolescents, while more evidence is needed to
enlighten the relationships between physical activity, health
outcomes, and cognition during the critical period of child
development, particularly early childhood [4, 7]. Therefore,
this special issue addresses this literature gap in an attempt
to stimulate more research efforts in such an important area.
It consists of one systematic review and 12 original research
articles that studied pediatric population in early childhood
as well as healthy children and children with special needs.

2. Physical Activity Research in
Early Childhood

In this special issue, we specifically examined the effects of
physical activity on various health outcomes and cognition in
early childhood, as well as the correlates and determinants of
physical activity and sedentary behaviors during this critical
period of human development. N. Zeng et al. conducted a
systematic review to summarize the existing evidence con-
cerning the effects of physical activity programs on preschool
children’s motor skills and cognitive development. Of the 15
studies, 12 reported statistically significant effects of physical
activity onmotor skills (e.g., locomotor skills and object con-
trol skills) and cognitive development (i.e., language learning,
academic achievement, attention, and working memory). No
study found adverse effects of the physical activity programs.
Therefore, the authors concluded that physical activity was
positively associated with both motor skills and cognitive
development in preschool children, calling for more research
with large representative samples as well as the dose-response
evidence in early childhood.

In a randomized controlled trial, S. Xiong et al. examined
the effects of a structured physical activity program on
preschool children’s executive functions and perceived phys-
ical competence as compared to traditional recess. The inter-
vention was a 30-minute weekly physical activity program
for 3 months. The study suggests that the intervention group
had significantly greater increases in executive functions,
yet there were no greater increases in perceived physical
competence compared to the control group. The authors
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conclude that it ismeaningful andpractical to offer structured
physical activity programs at day care centers.

G. Zhao et al. features a 15-year longitudinal study
protocol to assess the relationship between objectively mea-
sured physical activity and cognitive development across
the lifespan: childhood, adolescence, and adulthood. More-
over, the study attempted to explore how physical activity
affects cognitive development via modification of blood
neurotrophins, such as insulin-like growth factor 1 (IGF-
1) and brain-derived neurotrophic factor (BDNF). In this
protocol, a total of 500 preschool children (3.5–5.5 years)
were recruited and followed over 15 years. Six triennial
waves of data collection and additional clinical assessments
were conducted on variables including (1) anthropometric
and physical fitness assessments; (2) 7-day accelerometer-
based physical activity; (3) cognition; and (4) plasma IGF-
1 and BDNF concentrations. The study may contribute to
the literature regarding the effect of a longitudinal physical
activity intervention on cognitive development across the
lifespan.

H. Fang et al. examined the relationships between objec-
tively measured physical activity and physical fitness in
preschoolers (3–5 years). A total of 346 children (201 boys) in
Shanghai, China, completed physical fitness assessments (i.e.,
triceps skinfold thickness, grip strength, tennis throwing,
sit and reach test, standing long jump, balance beam, and
10m/20m shuttle run), while physical activity on seven con-
secutive days was captured via ActiGraphGT3X+ accelerom-
eters. The findings suggested that MVPA appears to be an
effective and reliable predictor of boys’ body composition,
muscular strength and power, agility, and aerobic fitness, as
well as girls’ agility, aerobic fitness, and balance.

Y. Fang et al. investigated the visual motor integration
(VMI) development among 151 Chinese preschoolers from
4 to 6 years. Observational evidence revealed that children’s
VMI skills increased quickly at age 4 and peaked at age
5 and then decreased from age 5 or 6. Children’s motor
coordination and cognitive flexibility were found to be
correlated with VMI development, which in turn was related
to visual perception at age 4 and inhibitory control at the
beginning of age 5. No statistically significant relationship
between children’s working memory and VMI was observed.
The authors concluded that preschool children’s VMI devel-
opment varied with age.The study provided valuable insights
for health professionals with regard to preschool children’s
VMI development.

P. Sedlak et al. compared the long-term changes of body
weight, height, and body mass index (BMI) among healthy
Czech Republic children aged 3–6 years (𝑁 = 3526) across
the late 1950s–1960s, 1990s, and 2014–2016. The findings
indicated that BMI did not change significantly in boys
between ages of 3, 5, and 6 and in girls between 3 and
6 years old during these decades. However, subscapular,
suprailiac, triceps, midthigh, and above patella skinfold
thicknesses significantly increased in 2014–2016 as compared
to 1950s–1960s. Moreover, children in 1990s and 2014–2016
showed similar growth patterns on subcutaneous fat. Of
note, higher adiposity was seen in trunk while muscle mass
decreased in the lower extremity, suggesting the decline of

physical activity among children in the Czech Republic.More
physical activity interventions in this population, therefore,
are warranted.

3. Physical Activity Research in
Healthy Children

In this special issue, scholars examined the effects of vari-
ous physical activity interventions on health outcomes and
cognitive functions and investigated the correlates and deter-
minants of health-related physical fitness from childhood to
adolescence. In particular, E. W. Evans et al. assessed the
feasibility, acceptability, and preliminary effect of wearable
monitors on school-age children’s physical activity. In 2014,
32 fifth graders from a low-resource middle school were
enrolled in Phase I. Waist-worn Fitbit Zip monitors were
used for 4 weeks to test the feasibility (i.e., adherence: wear
time of ≥8 hrs/day) and acceptability. Phase II occurred in
2015, with 42 sixth graders assigned to (1) Fitbit + goal and
incentive-based intervention, (2) Fitbit only, and (3) control
condition, to test the feasibility of the Fitbit Charge and its
effect on physical activity over six weeks. Findings indicated
that average adherence was 64.1% in Phase I, while it was
73.4% and 80.2% for children in Phase II for the Fitbit +
intervention and Fitbit only groups, respectively. Notably,
there were no statistically significant group differences in
MVPA/steps following treatment. The study concluded that
the wearable physical activity monitors did not increase
school-aged children’s physical activity.

P. H. Kulinna et al. examined the effect of an acute
physical education dance session on elementary school chil-
dren’s selective attention. Eight Year 5 and Year 6 classrooms
were randomly assigned to either intervention or comparison
(𝑛 = 104) groups. Children in the intervention group (𝑛 =
88) received a dance-based physical education lesson while
children in the comparison group (𝑛 = 104) participated
in regular classroom work. Selective attention was assessed
via the D2 Test of Attention before and after the interven-
tions. Significant improvements in the intervention group
were observed in the total number of items processed and
concentration performance, suggesting that an acute bout of
aerobic dance delivered during a regular physical education
lesson may boost elementary children’s cognitive processing
speed and concentration performance.

J. Harris et al. investigated the effects of a 4-week
coordinated-bilateral physical activity (CBPA) intervention
on school-aged children’s attention and concentration. A
total of 116 fifth graders from two elementary schools were
assigned to two different intervention groups or control
group. All groups completed pre- and postassessments for
D2 Test of Attention. The CBPA group showed significant
increases in processing speed, focused attention, concen-
tration performance, and attention span over the course
of 4 weeks. Notably, the CBPA group showed significant
improvements in concentration performance and attention
span as compared to the Fitbit-O. However, no significant
differences were observed in attention parameters between
the Fitbit-O and the control groups. It was concluded that a
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4-week CBPA program was effective in improving children’s
attention and concentration.

X. Zhu et al. examined grade-level prevalence of phys-
ical activity and screen time in association with academic
burden among Chinese school-aged children. The sample
consisted of 48,118 children from 12 grades, 17 municipal
counties/districts, and 534 schools in Shanghai, China. Data
on self-reported physical activity, perception of physical
activity sufficiency, factors for activity insufficiency, home-
work hours, and screen time in a typical week were collected.
Findings suggested that children had lower physical activity
and screen time, as well as higher homework time during 6th,
9th, and 12th grades. In addition, academic burden was seen
as the primary reason for physical inactivity in these Chinese
students. While those who did not report academic burden
were more likely to meet physical activity guidelines, most of
whom did not meet recommendations for screen time. More
strategies aiming to increase young children’s physical activity
and reduce screen time in school settings are needed.

J. M. Cosgrove et al. examined the relationships among
grit (i.e., passion and perseverance to overcome barriers),
school attendance, and academic achievement in 397 ado-
lescents in the southern United States, 77.1% of whom had
Hispanic origin. Results showed that adolescents with higher
grit scores and better school attendance had better academic
performance and achievement.

In addition, L. Yin et al. examined the criterion validity
of simple muscle strength test (SMST) indicators while
assessing whole body muscle strength in Chinese children.
Two hundred and forty children aged 10 to 12 years were
enrolled in the study. The SMST indicators, including hand-
grip, knee bent push-up, back muscle strength, sit-up, leg
muscle strength, and standing long jump, were measured.
Results revealed that leg muscle and back muscle strength
exhibited the highest validity scores, while sit-ups, hand-grip,
and standing long jump demonstrated the lowest. Despite
males tending to have the highest validity for leg muscle
strength measurement, females showed the highest validity
for back muscle strength measurement.

4. Physical Activity Research in
Children with Disabilities

Several studies also explored the relationships between phys-
ical activity and health outcomes and cognition in children
with disabilities. In detail, M. Zhao and S. Chen assessed
the effects of a 12-week structured physical activity program
on social interaction and communication in children with
autism spectrum disorder (ASD). Fifty children with ASD
were randomly assigned to either experimental (𝑛 = 25) or
control (𝑛 = 25) groups. Significant improvements in com-
munication, cooperation, social interaction, and self-control
subdomains were observed in the experimental group, while
no substantial differences were found in the control group
after a 12-week intervention. It was concluded that the 12-
week physical activity program positively affected social
skills, communication, prompt response, and frequency of
expression for children with ASD.

L. Waltersson and E. Rodby-Bousquet investigated phys-
ical activity level in young adults with cerebral palsy (CP),
in relation to their previous physical activity levels, pain, and
gross motor function during adolescence. Prospective cohort
data from the Swedish National CP Registry (CPUP) that
included 129 individuals born in 1991–1993 were extracted
at three separate time points: 14–16 years old, 17-18 years
old, and 19–22 years old. The findings revealed that phys-
ical activity level during early adulthood was positively
linked with physical activity during adolescence but not
related to pain and gross motor function. Moreover, the
physically active individuals with CP during adolescence
were more likely to be energetic during early adulthood.
Therefore, more strategies aiming to increase physical activ-
ity during adolescence are needed among individuals with
CP.

Finally, J. Wyszyńska et al. compared physical activity
level and screen time between children and adolescents
with intellectual disability (ID) and their peers without
ID, while also investigating the prevalence of hyperten-
sion (HPT) among the ID population. The ID and non-
ID groups included 568 participants aged 7 to 18 years,
respectively. The findings demonstrated that physical activity
level among children with ID were 4 times lower than
their non-ID peers. Of note, children with ID were more
likely to develop HPT, and screen time seemed to be an
important predictor of HPT among children and adoles-
cents. More intervention strategies are warranted to pro-
mote physical activity and reduce screen time among this
population.

Overall, the 13 studies enclosed in this special issue feature
experimental research and descriptive research for design
(e.g., correlational, survey, and developmental research). It
is noteworthy that all studies reported very positive findings
of the health benefits of physical activity in various pediatric
populations, in both healthy individuals and those with
disabilities. These studies advance the current knowledge in
this area. We hope that these articles will be perceived as
scholarly engaging and intellectually provocative. We also
hope that more studies with innovative approaches and
advanced techniques [8, 9] to continue addressing this impor-
tant research area and promote physically active lifestyles
in children and adolescents. We firmly believe that the
goal of this special issue is achieved if these hopes become
reality.
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Purpose. This study examined the effects of 4-week, daily 6-minute coordinated-bilateral physical activity (CBPA) breaks in
classroomon attention and concentration in school-aged children.Methods.Participants (n=116) in fifth grade from two elementary
schools were assigned to three groups: two intervention groups (n= 60) and one control group (n = 56). All three groups were pre-
and post-tested with the d2 Test of Attention (d2 test). One intervention group (n = 31) took part in six minutes of daily classroom-
based coordinated-bilateral physical activity (CBPA) break for four weeks. Another intervention group (n = 29), the Fitbit Only
(Fitbit-O), wore Fitbits per day during a school, five days per week for four weeks without CBPA breaks. A 2 × 3 ANOVA was
conducted, followed by the post hoc comparisons. Results.TheCBPA showed significant increases in processing speed (𝐹

1
= 6.876,

p= .010), focused attention (𝐹
1
= 10.688, p= .002), concentration performance (𝐹

1
= 26.46, p= .000), and attention span (𝐹

1
= 14.090,

p = .000) over the control, but not in accuracy (Error %).TheCBPA showed significant improvement in concentration performance
(𝐹

1
= 24.162, p = .000) and attention span (𝐹

1
= 6.891, p = .011), compared to the Fitbit-O. No significant changes in all five attention

parameters were found between the Fitbit-O and the control. Conclusion. It was concluded that daily brief coordinated-bilateral
activities can improve attention and concentration in fifth-grade students over the course of four weeks.

1. Introduction

Studies have shown that physical activity (PA) is positively
associated with academic performance [1–11]. Individuals are
more likely to have better mental focus and concentration
when engaging in structured physical activity [11–18]. How-
ever, children are sitting in the classroom for most of a school
day [1–3]. A prolonged sedentary behavior not only does
reduce children’s attention to instructional tasks and their
sustained focus on the task engagement, but also prevents
children from meeting a recommended daily amount of
moderate-to-vigorous physical activity (MVPA) [11–20]. To
address the critical concerns, classroom-based PA breaks
have been increasingly used as an effective intervention strat-
egy to improve students’ academic achievement, academic
behaviors, and executive functions [11–20].

Ahandful studies have examined the impact of classroom-
based PA breaks on attention and concentration quantita-
tively and qualitatively [3, 19–28]. The studies have shown
that the classroom-based PA can improve children’s attention
and concentration [19–24]. In a study of implementing daily
10-minute physically active academic lessons (Energizers) to
62 third- and four-grade students for 12 weeks, Mahar et
al. [23] found significant increases in on-task behaviors (i.e.,
appropriate verbal or motor behaviors) from pre-Energizers
treatment to post-Energizers treatment. Additionally, stu-
dents in the energizer group took a significantly higher
number of steps than the control group by the end of each
day [23]. Similarly, in a study of implementing a daily 10-
15 minutes physically active lesson (Texas I-CAN) to third-
grade students, researchers observed each student’s time-on-
task (TOT) within 15-minute before and after the physically
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active lesson and the inactive lesson (control) for 16-22 times
[24]. The study found that the students’ TOT was increased
slightly from before to after the active lesson, while the
students’ TOTwas decreased significantly frombefore to after
the inactive lesson.

Although classroom-based PA studies have documented
a willingness of teachers to use physically active lessons,
some barriers such as added training, extra preparation
time, and additional demanding on knowledge base for
implementing physically active lessonsmay lead to difficulties
for scalable and sustainable implementation [3, 22, 25]. To
reduce additional workload for the teacher to implement the
classroom-based PA breaks, Howie et al. [26] examined how
long the classroom PA breaks should last using a four-tiered
approach of 10-minute sedentary breaks versus 5, 10, and 20
minutes of classroom-basedPAbreaks.They found that all PA
breaks showed statistically significant improvements in time-
on-task (TOT) with the most pronounced effect occurring
with the 10-minute PA breaks compared to the sedentary
break. Further, Ma et al. [27] found that four minutes of in-
class high-intensity PA breaks increased selective attention
and reduced errors assessed with d2 Test of Attention in 9-
to 11-year old children.

More recently, researchers have examined the effects of
coordinated-bilateral exercises on attention and concentra-
tion in school-aged children [2, 28]. Coordinated-bilateral
exercises are specifically designed to use both sides of
the body and more body parts simultaneously to perform
bilateral movements while crossing the midline of the body
[2, 28]. Coordinated-bilateral movements engage both hemi-
spheres of the brain andmay facilitate cognitive development
of cerebellum and prefrontal cortex [29, 30]. Budde et al.
[2] found that the coordinated-bilateral exercise in physical
education (PE) lessons led to significant improvements in
children’s attention assessed with d2 Test of Attention. Sim-
ilarly, Schmidt et al. [28] examined 90 fifth-grade students’
attention performance tested with the revised version of the
d2 Test of Attention (d2-R) before, immediately after, and
90 minutes after an acute bout of coordinative exercise in
PE. They found that the coordinated exercise significantly
increased children’s attentional performance 90 min. after
cessation, but not immediate. Furthermore, in a systematic
review of PA interventions, Van der Fels et al. [31] suggest
that the short burst of fine and gross motor coordinated-
bilateral PA can improve attention, processing speed, and
focus [31]. However, the previous studies have limited to
examining one time effects of coordinated-bilateral exercise
on attention and concentration, the key component of exec-
utive functions. Therefore, this study aimed at examining
the effect of 4-week, daily 6-minute coordinated-bilateral
physical activity (CBPA) breaks after 20 minutes of sedentary
on attention and concentration in school-aged children. This
study hypothesized that students in the CBPA breaks would
show a greater increase in their attentional performance
measured with the d2 Test of Attention compared to the
comparison groups. The significance of this study was that
the intervention was designed for the classroom teachers to
instantly engage all students in CBPA breaks without any
additional preparation by showing 6-minute CBPA videos.

Therefore, the study intervention strategy would be feasible
and scalable for classroom teachers to implement.

2. Methods

2.1. Design. This study used a quasi experimental design to
assign one elementary school to the intervention school and
another to the control school. In the intervention school,
one fifth-grade class was assigned to the CBPA group (n=31,
17 boys versus 14 girls), and another fifth-grade class was
assigned to Fitbit Only (Fitbit-O) group (n=29, 19 boys versus
10 girls). In the control school, two fifth-grade classes were
assigned to the comparison group (n=56, 21 boys versus 35
girls). This study was conducted over the course of seven
weeks. The first week was used for recruitment. The students
took the d2 Test of Attention at baseline during the second
week and took the test again immediately after the 4-week
intervention during the seventh week.

2.2. Participants. Approval was obtained from the University
Institutional Review Board- (IRB-) Health Sciences and
Behavioral Sciences (HSBS) (HUM00102732). The signed
consent forms were obtained from the parent/guardian of
116 students who were recruited from four, fifth-grade classes
at two elementary schools. Also, written assent forms were
gathered from the students prior to pre- and post-testing.
Two elementary schools with a racially and socioeconomi-
cally diverse student population were selected based on their
fiscal and racial similarities and their voluntary participation
in this study. 43% of students in the intervention school and
37% of students in the control school received free or reduced
lunch. In the intervention school, 60% of the participants
self-identified a race other than white, with 30% African
American. At the comparison school, 48% self-identified a
race other than white, with 19% African American.

2.3. Treatments

Fitbits. Students in the CBPA and the Fitbit-O groups were
given Fitbits Charger HR to wear from Monday morning
(as they arrived at the classroom) until Friday afternoon,
whereupon they put the Fitbits in the charging station before
they left for the weekend for four weeks, except in cases
when they might get wet. Students were able to check their
own steps taken, real time heart rate, distances traveled,
and calorie burned on the Fitbit. Students were encouraged
to keep track of their own information and to set goals
for themselves, while teachers were given reports of the
classroom average steps and activityminutes eachMonday by
the investigator. In contrast, the students in the control group
wore plastic wristband for four weeks.

Coordinated-Bilateral Physical Activity (CBPA). Students
in the CBPA group participated in 6-minute repetitive
coordinated-bilateral motor movements while following 6-
minute video instructor’s CBPA once a day after they had
been sitting for 20 minutes of a class instruction for five
days per week, over four weeks. The CBPA videos were
deliberately designed to emphasize coordinated exercises
which use bilateral body movements and to be progressive
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in difficulty and speed [32]. The CBPA videos started slowly
and rhythmically during the first week and were gradually
done faster andmore complicated in weeks of 2 and 3. During
the week 4, the levels of difficulty and speed were further
increased. Motor movements were rhythmically repeated
eight, four, and two first in unison and then in opposite
directions. Examples of motor movements were making
figure eights by simultaneously pairing arm movements
in the same direction, by changing the direction, and by
having the arms go in opposite directions. Then, motor skills
utilized the entire body. Children went from a split to a
squat stance, first in unison then in opposite directions, so
the video instructor jumped sideways, and the participants
were encouraged to squat. The teacher reported missing 3
days of CBPA. The Quick Time videos were labeled Day 1
through Day 20. The control group was not asked to make
any changes to their normal school day beyond taking the
additional pre- and post-d2 Tests administered to all three
groups.

Comparison Group. The students in the comparison group
followed their school scheduled academic instruction peri-
ods. In other words, the comparison group was not asked to
make any changes to their normal school day beyond taking
the additional pre- and post-d2Tests ofAttention,whichwere
administered in all three groups at pre- and post-test data
collection.

2.4. Data Collection. On October 21 students in the Fitbit-
O and CBPA group and on October 26 students in the
comparison group began the pre-test. Prior to the pre-test,
the first author explained and showed how to take the
d2 Test based on the standardized testing directions and
then asked the student to practice the two lines of the test
provided on the standardized test directions to ensure that
all students understand the testing procedures. Once the
students completed the d2 Test of Attention, students in the
two intervention groups were given their Fitbits and were
encouraged to wear them Monday through Friday for four
weeks. On November 17 students in the Fitbit-O and CBPA
group and on November 26 the students in the comparison
group took the post-test while following the same testing
procedures as the pre-test as well.

D2 Test of Attention. Prior to the beginning of this study,
teachers were consulted about what they would like to see
their students being tested. Teachers noted that minimizing
the amount of time spent on testing and showing gains
in attention and concentration are important factors to
be considered. Accordingly, the d2 Test of Attention was
chosen. It is easy for students to understand how to take
the test given the standardized directions for the test. Also,
students will take 4.67 minutes to complete the test. The
d2 Test is a cancellation test that measures neuropsychology
performance of the students in the areas of sustained and
selective attention as well as concentration.The d2 Test allows
participants 20 seconds per line to selectively identify the
letter “d” with two dashes, either above, below, or one dash
on top and one on the bottom.Distractors come in two forms,

more or less dashes above or below the “d” and the letter “p”
[33].

⋅⋅ ⋅

d d d
⋅⋅ ⋅

(1)

The d2 Test offers five main outcomes (parameters): (a)
the total number of items processed (TN) (i.e., processing
speed); (b) the total number of symbols processed minus
the total number of errors (TN-E) (i.e., focused attention);
(c) the total number of correct responses minus commission
errors (CP) (i.e., concentration performance); it measures the
ability to attend to stimuli while disregarding other irrelevant
tasks; (d) the percentage of all errors (E%), in which omission
and commission are made within all items processed (i.e.,
accuracy); and (e) fluctuation rate (FR): it is determined
by subtracting the line with the lowest number of symbols
process from the line with the highest number of symbols
process (i.e., sustained attention) [33]. The d2 Test had high
test-retest reliability coefficients for all parameters, ranging
from .95 to .98 [33]. The d2 Test has been proven to be
an internally valid measure of scanning accuracy, speed,
discriminant validity, and fluctuation across trials [34].

2.5. Data Analysis. TN, TN-E, CP, E%, and FR were used
as parameters of attention and concentration performance
for data analysis of the d2 Test based upon the guide-
lines set by Brickenkamp et al. [33]. Descriptive statistics
of TN, TN-E, CP, E%, and FR at pre-test and post-test
were conducted for each group. A 2×3 analysis of variance
(ANOVA) was conducted with the time (pre-test versus post-
test) as a within-subjects factor and treatment conditions
(CBPA, Fitbit-O, and control) as a between-subjects factor.
The repeated measure ANOVAs were conducted separately
for the TN, TN-E, CP, E%, and FR. Subsequently, a post hoc
comparison was performed to examine the mean difference
in each dependent variable between groups (i.e., CBPA-Bs
versus Fitbit-O; CBPA-Bs versus control; and Fitbit-O versus
control) from pre- to post-test. All statistical analyses were
conducted with IBM SPSS version 24 and a significant level
of p < .05 was set.

3. Results

3.1. Preliminary Analysis. Table 1 presents the descriptive
statistics of pre- and post-test in d2 Test of Attention among
the three groups. At pre-test, the control group’s mean scores
in processing speed (TN), focused attention (TN-E), and
concentration performance (CP) were higher than the two
intervention groups. The higher numbers of TN, TN-E, and
CP indicate the better performance in attention and concen-
tration.The control group’s mean score in accuracy (E%) was
similar to theCBPA’smean score and lower than the Fitbit-O’s
mean score.The control group’s mean score in attention span
(FR) was similar to the Fitbit-O’s mean score and lower than
the CBPA group’s mean score. The lower scores in E% and
FR represent the better accuracy and attention span. Further,
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Table 1: Descriptive statistics of pre- and posttest among CBPA, Fitbit-O, and control groups.

Pretest
M ± SD

Posttest
M ± SD

CBPA (n=31)
Processing Speed (TN) 271.68±38.99 362.65±76.27
Focused Attention (TN-E) 250.84±41.81 353.03±77.16
Concentration Performance (CP) 93.65±26.57 138.68±29.68
Accuracy (Error %) 7.15±7.72 2.74±3.55
Attention Span (FR) 17.32±7.02 14.39±7.19

Fitbit-O (n=28)
Processing Speed (TN) 278.79±49.46 357.14±73.36
Focused Attention (TN-E) 257.29±48.28 336.86±67.66
Concentration Performance (CP) 94.11±25.23 109.93±33.95
Accuracy (Error %) 8.96±9.06 6.47±9.24
Attention Span (FR) 14.86±5.82 18.90±9.89

Control (n=55)
Processing Speed (TN) 317.7±66.37 374.18±82.18
Focused Attention (TN-E) 293.02±61.67 350.55±82.83
Concentration Performance (CP) 112.58±34.04 133.00±34.95
Accuracy (Error %) 7.19±10.01 4.34±7.83
Attention Span (FR) 14.77±7.27 17.87±8.54

Table 2: Results of the repeated measure ANOVA.

Dependent Variables Factors F df P 𝜂2

Processing Speed (TN) Time 140.52 1 .000 .561
Time ∗ Treatment 3.372 2 .038 .058

Focused Attention (TN-E) Time 193.44 1 .000 .637
Time ∗ Treatment 4.37 2 .015 .074

Concentration Performance (CP) Time 160.14 1 .000 .593
Time ∗ Treatment 13.53 2 .000 .197

Accuracy (Error %) Time 21.35 1 .000 .163
Time ∗ Treatment .194 2 .824 .004

Attention Span (FR) Time 2.71 1 .102 024
Time ∗ Treatment 8.04 2 .001 .024

regarding the pre-test, independent sample t-tests revealed
no significant mean differences between CBPA and Fitbit-
O groups in TN, TN-E, CP, E%, and FR. Similarly, there is
no significant mean difference in E% and FR between CBPA
group and the control group.However, the t-tests showed that
the control group exhibited significantly higher scores in TN,
TN-E, and CP than the CBPA group (t = 4.058, p = .000; t =
3.571, p = .001; t = 2.944, p = .002).

Regarding the changes from pre- to post-test scores for
each group, all three groups showed improvement in mean
scores of TN, TN-E, CP, and E% compared to the pre-test.
The CBPA group’s mean score in FR decreased from the pre-
test, while both Fitbit-O group’s and the control group’s mean
score of FR increased compared to the pre-test. Across the
three groups, the CBPA group’s mean scores in TN-E and CP
were higher and mean score in E% was lower than the two
groups; the control group’s mean scores in TN-E and CPwere

higher and mean score in E% was lower than the Fitbit-O
group. However, the CBPA group’s mean scores in TN and
FR were lower than the control group, but higher than the
Fitbit-O group.

3.2. Results of Repeated Measure ANOVA. Table 2 illustrates
the results of the repeated measure ANOVA. The results
showed significant main effect of time in processing speed
(TN) (𝐹

1
= 140.52, p= .000, 𝜂2=0.561), focused attention (TN-

E) (𝐹
1
= 193.44, p = .000, 𝜂2= 0.637), concentration perfor-

mance (CP) (𝐹
1
= 160.14, p = .000, 𝜂2= 0.593), and accuracy

(E%) (𝐹
1
= 21.35, p = .000, 𝜂2= 0.163), but not in FR.The three

groups showed significant improvement in processing speed,
focused attention, concentration performance, and accuracy
from pre- to post-test.

Further, as presented in Table 2, the repeated measure
ANOVA revealed a significant interaction between time ×
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Table 3: Results of post hoc comparisons between groups in five dependent variables.

Dependent Variables Between Groups F df P
Processing Speed (TN) CBPA vs. Fitbit-O .925 1 .340

CBPA vs. Control 6.876 1 .010
Fitbit-O vs. Control 1.842 1 .178

Focused Attention (TN-E) CBPA vs. Fitbit-O 1.73 1 .194
CBPA vs. Control 10.688 1 .002
Fitbit-O vs. Control 1.874 1 .175

Concentration performance (CP) CBPA vs. Fitbit-O 24.162 1 .000
CBPA vs. Control 26.454 1 .000
Fitbit-O vs. Control .001 1 .976

Accuracy (Error %) CBPA vs. Fitbit-O .538 1 .466
CBPA vs. Control .297 1 .587
Fitbit-O vs. Control .001 1 .976

Attention Span (FR) CBPA vs. Fitbit-O 6.891 1 .011
CBPA vs. Control 14.090 1 .000
Fitbit-O vs. Control 0.568 1 .453

treatment in processing speed (TN) (𝐹
2
= 3.372, p = .038,

𝜂2= 0.058), focused attention (TN-E) (𝐹
2
= 4.37, p = .015,

𝜂2= 0.074), concentration performance (CP) (𝐹
2
= 13.53,

𝑝 = .000, 𝜂2 = 0.197), and attention span (FR) (𝐹
2
=

8.04, p = .001, 𝜂2= 0.128 ), but not in accuracy (E%). The
results indicated that significant changes in processing speed,
focused attention, concentration performance, and attention
span were associated with within subject factors (from pre-
to post-test) and between subject factors (three groups), but
not related to accuracy.

3.3. Results of Post Hoc Comparisons. Table 3 shows the post
hoc comparisons between two groups from pre- to post-test.
The results indicated that there were significant differences
in concentration performance (CP) (𝐹

1
= 24.162, p = .000)

and attention span (FR) (𝐹
1
= 6.891, p = .011) between the

CBPA and the Fitbit-O group from pre- to post-test, but
not in TN, TN-E, and E%. This means that students in
the CBPA were better able to concentrate and sustain their
attention after the intervention compared to Fitbit-O group.
Further, significant changes between the CBPA group and
the control group were found in processing speed (TN) (𝐹

1

= 6.876, p = .010), focused attention (TN-E) (𝐹
1
= 10.688, p

= .002), concentration performance (CP) (𝐹
1
= 26.46, p =

.000), and attention span (FR) (𝐹
1
= 14.090, p = .000), but

not in accuracy (E%). The results indicated that students in
the CBPA significantly increased their scores in TN, TN-E,
CP, and FR over the control group. In contrast, no significant
changes in all five parameters were found between the Fitbit-
O and the control groups.

4. Discussion

This study was central to examining whether students who
participated in coordinated-bilateral PA breaks showed a
greater increase from pre- to post-test in attention and
concentration than students in the Fitbit-O and the control

groups. In line with the results of previous studies [2, 28],
the students in the CBPA group demonstrated a significantly
greater increase from pre- to post-test on the d2 Test than
the students in the Fitbit-O and the control groups. Largely
supporting the hypothesis, the results indicated that the 4-
week, daily 6-minute coordinated-bilateral PA breaks in a
classroom significantly improved children’s processing speed
(TN), focused attention (TN-E), concentration performance
(CP), and attention span (FR), compared to the Fitbit-O and
the control groups.

The CBPA was designed to facilitate the exchange of
information between the cerebellum and prefrontal cortex
by focusing on the movement sequences [29, 30]. The CBPA
was accomplished by using timed sequences, repetitive pat-
terned movements, and contralateral movements to engage
both hemispheres of the brain [28]. Further, the present
results supported that “motor development and cognitive
development may be fundamentally related” [29] (p.44).This
study supported the notion that highly focused, coordinated-
bilateral activities in short increments improved attention
and concentration through motor development without the
need to add an academic component [2, 29–31]. The CBPA
was found to be a feasible alternative to academic lessons,
while still providing a PA break for the classroom.

The uniqueness of this study was that the 4-week, daily
6-minute CBPA breaks showed pronounced improvement in
processing speed (TN), focused attention (TN-E), concen-
tration performance (CP), and attention span (FR). Previous
studies examined the acute effect of a single bout of aerobic
coordinated movement on attention assessed with d2 Test
[2, 15, 28]. Budde et al. [2] found significant improvements in
processing speed (TN), focused attention (TN-E), and accu-
racy (E%). But, they did not found improvement in concen-
tration performance (CP) and attention span (FR). Schmidt
et al. [28] reported significant increases in processing speed
(TN), accuracy (E%), and concentration performance (CP),
but not in focused attention (TN-E) and attention span
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(FR). This study indicated that the addition of short CBPA
breaks into the classroom routine helped children sustain and
sharpen their attention. By helping children find a way to
better attend to their learning, schools may be able to reduce
further problems of self-control and thus improve academic
outcomes for all students [2, 28, 31].

Also, it is important to note that there were significant
differences in concentration performance (CP) and attention
span (FR) between the CBPA and Fitbit-O group, but no sig-
nificant differences in the five parameters between the Fitbit-
O and the control group. This adds merit to the idea that
adding highly focused, coordinated-bilateral activities to the
school day can bring about positive changes in concentration
and sustained attention, but the non-focused PA may not.
However, the results did reveal that the non-focused PA may
potentially affect a student’s processing speed (TN), focused
attention (TN-E), and accuracy (E%). Supporting the result,
Schmidt et al. [28] found the most significant improvement
in attention and concentration came from students’ engaging
in highly aerobic activities. Similarly, Gallotta et al. [15]
found improvements in attention and concentration with
aerobic activity and any type of breaks, compared no breaks.
Future studies may consider adding both highly focused,
sequentially coordinated exercises and aerobic activities to
academic lessons to see if there is a significant difference
between these strategies.

This study highlights three reasons why using the CBPA
strategies is a feasible option for classrooms. First, they do not
require additional space. Unlike many of the other studies,
this study did not use the gym, playground, or hallways.
Instead, children were able to stand next to their desks
to complete the activities. Secondly, no additional teachers’
training in CBPA breaks or researchers were needed to
facilitate the CBPA breaks. In contrast, other classroom-
based PA breaks are required in-service training for the
teachers [22, 23]. Finally, the interruption to the child’s
academic learning was minimal, only six minutes. In short,
students who participated in the 4-week, daily 6-minute
CBPA breaks without any additional academic component
showed improvements in attention and concentration.

It is important to note that this study has four limitations.
The first limitation was related to potential confounders (e.g.,
IQ and SES) that may influence the children’s attentional
performance. Although this study did not directly collect
the information from the students, the participating students
who enrolled in the two participating schools came from
ethnic and racial diverse and low-income neighborhood.The
second limitation is that the study was conducted in schools
whichmade it difficult to do the randomassignment.Weused
available schools as the participating schools (convenient
samples) and assigned the schools to either the experimental
or the control condition based on their preference. This may
account for the higher baseline d2 scores found in the control
school.The third limitation of the studywhich is related to the
students’ use of the Fitbit Challenge may also have impacted
the outcomes for the d2 test, in addition to engaging in the 4-
week, daily 6-minute CBPA breaks. However, the differences
between the two intervention groups suggested that the Fitbit
itself did not significantly alter the results. The likely increase

in PA which was brought about by the Fitbit Challenge
may account for the differences on the d2 Test between the
CBPA group and the Fitbit-O group and the control group.
Additionally, both intervention groups were meant to take
part in the Fitbit Challenge, but the teacher from the Fitbit-
O group opted out of this part of the study. Therefore, the
impact of the coordinated-bilateral activities cannot be said
to be solely responsible for the differences in the d2 Test. The
last limitation was associated with no emphasis placed on
increasing aerobic activity in this intervention. So, there was
no direct comparison which could be made between aerobic
and coordinated-bilateral activities. Future studies may add
aerobic-typed PA to the coordinated-bilateral activities for
running the classroom-based PA breaks.

It was concluded that students who participated in
4-week, daily 6-minute CBPA breaks showed significant
improvements in processing speed (TN), focused attention
(TN-E), concentration performance (CP), and attention span
(FR), compared to the control group. The unique result
was that the 4-week, daily highly focused, coordinated-
bilateral activities showed the significant intervention effects
on improving concentration performance and attention span,
especially compared to the students who merely focused on
increasing their PA levels. This study suggests that engag-
ing students in daily, highly focused, coordinated-bilateral
activities is an effective strategy to improve attention and
concentration in school-aged children.
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There have been calls to test the potential benefits of different forms of physical activity (PA) to executive function, particularly in
authentic settings. Hence, the purpose of this study was to investigate the effect of an acute dance session within an existing physical
education class on students’ selective attention. The study employed a pre/posttest quasi-experimental design with a comparison
group in one Aotearoa, New Zealand, primary school. Participants were 192 students (comparison group = 104 students) in Years
5 and 6. The intervention group participated in a dance-based physical education lesson while the comparison group continued
their regular classroom work. PA during the physical education lesson was monitored using accelerometers. Selective attention
was assessed at pretest and after the comparison/physical education sessions with the d2 Test of Attention. 2 × 2 ANOVA results
suggested a significant time effect for all threemeasures, no significant group effects for anymeasures, and significant time by group
interactions for TN and CP but not for 𝐸%. The intervention group improved significantly more than the comparison group for
TN and CP.This study’s findings suggest that existing school opportunities focused on cognitively engaging PA, such as dance, can
improve aspects of students’ selective attention.

1. Introduction

Beyond the well-established health benefits of physical activ-
ity (PA) engagement for children and adolescents (e.g., [1]), in
the last decade there has been an increased emphasis placed
on exploring the relationship between PA and learning-
related outcomes in the specific population. Indeed, several
review studies suggest that acute bouts of PA can positively
influence children’s cognitive and academic performance [2–
4]. For example, during the 2016 Copenhagen Consensus
Conference, a group of researchers from various countries
concluded that “a single session of moderate PA has an acute
benefit to brain function, cognition, and scholastic perfor-
mance in children and youth” [2, p. 1]. Equally significant
is the conclusion by many studies that time invested in PA
at school does not negatively impact children and youth’s
academic performance [2, 4].

An aspect of cognitive functioning that has received
considerable attention in this area is that of executive func-
tioning (e.g., [5–7]). Executive functioning, which is often
also called executive or cognitive control, involves cognitive
processes responsible for organizing and controlling goal-
directed behavior, which are thought to be essential for
success in school and life in general. Relevant literature
suggests the existence of three core executive functions [5,
6, 8]: (a) working memory, also called updating (holding
information in mind and updating existing information
with newer, more relevant information), (b) inhibition or
inhibitory control (ability to control attention, behavior,
etc. and focus on a given/appropriate task by overriding
or resisting internal or external impulses, temptations, or
distractor interference), and (c) cognitive flexibility, also
called shifting (moving between tasks or adjusting to changed
demands, circumstances, or priorities). Executive function
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processes have been examined relative to different types of
PA interventions, both acute and chronic, in various child
populations [5, 7, 9–11].

Several studies in the body of literature examining PA
and executive functions focused in particular on the effects
of acute bouts of PA on various aspects of inhibition or
inhibitory control, including various types of attention, with
promising results [11]. These studies employed interventions
in various settings, including the classroom/school (e.g., [12–
14]) and the laboratory (e.g., [15]). They also investigated
the effect of various PA characteristics, including duration,
intensity, and type of PA. Increasingly, however, there is more
emphasis placed on the qualitative characteristics of PA that
might influence children’s cognitive functioning [16, 17] and
there have been calls to test the potential benefits of different
forms of PA on executive function [16].

Studies that have examined the impact of qualitatively
different types of PA generated mixed findings. For instance,
some studies reported improvements in attention following
acute bouts of aerobic PA with no particular cognitive
demands (e.g., [12, 18, 19]). The findings of other studies in
children and adolescents suggest that cognitive demanding
PA is more beneficial for attentional performance [13, 20, 21],
although similar studies in this area reported no performance
differences with tasks of differing cognitive demands [22].
Despite these mixed findings, there is consensus among
scholars in the field that cognitive or mental engagement
during PA [13, 17] or “moving with thought” [16], which
can be defined as behavior requiring high cognitive effort
or challenge, is a qualitative characteristic that needs to be
further explored in future relevant studies.

This study aimed to address the need for further research
into the qualitative characteristics of PA that might influence
children’s cognitive functioning [16, 17] and calls to test the
potential benefits of different forms of cognitively engaging
PA, such as dance, for executive function [16]. Further, this
study aimed to respond to calls for more relevant research
in authentic real-world settings [22], as the majority of
studies that have examined the impact of acute bouts of
PA on executive functioning of children and youth focused
on interventions rather than authentic, regularly scheduled
PA sessions already taking place in schools, thus lacking
ecological validity. As such, the purpose of this study was
to investigate the effect of an existing acute session of dance
activities within a physical education class on students’ selec-
tive attention. Selective attention, the ability to “select and
focus on particular input for further processing, while simul-
taneously suppressing irrelevant or distracting information”
[23, p. 30], is a component of inhibition or inhibitory control,
one of the three core executive functions. This cognitive
process is important to be explored in school settings as it
positively contributes to learning and academic performance
[23]. The hypothesis for this study was that the selective
attention of students participating in an acute session of
dance activity within a physical education class would be
significantly improved compared to the performance of a
comparison group.

2. Method

2.1. Participants and Context. Two hundred and twenty
students initially returned parental permission forms to par-
ticipate in the project. After teachers were randomly assigned
to conditions, there were 109 students in the comparison
group and 111 students in the intervention group. Fourteen
students were absent at either pretest or posttest, and 14 were
excluded for low participation levels in physical education.
Thus, the final sample included 192 students, 104 students in
the comparison group and 88 students in the intervention
group (girls = 97, boys = 95; Year 5 = 92 students, Year 6 =
100 students). Participating students were recruited from six
Year 5 and Year 6 classes (equivalent to Grades 4 and 5 in the
US) in one primary school (elementary school) in Aotearoa,
NewZealand (NZ), that primarily serves high socioeconomic
status families. Students ranged from age 8 to age 11 (𝑀 = 9.5
years, SD = .54). At the time of the study, the school had a
total enrolment of 645 students with 56% NZ European, 25%
Chinese, 11% Indian, and 8%Maori ethnicities.

The eight teachers involved in this study were generalist
classroom teachers (six female; two male). One teacher
was from Vietnam and the other seven teachers were NZ
European. Participating teachers had five to 17 years of
teaching experience (𝑀 = 11.05 years; SD = 7.41). These
generalist classroom teachers were responsible for teaching
eight different subject learning areas, including physical
education, which is typical in the NZ elementary school
system. To gain teacher registration as a generalist teacher,
these teachers had only been required to take one physical
education course (18 contact hours) during their teacher
preparation.

Several PA opportunities were available at the primary
school where the study took place. These opportunities
included a 20-minutemorning break (i.e., “morning tea”) and
a 60-minute lunch break, as well as two 45-minute physical
education lessons per week. Most of the students walked
to school as active commuting is common in NZ school
communities.

2.2. Research Design. This study employed a pre/posttest
quasi-experimental design with a comparison group. Eight
Year 5 andYear 6 classroomswere randomly assigned into the
comparison and intervention groups (using a random num-
ber selector in SPSS). The intervention group participated
in a physical education lesson while the comparison group
engaged in regular classroom work (the two conditions are
described in more detail below). The dependent variable was
selective attentionmeasured through the d2 Test of Attention
[24, 25]. PA levels during the physical education lesson were
measured using the New Lifestyles NL-1000 accelerometer.
Accelerometer training, d2 Test training, pretest data collec-
tion, intervention, and posttest data collection took place over
two weeks at the school.

2.3. Conditions. The intervention used in this study involved
participating in a 45-minute physical education lesson offered
at the school as part of students’ regular schedule. The
physical education lesson was facilitated by each classroom
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Figure 1: Year six students leading a JUMP JAM physical education lesson.

teacher and was based on a popular program in NZ called
JUMP JAM (http://www.JUMPJAM.co.nz). JUMP JAM is an
aerobic program that combines dance and fitness and was
developed for students at the primary and intermediate levels
(i.e., elementary and middle school). It includes a number of
routines designed to challenge fundamental movement skills,
increase fitness, develop student leadership, and motivate
students to move and enjoy exercise using contemporary
music andmovements. During the physical education lesson,
a JUMP JAM video was used or live students led a prescribed
JUMP JAM routine that was selected by the students.

While the intervention group participated in the physical
education lesson, the comparison group continued their
regular morning school work in the classroom. This was
nonactive and consisted of reading and/or writing tasks.

2.4. Protocol. Prior to commencement of this study, the
study was approved by the Institutional Review Board of the
University of Auckland and the principal of the participating
school. Following school approval, the teachers and students
of the six Year 5 and 6 classes were invited to participate in
the study. Prior to data collection, teachers provided their
consent, and parental consent and student assent forms were
also obtained.

Prior to data collection, participants practiced wearing
the accelerometers and completing the d2 Test of Attention.
Practicing with the d2 Test of Attention involved research
team members explaining the test to the participants, com-
pleting a few lines, and providing time for questions. Sub-
sequently, all participating classes participated in the pretest
of the d2 Test of Attention. This took place over several days
following morning recess (20 minutes) and morning lessons
(120 minutes). Morning recess included having students eat
their snack and then either read, play outside, or chat with
friends. There was minimal to no activity during lessons in
the classroom as students were setting at their desk listening
to their teacher or engaged in personal or small group work.

On posttest days, both groups of students (intervention
and comparison) had a morning recess of 20 minutes early
in the day and then morning lessons in the classroom (120
minutes). Intervention group participants followed these
activities with the 45-minute physical education lesson while
wearing an accelerometer to measure their level of PA (see
Figure 1). Students put their accelerometers on right before

the physical education lesson began. At the initiation of
the 45-minute class, students walked to the activity area (5
minutes), engaged into the JUMP JAM activities for their
lesson (35 minutes), then walked back to their classrooms
(5 minutes), put their accelerometer on the counter, and
returned to their seats. Thus, students walked for 10 minutes
and participated in JUMP JAM activities for 35 minutes
of their 45-minute physical education lesson. During the
same time, students in the comparison group continued their
regular, nonactive classroom work.

The posttest of the d2 Test of Attention was given to
students in the intervention group immediately following
their physical education lesson. Students in the comparison
group completed the posttest of the d2 Test of Attention at
approximately the same time (within a 15-minute timespan)
since five of the research team members (all present every
day) first gave the test to students in the intervention group
in their classrooms and then gave it to students in the
comparison group in their classrooms.

The administration of the d2 Test of Attention followed
the exact protocol from the test administration guidelines
[24]. The instructions from the manual were typed out and
read by a research teammember every time the test was given.

3. Measures and Instruments

3.1. Selective Attention. The d2 Test of Attention assesses
an individual’s ability to focus on a single stimulus, while
simultaneously suppressing knowledge of competing dis-
tractors. The cognitive procedure of selective attention is
needed to successfully complete the test. The specific test is
a cancellation test completed with paper and a pencil. The
test is comprised of 14 lines of randomly mixed “d” or “p”
letters (47 letters in each line). Participants are asked to cross
off the letter “d” across each line but only when there is a pair
of dashes either above or below the “d” or individually above
and below the “d,” while suppressing competing distractions
(e.g., “p” and “d” with one, three, or four dashes). During
the administration of the test, an acoustic signal is used for
participants to move onto the next line after 20 seconds. The
entire test is completed in 4 minutes and 40 seconds.

According to recommendations by test developers [24],
three measures were calculated and used as indicators of
selective attention in this study. The first measure is the total

http://www.JUMPJAM.co.nz
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number of items processed (TN), a quantitative measure of
processing speed, which is calculated as the sum of the total
number of items processed across the test (14 lines). The
final letter crossed out on each line (whether correct or not
correct) is considered the final item processed in the specific
line. The second measure is the percentage of errors (𝐸%),
a qualitative measure of accuracy and carefulness, which is
calculated as the ratio of the number of errors to the total
number of items processed.The total number of errors (TE) is
calculated by summing up errors of omission (d2 target items
processed but not crossed out) and errors of commission
(distractor items that were processed and crossed out). The
third measure is concentration performance (CP), which is
the number of correctly crossed out relevant items minus the
errors of commission. While TN-TE is another indicator of
overall performance (in addition to CP), Brickenkamp [24]
recommends usingCP as it provides an “excellent index of the
coordination of speed and accuracy of performance,” which,
in contrast to TN-TE, “cannot be distorted by such tendencies
as the haphazard skipping-over of sections of the test lines, or
the crossing out of all letters without discriminating among
them” (p. 11). Further, we did not use fluctuation rate (i.e., the
difference of the line/lines with the maximum and minimum
number of items processed) because it is one of the less
reliable measures of the test [24].

Test developers [24] have reported that performance on
the d2 Test of Attention is not correlated with an individual’s
IQ. Rather, it provides information about the speed at which
an individual performs visual perception as well as their
concentration capacities. Available data indicate that the test
has good psychological and construct validity as well as high
internal consistency reliability across parameters [24].

3.2. Physical Activity. PA during physical education classes in
this study was monitored using the New Lifestyles NL-1000
accelerometer. This instrument uses a sampling interval of
4 seconds (i.e., detects the maximum acceleration over each
4-second epoch), which is suitable considering children’s
sporadic PApatterns. Subsequently, each epoch is categorized
into 1 of 11 intensity levels. In this study,moderate-to-vigorous
PA was calculated using the 4–9 intensity range, which based
on previous research corresponds to an estimated 3.6 MET
threshold for moderate intensity [26]. A validation study in a
similar population of children (i.e., students in Grades 5 and
6 in theUS) showed that the instrument produces an accurate
measure of steps and time spent in moderate-to-vigorous PA
[27].

Prior to using the accelerometers, batteries were replaced
and shake tests performed. All students practicedwearing the
accelerometers in the classroom prior to the study (with a
member of the research team present to help). Accelerometer
data were entered immediately so that any unusual numbers
could be checked with participants. Accelerometers were
put on prior to leaving the classroom and were removed
immediately upon returning in the classroom.

3.3. Data Analyses. All analyses were conducted using the
Statistical Package for the Social Sciences (SPSS, Version
24.0). Descriptive statistics were calculated for all variables

including the steps taken and time spent in moderate-
to-vigorous PA (MVPA). According to Brickenkamp [24],
no gender differences have been observed in d2 Test of
Attention results, so gender differences were not explored
in the current study. Fourteen students were excluded from
the final analyses due to <5 minutes of MVPA (mean of 3.3
minutes) to ensure a minimal level of engagement in physical
education.

Data analyses included 2 (pretest, posttest) × 2 (com-
parison, intervention group) mixed factor ANOVA tests for
the three selective attention measures (TN = total number
of items processed; 𝐸% = errors; CP = concentration per-
formance), followed by an independent samples 𝑡-test using
difference scores (posttest score – pretest score). These tests
were run separately for the three selective attentionmeasures.
To quantify the magnitude of differences, effect sizes for the
2 × 2 mixed factor ANOVA were calculated using partial eta-
squared (partial 𝜂2), for which sizes of .01, .06, and .14 signify
small, medium, and large effects, respectively [28]. Cohen’s 𝑑
was calculated for the independent samples 𝑡-test, for which
sizes of .2, .5, and .8 signify small, medium, and large effects,
respectively [28].

4. Results

During their physical education lesson, the intervention
group students accumulated, on average, 1931 steps (SD= 421)
and 8 : 81 (SD = 2 : 22) minutes of MVPA. This means that
students spent about 20% of the total scheduled lesson time
(i.e., 45 minutes) or 25% of the actual lesson time (i.e., 35
minutes, excluding transition time from/to the classroom) in
MVPA.

Table 1 presents the results of the 2 × 2 mixed factor
ANOVA for all three measures of the d2 Test of Attention
(TN, 𝐸%, and CP). Table 2 presents descriptive statistics
for all three measures of the d2 Test of Attention (TN,
𝐸%, and CP) for both groups, including pretest, posttest,
and difference scores. As can be observed in Table 1, 2
(pretest, posttest) × 2 (comparison, intervention) ANOVA
results showed no significant effect of group for anymeasures.
However, ANOVA results showed a significant effect of time
(pretest, posttest) for all three measures, which indicates that
participants across the board improved their performance
in all three measures of the d2 Test of Attention from
pretest to posttest. ANOVA results also showed a significant
group × time interaction for TN and CP, but not for 𝐸%.
The significant interactions indicate different progressions
from pretest to posttest for the two groups. Significant
interactions were followed up by independent 𝑡-tests. Results
using difference scores showed that the intervention group
had improved significantly more than the comparison group
from pretest to posttest for both TN [𝑡(190) = 2.03, 𝑝 = .04,
and 𝑑 = .29] and CP [𝑡(190) = 2.29, 𝑝 = .02, and 𝑑 = .33], but
not for 𝐸% [𝑡(190) = .29, 𝑝 = .77, and 𝑑 = .06].

5. Discussion

The aim of this study was to examine the effect of an exist-
ing school-based PA opportunity, delivered during physical
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Table 1: Results of the 2 (pretest, posttest) × 2 (comparison, intervention) ANOVA tests.

Measure Time Group Group × time
𝐹 df 𝑝 Partial 𝜂2 𝐹 df 𝑝 Partial 𝜂2 𝐹 df 𝑝 Partial 𝜂2

TN 375.09 (1, 190) <.001 .66 .04 (1, 190) .85 4.12 (1, 190) .03 .02
𝐸% 67.88 (1, 190) <.001 .26 .35 (1, 190) .56 .18 (1, 190) .77
CP 500.15 (1, 190) <.001 .73 .31 (1, 190) .58 5.22 (1, 190) .02 .03
Note. TN = total number of items processed; 𝐸% = percentage of errors; CP = concentration performance.

Table 2: Descriptive statistics for d2 Test of Attention components and physical activity.

Mean SD Mean SD Difference𝑀 Difference SD
Comparison

Pretest TN 317.38 63.61 Posttest TN 363.94 72.61 46.57∗ 34.27
Pretest 𝐸% 4.43 3.87 Posttest 𝐸% 2.71 3.59 −1.72 2.74
Pretest CP 121.31 27.13 Posttest CP 144.38 30.54 23.07∗ 14.28

Intervention
Pretest TN 310.15 56.91 Posttest TN 367.61 74.13 57.47∗ 39.13
Pretest 𝐸% 4.79 4.43 Posttest 𝐸% 2.94 3.15 −1.85 3.27
Pretest CP 116.41 25.58 Posttest CP 144.73 33.43 28.32∗ 17.56

Steps 1931.16 421.41
MVPA (min:sec) 08:81 02:22

Note. TN = total number of items processed; 𝐸% = percentage of errors; CP = concentration performance. ∗𝑝 < .05 for follow-up independent 𝑡-tests using
difference scores.

education lessons, on students’ selective attention in the class-
room. The unique contribution of this study lies on the fact
that the intervention involved a regular physical education
class (without changing the structure of the school day or
the lesson), which demonstrates more contextually relevant
ecological validity. Further, the form of PA used during the
physical education lessons in this study included aerobic
dance activities with unique qualitative characteristics (e.g.,
coordination and high cognitive engagement) compared to
more common types of PA used in previous research, such as
running (e.g., [19]).

The findings of this study suggest that the acute bouts of
PA during physical education in the form of aerobic dance
significantly improved Year 5 and 6 students’ processing
speed and concentration performance but not accuracy (i.e.,
percentage of errors). The effect sizes in the current study
suggest a small to medium effect for the two measures that
demonstrated significant improvement. When considering
the findings of this study, it is important to remember that the
intervention involved a 45-minute physical education lesson,
in which students engaged in about 9 minutes of MVPA.

In discussing the findings of studies examining the effects
of PA participation on cognitive performance, it is important
to consider both quantitative and qualitative characteristics
of PA. Given the nature of the activity used in this study (i.e.,
aerobic dance with coordinative and cognitive demands), it
is useful to turn to the literature focused on interventions of
various levels of cognitive engagement in acute PA sessions
for comparisons. Cognitive engagement has been proposed as

a potential psychological mechanism responsible for changes
in executive functions following acute bouts of PA [5, 16].
Specifically, it is thought that cognitively engaging or chal-
lenging PA helps activate the prefrontal cortex, which in turn
impacts executive functions [16]. Indeed, studies examining
neural correlates of motor behavior suggest that the neural
regions recruited during performance in motor tasks are the
same as those associated with cognitive operations and that
complexmotor tasks are valuable in examining links between
action and cognition [29].

Some of the studies in this area focused specifically
on selective attention and used various interventions of
cognitively engaging PA, including physical education and
classroom contexts. For example, Schmidt et al. [30], who
compared the effects of a 45-minute cognitively demanding
physical education session (i.e., using coordinative exercises)
and a normal sedentary school lesson, found improvements
in focused attention and processing speed (but not accuracy)
over time for both groups but no significant immediate
intervention effect. Gallotta et al. [31] examined three condi-
tions, involving cognitive exertion (school curricular lesson),
physical exertion (traditional 50-minute physical education
lesson), and mixed cognitive and physical exertion (coordi-
native 50-minute physical education lesson), and found an
improvement in focused attention and processing speed over
time in all conditions. However, they also found that the
children in the mixed cognitive and physical exertion group
improved less between pre- and postintervention compared
to the other two groups. On the contrary, Budde et al. [20]
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found a significantly larger improvement in processing speed,
accuracy, and concentration for studentswho engaged in a 10-
minute session of coordinative exercise compared to students
who engaged in a 10-minute normal sport lesson (low coor-
dinative demands). Similarly, Schmidt et al. [13] compared
four different 10-minute sessions of various physical and
cognitive demands in the classroom and found no effect
of physical exertion on students’ attentional performance
but a significant effect of cognitive engagement on focused
attention and enhanced processing speed (but not accuracy).

Other studies in this area explored the effects of different
cognitively engaging PA sessions on other measures of
executive functioning. For example, Benzing et al. [32] found
that an acute 15-minute cognitively engaging exergame-based
PA session enhanced male adolescents’ cognitive flexibility.
Similarly, the results of Jäger et al. [21] indicated a significantly
stronger improvement in inhibition, but not in updating and
shifting, for the experimental group, who participated in a
20-minute cognitively engaging sport sequence (compared to
a resting control condition). However, Jäger et al. [22], who
examined the effects of qualitative different 20-minute acute
PA interventions on the executive functions of 10–12-year-old
children in real-world settings, did not find any significant
effects of the conditions with and without cognitive engage-
ment on executive functions in the overall sample.

Studies in this area employed different designs, popu-
lations, measures, and other characteristics, which makes
comparisons among them and interpretation of conflicting
findings challenging. However, one element that has received
attention in this area is the duration of cognitively engaging
acute PA sessions. Schmidt et al. [13] observed that no
interventions lasting longer than 15 minutes demonstrated
positive effects for cognitively engaging conditions and using
the strength model of self-control [33] attributed this to a
potential depletion of the limited capacity of self-control
resources [34] after long sessions of cognitively demanding
PA.This conflicts with the results of the current study, where
students participated in a physical education session longer
than 15 minutes and improvements in processing speed and
concentration performance were found.

However, there are some important differences between
this study and most other studies in this area that should
be taken into consideration when attempting to interpret
the findings. First, the intensity of PA in this study was
not maintained at a moderate-to-vigorous level throughout
the PA session; rather, the students were allowed to self-
select the level of intensity. Indeed, maintaining a specific
intensity level may be challenging to achieve in an authentic
physical education lesson that involves behavioral and aca-
demic objectives, various management tasks, and possibly
longer instructional episodes than interventions used in
studies in this area. Thus, the difference in intensity between
this study and previous studies that examined cognitively
engaging conditions of durations longer than 15 minutes
may be the reason underlying the conflicting findings. The
lower intensity across the PA session in this study may have
prevented the depletion of the available common capacity-
limited reservoir of voluntary attention or mental effort
[34].

Another difference relates to the type of PA used in this
study (dance), which is substantially different than the ones
used in previous studies and may have had implications
for student enjoyment (which we did not measure in this
study). As Audiffren and André [34] propose in their paper
revisiting the strength model of self-control, improvements
of performance in self-regulation tasks observed after acute
exercise may indeed be explained by an increase in positive
mood. Finally, while this study used an acute bout of dance
as the intervention, students were exposed to dance as part
of their regular physical education lessons, which may have
implications for the level of cognitive engagement and, in
turn, the self-control resources used during the session.
Although it is difficult to explain the differences between
the results of this study and other similar studies, the
aforementioned factors, including duration, intensity, and
levels of cognitive and emotional engagement, need to be
considered in future studies in this area.

Despite differences in designs, participants, and other
characteristics, several studies in this area focused on selec-
tive attention, which allows for some comparisons to be
made. Comparably to the current study, the results of some
relevant studies also indicate improvements in processing
speed and concentration performance but not accuracy, as
a result of participation in various acute bouts of cognitive
demanding PA (e.g., [13, 30, 31, 35]). At the same time,
contrary to the results of this study, Budde et al. [20] found
improvement in all three measures of selective attention
(including accuracy) after participation in an acute bout of
coordinative exercise.

A potential explanation for the conflicting findings,
which has also been discussed by Schmidt et al. [13, 30], may
relate to the age of the participants. The participants in the
study of Budde et al. [20]were 13–16 years old, whereas the age
of the participants in the remaining studies ranged between
8–13 years. Indeed, according to cognitive developmental
research, older children seem to gradually start favoring
accuracy over speed compared to children of younger ages
[36], which may explain the discrepancies in the findings
of the studies discussed in this section. Another potential
explanation for the lack of improvement in accuracy that has
been proposed by Schmidt et al. [30] may be a lack of positive
physiological influence and particularly catecholamine and
glucocorticoid levels, due to insufficient physical exertion in
the PA session. This may be the case in this study given
that students in the intervention group accumulated about 9
minutes of MVPA during the physical education lesson.

Beyond the impact of the acute PA bout of dance on
student’s selective attention, a noteworthy finding in this
study is the low levels of PA accumulated during the physical
education lesson. Specifically, students in this study spent
about 20% of the total scheduled lesson time (i.e., 45minutes)
in MPVA and accumulated less than 2000 steps, which
are significantly lower than available recommendations (i.e.,
50% of physical education lesson time spent in MVPA-IOM,
2013; 2000 steps in a 30-minute lesson [37]). This may be
related to the fact that classroom teachers were the instructors
for physical education in this primary school, which is
common in NZ. While classroom teachers are capable of



BioMed Research International 7

effectively leading PA opportunities, the literature suggests
that they often lack the content knowledge, confidence, and
competence in this area [38, 39], therefore highlighting the
importance of having physical education specialists teach-
ing physical education lessons. The individuals leading or
facilitating PA opportunities may have an impact on the
amount and quality of PA students accumulate but, perhaps
more importantly, can also play a critical role in motivating
students to participate in activities that can help improve their
executive functioning [40].

This study is not without limitations. It was conducted
in a single school in a high socioeconomic area, which
limits the generalization of its findings to other settings.
In addition, while the PA completed during the physical
education lessons originated from the same program, some
of those lessons were based on a video while some were
facilitated by student leaders. Although both are common
and recommended practices in the JUMP JAMprogram, they
may have influenced student engagement in the intervention.
Further, students’ perceived cognitive engagement during
the physical education lessons was not monitored. At the
same time, the strengths of this study include the authentic
nature of the use of an alternative activity in the physical
education lessons and the use of a practical instrument (the
d2 Test of Attention) that produces valid and reliable data
(Brickenkamp, 2000).

Future research in this area should be conducted in
authentic school-based contexts and employ a more diverse
range of conditions, manipulating both quantitative (e.g.,
duration, intensity) and qualitative characteristics of PA
sessions. Qualitative characteristics manipulatedmay involve
different types of activities and curricula used during physical
education lessons or different individuals leading/facilitating
PA sessions. These characteristics can have implications for
the levels of cognitive engagement, behavioral engagement
(involvement in learning and academic tasks, such as effort,
persistence), and emotional engagement (affective reactions
such as interest, boredom, happiness, and anxiety) in PA
sessions. While behavioral and emotional engagement have
thus far not been explored much [13], they relate to children’s
motivation to engage and devote effort in an activity and
are thus key elements of success in interventions/activities
aiming to enhance executive function (e.g., [40–42]). Finally,
future studies could also include a control condition that
involves a mental, rather than a physical, break from aca-
demicwork to help examine furtherwhether PAparticipation
(as opposed to simply taking a break from academic work)
impacts executive functioning.

6. Conclusions

The findings of this study suggest that an acute bout of
aerobic dance delivered during a regular physical education
lesson, during which students engaged in about 9 minutes
of MVPA, significantly improved students’ processing speed
and concentration performance, but not accuracy, in a selec-
tive attention test. This study extends the body of literature
demonstrating significant improvements in various aspects of

selective attention as a result of participation in acute bouts of
cognitively engaging PA. Its findings suggest that movement
and learning are not necessarily antagonists [14] and can help
reconcile the educational and public health agendas imposed
on schools, thus contributing to the continued and expanded
offering of school PA opportunities. Finally, these findings
point to the need to consider both quantitative and qualitative
characteristics of PA when examining effects on cognitive
performance and when planning PA sessions during the
school day.
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[21] K. Jäger, M. Schmidt, A. Conzelmann, and C. M. Roebers,
“Cognitive and physiological effects of an acute physical activity
intervention in elementary school children,” Frontiers in Psy-
chology, vol. 5, 2014.
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Objective. To study the criterion-related validity of simple muscle strength test (SMST) indicators and assess whole body muscle
strength in Chinese children aged 10 to 12 years old.Methods. Two hundred and forty children were equally divided into four groups
in different genders and residences. The SMST indicators (hand-grip, knee bent push-up, back muscle strength, sit-up, leg muscle
strength, and standing long jump) were tested. We set up the total level of the whole-body muscle strength (𝐹total) through testing
isokinetic muscle strength of the six joints’ flexion and extensionmovements. Pearson correlation analyses were used to analyze the
correlation between the SMST indicators and the 𝐹total. Results. (1) Legmuscle strength and backmuscle strength demonstrated the
highest validity scores. Sit-ups, hand grip, and standing long jump demonstrated the lowest validity scores. (2) Leg muscle strength
had the highest validity for males, but back muscle strength had the highest validity for females. Conclusions. Back muscle strength
and leg muscle strength can give the highest validity of assessing whole body muscle strength, and also has higher validity in both
the urban and rural children. For urban children, but not rural, the knee bent push-up also has a high validity indicator.

1. Introduction

The effectiveness of strength-related quality in daily life,
exercise, and prevention and treatment of chronic diseases
has increasingly been recognized [1, 2]. As a result, strength
quality is included in the physical fitness tests as an essential
test in many regions, worldwide [3, 4]. Strength tests are
an important component of physical fitness tests in many
countries and regions in the current world. The simple
muscle strength test (SMST), an important strength quality
test, typically uses simple force, range, and speed measuring
devices to measure the strength of muscles in static and
dynamic states. These low-cost and portable devices are an
appropriate and convenientmethod to assessmuscle strength
during physical fitness tests. Fan et al. [5] reviewed eleven
physical testing systems across seven countries/regions and
found that there were eighteen indicators of SMST. The most
commonly used SMST indicators of physical fitness tests in

Chinese children aged 10–12 years are hand-grip, knee bent
pull-up, back muscle strength, leg muscle strength, standing
long jump, and sit-up.

Ample research has been conducted on the criterion-
related validity of SMST test indicators [6–10]. The criterion
standard for various tests (1RM test [11], isokinetic muscle
test [12], force plates [13], and surface EMG contribution
rate [5]) is usually adopted. The validity of the upper limb
SMST indicators is more prominent for modified pull-ups,
hand-grip, standard push-ups, and bent-knee push-ups [14].
There were three indicators in the test of trunk strength:
sit-ups, trunk-lift, and back muscle strength. Standing long
jump and leg press are common indicators of lower-body
muscle strength; however, research suggests that the leg
press is not suitable for large-scale crowd testing [7]. The
standing long jump is a basic test of young children’s lower-
body strength and is favorable for its utility, time-saving,
and economy of use [4]. However, literature [15] suggests
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that the standing long jump has questionable validity against
technology, anthropometry, biomechanics, and coordination
control factors.

However, there are two main defects in previous studies.
Firstly, there were no tests for two or more than two blocks
and no single test can assess the overall strength of the body.
It is necessary to study the validity of the SMST to reflect the
whole body muscle strength. Secondly, residence differences
are not considered in the study of validity. Fan et al. [5] further
suggested that the indicators of SMSTwere not unified across
countries/regions [16]. The indicator of the same position
was different across age and gender. Additionally, there is a
place of residency difference inmuscle strength tests [17].The
difference ofmuscle strength of urban and rural adolescents is
more obvious [18]. Although gender differences are reflected
in the indicators of strength testing, there is less attention to
the differences in urban and rural areas.

The aims of the present study, therefore, were to (1) study
the criterion-related validity of SMST indicators (hand-grip,
knee bent pull-up, back muscle strength, leg muscle strength,
standing long jump, and sit-up) to assess whole body muscle
strength in Chinese children, aged 10 to 12 years and (2)
compare the validity of SMST indicators to assess whole body
muscle strength in different genders and residences.

In order to study the validity of SMST indicators to assess
whole body muscle strength, we tested the isokinetic muscle
strength of the six joints’ flexion and extension movements
of the whole body.The isokinetic strength test (IST) has been
demonstrated to be valid for assessing muscle strength and
muscle function in the knee joint [19, 20], hip joint [21, 22],
ankle joint [23], shoulder joint [24], and trunk [25, 26]. The
public factors were extracted by conducting a factor analysis
and the total factor score was calculated (𝐹total) according
to the public factor contribution rate [27]. We set up the
total level of the whole body muscle strength (𝐹total) and
used it as the calibration of whole body muscle strength.
Meanwhile, we analyzed the SMST indicators and the 𝐹total,
and screened out the best index reflecting the whole body
muscle strength of children. Pearson correlation analysis was
carried out between the SMST indicators and the whole body
strength (𝐹total) to screen out the best indicator to reflect the
muscle strength of the children.

2. Methods

2.1. Participants and Design. Fifth and sixth graders, aged
10 to 12 years, were recruited from the Hunan Normal
University Affiliated Primary School (Changsha City, urban)
and Liuyang Kouchong Primary School (Liuyang, rural)
using a stratified random sampling method. In total, 240
students participated in the study and were divided into four
groups which were urban boys (UB), urban girls (UG), rural
boys (RB), and rural girls (RG). Each group contained 60
students. All participants met the following criteria: (1) aged
10 to 12 years; (2) no history of disease and contraindications;
(3) did not participate in high-intensity exercise in the seven
days before the test; (4) had no joint, muscle, or bone damage
in the first half of the year before the test; (5) carried out
adequate preparation activities before the test.

2.2. Measurements

2.2.1. Isokinetic Strength Test (IST). The Biodex system 3 is
a multijoint, constant velocity testing and training system
(Biodex Medical Systems New York, USA) and was used to
assess IST in the present study. The test indicators for IST
were based on the six joints (shoulder, elbow, wrist, marrow,
knee, and ankle) for peak torque (PT) and unit weight torque
(UWT). PT is the maximum torque output produced by
muscle contraction throughout the joint activity, that is, the
highest point of the torque curve [28]. UWT refers to the peak
torque of unit weight and can be used to compare the strength
of the individual people with different weight [22, 23].

Range of motion (ROM), also known as the range of joint
activity, refers to the maximum radian that can be achieved
during joint activity [24]. There were three types of ROM of
the joints, which were 60∘/s, 180∘/s, and 240∘/s, respectively,
standing for slow, medium, and fast test speeds. Due to
incomplete muscle development of participants and because
the participants could not complete the 60∘/s test, the current
study used the 90∘/s test. The full range was adopted for
motion amplitude. The IST was strictly conducted following
the instruction in the manual of Biodex system 3. For each
joint, there were three groups of tests and each test was
tested three times with 30-second periods of rest between
each test. Before the formal test, the submaximal joint flexion
and extension exercises were performed to help participants
familiarize themselves and adapt to the test. Afterwards, the
participants were weighed to correct the effect of gravity on
the test results.The sagittal axis of the joint tested was aligned
with the axis of the spindle of test equipment.The order of the
six joints tested was as follows: hip; shoulder; knee; elbow;
ankle; wrist. The upper and lower limb tests were carried out
alternately.

2.2.2. Simple Muscle Strength Test (SMST). The introduction
of SMST is presented in Table 1. Each test was measured
thrice, with 3 to 5 minutes of rest between each test. The best
result was recorded.

2.3. Statistical Analyses

2.3.1. The Establishment of 𝐹total Based on IST. 𝐹total reflects
the overall level of muscle strength of the human body. It
was used as a standard of comparison to evaluate the validity
of the muscle strength test. The 𝐹total uses a few factors to
describe the indicators and the weight of the link between
various factors and was closely related to several variables
as the same factor, with fewer factors reflecting the original
data of general information—establishing a test for muscle
strength evaluation and the effectiveness of the standard of
comparison. In the current study, 𝐹total was counted through
factor analysis of the 90∘/s PT of IST.

Before conducting the factor analysis, the correlation
analyses, Kaiser-Meyer-Olkin (KMO) test and Bartlett test,
were used to test whether the data met the criteria for
conducting a factor analysis. The Bartlett’s sphericity test
showed whether the data was suitable for factor analysis.
According to the principle of factor analysis, when the
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Table 2: The anthropometry characteristics of participants.

UB RB UG RG
Height (cm) 144.64 ± 4.81f 140.2 ± 4.05 142.17 ± 9.55f 139.93 ± 6.78
Weight (kg) 40.67 ± 7.41f 35.2 ± 8.02 35.98 ± 9.73 33.16 ± 6.07
Vital capacity (ml) 1750 ± 296.24f 1695.9 ± 273.15 1609.5 ± 477.06f 1669 ± 307.01
Note. UB: urban boys; RB rural boys; UG: urban girls; RG: rural girls. fComparison between children with same place of residence but different gender, 𝑝 <
0.05. Comparison between children of same gender but different place of residence, 𝑝 < 0.05.

Table 3: The results of SMST.

UB RB UG RG
Hand-grip (kg) 14.36 ± 2.04△f 11.22 ± 3.79f 12.75 ± 4.10 10.24 ± 3.25
Knee bent push-ups (kg) 16.32 ± 3.27△ff 14.57 ± 3.78△ff 11.16 ± 3.49 9.87 ± 2.32
Back muscle strength (kg) 43.4 ± 7.89△f 55.5 ± 11.77△ff 39.2 ± 9.78 42.8 ± 8.13
Sit-ups (times) 32.14 ± 8.22 33.32 ± 7.56 32.76 ± 7.87 31.59 ± 9.05
Leg muscle strength (kg) 49.9 ± 9.23△△ 83.8 ± 19.46△△f 45.5 ± 16.07f 55.3 ± 15.22
Standing long jump (m) 1.67 ± 0.45 1.72 ± 0.23ff 1.53 ± 0.34 1.46 ± 0.49
Note. UB: urban boys; RB rural boys; UG: urban girls; RG: rural girls. fComparison between children with same place of residence but different gender, 𝑝 <
0.05, ff𝑝 < 0.01. △Comparison between children of same gender but different place of residence, 𝑝 < 0.05, △△𝑝 < 0.01.

cumulative contribution rate of extracted common factor was
over 80%, this factor could explain most of the information
[27]. We then extracted the public factors by conducting a
factor analysis and calculated the total factor score (𝐹total)
according to the public factor contribution rate.

2.3.2. Data Analysis. To study the validity of the SMST
indicators, Pearson correlation analyses were used to analyze
the correlation of the SMST indicators and the 𝐹total. Two-
way analysis of variance (residence ∗ gender) was used
to investigate the differences in the indicators of SMST.
All statistical analyses were performed using the Statistical
Package for Social Sciences (SPSS, v.16.0; SPSS Inc., Chicago),
and the level of significance was set at 0.05.

3. Results

3.1. Participant Anthropometry. As shown in Table 2, the
height of urban students was significantly higher than that of
rural students (𝑝 < 0.05), especially among girls (𝑝 < 0.05).
In terms of weight, urban students were significantly heavier
than rural students (𝑝 < 0.05). In terms of vital capacity, boys
had significantly higher scores than girls (𝑝 < 0.05), but the
difference was not significant across place of residence.

3.2. Simple Muscle Strength Test. As shown in Table 3, the
upper limbs of urban students scored significantly higher
than rural students (𝑝 < 0.05). Boys scored significantly
higher in the kneeling push-up than girls (𝑝 < 0.01). In
addition, urban children scored significantly higher in the
kneeling push-up than rural children (𝑝 < 0.05). Backmuscle
strength was greater in the male than in the female partic-
ipants (𝑝 < 0.01); rural children had greater back muscle
strength than urban children (all 𝑝 < 0.01). Specifically,
rural boys scored higher in the back muscle strength test
than urban girls. There was no significant difference in sit-up
across gender and place of residence. Boys had significantly

greater leg muscle strength than girls (𝑝 < 0.01) while rural
participants scored higher in leg muscle strength test than
urban participants, especially among boys (𝑝 < 0.01). Boys
scored higher in the standing long jump than girls, with rural
boys scoring the highest and urban girls the lowest.There was
no difference in the standing long jump between urban and
rural children.

3.3. Isokinetic Strength Test

3.3.1. Peak Torque of Six Joints. The results of IST are
presented in Table 4. Compared with the right shoulder, the
90∘/s, 180∘/s, and 240∘/s PT of the left shoulder flexor were
significantly lower (all 𝑝 < 0.01). Compared with the right
hip, the extended 180∘/s PT and flexor 90∘/s and 180∘/s PT of
left hip were significantly higher (all 𝑝 < 0.01).The 240∘/s PT
of left hip flexor was significantly higher than that of the right
hip (𝑝 < 0.05).

Compared with the right knee, the 90∘/s PT (𝑝 < 0.01)
and 180∘/s PT (𝑝 < 0.05) of left knee flexor were significantly
lower. Compared with the right ankle, the 90∘/s, 180∘/s, and
240∘/s PT of left ankle extensor were significantly higher (all
𝑝 < 0.01) while the 90∘/s PT (𝑝 < 0.01) and 180∘/s PT (𝑝 <
0.05) of left ankle flexorwere significantly lower. For the other
joints, the PTs of right side were higher than the left side, but
the differences were not significant (𝑝 > 0.05).

3.3.2. Unit Weight Torques of Six Joints. The results of unit
weight torque (UWT) are similar to those of PT (Table 5).
Compared with the right shoulder, the 90∘/s, 180∘/s, and
240∘/s UWT of left shoulder flexor were significantly lower
(all 𝑝 < 0.01). Specifically, the 180∘/s, 240∘/s, and 90∘/s
UWT of extensors and 90∘/s UWT of flexors under working
conditions were significantly different; the left shoulder is
lower than the right shoulder (all 𝑝 < 0.01). There were
also differences in 90∘/s UWT of extensor and 180∘/s and
240∘/s UWT of flexor between left and right shoulders: left
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Table 4: The peak torques of six joints.

Extensor PT Flexor PT
90∘/S 180∘/s 240∘/s 90∘/S 180∘/s 240∘/s

Left shoulder 12.97 ± 5.08 8.78 ± 4.95 5.54 ± 4.44 12.02 ± 4.33∗∗ 6.76 ± 6.25∗∗ 1.82 ± 4.6∗∗

Right shoulder 14.51 ± 6.25 10.61 ± 5.95 8.01 ± 6.48 14.39 ± 6.81 10.23 ± 7.31 5.11 ± 6.53

Left elbow 7.33 ± 3.30 5.97 ± 3.42 4.56 ± 2.73 7.65 ± 2.70 5.13 ± 2.76 2.89 ± 3.04

Right elbow 8.08 ± 3.27 5.76 ± 2.81 4.95 ± 3.07 9.28 ± 2.86 6.98 ± 2.68 4.97 ± 3.21

Left wrist 2.56 ± 1.60 1.18 ± 2.28 0.41 ± 1.08 2.67 ± 1.78 1.82 ± 1.84 1.13 ± 1.40

Right wrist 2.68 ± 3.85 1.02 ± 1.33 0.35 ± 0.91 3.16 ± 1.88 2.14 ± 1.80 1.91 ± 1.77

Left hip 30.8 ± 11.64 26.8 ± 12.32∗∗ 19.9 ± 13.11 39.86 ± 10.08∗∗ 34.42 ± 11.81∗∗ 29.93 ± 12.18∗

Right hip 26.0 ± 10.76 22.0 ± 11.88 16.0 ± 10.67 35.32 ± 10.30 28.41 ± 10.46 24.06 ± 10.93

Left knee 46.1 ± 12.29 37.3 ± 10.05 32.39 ± 9.23 18.57 ± 7.31∗∗ 18.71 ± 8.00∗ 16.62 ± 7.47

Right knee 47.9 ± 12.86 39.1 ± 10.76 33.37 ± 9.69 23.01 ± 7.40 21.41 ± 7.59 18.16 ± 6.35

Left ankle 23.76 ± 6.54∗∗ 21.00 ± 5.23∗∗ 19.15 ± 5.47∗∗ 3.12 ± 2.58∗∗ 0.96 ± 1.19 0.19 ± 0.34∗∗

Right ankle 8.38 ± 3.01 5.06 ± 2.41 1.11 ± 2.25 15.94 ± 6.67 1.94 ± 6.16 9.46 ± 5.05

Note. ∗Compared with the right joint, 𝑝 < 0.05; ∗∗𝑝 < 0.01.

Table 5: The unit weight torque of six joints.

Extensor UWT Flexor UWT
90∘/S 180∘/s 240∘/s 90∘/S 180∘/s 240∘/s

Left shoulder 16.36 ± 6.11∗ 11.12 ± 6.44∗∗ 6.97 ± 5.35∗∗ 12.03 ± 4.34∗∗ 8.77 ± 9.51∗ 1.77 ± 4.48∗

Right shoulder 19.46 ± 12.39 14.41 ± 10.70 10.02 ± 8.40 14.40 ± 6.81 14.89 ± 19.30 6.03 ± 9.51

Left elbow 9.67 ± 5.09 7.50 ± 5.24 5.94 ± 4.27 9.86 ± 4.31 6.48 ± 3.68 3.42 ± 3.71

Right elbow 10.36 ± 4.34 7.49 ± 4.04 6.20 ± 3.96 11.91 ± 3.92 8.81 ± 3.68 6.09 ± 3.89

Left wrist 3.24 ± 2.27 1.37 ± 2.41 0.49 ± 1.29 3.23 ± 2.01 2.16 ± 2.24 1.39 ± 1.81

Right wrist 2.98 ± 1.88 1.25 ± 1.68 0.38 ± 1.05 3.97 ± 2.68 2.72 ± 2.53 2.38 ± 2.35

Left hip 66.65 ± 43.16∗∗ 65.36 ± 108.39∗∗ 52.21 ± 94.52∗∗ 82.65 ± 45.67∗∗ 69.37 ± 43.41∗∗ 58.09 ± 38.17∗∗

Right hip 33.63 ± 18.86 26.99 ± 13.14 19.82 ± 12.48 45.17 ± 17.70 36.46 ± 16.83 30.41 ± 14.94

Left knee 61.41 ± 26.40 49.36 ± 20.57 42.85 ± 18.31 23.94 ± 9.90∗ 23.95 ± 10.42 21.32 ± 9.99

Right knee 58.61 ± 15.6 47.7 ± 11.14 40.59 ± 10.9 28.17 ± 8.55 25.40 ± 7.28 22.14 ± 7.26

Left ankle 29.18 ± 8.76∗∗ 25.66 ± 7.05∗∗ 23.27 ± 7.49∗∗ 3.73 ± 3.07∗∗ 1.17 ± 1.56∗∗ 0.25 ± 0.46∗∗

Right ankle 11.62 ± 11.94 6.91 ± 7.24 1.82 ± 6.20 21.60 ± 21.27 15.78 ± 14.56 13.20 ± 15.70

Note. ∗Compared with the right joint, 𝑝 < 0.05; ∗∗𝑝 < 0.01.

were lower (all 𝑝 < 0.05). Compared with the right hip, the
90∘/s, 180∘/s, and 240∘/s UWT of left hip flexors were higher
(𝑝 < 0.01).

Comparedwith the right knee, the 90∘/s UWTof left knee
flexor under working condition was significantly lower (𝑝 <
0.05). Compared with the right ankle, the 90∘/s, 180∘/s, and
240∘/s UWT of left ankle extensor were significantly higher
(all 𝑝 < 0.01).The 90∘/s, 180∘/s, and 240∘/s UWT of left ankle
flexor of were significantly lower (all 𝑝 < 0.01). In total, the
UWTs of other joints of the right side were higher than those
of the left side, but the difference was not significant.

3.4. Validity of SMST Indicators

3.4.1. Correlations between Indicators of SMST. The correla-
tion coefficients between indictors of SMST are presented in
Table 6. Hand-grip strength was significantly correlated with
back and legmuscle strength (all 𝑝 < 0.05); kneeling push-up
was significantly related to hand-grip strength and back and

leg muscle strength (all 𝑝 < 0.05); back muscle strength was
significantly correlated with leg muscle strength (𝑝 < 0.05).
Meanwhile, the correlations between sit-ups and the standing
long jump with the remaining indicators of SMST were not
significant (𝑝 > 0.05). (Table 6).

3.4.2. Criterion-Related Validity of SMST Indicators to Access
Whole Body Muscle Strength. The KMO and Bartlett test
results showed that all correlation coefficients between each
indicator of IST were greater than 0.3 for UB, UG, rural
boys, and RG. The KMO test results for UB, UG, RB, and
RGwere, respectively, 0.876, 0.833, 0.856, and 0.872. Bartlett’s
sphericity test showed that the data was suitable for factor
analysis (𝑝 < 0.001). According to the principle of factor
analysis, when the cumulative contribution rate of extracted
common factor was over 80%, this factor can explain most of
the information (Figure 1) [31].

There were seven common factors for urban boys
(Table 7), with the cumulative contribution rate of 83.67%.
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Table 6: Correlation between indicators of SMST.

Hand-grip Knee bent push-up Back muscle strength Sit-ups Leg muscle strength Standing long jump
Hand-grip 1 0.596∗∗ 0.234∗∗ 0.504∗∗ 0.398∗∗

Knee bent push-up 0.766∗∗ 1 0.607∗∗ 0.423∗∗ 0.504∗∗ 0.398∗∗

Back muscle strength 0.596∗∗ 1 0.378 0.725∗∗ 0.096
Sit-ups 0.234∗∗ 0.378 1 0.463∗ 0.367∗

Leg muscle strength 0.504∗∗ 0.725∗∗ 0.463∗ 1 0.151
Standing long jump 0.398∗∗ 0.096 0.367∗ 0.151 1
∗𝑝 < 0.05 (two-tailed); ∗∗𝑝 < 0.01 (two-tailed).
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Figure 1: Common factor and feature scatter plot. (a) Urban boys, common factors = 7; (b) urban girls, common factors = 6; (c) rural boys,
common factors = 5; (d) rural girls, common factors = 5.

There were six common factors for urban girls (Table 8), with
a cumulative contribution rate of 80.64%. There were five
common factors for rural boys (Table 9), with a cumulative
contribution rate of 83.26%. For rural girls, there were five
common factors (Table 10), with a cumulative contribution
rate of 81.46%.The total score (𝐹total)was calculated according
to the contribution rate of each common factor.

The correlation coefficients were shown in Table 11. For
UG, the correlation coefficient between𝐹total and backmuscle
strength was the highest (𝑟 = 0.803, 𝑝 < 0.01), while the
correlation coefficients between 𝐹total and legmuscle strength
were the highest among UB (𝑟 = 0.811, 𝑝 < 0.01), RB (𝑟
= 0.837, 𝑝 < 0.01), and RG (𝑟 = 0.801, 𝑝 < 0.01), followed
by the correlation coefficients between 𝐹total and back muscle
strength (urban boys: 𝑟 = 0.774, rural boys: 𝑟 = 0.824; rural
girls: 𝑟 = 0.799, all 𝑝 < 0.01). The correlation coefficients
between 𝐹total and hand-grip were the lowest among UB (𝑟

= 0.611, 𝑝 < 0.01), RB (𝑟 = 0.635, 𝑝 < 0.01), and RG (𝑟 = 0.548,
𝑝 < 0.01).

4. Discussion

The main purpose of this study was to determine the
criterion-related validity of the SMST indicators for hand-
grip strength, knee bent pull-up, back muscle strength, leg
muscle strength, standing long jump, and sit-up to assess
whole body muscle strength in Chinese children aged 10 to
12 years. Gender and residence were included as between-
subject factors because earlier studies have shown differences
in the concurrent validity between males and females and
urban and rural populations in muscle strength [32, 33]

The results showed that the criterion-related validity of
SMST indicators to assess whole body muscle strength was
moderate to high. The correlation SMST and 𝐹total ranged
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Table 7: Factor analysis of IST among urban boys.

𝑥1 𝑥2 𝑥3 𝑥4 𝑥5 𝑥6 𝑥7
.716 −.032 .020 −.227 .199 −.484 .202
.692 .078 .127 −.193 .164 −.562 .260
.761 −.426 .023 −.086 .028 .221 .010
.678 −.458 −.070 .005 −.101 .111 −.091
.676 −.246 −.021 .493 .342 .002 −.115
.716 −.446 .052 .235 .389 .038 −.018
.326 .513 −.476 −.400 .131 .393 .142
.450 .567 −.437 −.300 −.032 .323 .157
−.052 −.462 −.083 .204 .114 .303 .072
.649 −.200 −.518 .214 .346 −.036 −.122
.432 −.648 .087 −.013 −.075 .003 .487
.570 −.263 .171 −.320 −.283 .466 .194
.081 .510 .729 .104 .119 .193 .178
.102 .356 .731 .364 .001 .059 .339
.069 .479 .207 −.001 .446 .116 −.445
.230 .728 .202 .204 .306 .076 .133
.528 .133 .279 −.600 −.017 −.119 −.311
.728 .088 .320 −.348 −.017 .008 −.393
.701 .500 −.313 .083 −.069 −.084 .156
.730 .474 −.012 .028 −.309 .041 .025
.446 −.303 .417 .253 −.097 .394 −.197
.460 −.091 .223 .008 −.667 −.247 −.206
.301 .406 −.374 .540 −.376 .035 −.041
.470 .316 −.144 .640 −.265 −.152 −.142
Urban Boy Group. 𝐹total = 0.8611𝑥1 + 0.6455𝑥2 + 0.5112𝑥3 + 0.3843𝑥4 + 0.1633𝑥5 + 0.0854𝑥6 + 0.0799𝑥7.

Table 8: Factor analysis of IST among urban girls.

𝑥1 𝑥2 𝑥3 𝑥4 𝑥5 𝑥6
.894 −.029 .046 .013 .180 −.255
.870 −.116 −.034 −.256 .089 −.196
.613 −.293 −.628 .065 −.134 .093
.410 .085 −.363 −.580 .024 .162
.150 .766 −.017 .142 .327 .273
.081 .637 .404 −.353 .321 .175
.897 −.056 −.158 .042 .084 .101
.767 .363 −.173 −.232 .167 −.107
.745 .141 .199 −.380 −.046 .097
.325 .662 .242 −.053 −.222 .185
.668 −.375 −.111 .544 .108 −.031
.666 −.435 .142 .175 .139 .363
−.089 .708 .239 .205 −.154 −.166
.494 .316 .225 .095 −.418 −.042
−.064 .436 −.600 .435 .167 .000
−.214 .317 −.420 .295 .624 −.109
−.055 −.083 .861 .046 .151 −.316
−.059 −.211 .710 −.309 .445 .000
.822 −.332 .135 −.064 .035 .083
.817 .010 −.019 .126 −.018 −.326
−.200 −.387 .115 −.010 .002 .791
−.056 −.569 .494 .371 .233 −.107
.421 .335 .346 .539 .175 .339
.412 .238 .485 .398 −.497 .076
Urban Girl Group. 𝐹total = 0.7748𝑥1 + 0.6637𝑥2 + 0.534𝑥3 + 0.1778𝑥4 + 0.098𝑥5 + 0.087𝑥6.
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Table 9: Factor analysis of IST among rural boys.

𝑥1 𝑥2 𝑥3 𝑥4 𝑥5
.769 −.247 .005 .317 −.175
.792 −.224 −.198 .418 −.257
−.219 .746 −.072 .245 −.118
.870 −.094 −.206 .073 −.368
.389 .712 −.189 −.009 −.164
.400 .786 −.242 −.308 −.092
.340 .641 −.097 .660 .042
.753 .441 −.061 .230 .097
.711 .039 .095 .049 .150
.688 .289 −.391 −.181 .199
−.553 .338 .093 −.015 .512
−.444 .515 −.465 −.237 −.014
.895 −.036 −.062 −.127 −.089
.769 .064 −.293 −.290 .115
.946 −.179 .032 .047 −.084
.906 −.217 .022 .025 .096
.870 −.112 −.104 .002 −.030
.856 −.113 .210 −.317 .090
.516 .372 .627 −.240 −.005
.785 .028 −.004 −.279 .299
.252 .278 .897 .024 −.099
.288 .306 .889 −.005 −.090
.859 −.162 −.071 −.198 .248
.319 −.096 .042 .523 .684
Rural Boy Group. 𝐹total = 0.8327𝑥1 + 0.731𝑥2 + 0.4425𝑥3 + 0.1387𝑥4 + 0.0944𝑥5.

from 0.425 to 0.811. In addition, leg muscle strength and back
muscle strength demonstrated the highest validity scores,
𝑟 = 0.811 and 0.80, respectively; sit-ups, hand-grip, and
standing long jump demonstrated the lowest validity scores,
𝑟 = 0.425, 0.455, and 0.465, respectively. In the upper body,
knee bent push-up demonstrated greater validity than hand-
grip strength; in the trunk, backmuscle strength ismore valid
than sit-ups; in the lower body, leg muscle strength is more
valid than the standing long jump.

Similar results were found in several other studies. For
instance, in Japan, back, hand-grip, wrist, leg, and abdominal
muscle strength were adopted as indicators [34]. The validity
of the indicators was examined using the mean and standard
deviation of each test indicator as the standard of comparison.
The results showed that the correlation coefficient between
back muscle strength and the standard of comparison (𝑟 =
0.9172) was higher than hand-grip and leg strength. Prior
research has examined the validity of indicators of the upper
limb strength quality tests. The research has examined the
convergent validity of push-ups, pull-ups, hand-grip, and the
inverted row. They found that the convergent validity of the
push-upwas the highest among all indicators while the rest of
the indicators were not sufficiently valid. The results showed
that hand-grip strength was a validity indicator [35, 36].
However, some studies also found that the hand-grip test
was not valid [37], especially in accessing whole body muscle

strength. Previous studies suggested that the knee bent push-
up was a valid indicator of upper limb strength quality
test [38, 39]. Researchers used the 1 repetition maximum
(1RM) leg extension test to assess the validity for lower-body
muscular power and found that the standing long jump test
can be a useful tool to assess lower-bodymuscular strength in
children, but not whole body muscle strength [40]. Children
between the ages of 6 and 17 were tested [41]. The lower
limb strength test included standing long jump, vertical
jump, squat jump, and the countermovement jump. Using
a multivariate regression analysis, this study analyzed the
relationship between indicators of upper limb strength tests.
In assessing whole body muscle strength, Tillin et al. [42]
recommended multijoint rather than single joint testing due
to the specific neural and mechanical conditions in athletic
performance tasks, such as sprinting and jumping.The results
showed that the correlation coefficients between the standing
long jump and other indicators of upper limb strength tests
were low [43]. However, the standing long jump has also
been challenged by researchers because the test results were
susceptible to factors, such as skill learning. This indicated
that back muscle strength and leg muscle strength may give
the highest validity of assessment for whole body muscle
strength.

The present study also sought to compare the validity of
SMST indicators to assess whole body muscle strength in
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Table 10: Factor analysis of IST among rural girls.

𝑥1 𝑥2 𝑥3 𝑥4 𝑥5 𝑥6
.688 .352 −.083 .096 −.301 −.105
.733 .352 .104 −.176 .087 −.411
.856 −.167 −.204 .208 .006 −.123
.709 −.405 −.357 −.210 −.085 .019
.479 −.478 −.376 −.468 −.025 .254
.721 .101 −.470 .200 .318 −.100
.562 .302 −.362 .543 −.259 −.054
.530 .365 .566 −.072 −.109 .410
.545 .574 .130 −.027 .253 .204
−.043 .528 .660 .227 −.017 −.173
−.039 .145 .182 .358 .799 .283
.445 −.638 .352 .448 .033 −.124
.464 −.662 .260 .479 −.028 −.092
.877 −.369 −.011 .015 .002 −.096
.919 −.239 −.094 .040 −.017 .079
.767 .142 −.093 .267 −.132 .050
.853 .282 .085 −.019 .203 −.097
.476 −.442 .662 −.246 −.124 −.070
.664 −.374 .577 −.255 −.021 −.007
.802 .388 .147 −.092 −.079 .054
.623 .237 .052 −.517 −.025 .047
.634 −.269 −.143 −.157 .559 .179
.374 .072 −.051 .299 −.427 .671
.672 .547 −.187 −.154 −.037 −.187
Rural Girl Group. 𝐹total = 0.7133𝑥1 + 0.6207𝑥2 + 0.3345𝑥3 + 0.1159𝑥4 + 0.0709𝑥5.

Table 11: Results of the correlation analyses of SMST indicators and 𝐹total.

AC UB UG RB RG
𝑟 𝑝 𝑟 𝑝 𝑟 𝑝 𝑟 𝑝 𝑟 𝑝

Hand-grip 0.455 <0.01 0.411 <0.01 0.507 <0.01 0.435 <0.01 0.389 <0.01
Knee bent push-ups 0.608 <0.01 0.678 <0.01 0.691 <0.01 0.522 <0.01 0.539 <0.01
Back muscle strength 0.80 <0.01 0.774 <0.01 0.803 <0.01 0.824 <0.01 0.799 <0.01
Leg muscle strength 0.811 <0.01 0.811 <0.01 0.789 <0.01 0.837 <0.01 0.801 <0.01
Standing long jump 0.465 <0.01 0.438 <0.01 0.367 <0.01 0.567 <0.01 0.478 <0.01
Sit-ups 0.425 <0.01 0.345 <0.01 0.428 <0.01 0.389 <0.01 0.516 <0.01
Note. AC: all children; UB: urban boys; RB: rural boys; UG: urban girls; RG: rural girls.

different genders and residences. The results for back muscle
strength demonstrated the highest validity scores for UB, RB,
andRG, 𝑟=0.811, 0.837, and 0.801, respectively, and legmuscle
strength demonstrated the highest validity scores for UG, 𝑟 =
0.803. Leg muscle strength demonstrated the highest validity
for males, but this is only the case for back muscle strength
for females. Back muscle strength and leg muscle strength
have higher validity in both the urban and rural children. For
urban children, the knee bent push-up also has a high validity
indicator but has poor validity for rural children.

There were differences in anthropometric characteristics
between urban and rural children, and also differences in
the SMST results. The evaluation of physical quality fitness
tests for students has been concentrated on the adaptability

of the test among children of different ages and genders
around the world. Generally speaking, there were three
kinds of situations in terms of the difference of indicators
across age and gender. First, the indicators of test for junior
students were same across gender, while the indicator for
senior students was different from that of junior students,
and there were differences in indicators between male and
female senior students. For instance, in the School Physical
Fitness Rewards Program of Hong Kong [44], general hand-
grip strength was the indicator of muscle strength of upper
limb for primary school students. Push-ups and modified
push-ups were the indicators of muscle strength of the upper
limbs for male and female middle school students. Second,
the indicator of senior students’ genders was the same as
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that of junior students, while the indicator of senior students
of the other genders was modified. For example, in the
National Physical Fitness Award Program of Singapore [45],
the indicator of muscle strength of the upper limbs was the
modified pull-up for both males and females younger than 15
years. For those older than 15 years, the indicator for female
students remained the modified pull-up while that of male
students was the pull-up. Third, the indicator was different
between male and female junior students. In addition, the
indicator has also changed for senior students. For instance,
the national education standards of the course “Sports” in
Russia [46–48] stated that the indicator for girls aged 7 to 15
years was the overhanging arm flexion and extension, while
that for girls aged 16 to 17 years was bicep curl to pull-up.

5. Conclusion

Back muscle strength and leg muscle strength can give the
highest validity for assessing whole bodymuscle strength and
also have higher validity in both urban and rural children. For
urban children, the knee bent push-up also has a high validity
indicator but poor validity for rural children.

In the future, back muscle strength and leg muscle
strength can be considered as strength test indicators for
Chinese student’s physical fitness test. Meanwhile, residential
differences in SMST indicators should be considered when
setting up the physical fitness test evaluation indicators of
students, especially for knee bent push-up.
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Montesinos, and J. Castro-Piñero, “Reliability and Validity of
Tests to Assess Lower-Body Muscular Power in Children,” The
Journal of Strength and Conditioning Research, vol. 29, no. 8, pp.
2277–2285, 2015.
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The purpose of this study was to investigate the effects of structured physical activity program on social interaction and
communication of children with autism spectrum disorder (ASD). Fifty children with ASD from a special school were randomly
divided into experimental and control groups. 25 children with ASD were placed in the experimental group, and the other 25
children as the control group participated in regular physical activity. A total of forty-one participants completed the study. A
12-week structured physical activity program was implemented with a total of 24 exercise sessions targeting social interaction
and communication of children with ASD, and a quasi-experimental design was used for this study. Data were collected using
quantitative and qualitative instruments. SSIS and ABLLS-R results showed that an overall improvement in social skills and social
interaction for the experimental group across interim and posttests,𝐹 = 8.425,𝑝 = 0.001 (𝑝 < 0.005), and significant improvements
appeared in communication, cooperation, social interaction, and self-control subdomains (𝑝 < 0.005). Conversely, no statistically
significant differences were found in the control group (𝑝 > 0.005). The study concluded that the special structured physical
activity program positively influenced social interaction and communication skills of children with ASD, especially in social skills,
communication, prompt response, and frequency of expression.

1. Introduction

The population of autism spectrum disorder (ASD) is grow-
ing dramatically worldwide today. People with ASD have
deficits in social interaction, communication skills, repetitive,
restricted, and stereotyped patterns of behaviors, and inter-
ests of activities [1], all of which have a major influence on
children’s development and their families. The prevalence of
ASD in 1980 was approximately 1 in 10,000, and the number
of people currently diagnosed with ASD has already reached
more than tens of millions [2]. In 2014, the newest estimation
of childrenwithASD inUSwas 1 in 68, nearly a 120% increase
from 1 in 150 in 2000. The problem in China is also serious;
1.61% of children under the age of 15 years were reportedly
affected by varying degrees of ASD [3], and, more important,
there is lack of attention and awareness on individuals with
ASD, even though many people are beginning to focus on
issues of children with ASD in China. At present, although

cure for ASD is still unavailable, a number of treatments
and interventions can help children with ASD improve their
social and communication skills and function better.

Physical activity plays a vital role in influencing people’s
life from many aspects, and this is especially important for
children because it can help them improve not only their
physical condition, but also their self-esteem, social skill, and
behavior [4, 5] and establish a positive lifestyle for their future
lifespan. Many studies have reported on the importance and
benefits of exercise and physical activity and the risk of
physical inactivity for children, especially for children with
disabilities [6–8]. Children with ASD are perhaps in more
risking situation because of their limited opportunities to
participate in physical activities. These children have fewer
opportunities to engage in physical activity and play with
their peers because of their impairments in social interactions
and communication skills [9, 10]. Children with ASD also
tend to be used to passive type of activities (e.g., isolated
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Table 1: The demographic data of the participants.

Variables Experimental group
(𝑁 = 21)

Control group
(𝑁 = 20) Results

Age, mean (SD) 6.14 (0.96) 6.1 (0.98) 𝑝 = 0.889

Gender
Boys 14 (66.67%) 15 (75.00%) 𝑝 = 0.558

Girls 7 (33.34%) 5 (25.00%)
Diagnosis

Classic autism 17 (80.95%) 16 (95.00%) 𝑝 = 0.563

Asperser’s syndrome 3 (14.29%) 4 (5.00%)
PDD 1 (4.76%) 0 (0%)

play, parallel play, and orientation), and they are typically
less active compared with their peers during their free time.
Undergoing the typical children development stage, fewer
opportunities to engage in physical activity are more likely
to influence their behaviors [11].

Physical activity is an important contributor for health in
populations with developmental disabilities, and the benefits
of physical activities for children with ASD have been studied
[12]. It has been found that physical activities help improve
a number of the many deficits and challenges that children
withASDmust confront [13, 14].The study also indicated that
participation in physical activity allows children with ASD
to experience a fun activity with their peers and to develop
critical interpersonal skills [15]. In addition, some results of
studies reported that several benefits derived from physical
activity are related to mental and psychosocial wellbeing;
for instance, physical activity could improve psychological
wellbeing [16, 17], leading to positive self-esteem, behavior,
and happiness in children with ASD [4]. Moreover, evidence
has also shown that physical activity has a direct influence
on self-determination [18] and strength and to have specific
positive effects on children’s cognitive and adaptive abilities
(e.g., on-task behavior and academic performance).

At present, researchers and experts believe that certain
social activity oriented interventions and treatments can help
childrenwithASD change their behaviors and function better
in their normal environment. With the increasing aware-
ness of ASD in many countries, a number of intervention
programs have been devised, implemented, and found to
be effective on certain typical behaviors of children with
ASD (e.g., auditory training intervention, vitamin therapy,
medication intervention, and music intervention) (Centers
for Disease Control and Prevention, 2014). The standardized
interventions and treatments targeting the behaviors of chil-
dren with ASD have already yielded certain beneficial effects
and achieved a moderate degree of success.

As the social activity related interventions involve many
physical interactions, more and more researchers in many
countries have also begun to focus on the effects of physical
activity and exercise on fading and redirecting the autistic
behaviors of children with ASD. Two programs use a land-
based aerobic exercise program and an aquatic exercise
program as an intervention to analyze the effectiveness of
changing certain inappropriate behaviors of children with

ASD. Positive effects of physical activity interventions have
been found effective on social behavior and social function
[19], communication enhancement [20], exercise ability, body
mass index [12], sensory and feeling [19], stereotypical behav-
ioral patterns [21], and physical exercise participation [22].

As the impairments and difficulties in social interaction
and communication are the primary characteristics for chil-
dren with ASD, a lack of social skill and communication skill
can lead them to a social isolation or withdrawal situations
[23]. Therefore, an intervention focusing on their social and
communication skills is critical to the successful development
of social, emotional, and improvement of communication
skill of children with ASD. At present, little evidence is
available about the utilization ofmodified games and physical
activities as an intervention on fading and redirecting the
autistic behaviors of children with ASD; few studies had been
conducted especially in China. Therefore, this study was to
investigate the effectiveness of a structured physical activity
program on social interaction and communication skill of
children with ASD.

2. Materials and Methods

2.1. Participants. Fifty children with ASD, age from five to
eight years old, in a special school of Shandong province,
were recruited based on the DSM-V criteria [1] and randomly
divided into experimental and control groups. Twenty-five
children with ASD were placed in the experimental group in
which the structured physical activity program was used as
intervention. The other twenty-five children with ASD as the
control group participated in regular physical activity. Four
children with ASD withdrew from the experimental group,
and five children withdrew from the control group for differ-
ent reasons. A total of forty-one participants (𝑁 = 41) com-
pleted the study. A comparison was conducted regarding the
baseline data between the experimental group and the control
group. The demographic variables between the experimental
group and control group were listed in Table 1 (all 𝑝 > 0.005).

2.2. Instruments. There were four instruments that had been
used to measure the effects of structured physical activity
program on social interaction and communication skills
of children with ASD. These instruments included the fol-
lowing: The Assessment of Basic Language and Learning
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Figure 1: Framework of intervention.

Skills- Revised (ABLLS-R) which consists of a comprehensive
hierarchy of skills in 25 different and separated areas. For
the current study, the area of social interaction with total 34
items was used to evaluate the social interaction of children
with ASD. The Social Skills Improvement System Rating
Scales (SSIS-RS)was used for evaluating social skills, problem
behaviors, and the academic competence of students from
the perspectives of teachers, parents, and students and for the
improvement of social skills in child with social and behav-
ioral problems [24]. The Parent Semistructured Interview
Guide (PSSIG) and Volunteer Open-ended Questionnaires
(VOEQ)were also used to collect the comments and feedback
from parents and volunteers regarding the effects of the
structured physical activity program, future directions, and
recommendations.

2.3. Research Design and Procedures. A quasi-experimental
design with a control group and an experimental group was
utilized to investigate the effects of the 12-week structured
physical activity program on social interaction and commu-
nication for children with ASD. The present study adopted
the pretest, interim-test, and posttest design and conducted
testing at three time intervals to monitor progressive changes
in social interaction and communication throughout the 12-
week intervention. The 12-week structured physical activity
program was implemented with 60 minutes per session and
total 24 exercise sessions. The experimental and control
groups completed the pretest 1 week before the intervention
program began. The interim-test was conducted halfway
through the intervention, and the posttest was administered
one week after the 12-week intervention program. Figure 1 is
the framework of intervention.

2.4. Intervention Program. This program has distinctive fea-
tures and advantages. First, the structured physical activity
program was designed based on guidelines and recommen-
dations for children with ASD (e.g., DSM-V; treatments
on autism; and the benefits of physical activity), specific
recommendations on physical activity programs and chil-
dren with ASD (e.g., Global recommendations on physical
activity for health; current perspectives on PA, and exercise
recommendations for children with ASD). Second, it was
a structured program specialized in the needs of social
interaction and communication, which comprised four parts:
(a) get-ready and warm-up activities; (b) one-to-five small
group instruction; (c) whole-group exercise; and (d) cool-
down and reward activities.

In addition, all of the regular activities in this program
were highly targeted towards the problems that were the focus
of this study, and a number of useful and meaningful ele-
ments were purposely integrated into the program to create
more opportunities to influence children’s autistic behaviors.
Moreover, all of the procedures and contents promoted the
targeted behaviors. In brief, during the completion of each
trial, each participant with ASD was “forced” to respond to
peers greeting (e.g., peers’ high-five, catching/passing ball
from/to peers) and naturally communicate with peers (phys-
ical, verbal, or eye contact).When participants completed the
entire session, they have experienced significantly increased
frequency of their social interactions and communications
with others. During each session, children with ASD were
placed into a group of five, each group was assigned the
same teacher, and each session was conducted using the
same content and routine to provide the participants with a
sense of consistency.The structured physical activity program
was conducted in the fitness room or on the playground of
the Special School of Shandong Province, and the school
is equipped with many classrooms for various teaching
purposes. The detailed contents of the structured physical
activity program are listed in Table 2.

The intervention program also utilized the Treatment
and Education of Autistic and CommunicationHandicapped
Children (TEACCH) model to enhance its effectiveness
(Panerai, Ferrante & Zingale, 2002). This model provided
the individual with a structured and organized physical
environment, the schedules and work systems, clear expec-
tations, and the use of visual materials. Structured teaching
also involved utilizing various strategies and principles for
intervention and treatment.

The intervention program also included a reward system
to encourage the children to be active and willing to partici-
pate in the physical activity program. For example, when the
participants completed the exercise, they would be awarded
with some tangible items; they are required/encouraged to
say “Thank you” or “Bye,” after receiving the gift (com-
munication and interaction). A part of each session was
dedicated to the whole-group exercise; when they finished an
exercise or won, the teacher gave them a high five. If they
reacted by returning the high five, this was also considered
an interaction.When the participants finished one part or the
entire session, they received one sticker; once they collected a
specific number of stickers, they could trade them in for a gift
or an item they desired from the reward desk (e.g., toys and
books); giftswere given according to the level they completed.
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Table 2: Physical activity program protocol.

Part Time (min) Content Objective

(1) Get-ready and warm-up activity 10
Get the visual schedule cards;

Prepare the equipment;
Jogging on the playground

Social interaction and communication
skills

(2) One-to-five small group instruction 15

Learn the skills of playing ball
(tap, throw, catch, pass the ball)
Follow the teachers and practice
Play the ball exercises and games

Social interaction and communication
skills

(3) Whole group exercise 20 Group ball exercise;
Cooperative ball games

Social interaction and communication
skills

(4) Cool-down and reward activity 15

High five to teachers, volunteers and
partners;

Sing good bye songs together;
Get the reward

Feedback, social interaction and
communication skills

Table 3: Data collection schedule.

Instruments Participants Before the
intervention (pretest)

Physical activity
program

Week 7 of
intervention
(interim-test)

After the intervention
(posttest)

ABLLS-R Teachers e e e
SSIS Teachers e e e
PSSIG Parents e
VOEQ Volunteers e

Many purposely designed interactions and communications
had been integrated into the physical activities intervention
to enhance children’s social/communication skills.

2.5. Data Collection and Analysis. In this study, the data,
investigator, and methodological triangulation were applied.
Data triangulation involved collecting data on the perspec-
tives of the teachers, parents, and volunteers at different
time points. Investigator triangulation was conducted by
having more than one researcher analyze the data and having
member checking. Methodological triangulation concerned
the use of both qualitative and quantitative methods. The
quantitative method was the primary method used, whereas
the qualitative methods were supplementary, employed to
demonstrate the effects of the structured physical activity
program on social interaction and communication in chil-
dren with ASD.

2.5.1. Quantitative Data Collection and Analysis. Data col-
lection was composed of four parts, as shown in Table 3.
The first part involved the teachers from the special school,
who conducted the pretest, interim-test, and posttest by
administering the ABLLS-R [25] and SSIS-RS (Gresham &
Elliott, 2008) at the scheduled time intervals.The quantitative
scales were used to explore the participants’ progress and
the changes throughout the program, and the qualitative
approach was used to supplement the findings.

The SSIS-RS and ABLLS-R data were analyzed through
repeated measures MANOVA and two-way repeated mea-
sures ANOVA at three time intervals to determine the
differences between the experimental group and the control

group regarding social interaction and communication in the
SSIS-RS and ABLLS-R.

Means and standard deviations at each time within
each domain and subdomains were calculated. The primary
analysis was to identify the difference between control group
and experimental group after 12 weeks of physical activity
program intervention.

2.5.2. Qualitative Data Collection and Analysis. The semi-
structured interviews and open-ended questionnaires were
distributed to the parents and volunteers, respectively, after
the 12-week physical activity program. To ensure in-depth
results and findings that were persuasive as well, the quali-
tativemethods of in-depth semistructured interviews includ-
ing external reviewers andmember checking were performed
for a more effective examination of the children’s progress
throughout the program.

Once the interviews were transcribed, member checking
was conducted to present the participants with an opportu-
nity to add, clarify, or rephrase the questionnaire responses
(Lincoln & Guba, 1985). We added questions to the margins
wherever further clarification was required. Each participant
was free to decide whether he or she wanted to address the
researcher’s comments. The parents and volunteers were also
asked to return the member checking data directly to the
researcher within 1 week of having received the transcript.

The primary objective of this study was to determine the
effects of the physical activity program on social interactions
and communication in children with ASD. After data collec-
tion, SPSS (version 20.0) was used for data analysis, and it
was used to evaluate the three sets of testing data, obtained by
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Table 4: Between-group comparison of overall social skills across three intervals.

Group Pretest Interim-test Posttest
Control group 44.05 ± 4.66 45.20 ± 5.16 45.15 ± 5.03

Experimental group 43.95 ± 6.96 48.52 ± 5.62 51.57 ± 5.47∗∗

Results 𝑝 = 0.958 𝑝 = 0.049 𝑝 = 0.000

Note. ∗∗ represented 𝑝 < 0.005, and results are presented as means ± SD.

using the SSIS-RS and ABLLS-R instruments.The qualitative
approach involving the semistructured interviews and open-
ended questionnaire was analyzed using the NVivo (version
8) qualitative software package.

3. Results

3.1. The Effects of Structured Physical Activity Program
on Social Interaction

3.1.1. Effects of Intervention on SSIS over Time. The Social
Skills Improvement System Rating Scales was adopted to
evaluate the social skill improvement of children with ASD,
and the repeated MANOVA was used to examine the effects
of intervention on social skills and subdomains in SSIS.
The results of repeated MANOVA showed that there were
significant differences on the time effect, Wilk’s Lambda =
.156, 𝐹(2, 38) = 102.461, (p < 0.05), as well as time × group
interaction effect, Wilk’s Lambda = .342, 𝐹(2, 38) = 36.52, (p
< 0.05). The data indicated that the social skills of children
with ASD in experimental group were significantly improved
after 12-week intervention.

3.1.2. The Comparison of Effects of Intervention
between-Groups on SSIS across Three Tests

(1) Overall Social Skills. In relation to the social skill scores
in the SSIS between the experimental group and control
group, a two-way repeated measures ANOVAwas conducted
to examine whether the structured physical activity program
resulted in an increase in social skills between the groups
across pretest, interim-test, and posttest (see Table 4).

Before the intervention, no statistically significant dif-
ferences were found between the experimental and control
groups in overall social skills. As shown in Table 4, in the
interim-test, although there some changes occurred, there
were no significant differences between the groups (𝑝 >
0.005).

After the 12-week physical activity program, a signifi-
cant improvement was found in social skill scores for the
experimental group compared with the control group (𝑝 <
0.005), which had a statistically significant effect. These
results indicated that the structured physical activity program
had a positive influence on social skills of children with ASD
and improved their overall social skill scores in the SSIS.

Figure 2 displays the improvement trends in social skill
scores for the experimental and control groups. The figure
shows that the experimental group exhibited a more notice-
able improvement over time, with significant differences in
social skills from the pretest to the interim-test, and then to
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Figure 2: Results of social skills in SSIS between two groups.

the posttest. By comparison, no significant differences were
found in social skills among three testing periods for the
control group.

(2) Subdomains of Social Skills. The social skill in the SSIS
contains 46 items and it is categorized into seven subdo-
mains: communication, cooperation, assertion, responsibil-
ity, empathy, engagement, and self-control.

Follow-up ANOVAs were conducted to measure whether
the structured physical activity program led to an increase
in the seven social skill subdomains in the SSIS between the
groups across three intervals.

As shown in Table 5, there was a significant increase in
communication, cooperation, and self-control frompretest to
interim-test, and then to posttest compared with the control
group (𝑝 < 0.005). These results revealed that after 12 weeks
intervention, the structured physical activity program signif-
icantly enhanced the scores in the communication, coopera-
tion and self-control subdomains of social skills in the SSIS.

3.1.3. Comparison of Effects of Intervention within-Group
on Overall Social Skills across Three Tests. The scores of
overall social skills for experimental and control groups were
measured across three various time points including pretest
(T1, oneweek before the intervention), interim-test (T2, week
7), and posttest (T3, one week after the intervention).

As shown in Table 6, two-way repeated measures
ANOVA was conducted to determine whether a significant
difference existed at the three time points for the within-
group comparison. The results revealed significant differ-
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Table 5: The Subdomains of social skills in SSIS across time by experimental group and control group and results on comparison.

Index Control Group (𝑛 = 20) Experimental Group (𝑛 = 21)
Pre Interim Post Pre Interim Post

Communication 7.00 ± 1.56 7.25 ± 1.59 7.40 ± 1.47 6.90 ± 1.84 8.05 ± 1.43 8.81 ± 1.60∗∗

Cooperation 7.55 ± 1.43 7.50 ± 1.28 7.65 ± 1.31 7.57 ± 1.54 8.19 ± 1.57 8.48 ± 1.63∗∗

Assertion 4.50 ± 1.10 4.90 ± 1.33 5.00 ± 1.30 4.43 ± 1.40 4.95 ± 1.56 4.57 ± 1.50

Responsibility 6.05 ± 1.15 6.20 ± 1.20 6.04 ± 1.14 6.00 ± 1.26 6.57 ± 1.25 6.80 ± 1.25

Empathy 5.55 ± 1.46 5.60 ± 1.15 5.60 ± 0.99 5.57 ± 1.36 5.90 ± 1.26 6.24 ± 1.30

Engagement 6.55 ± 1.19 6.95 ± 1.19 7.20 ± 1.11 6.33 ± 1.29 7.43 ± 1.16 7.76 ± 1.48

Self-control 6.85 ± 1.60 6.75 ± 1.45 6.70 ± 1.75 7.14 ± 1.77 7.43 ± 1.78 7.90 ± 1.55∗∗

Note. ∗∗ represented 𝑝 < 0.005 and results are presented as means ± SD.

Table 6: Within-group comparison of overall social skills for two groups across three time intervals.

Group Time M ± SD
T1-T2 T1–T3 T2-T3
Mean Mean Mean

Difference Sig. Difference Sig. Difference Sig.

Experimental group
T1 43.95 ± 6.96 −4.574 .020 −7.621 .000 −3.048 .111
T2 48.52 ± 5.62

T3 51.57 ± 5.47

Control group
T1 44.05 ± 4.66 −1.150 .474 −1.200 .455 −.050 .975
T2 45.20 ± 5.16

T3 45.15 ± 5.03

Table 7: Between-group comparison of overall social interaction in ABLLS-R across tests.

Group Pretest Interim-test Posttest
Control group 24.15 ± 3.34 25.35 ± 5.78 25.95 ± 2.87

Experimental group 23.81 ± 3.43 28.90 ± 3.18∗∗ 33.24 ± 3.79∗∗

Results 𝑝 = 0.749 𝑝 = 0.001 𝑝 = 0.000

Note. ∗∗ represented 𝑝 < 0.005, and results are presented as means ± SD.

ences from T1 to T3 for the experimental group (𝑝 < 0.005).
Furthermore, the overall social skill scores observed at T3
were significantly higher than those at T1 (𝑝 < 0.005). By
comparison, the control group exhibited no statistically
significant differences in the overall social skill scores across
the three time points (all 𝑝 < 0.005). These results revealed
that the structured physical activity program had a positive
influence on social skills in the experimental group and
improved their overall social skill scores in the SSIS.

3.2. Effects of Intervention on ABLLS-R
across Three Test Intervals

3.2.1. Between-GroupComparison of Overall Social Interaction
acrossThree Test Intervals. In relation to the social interaction
scores in ABLLS-R between the experimental group and
control group, two-way repeated measure ANOVA was con-
ducted to examine whether the structured physical activity
program resulted in an improvement in social interaction
between the two groups. As shown in Table 7, the mean
scores of social interaction were similar between two groups
at baseline; the mean scores and standard deviations were
24.15± 3.34 and 23.81 ± 3.43, respectively. In the interim-test

and posttest, the experimental group obtained significantly
higher scores on social interaction in ABLLS-R (𝑝 < 0.005).

After the 12-week structured physical activity program,
an even more significant improvement was found in social
interaction scores (𝑝 < 0.005) for the experimental group
compared with the control group, which had a statistically
significant effect. These results indicated the structured
physical activity program had a positive influence on social
interaction in the children with ASD and improved their
overall social interaction scores in ABLLS-R (see Figure 3).

Figure 3 displays the improvement trends in social inter-
action for the experimental group and control group, respec-
tively.The figure shows that the experimental group exhibited
a more noticeable improvement over time, with significant
differences in social interaction from pretest to interim-
test, and then to posttest. By comparison, no significant
differences were found in social interaction among the three
testing periods for the control group.

3.2.2. Within-Group Comparison of Social Interaction for
Two Groups across Three Tests. As shown in Table 8, two-
way repeated measure ANOVA was conducted to examine
whether a significant difference existed at three time points
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Table 8: Within-group comparison of social interaction for two groups at three time points.

Group Time M ± SD
T1-T2 T1–T3 T2-T3
Mean Mean Mean

Difference Sig. Difference Sig. Difference Sig.

Experimental group
T1 23.81 ± 3.43 −5.095 .000 −9.429 .000 −4.333 .000
T2 28.90 ± 3.18

T3 33.24 ± 3.79

Control group
T1 24.15 ± 3.34 −1.200 .242 −1.800 .081 −.600 .556
T2 25.35 ± 5.78

T3 25.95 ± 2.87

Table 9: Within-subject effects results.

Source Type III sum of squares df Mean square F Sig. Partial Eta Squared
Time 405.169 2 202.584 88.715 .000 .695
Time ∗ group 214.730 2 107.365 47.017 .000 .547
Error (time) 178.116 78 2.284
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Figure 3: Results of social interaction in ABLLS-R between two
groups.

for the within-group comparison.The results revealed signif-
icant differences among T1, T2, and T3 for the experimental
group (all 𝑝 < 0.005). Furthermore, the overall social
interaction scores observed at T3 were significantly higher
than those at T1. By comparison, the control group also
exhibited some changes; however, there were no statistically
significant differences in the overall social interaction scores
across the three time points (all 𝑝 > 0.005). These results
showed that the structured physical activity program had a
positive influence on the social interaction in the experimen-
tal group and improved their overall social interaction scores
in ABLLS-R.

3.2.3. Evaluation of Effective Results on Social Interaction.
In order to interpret the significant differences on social
interaction (𝑝 < 0.005) between experimental and control

group, both effect results of between/within-subject groups
had been evaluated through the Partial Eta Squared. The
results were showed in the tables (Tables 9 and 10).

Table 9 lists the results of the within-subjects effects.
As shown in the table, the results of the within-subjects
tests showed that time generated a statistically significant
difference on the measured indicator over time (p < 0.005).
In addition, the interaction effect between the testing time
and group had a statistically significant effect (p < 0.005),
indicating that time influenced the participants differently
according to the group they were in. In other words, time
influenced the two groups differently.

As displayed in Table 10, the results regarding the
between-subjects effects revealed that the group factor gen-
erated a significant influence on social interaction for both
groups (p < 0.005).

3.3. The Effects of Structured Physical Activity
Program on Communication

3.3.1. Effects of Intervention on Communication
across Test Intervals

(1) Between-Group Comparison of Overall Communication
across Three Time Points. In relation to the scores of commu-
nication in SSIS between the experimental group and control
group, two-way repeated measure ANOVAwas conducted to
examine whether the physical activity program resulted in
an increase in communication between the experimental and
control groups.

As shown in Table 11, after the 12-week physical activity
program, a significant improvement was found in communi-
cation for experimental group, compared with control group.
In addition, there was a significant interaction between group
and time (pretest, interim-test, and posttest) of assessment.
These results indicated physical activity program had a posi-
tive influence on communication for the children with ASD
and improved their overall scores of communication in SSIS.
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Table 10: Between-subjects effects results.

Source Type III sum of squares df Mean square F Sig. Partial Eta Squared
Intercept 88953.707 1 88953.707 3266.72 .000 .988
Group 376.634 1 376.634 13.832 .001 .262
Error 1061.967 39 27.230

Table 11: Between-group comparison of overall communication across three tests.

Group Pretest Interim-test Posttest
Control group 7.00 ± 1.56 7.25 ± 1.59 7.40 ± 1.47

Experimental group 6.90 ± 1.84 8.05 ± 1.43 8.81 ± 1.60∗∗

Results 𝑝 = 0.859 𝑝 = 0.098 𝑝 = 0.004

Note. ∗∗ represented 𝑝 < 0.005 and results are presented as means ± SD.

Table 12: Within-group comparison of communication for two groups across three tests.

Group Time M ± SD
T1-T2 T1–T3 T2-T3
Mean Mean Mean

Difference Sig. Difference Sig. Difference Sig.

Experimental group
T1 6.90 ± 1.84 −.707 .053 −1.171 .002 −.463 .202
T2 8.05 ± 1.43

T3 8.81 ± 1.60

Control group
T1 7.00 ± 1.56 −.250 .609 −.400 .414 −.150 .202
T2 7.25 ± 1.59

T3 7.40 ± 1.47
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Figure 4: Results of communication in SSIS between two groups.

Figure 4 displays the improvement trends in communica-
tion for experimental group and control group, respectively.
The figure shows that the experimental group exhibited a
more noticeable improvement over time, with significant
differences in social skills from the pretest to the interim-
test, and then to the posttest. By comparison, no significant
differences were found in communication among the three
testing periods for the control group.

(2) Within-Group Comparison of Overall Communication
across Three Time Points. The overall communication scores
for the experimental and control groups were measured
across three time intervals including baseline (T1), interim-
test (T2), and posttest (T3).

As reported in Table 12, two-way repeated measure
ANOVA was conducted to examine whether a significant
difference existed at the three time points for the within-
group comparison. The results revealed significant differ-
ences observed fromT1 toT3 (𝑝 < 0.005). By comparison, the
control group exhibited no statistically significant differences
in the overall communication scores across three time points
(all 𝑝 > 0.005). These results indicated that physical activity
program had a positive influence on communication in
experimental group and improved their overall communica-
tion scores in SSIS.

Two-way repeated measures ANOVA was conducted to
compare 7 items in communication on three different times
(one week before the intervention, the eighth week of the
intervention, and after the 12-week intervention). Among the
7 items of communication a statistically significant effect was
found in “Says thank you” and “Makes eye contact when
talking” (𝑝 < 0.005). For all comparisons, the significance
of the mean difference was set at the .005 level. Conversely,
the control group did not show significant changes from pre-
to interim-, to posttest on the same items.

(3) Evaluation of Effective Results on Communication. In order
to interpret the significant differences on communications
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Table 13: Between-subjects effects results.

Source Type III sum of squares df Mean square F Sig. Partial Eta Squared
Intercept 7041.799 1 7041.799 1055.783 .000 .964
Group 15.230 1 15.230 2.283 .139 .055
Error 260.120 39 6.670

Table 14: Within-subject effects results.

Source Type III sum of squares df Mean square F Sig. Partial Eta Squared
Time 27.602 2 13.801 31.266 .000 .445
Time ∗ group 11.732 2 5.866 13.290 .000 .254
Error (time) 34.430 78 .441

(𝑝 < 0.005) between experimental and control group, both
effect results of between/within-subject groups had been
evaluated through the Partial Eta Squared. The results were
showed in the tables (Tables 13 and 14).

As displayed in Table 13, the results of the between-
subjects effects showed that the group factor did not generate
a significant influence on communication for the two groups
(p > 0.005)

As reported in Table 14, the results regarding within-
subject tests revealed that the time factor generated a statis-
tically significant difference (𝑝 < 0.005) on the measured
indicator (social interaction) over the time.

In addition, the interaction between testing time (pretest,
interim-test, and posttest) and group had a statistically
significant effect (𝑝 < 0.005), indicating that time influenced
the participants differently according to the group they were
in. In other words, the measurement time influenced the two
groups differently.

3.4. Parents’ and Volunteers’ Perceptions on the Effects of
Structured Physical Activity Program on Social Interaction and
Communication. The PSSIG results were used to answer the
third research question. 13 parents (8 mothers and 5 fathers)
with a mean age of 34.7 years old and 10 volunteers (4 male
and 6 female) with the mean age of the parents being 23.2
years old participated in the interview and survey. They all
had experiences working with children with disabilities.

3.4.1. Parents’ and Volunteers’ Perceptions on Overall
Effects of Structured Physical Activity Program

Parents’ Perceptions. The parents’ perceptions of the phys-
ical activity program were determined by conducting a
semistructured interview, which was composed of five parts
and 12 questions. It includeswarm-up questions, parents’ per-
ceptions, and thoughts on the physical activity program, the
effects of the physical activity program on social interaction
and communication, the beneficial and influential aspects of
the program, and future directions and recommendations
for obtaining a more practical guide for achieving further
improvements in the future. Overall, the parents believed that
the structured physical activity program had a positive effect
on children’ social interaction and communication skills and

that all of the children with ASD benefited considerably from
participating in the 12-week physical activity program.

Volunteers’ Perceptions. The volunteers’ perceptions of the
physical activity programwere determined through an open-
ended questionnaire, which was composed of four parts
and 10 questions. It includes the respondent’s information,
participants’ perceptions of the physical activity program and
their experience with it, the effects of the program on the
beneficial aspects of the intervention, future directions, and
recommendations for obtaining a more practical guide for
achieving further improvements in the future. Compared
with the parents, all 10 volunteers indicated that they enjoyed
the volunteer work with the participants each week as well as
in the physical activity program for 12 weeks; the program
enabled them to enjoy building a relationship with the
children with ASD while observing their weekly progress.

3.4.2. Parents’ and Volunteers’ Perceptions on the Effects of
Physical Activity Program on Social Interaction. After the
12-week intervention, a positive influence was found on
social interaction from participating in the physical activity
program, according to the perspectives of the parents and
participants. Based on the findings of the semistructured
interview, three themes were determined, which were actu-
ally three steps how the social interactions skills is gradually
developed (see Figure 5).

As Figure 5 indicated, the developmental process of social
interactions comprises three basic steps: Step 1 includes pos-
itive acceptance and eye contact. Step 2 includes cooperative
play and positive communication. Step 3 includes positive
engagement and positive interactions.

3.4.3. Parents’ and Volunteers’ Perceptions on the Effects of
Structured Physical Activity Program on Communication.
Communication skills play a critical role in daily life
for everyone, especially for children with communication
impairment.This physical activity programpurposefully pro-
videdmany opportunities to raise the level of communication
in a natural environment where communication skills could
be developed and improved upon, and where the participants
were encouraged to learn how to interact with others and how
to express themselves, so that they could improve their com-
munication skills. According to the program’s requirements,
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STEP 2
(1) Cooperative play
(2) Positive communication

STEP 3
(1) Positive engagement
(2) Positive interaction

Social interaction

STEP 1
(1) Positive acceptance
(2) Eye contact

Figure 5: Different developmental steps in social interaction.

Communication

STEP 2
Expressive communication

(1) Say with prompting 
(2) Self-expression

STEP 1 
Receptive communication

(1) Attention for communication
(2) Understanding for communication

Figure 6: Different developmental steps in communication.

certain purposefully designed interactive activities and
teaching tools were used as the key components, and they all
had beneficial effects on participant outcomes.

The results of the survey showed that the participants
gained different communication benefits from the 12-week
physical activity program.The participants exhibited varying
degrees of improvement in these two steps of communication
development because of individual differences and their
original communication level. Figure 6 displays the two steps
of communication development and the subthemes, which
involve various steps.

4. Discussion

The present study examined the effects of a 12-week struc-
tured physical activity program on social interaction and
communication for children with ASD. The results of this
study provide evidence that structured physical activity is
effective on certain autistic characteristics of children with
ASD. Although the current study has not identified any single
approach that is superior to all other methods, researchers
have found a number of effective strategies that can yield
obvious improvements on social and communication skills
in children with ASD.

4.1. The Effects of Structured Physical Activity Program on
Social Interaction. According to Reid & Collier [26], there
was a positive relationship between physical activity and
social interaction, and physical activity and sports participa-
tion were beneficial in enhancing interpersonal relationship
and increasing frequency of social interaction. The results of

SSIS from present study indicated that physical activity pro-
gram intervention had a positive influence on the social skills
for the children with ASD and improved their overall scores
of social skills in SSIS. Among all 7 subdomains of SSIS, the
results revealed statistically significant differences in the sub-
domains of communication, cooperation, and self-control.

Similar to the SSIS, the ABLLS-R results showed that
there was a positive influence on the social interaction for
the children with ASD through participating in the 12-week
physical activity program. The results of the current study
supported and confirmed the finding of previous studies
which demonstrated physical activity can improve social
development in children with ASD and contributed to the
improvement of social interaction.Thefindings of the current
study are also similar to the findings of three previous studies
[19, 27, 28] which all showed that physical activities positively
affect social interaction in children with ASD.

One possible explanation for the effectiveness of the
physical activity program on social interaction was that (1)
physical activity has been regarded as the natural settings for
promoting positive social interactions for children with ASD
[13, 18]. It could provide a natural environment for building
relationships between participants, increase the opportuni-
ties for interaction, and offer a good approach to engaging in
cooperative play or partnering for teamwork, and presenting
more opportunities to communicate with others, which are
all beneficial for social interaction. (2) The program was
designed based on the guidelines, recommendations on phys-
ical activity, some previous successful researches, the devel-
opment characteristics, and the special needs for children
with ASD. In addition, throughout the program, social
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interaction became the target of all the regular activities,
and it purposely integrated certain useful and meaningful
elements into the program to present more opportunities
for social interaction. The structured program specialized
in social interaction and communication, including four
coherent content parts; specifically, when the participants
finished the entire session as well as after constant practice,
the participants may have already increased the frequency
of social interactions and improved their abilities for social
interaction. For example, encouraging the participants to
seek help from each other, facilitating sharing exchanges
during group games and activities, addressing some skills
and manners, lining up for a turn, and even occurring in
some noninstructional socialization cases. All the activities in
the program were implemented with the goal of making the
social interaction mutually reinforcing to both the children
with ASD and their teachers and volunteers.

In addition, the teachers and volunteers conducted the
same activity, same exercises, and same skills, which also pro-
vided opportunities for participants from watching the pos-
itive social interaction of others in order to follow and prac-
tice. During the intervention, it provided small group at a 1 : 5
teacher-to-children ratio and 1 : 2 volunteer-to-children ratio
and repeated the same contents over and over. These designs
may produce positive feedback provided by each teacher and
volunteer and then conduct more individualized instruction
and practice. Every five participants were paired up with
the same teacher and same volunteers for each session, and
each session followed the same contents and schedule in
order to provide the participants the sense of consistency
for completing the program more effectively. Therefore, the
potential positive influences of the programweremaximized.

Another possibility accounting for the improvement of
social interaction through the intervention was that the
program utilized the structured teaching of TEACCHmodel,
one of the most validated treatment programs used with
individuals with autism (e.g., physical structure, schedule
visual card, and work systems) (Panerai, Ferrante & Zingale,
2002). For example, each participant had his or her own
schedule visual card, which showed the activities that had
to be conducted. Every time the participants entered the
gym, they had to consult their individual schedule card and
perform the activities as shown on the schedule and use
the physical boundaries to foster independent behavior for
participants and increase the level of participants’ emotional
security. The design of boundaries allowed for maximum
time on task for participants through decreasing external
stimuli that might have distracted the participants.

4.2. The Effects of Structured Physical Activity Program on
Communication. Communication skill plays a critical role in
daily life for children with ASD. During this physical activity
program, it purposely provided numerous opportunities for
enhancing the level of communication in a natural and
specific environment in which communication skills could
develop further. Moreover, the participants were encouraged
to learn how to interact with others and how to express
themselves, so that they could improve the communication
skills for them.

First, the SSIS was used to answer the second question.
After the 12-week structured physical activity program, sig-
nificant differences were observed in the experimental group,
and it indicated that structured physical activity program
intervention had a positive influence on communication for
the children with ASD and improved their overall scores of
communication in SSIS. Among all the 7 items of communi-
cation, the results revealed statistically significant differences
in “says thank you” and “makes eye contact when talking.”

Second, two qualitative instruments, PSSIG and VOEQ,
were also used to assess the effects of structured physical
activity program on communication from the perspectives
of parents and volunteers in order to supply and furnish the
quantitative findings. The qualitative results were similar to
the quantitative results. Overall, after the 12-week physical
activity program parents and volunteers all noted a posi-
tive improvement in the children’s overall communication.
According to the reports of the parents and participants, an
obvious improvement primarily appears in aspects of under-
standing in communication and saying with prompting.

The results of this study supported and confirmed that
findings of a previous study that reported that physical activ-
ity improves communication skills [19]. And our findings
were also similar to those reported in two past studies [27, 28]
which found that physical activities positively affected social
skills, communication, andmotor skills in childrenwithASD.

In this study, the physical activity program, which was
a structured program with purposeful activities, a targeted
design, and teaching tools (e.g., visual cue cards, activity
schedule, PowerPoint, and a large screen), was utilized for
the beneficial communication outcomes.Moreover, we incor-
porated the structured teaching of the TEACCH model as a
beneficial treatment strategy for facilitating language devel-
opment, so that we could create a comfortable environment
to positively influence the children’s communication skills.
These findings also supported the effectiveness of Schopler’s
(1966) TEACCHmodel as a beneficial treatment strategy for
facilitating language development [29].

One possible explanation for the effectiveness of the
physical activity program in communication was that during
the whole program all the regular activities were highly
targeted on problem of communication, and it purposely
integrated certain useful and meaningful elements into the
program in order to createmore opportunities to enhance the
level of communication. Prompting and encouragement were
used throughout the physical activity program to encourage
communication among the participants. During the various
sessions, both the teachers and volunteers posed many basic
questions to increase opportunities for communication, and
to encourage the participants to speak (e.g., asking questions
concerning their names and their favorite toys, encouraging
everyone to sing songs together, and repeating their name in
each part of the session).

Another possibility accounting for the improvement
of communication skills through the intervention was the
design of small group. There were 1 : 5 teacher-to-children
ratio and 1 : 2 volunteer-to-children ratio, whichmay produce
more effective and positive results, and also clear feedback
was provided by each teacher and volunteer. The teachers
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and volunteers were able to follow the progression of each
participant at his or her own pace and teach more effectively
associated with the participant’s disability and the rate of
progress. During the whole program, every five participants
were paired up with the same teacher and same volunteers
for each session, and each session followed the same contents
and schedule in order to provide the participants the sense
of consistency for completing the program more effectively.
Therefore, the potential positive influences of the program
were maximized.

In addition, the program had the reward system to
encourage the partisans to be active and be willing to
participate in the activities of the program. For example,
when children finished the exercise, the teachers gave them
reward, and then theymay say thank you and bye-bye or have
an eye contact, whichwere the communication improvement.
All the activities in the program were implemented with
the goal of making the communication mutually reinforcing
to both the children with ASD and their teachers and
volunteers. When the participants finished the whole session
and after constant practice, the participants may have already
increased the frequency of communication and improved the
ability of communication.

4.3. The Beneficial and Influential Elements of the Physical
Activity Program. To obtain valuable results, the intervention
setting was considered to be of utmost importance. Two
qualitative instruments were used to answer the fourth ques-
tion and identify the beneficial and influential factors of the
structured physical activity program. Based on the responses
of the parents and volunteers, these factors included the
following: (a) physical activity; (b) purposeful design; (c)
a structured program; (d) teaching tools; (e) low teacher-
student and volunteer-student ratio; and (f) a comfortable
environment.

A number of these beneficial factors have been supported
in previous findings and have been found to positively affect
the physical activity program [30, 31]. The findings of this
study are also similar and support the notion that certain
components of the program influenced the effectiveness of
social interactions and communication for children with
autism [30, 31]. Moreover, it revealed that multiple strategies
are influential in the success of a physical activity program for
children with ASD. Based on the responses from volunteers
and parents, each element was regarded as having positive
influence on the children with ASD, but actually it was the
combination of these elements that was believed to result
in the noticeable improvement in social interaction and
communication.

In order to interpret the significant differences on social
interaction and communication (𝑝 < 0.005) between
experimental and control group, both effect results of
between/within-subject groups had been evaluated through
the Partial Eta Squared. The results had supported the signif-
icant improvement that occurred in the experimental group.
Overall, the combination of all the beneficial and influential
components has resulted in an effective physical activity
program in which the children can participate, play, and
develop their skills for social interaction and communication.

5. Conclusions

This study examined the effects of a 12-week structured
physical activity program on social interaction and commu-
nication in children with ASD. After the 12-week physical
activity program, the results showed an overall improve-
ment on social interaction and communication skills for the
experimental group compared with the control group. (1)
Regarding social interaction, the study had found significant
improvements in social interaction, cooperation, and self-
control subdomains. However, the effects of physical activity
program were minor in terms of cooperation, responsibility,
empathy, and engagement. The 12-week intervention might
not have been sufficient in length to generate many obvious
changes in every aspects of social interaction. The parent’s
interviews and volunteers’ questionnaire responses indicated
significant changes in the overall level of social interac-
tion by the end of the 12-week physical activity program.
Certain social skills (e.g., eye contact, group participation,
and relationship-building with teachers and participants)
were found improved. (2) Regarding communication, the
results revealed an overall improvement for the experimen-
tal group compared with the control group; the improve-
ments were observed in the frequency of reacting peers,
teachers, and volunteers’ greeting by “says thank you” and
“makes eye contact when talking.” The results reflected
the perspectives expressed by the parents and volunteers.
(3) The 12-week physical activity program was found to
be effective on social interaction and communication for
children with ASD according to the results across three
test intervals and feedback from of teachers, parents, and
participants. It indicated that the structured physical activity
program with a purposeful design and naturally integrated
social interaction/communication elements into the regular
physical activity program is effective in promoting positive
improvements in certain impairments for children with
ASD.

In summary, this study was the first step towards gaining
a better understanding of physical activity program inter-
vention on children with ASD, furnishing useful materials,
information, and practice to facilitate, define, and measure
the effects of physical activity program for future researches.
It also provided a broad picture of the insights in development
of more comprehensive and inclusive programs specialized
for children with ASD, and fulfilled the gaps of research in
physical activity intervention on children with ASD in China.
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Objective. The purpose of this study was to examine the relationship of grit as a construct representing perseverance to overcoming
barriers and the total number of school absences to academic performance (AP) while controlling for sociodemographics, fitness
(i.e., PACER), and Body Mass Index (BMI). Methods. Adolescents (N = 397, SD = 1.85; 80.9% females; 77.1% Hispanic) from an
urban, minority-majority city in the Southern United States completed the FitnessGram� assessment of physical fitness (e.g.,
aerobic capacity and BodyMass Index (BMI)) and the valid and reliable short grit survey.The schools provided sociodemographics,
attendance, andAP data for the adolescents.Results. Adolescents with higher grit scores (𝑟

𝑠
= 0.21, P < 0.001) and less total absences

(𝑟
𝑠
= −0.35, P < 0.001) performed better on AP. Hierarchical multiple regression indicated that grit and absences were associated

with AP (𝛽 = 0.13, P < 0.01 and 𝛽 = −0.35, P < 0.001, resp.). Conclusions. Grit and a total number of absences are significant
contributors to academic success, particularly among Hispanic adolescents. Further, grit and school attendance may serve as a
better measure of protective factors over proximal health measures of cardiovascular health and BMI.

1. Introduction

Following No Child Left Behind (NCLB), which legis-
lated that public school monies would be tied to adequate
yearly progress in academic performance (AP), it has been
reported that approximately 44% of public school districts
reduced resource allocation towards physical education,
recess, and/or the arts in favor of increased traditional
academic time and test remediation [1]. In the ensuing
years, researches into the effects of physical fitness and
academic achievement have shown a compelling argument
for a possible relationship between the two. Furthermore, a
review of literature by Tomporowski et al. [2] has proposed
the importance of self-efficacious psychosocial factors in
meditating this relationship. Despite this, few studies in this
line of inquiry have reported actual school attendance as
a confirmatory variable of their self-efficacious, amount of
learning time, and effort toward AP.

1.1. Physical Fitness, Cognition, and Academic Performance.
Adolescents who regularly participate in physical activity,

including visual-motor coordination [3] and coordinated
movement [4], and who are aerobically fit [5, 6] perform
better academically than those youth who are sedentary.
Further, health risk factors such as inflammatory biomarkers
among children [7] and adiposity [8, 9] have been found to
be negatively related to academic achievement. Modifiable
lifestyle behaviors like healthy diet, sleep, andphysical activity
participation, over body weight alone, are strongly associated
with academic performance [10]. Such findings suggest that
school-based health interventions that focus on increasing
physical activity engagement and healthy eating will likely
benefit the youth, both physically and cognitively.

Physical activity interventions like Physical Activity
Across the Curriculum (PAAC) and Fitness ImprovesThink-
ing (FITKids) that increase physical activity participation
and subsequently improve cardiovascular fitness also increase
overall academic achievement [11], executive function (Hill-
man, Pontifex, Castelli, Khan, Raine, Scudder, Drollette,
Moore, Wu, and Kamijo, K., 2012), and cognitive control
[12, 13]. Because executive function and cognitive control
subserve learning, such effects are contributory to overall
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academic success [14], given this evidence it is justified to
recommend that schools offer opportunities to be physically
active before, during, and after the school day.

It is important to note that the cognitive benefits asso-
ciated with physical activity and fitness are not unilateral
but instead are specific to the type, timing, and intensity of
physical activity. Tomporowski et al. [15] suggest that high-
intensity physical activity may have the greatest gains, but
those findings are not always immediately transferable to
large-scale interventions across multiple schools. Further, it
was also concluded that multimodal (e.g., playing games like
tag) as well as aerobic physical activity (e.g., running) likely
have cognitive benefits, like the PAAC and FITKids interven-
tions. Despite the positive effects among differing modalities
of physical activity intervention programs, it should be stated
that the success of these programs cannot replace the learning
experiences of traditional physical education or guarantee
enhanced AP.

Not all interventions have equal cognitive benefits. For
example, two cluster randomized controlled trials, the Active
Smarter Kids (ASK) study [16] and Action Schools! BC (AS!
BC) [17] failed to show an increase in academic achievement
among elementary students. However, the additional time
dedicated to physical activity did not result in adverse effects
on academic achievement. Given the equivocal results to
date, the question remains, what type, timing, and intensity
of physical activity might increase the likelihood that those
adolescents perform better in school.

1.2. Ethnicity, Socioeconomic Status, Academic Performance,
and Physical Fitness. AP is dependent on a multitude of
modifiable and nonmodifiable factors. Specifically, socioe-
conomic status (SES) and ethnicity have been identified as
significant nonmodifiable inhibitors of academic success [18].
The National Center for Education Statistics has identified
an achievement gap between Hispanic and White students
in the public schools [19]. Considering that the 2014 U.S.
census found that 50.1% of children aged 5 or under was
Hispanic, narrowing the achievement gap is both timely and
warranted.

The comorbidity of low SES, ethnicity, and low academic
performance is complicated further as lower SES students
also have an increased likelihood of health-related fitness
standards falling below healthy criteria [20]. Coe and col-
leagues [18] found an educational and fitness disparity among
1,700 3rd, 6th, and 9th-grade students, with low SES being a
proximal variable in understanding the relationship between
fitness and academic performance. In the lower SES schools
that might be experiencing limited access to resources and
high pressure to perform academically, focusing on both
educational outcomes and health issues may not be a priority.
As such, one way to address ethnic differences in AP is to
reduce the health risk amongHispanic children by increasing
their rate of participation in physical activity [21], which has
been associated with academic success [22, 23].

1.3. Psychosocial Determinants of Academic Success and Phys-
ical Activity Participation. Beyond nonmodifiable factors,
modifiable factors like an individual perception of various

psychological constructs may provide additional insight into
decomposing the relationship between physical fitness and
academic performance. Although over 200 studies suggest
that physical fitness and to a lesser degree physical activity are
positively related to cognitive performance, few studies have
controlled for confounding variables such as age, ethnicity,
intelligence, and psychosocial effect related to academic
achievement [22]. Further, rarely did studies account for the
potential of lost learning time associated with absences from
school.

Grit. The construct of grit is defined as a “perseverance and
passion towards long-term goals” [24, pg. 1]. Grit has been
used as a global measure of behavior and goal acquisition that
has been validated among a range of behavioral outcomes
ranging from military academy matriculation, Ivy League
grade point average, and national spelling bee achievement
[24–26].The underlying assumptions of grit research are that
the individual displays a stable, but modifiable persistence
toward achieving long-term goals. Such a disposition sup-
ports success in a wide range of endeavors. PA participation,
with the long-term goal of achieving healthy fitness zone
status as a proxy measure of health, could be viewed as con-
tinual work in progress requiring a degree of commitment to
achieve one’s desired objective. Research by Reed, Pritschet,
and Cutton (2012) has demonstrated that grit is a significant
predictor of moderate to vigorous PA (MVPA); however,
further research is warranted to understand the relationship
between grit, PA, and physical fitness.

School Attendance. Attending school, particularly in sec-
ondary education, remains an issue in the United States,
with over 5 million school-aged children missing at least
30 days of school per year [27]. Of even more concern is
when the adolescent may be absent the days leading up
to the administration of academic achievement tests [28].
Missing school represents a critical loss of learning time and
test preparation. Although attending school alone is not a
representation of engagement in learning, not being in school
inhibits academic success.

Given the existing achievement gap and health disparities
between White and Hispanic adolescent students, as well
as the potential to address these health and educational
issues through PA interventions, this study examined the
relationship of these variables to AP. Specifically, the purpose
of this study was to investigate the relationship of grit, as a
construct representing passion andperseverance to overcome
barriers, and school attendance to academic achievement
and proxy health measures while controlling for school
demographics and attendance.

2. Methods

Multiple Institutional Review Boards approved this study
at the university, district, and individual school level, with
each governing body requiring that each human subject
and a guardian actively consent to participate in this study.
Specifically, parental consent and adolescent assent were
secured for each participant. An overview of the study was
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presented during physical education and health classes, and
once consent and assent were secured, data were collected
during physical education classes.

2.1. Participants. In this study, adolescents enrolled in sec-
ondary education (grades 7–12, 𝑁 = 397) across one large
southern school district which serves over 83,000 students
in a minority-majority city were recruited for this study. The
participants were recruited from 12 different public schools
(six high schools and six middle schools). All the schools
that agreed to participate in this study were identified by the
state education association as Title 1 Schools, meaning that
they had a student population receiving free or reduced lunch
more than 51%; however, the school district would not grant
permission for the researcher to secure individual student
SES. All students in this study participated in daily physical
education for 60 minutes.

2.2. Instruments. There were three primary data sources uti-
lized in this study: (1) physical fitness data collected using the
FitnessGram (Cooper Institute, Dallas, TX), (2) psychosocial
survey data, and (3)AP anddemographic data supplied by the
school district. Educational measures included standardized
grade-level testing and subject test scores. Demographic
information included age, sex which was coded as female =
1 and male = 2, ethnicity which was coded as White = 1,
Hispanic = 2, andOther = 3, number of advanced classes, and
the total number of absences for semesters 1 and 2. Student
fitness was measured by the valid and reliable FitnessGram
(Cooper Institute, Dallas, TX) battery of physical fitness tests.
These tests were administered by the physical educator of
record and primary investigator at the beginning and end of
the school year.

2.3. Academic Performance (AP). AP was measured by aver-
aging year-end score on state academic accountability subject
test.These tests have been used as valid and reliable measures
for over 5 million public school students in the southwestern
United States over two decades and are designed for vertical
agreement with curricular objectives across the tested age
range (8–18). Raw scores were converted to a 100-point scale
and divided into quintiles for analysis (0 to 59 = 1, 60 to 69 = 2,
70 to 79 = 3, 80 to 89 = 4, and 90 to 100 = 5). Separate analyses
were also conducted by subject matter (i.e., English, Math,
Science, and Social Studies) with the scores for each subject
similarly coded as 0 to 59 = 1, 60 to 69 = 2, 70 to 79 = 3, 80 to 89
= 4, and 90 to 100 = 5. Given the differing developmental level
of the participants in this study, differentAP assessmentswere
administered. Students in the 7th grade took Reading, Math,
andWriting exams, while students in the 8th grade completed
the Reading, Math, Science, and Social Studies tests. High
school students have more flexibility about matriculation
and subsequent test administration, but this cohort supplied
data for subject tests for English 1 and 2, Biology, Algebra 1
and 2, and U.S. History, corresponding to which course the
student was enrolled in during the semester. Semester 1 and
two final subject grades (numerical score) were provided by
the district, as well as data about the rigor of the scheduled
courses (number of advanced placement courses enrolled, as

a representation of intellect and engagement) aswell as school
attendance.

2.4. FitnessMeasurement. Health-related fitness was assessed
by the physical educator of record at the beginning of the
academic year (August/September). Students completed the
FitnessGram battery of physical fitness tests. These tests
included 20m shuttle run (PACER; cardiovascular fitness),
Body Mass Index (BMI; an indirect measure of body com-
position), muscular strength and endurance (push-up and
curl-up tests), and flexibility by shoulder mobility stretch and
prone trunk extension test. Only BMI and PACER were used
in the analysis for this study. These tests have established
healthy criterion and sex norms [29] and are valid and reliable
measures of health-related fitness (Morrow, Martin, and
Jackson, 2010). Student scores were reported as raw values
(i.e., PACER was scored by the number of laps completed).

2.5. Grit Measurement. The 8-item Short Grit Scale is an 8-
item inventory that assesses commitment and likelihood to
complete long-term goals [24]. The participants were asked
to self-assess the degree to which the statement was like
them (e.g., setbacks (delays or obstacles) do not discourage
me. I bounce back from disappointments faster than most
people). The answer was on a scale ranging from 1 (i.e., not
likeme at all) to 5 (i.e., verymuch likeme), with higher scores
reflecting positive grit (𝛼 = 0.78). The survey had previously
been validated to correlate positively with achievement across
a wide range of constructs: marriage duration, military
academy ranking, PA adherence and fitness [30], and AP in
K-12 students [26].

2.6. Procedures. After obtaining site permission, the scope
and purpose of the study were presented to students dur-
ing physical education classes. Students completed surveys
during class and had the primary investigator and other
researchers available to answer any questions about the sur-
vey items. The physical education teacher conducted fitness
testing during the first and last months of the academic year,
each teacher was familiar with conducting this assessment
and had received district training about how to do so.
Academic accountability testing was completed in January
(mid-year), March, and April. The achievement test scores,
grades, sociodemographics, and school attendance data were
not released by the school district until the beginning of the
next school year (August).

2.7. Data Analysis. Continuous variables were represented
by mean and standard deviations (i.e., age, BMI, PACER,
grit, the total number of absences, and AP), while categorical
variables are presented as absolute and relative frequencies
(i.e., sex, race/ethnicity, and number of advanced classes).
Spearman’s correlations were conducted as an exploratory
analysis to examine bivariate associations between the vari-
ables. A hierarchical multiple regression was calculated to
examine the relationships between grit as well as the total
number absences to AP controlling for sociodemographics,
cardiovascular fitness, and BMI. To further explore the rela-
tionships between grit as well as the total number of absences
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Table 1: Descriptive data for all variables.

Total sample (𝑁 = 397)
Age in years, M (SD) 14.23 (1.85)
Female, 𝑛 (%) 321 (80.9)
Race/ethnicity, 𝑛 (%)

White 32 (8.1)
Hispanic 306 (77.1)
Black and Others 59 (14.8)

Number of advanced classes (%)
0 128 (32.2)
1 37 (9.3)
2 73 (18.4)
3 113 (28.5)
4 or more 46 (11.6)

BMI, M (SD) 23.82 (5.72)
PACER in laps, M (SD) 30.46 (21.0)
Number of absences, M (SD) 7.71 (8.56)
Grit, M (SD) 26.20 (4.03)
Academic performancea, M (SD) 3.90 (0.82)
English, M (SD) 3.89 (0.96)
Math, M (SD) 3.78 (0.94)
Science, M (SD) 3.87 (0.98)
Social studies, M (SD) 3.81 (1.02)

Note. aAverage year-end score on state academic accountability subject test
and classify it into 0 to 59 = 1, 60 to 69 = 2, 70 to 79 = 3, 80 to 89 = 4, and 90
to 100 = 5.

to academic performance by different subjects (i.e., English,
Math, Science, and Social Studies), additional hierarchical
multiple regression analyses were performed individually
for the four subjects. This analysis was included to provide
greater specificity for possible interventions by subject matter
in the future. The level of confidence was set at a 0.05
significance level. All statistical analyses were performed
using SPSS version 24.0 (Chicago, IL, USA).

3. Results

Descriptive statistics are shown in Table 1. The participants
in the present study were 397 middle school and high school
students (Mage = 14.23, SD = 1.85). Most participants were
female (𝑛 = 321, 80.9%). The sample comprised 306 (77.1%)
Hispanic, 32 (8.1%) White, and 59 (14.8%) Black, and other
race/ethnicity. These values are representative of the district
at-large, as the city was considered a minority-majority
community. One hundred and twenty-eight students (32.2%)
were not enrolled in any advanced classes, 37 (9.3%) students
took one advanced class, 73 (18.4) students took two advanced
classes, 113 (28.5%) students took three advanced classes,
and 46 (11.6%) students took four or more advanced classes.
Results from Spearman’s correlations showed that age (𝑟

𝑠
=

−0.23,𝑃 < 0.001), number of advanced classes (𝑟
𝑠
= 0.38,𝑃 <

0.001), and BMI (𝑟
𝑠
= −0.24, 𝑃 < 0.001) as well as grit (𝑟

𝑠
=

0.21, 𝑃 < 0.001) and total number of absences (𝑟
𝑠
= −0.35,

𝑃 < 0.001) were correlated with AP. Furthermore, students
who had higher grit and lower total absences performed

better on English (𝑟
𝑠
= 0.21 and −0.28, resp., both𝑃 < 0.001),

Math (𝑟
𝑠
= 0.16 and −0.35, resp., both 𝑃 < 0.001), Science

(𝑟
𝑠
= 0.18 and −0.30, resp., both 𝑃 < 0.001), and Social

Studies (𝑟
𝑠
= 0.19 and −0.23, resp., both 𝑃 < 0.001) (see

Table 2).
Next, a hierarchical regression analysis was used to exam-

ine the relationship of grit and total number of absences toAP
while controlling for sociodemographics and cardiovascular
fitness (i.e., PACER) and BMI. To better understand the role
of grit and its relation to AP among adolescents, grit was
included in all three models. In the first model of hierarchical
multiple regression, sociodemographics including age, sex,
ethnicity (i.e., Hispanic, Black, and Others, while White
serves as a reference group), the number of advanced classes,
and grit were explaining 25% of the variance in grades, 𝑅2 =
0.25, 𝐹(6, 270) = 14.28, 𝑃 < 0.001. Number of advance
classes and grit were associated with AP (𝛽 = 0.36, 𝑃 < 0.001
and 𝛽 = 0.12, 𝑃 < 0.01, resp.). After entering BMI and
PACER in the second model, the total variance explained by
the model was 26%, 𝑅2 = 0.26, 𝐹(8, 270) = 11.53, 𝑃 < 0.001.
In the second model, BMI and PACER were not associated
with AP.However, grit was related to AP (𝛽 = 0.13,𝑃 < 0.05).
Finally, after entering a total number of absences with grit in
the third model, the total variance explained by the model
increased to 37%, 𝑅2 = 0.37, 𝐹(9, 270) = 16.78, 𝑃 < 0.001.
In the third model, grit and total number of absences were
associated with AP (𝛽 = 0.13, 𝑃 < 0.01 and 𝛽 = −0.35,
𝑃 < 0.001, resp.); see Table 3.

Because grit and the total number of absences were signif-
icantly associated with AP, the researchers further conducted
additional hierarchical multiple regressions to evaluate the
relationships between grit and total number of absences
to four different subjects (i.e., English, Math, Science, and
Social Studies). Again, grit was included in all three models.
First, the combination of sociodemographics, the number
of advanced classes, and grit were explaining 26% of the
variance in English, 𝑅2 = 0.26, 𝐹(6, 293) = 16.84, 𝑃 < 0.001.
Second, BMI, PACER, and grit were explaining 27% of the
variance in English, with 𝑅2 = 0.27, 𝐹(8, 293) = 13.27,
𝑃 < 0.001. The results showed that BMI and PACERwere not
associated with English. However, grit was associated with
English (𝛽 = 0.11,𝑃 < 0.05). Lastly, grit and a total number of
absenceswere explaining 34%of the variance in English,𝑅2 =
0.34, 𝐹(9, 293) = 16.11, 𝑃 < 0.001. The results revealed that
both grit and the total number of absences were significant
predictors of English (𝛽 = 0.11, 𝑃 < 0.05 and 𝛽 = −0.27,
𝑃 < 0.001, resp.) when all covariates are controlled (see
Table 4). For other three subjects, grit was not associated with
Math, Science, and Social Studies. However, the total number
of absences was negatively associated with Math (𝛽 = −0.36,
𝑃 < 0.001), Science (𝛽 = −0.20, 𝑃 < 0.001), and Social
Studies (𝛽 = −0.18,𝑃 < 0.01) after controlling for age, gender,
ethnicity, the number of advanced classes, BMI, and PACER.

4. Discussion

Based on previous research findings, an underlying assump-
tion of this research project was that the construct physical
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Table 2: Spearman’s correlations among study variables.

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)
(1) Age –
(2) Sex 0.16∗∗ –
(3) Advanced class −0.31∗∗ −0.15∗∗ –
(4) BMI 0.30∗∗ 0.05 −0.18∗∗ –
(5) PACER 0.20∗∗ 0.11 −0.16∗∗ −0.25∗∗ –
(6) Absences 0.26∗∗ 0.13∗ −0.25∗∗ 0.15∗ −0.03 –
(7) Grit −0.11∗ 0.01 0.12∗ −0.01 0.03 −0.07 –
(8) AP −0.23∗∗ −0.10 0.38∗∗ −0.24∗∗ −0.09 −0.35∗∗ 0.21∗∗ –
(9) English −0.22∗∗ −0.12∗∗ 0.38∗∗ −0.21∗∗ −0.13∗ −0.28∗∗ 0.21∗∗ 0.81∗∗ –
(10) Math −0.19∗∗ −0.08 0.33∗∗ −0.17∗∗ −0.12∗ −0.35∗∗ 0.16∗∗ 0.75∗∗ 0.59∗∗ –
(11) Science −0.22∗∗ −0.07 0.35∗∗ −0.19∗∗ −0.05 −0.30∗∗ 0.18∗∗ 0.77∗∗ 0.59∗∗ 0.59∗∗ –
(12) Social studies −0.27∗∗ −0.09 0.33∗∗ −0.20∗∗ −0.06 −0.23∗∗ 0.19∗∗ 0.71∗∗ 0.61∗∗ 0.49∗∗ 0.52∗∗ –
Note. AP = academic performance; ∗𝑃 < 0.05. ∗∗𝑃 < 0.01.

Table 3: Summary of hierarchical regression analysis for variables
predicting academic performance (𝑁 = 397).

Predictor variable Model 1 Model 2 Model 3
Age −0.02 0.02 0.09
Sex

Male −0.15∗ −0.14∗ −0.14∗

Race/ethnicity
Hispanic −0.31∗∗ −0.30∗∗ −0.27∗∗

Black and Others −0.06 −0.05 −0.05
Number of advanced classes 0.36∗∗ 0.35∗∗ 0.27∗∗

BMI −0.11 −0.09
PACER −0.10 −0.11
Number of absences −0.35∗∗

Grit 0.12∗ 0.13∗ 0.13∗∗

𝑅2 0.25 0.26 0.37
Δ𝑅2 0.01 0.11
Note. ∗𝑃 < 0.05. ∗∗𝑃 < 0.01.

fitness, as a proxy measure of health, would positively impact
academic achievement. This study also sought to understand
the potential influence of grit and school attendance in the
relationship between physical fitness and AP. The construct
of grit, which has yet to be included as a psychosocial
variable that might influence AP among adolescents, was
selected because of its previously reported independent
connections to positive fitness and academic outcomes. The
generalizability of previous research was inhibited because
the studies failed to account for how students persevered in
their pursuit of long-term academic success as well as how
often they attended school. All previous studies assumed that
the student had attended school regularly and was equally
engaged in the learning process, thus leading to achievement.

High levels of grit significantly predicted AP, but when
this model was decomposed by subject matter, grit and
attendance only predicted performance in English. This
finding brings into question the preponderance of correla-
tional analyses between physical activity/physical fitness and

Table 4: Summary of hierarchical regression analysis for variables
predicting English (𝑁 = 397).

Predictor variable Model 1 Model 2 Model 3
Age −0.03 0.01 0.05
Sex

Male −0.22∗ −0.20∗∗ −0.20∗

Race/ethnicity
Hispanic −0.26∗∗ −0.25∗∗ −0.23∗∗

Black and Others −0.03 −0.03 −0.03
Number of advanced classes 0.38∗∗ 0.36∗∗ 0.31∗∗

BMI −0.10 −0.07
PACER −0.10 −0.10
Number of absences −0.27∗∗

Grit 0.10 0.11∗ 0.11∗

𝑅2 0.26 0.27 0.34
Δ𝑅2 0.01 0.07
Note. ∗𝑃 < 0.05. ∗∗𝑃 < 0.01.

academic achievement. Although all of the students in this
present study spoke English as the primary language, the
findings are reasonable since many students may need grit
to master the English language, when Spanish might be the
language that was spoken in the household. This study sheds
light on the possible ethnic and cultural differences in the
physical activity/fitness and academic achievement line of
research. We recommend that for investigations centered on
academic performance to be rigorous, the studies should
include measures of student attendance and/or engagement
in the curriculum as well as grit. Further study on diverse
populations is also warranted.

Unexpectedly grit did not predict whether someone
would achieve the healthy fitness zone in fitness testing.
While these findings could suggest that grit is unimportant
to physical fitness in adolescents, it is possible that student
agency for academic performance supersedes that of physical
fitness in low SES schools that devote greater resources
towards developing students who can pass accountability
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measures, graduate, and ensure that state monies are dis-
tributed as expected. As such, the disconnect between fidelity
towards long-term goals (grit) and fitness may be a point of
intervention that physical educators can target in their lesson
design to facilitate this connection in the minds of students.
However, a limitation of this study was that student agency
for and the saliency of physical fitness as a goal was never
assessed.

4.1. Grit and Physical Education. Previous research suggested
that because physical education class is a placewhere students
set fitness and physical activity goals as well as a course
that all children are required to take over multiple years, the
construct of grit can be applied and increased. The mastery
of motor and tactic skills, as learning outcomes of physical
education, means that students try, try, and try again as
part of the process of mastering specific skills to achieve
their long-term goals. Providing a mastery-oriented, over
the ego-oriented, environment in physical education may
help the students to increase the amount and frequency
of grit applied in physical activity contexts. In a survey
of physical education students, researchers discovered that
students believed the motivational climate within the class
was related to and even was a cause of their success [31].
Further, the students had a greater feeling of satisfaction
when they achieved their goals. Future research should
focus on determining if participation in goal-based physical
education can, in fact, increase grit as a stable, but modifiable
construct.

4.2. Delimitations and Limitations. Like all researches, there
were several delimitations and limitations of this study. A
strength is the inclusion of school attendance and grit as
indirect measures of student engagement. No previous study
had included grit in its examination of the AP and fitness
jointly. The large sample size of Hispanic students is also a
strength of this study. As scholars, we have tomake inferences
that research findings apply unilaterally acrossmany different
ethnicities. All students in this study participated in daily
physical education for 60minutes.The lack of directmeasures
of health and engagement limited this study. The researchers
did not directly observe the degree of school engagement of
each participant in this study. Also, although state academic
accountability tests are designed to align with grade-level
learning outcomes and validated by millions of students
annually different grade-level students took different tests,
and our measure of AP loses its predictive power for specific
content areas in favor of a broader accountability to pass
grade-level assessment.

4.3. Implications. Common assertions about the relationship
between physical activity and physical fitness and how it may
be physical and cognitively benefit Hispanic adolescents may
be different than what was previously concluded. For His-
panic adolescents who participate in daily physical education
and receive free and reduced lunch, grit and attending school
are more appropriate determinants of academic success than
physical fitness, the number of advanced classes that they
take, or past academic success.

For adolescents to reach learning outcomes as evidence of
developmental progress and school effectiveness, adolescents
must attend school, given the significant relationship with
academic achievement. Further study is warranted regard-
ing how adolescents participation in physical activity may
increase grit and therefore success in school.
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Visual motor integration (VMI) is a vital ability in childhood development, which is associated with the performance of many
functional skills. By using the Beery Developmental Test Package and Executive Function Tasks, the present study explored the
VMI development and its factors (visual perception, motor coordination, and executive function) among 151 Chinese preschoolers
from 4 to 6 years. Results indicated that the VMI skills of children increased quickly at 4 years and peaked at 5 years and decreased
at around 5 to 6 years. Motor coordination and cognitive flexibility were related to the VMI development of children from 4 to
6 years. Visual perception was associated with the VMI development at early 4 years and inhibitory control was also associated
with it among 4-year-old and the beginning of 5-year-old children. Working memory had no impact on the VMI. In conclusion,
the development of VMI skills among children in preschool was not stable but changed dynamically in this study. Meanwhile the
factors of the VMI worked in different age range for preschoolers. These findings may give some guidance to researchers or health
professionals on improving children’s VMI skills in their early childhood.

1. Introduction

Visual motor integration (VMI) can be defined as the extent
to which visual perception and finger-hand movements
are well coordinated [1]. As a vital assessment for child
development, many studies found that the VMI skills had
a positive influence on fine motor development [2, 3] and
self-regulation [4]. Moreover it could predict the further
handwriting performance [5–7] and academic achievements
[8–10]. Many researchers reported that the VMI skills of
western children developed quickly in the early childhood
and the trajectory of VMI development among western
children was consistent before 3 years, but was inconsistent
from 3 to 7 years [1, 11, 12].

However the inconsistence of VMI development during
the early childhood was different in China [3, 13, 14]. The
trajectory of VMI development among Chinese children was
consistent before 4 years but was inconsistent after that. For
example, Zhang’s team [13] found that the VMI skills of
children grew slowly from 4 to 6 years but rapidly developed

in the next two years in Beijing, China, by using the Beery
Visual Motor Integration 4th Edition (Beery VMI-4), while
Cui and his colleagues [14] reported that the fast developing
period of VMI was between 4 and 5 years and the slow-down
period was between 6 and 7 years using Beery VMI-4 in
Shanghai andNingbo, the east of China.Meanwhile Ng et al.’s
studying inHong Kong depending upon the Beery VMI-5 [3]
showed that the VMI increased significantly fast between 4
and 4.5 years and decreased quickly between 4.5 years and 5
years. In general, theVMI skills of children in early childhood
developed dynamically.

In addition, there are some researches exploring the
factors influencing the VMI development among children
in prekindergarten (aged 53–67 months) and kindergarten
in the western countries, but few studies on the factors
affecting Chinese children’s VMI development are found [1,
12, 15]. According to the previous studies, visual perception
(VP), motor coordination (MC), and executive function
(EF) were probably associated with the VMI development
[1, 12, 15].
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Firstly, as one of two main parts of the VMI abilities
according to Beery VMI-6 [1], the VP was identified as
the ability to receive, recognize, analyze, and elaborate the
visual stimulus from objects and events [1]. It contained
visual recognition and discrimination, visual memory, visual
spatial orientating and processing, and perception of figures.
Particularly the spatial perception of children in early child-
hood was considered as the important part of perception
in Vereecken’s study [15]. In Vereecken’s study on children’s
spatial perception and representation, the visual spatial skills
of children before 5 years were at the topology level. After
that the skills developed to understand different spatial
relationships, for example, approach and separation, dot
and plane [15]. Moreover comparing children in United
States, Chinese children were immersed in the atmosphere
of Chinese characters, which contained complex graphical
structures by nature [3, 14]. Thus VP skills would be partic-
ularly related to the development of VMI skills in Chinese
preschoolers.

Secondly, as another main part of VMI skills, the MC
was related to the rebuilding of the representation in mind
during the visual motor integration process [1]. Fine motor
coordination was proposed to interact with the VMI devel-
opment which is accompanied with children’s fine motor
development that began from reaching and grasping to the
usage of eating tools, then to the holding of drawing and
writing instruments in early years [12, 16, 17]. For Chinese
children, the interaction was probably embodied in the usage
of life-based tools, for example, chopsticks. They were used
by Chinese children from about 4 years according to the
guidelines for the learning and development of 3–6-year-
old children [18]. It meant that Chinese children had more
abundant experience on fine motor earlier. Therefore, the
MC skills probably had a great impact on the VMI skills in
Chinese preschoolers.

Thirdly, executive function contained three subcompo-
nents thatwere inhibitory control, workingmemory, and cog-
nitive flexibility. There were some researches which focused
on the relationship between inhibitory control, working
memory, and the VMI skills, while there were few on cog-
nitive flexibility [10, 19, 20]. Possibly it was attributed to the
fact that cognitive flexibility was not self-existent but to some
extent contained inhibitory control and working memory
[19]. Moreover higher inhibitory control skills were probably
associated with the better VMI [20], although different opin-
ions still existed in the relation between working memory
and the VMI skills. For instance, Decker and his team [10]
found that the correlation between working memory and the
VMI was not significant depending upon verbal or nonverbal
ones among children from 4–7 years. However, Becker and
his group [20] reported that inhibitory control and working
memorywere significantly related to the visualmotor skills of
children in prekindergarten and kindergarten. Consequently,
the inconsistence of the relation between working memory
and the VMI possibly was attributed to the various tasks.
Repeating last word of one sentence task was used in Decker
et al.’s study [10] while repeating numbers in order task
was used in Becker et al.’s research [20]. The former one
would be more difficult for children from 4 to 7 years. If

they wanted to have a good performance, they had to learn
many words before. Then in the latter one, the order of
numbers was really hard for children to remember. The two
tasks might have challenged children; thus the present study
would choose pictures as stimuli in the working memory
task.

Consequently, the present study firstly aimed at exploring
the development of the VMI skills, especially the inconsis-
tence of VMI development during early childhood. More-
over, considering the inconsistent age period of the VMI
development and the preschool attending law in Mainland
China (children in China will usually attend preschools
from 3 to 6 years and go to primary schools at 6 and
half years, and preschool education is not brought into the
compulsory education), children in this study were from
4 to 6 years in preschool. Then the age range was usually
one year in the previous studies. But it was a rapid change
period in early childhood; thus the present study would
add half-year age dividing in the analysis so that the age
could be divided more accurately. Furthermore, we firstly
hypothesized that the rapid growth period was from 4 to
5 years and the slowing-down period was from 5 to 6
years.

In addition, many researches focused on different fac-
tors related to the VMI skills, but visual perception abil-
ity, motor coordination, and executive function were stud-
ied separately. Moreover there were few studies explor-
ing those factors among Chinese children. Furthermore,
the relation of the VMI and cognitive flexibility of EF
was less studied and the inconsistence of the correlation
between working memory and the VMI existed. Thus the
present study would explore the three factors within one
study combining the testing of VMI skills in Chinese
preschoolers. The second hypothesis was that the visual
perception, motor coordination, and executive function all
would be associated with the VMI skills among Chinese
preschoolers.

2. Method

2.1. Participants. Children were recruited from 4 preschools
in a middle-sized city in Mainland China with their parents’
permission and the approvals from the directors of preschools
(𝑁 = 151, 𝑀 = 62.11 months, SD = 8.55, 70 girls, 81 boys).
Children were 4 to 6 years old (4 years old: 𝑛 = 60,𝑀 = 53.20
months, SD = 3.75, 30 girls, 30 boys; 5 years old: 𝑛 = 61,𝑀 =
65.16 months, SD = 3.38, 25 girls, 36 boys; 6 years old: 𝑛 = 30,
𝑀 = 73.73 months, SD = 1.48, 15 girls, 15 boys). The data
was collected between December 2016 and February 2017. 17
additional participants were tested but excluded because of
obvious anxiety (𝑁 = 2 at 4 years old) and half-stopping
(𝑁 = 1 at 4 years old; 𝑁 = 14 at 6 years old). Meanwhile
one child did not finish the tasks because he disliked the
game, while the other 14 children had not completed the VP,
MC, and EF tasks because they had to rehearse their play of
graduation ceremony. Tests of the 14 children were planned
after their ceremony but they had graduated from preschool
at that time. All participants were right-handed and had no
history of visual or neurological abnormalities.
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2.2. Materials

2.2.1. Visual Motor Integration Task (VMI Task). The Beery
Visual Motor Integration 6th Edition [21] was used to
measure the integration of visual perception and motor skills
as the participant children imitated and copied a develop-
mentally sequential series of geometric forms using pencil
and paper. As the task progressed, the levels of difficulty in
geometric forms increased. Totally 30 trials and raw scores
were calculated based on the number of correctly recreated
figures (1 point), for a possible range between 0 and 30. The
standard score was used in analysis according to standard
score transforming sheets. The VMI was valid and reliable
when the reliability coefficient alpha values ranged between
0.83 and 0.91.

2.2.2. Visual Perception Task (VP Task) and Motor Coordi-
nation Task (MC Task). As one of the supplemental tasks
in Beery VMI-6 [1], the VP task was used to measure an
individual’s visual abilities without the integration of fine
motor skills. Children were asked to point to the item in the
array, which was identical to the target figure. The choices
were written on answer sheets by experimenters or children
themselves. Elapsed time was recorded beginning with Item
7, and the task discontinued after 3 minutes. As another
supplemental task in Beery VMI-6, the MC task specifically
evaluated the fine motor skills rather than its integration
with visual perceptual abilities. Children were told to connect
dots and to draw within provided borders. Elapsed time was
recorded beginning with Item 7 and the task ended up after
5 minutes. The number of valid drawings was calculated.
Both tasks had high reliability and validity with test-retest
reliability coefficients of 0.84 for VP and 0.85 for MC [1].
In total, each task contained 30 trials and raw scores were
calculated based on the number of correctly trials. The
possible range was from 0 to 30 and the standard scores were
used in analysis according to standard score transforming
sheets.

2.2.3. Executive Function Task (EF Task). Working memory,
inhibitory control, and cognitive flexibility were the three
subcomponents of EF in this task. Assessments were admin-
istrated in a Latin Square design in order to control order
effects.

(1) Working Memory (WM). The working memory task
was adapted from the classic self-ordered-pointing-task
paradigm [22]. In the task, children were required to remem-
ber the pictures and their location in a book. First, children
were asked to choose one of two different pictures on Page
1. Then, they needed to point out which one has not been
chosenwhen they turned to Page 2 with the same pictures but
in a different order. After that, one picture would be added
on Page 3 but the order of three pictures would be changed
again, and children still needed to find the one they have
not chosen before. The number of pictures would increase
and the task contained 15 trials ending up with two wrong
choices from children. Each black and white picture was 4 ×
4 centimeters with an animal (e.g., rabbits, elephants). There

were 15 different animals in the task and a possible range was
from 0 and 15.

(2) Inhibitory Control (IC). The Day–Night Stroop task [23]
was designed to measure inhibitory control. Children were
required to inhibit a predominant response by verbally
responding to a picture of the sun as “night” and a picture
of the moon as “day.” The task was measured through 30
trials. No response or incorrect response was coded as 0.
Self-corrected response was coded as 1. Correct response
was coded as 2, with the range of scores from 0 to 60.
The Day–Night has been shown to be a reliable and valid
assessment in kindergarten children [23, 24].

(3) Cognitive Flexibility (CF).The cognitive flexibility taskwas
adapted from the dimensional change card sorting (DCCS)
[25]. Cards (4× 4 centimeters) with different shapes (triangle,
circle, and square) and colors (red, yellow, and blue) were
prepared (e.g., red circles, yellow square). Children were
required to classify the cards depending upon the shapes or
colors. At the beginning, children were asked to classify the
cards in terms of one dimension (e.g., red cards). Then they
were required to sort out the cards in terms of two dimensions
with color and shape (e.g., red triangle). The task ended up
with two sequential mistakes. The raw score was the number
of correct-classified cards.

2.3. Procedure. Children participated in the four tasks with
the short breaks between the tasks in a quiet room at the
preschool. As required in the manual of Beery VMI-6 [1],
the three tasks (VMI task, 30 minutes; VP task, 5 minutes;
MC task, 5 minutes) were completed in order, while EF task
(10 minutes) was randomly finished before the three tasks or
after. After finishing all tasks, each child was told that there
were some stickers and he/she could choose one sticker as the
present.

2.4. Data Analysis. SPSS 20.0 was used to obtain descriptive
statistics and perform data analyses. To address the first
research aim at exploring the VMI development from 4- to
6-year-old children, univariate analysis and pairwise com-
parison were conducted to verify gender and age effects. To
address the second research aim of how the three factors
predict the development of children’s VMI among different
age, bivariate correlations analysis and linear regression were
formed considering the visual perception, motor coordina-
tion, EF, gender, and age.

3. Results

3.1.TheVMIDevelopmental Characteristics of 4- to 6-Year-Old
Children. Descriptive statistics for all variables in the current
analyses are presented in Table 1. Univariate analysis (see
Figure 1) showed the significant main effect on gender and
age considering the VMI in the current analyses (𝐹(1, 145)
= 12.74, 𝑝 < 0.001, 𝜂�푝

2 = 0.081; 𝐹(2, 145) = 6.17, 𝑝 < 0.01,
𝜂�푝
2 = 0.078), but no interaction effect existed between age

and gender (𝑝 > 0.05). The latter pairwise comparison
indicated that the levels of VMI skills among girls were
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Table 1: Descriptive statistics of age, VMI, VP, MC, WM, IC, and CF on one-year interval age.

Age VMI VP MC WM IC CF
4 years
𝑛 60 60 60 60 60 60 60
Mean 53.20 107.58 111.53 103.82 10.07 44.10 7.33
SD 3.75 10.98 16.10 12.26 4.45 15.20 6.86
Range 48–59 83–141 67–144 80–146 2–15 0–60 0–29

5 years
𝑛 61 61 61 61 61 61 61
Mean 65.16 112.38 117.70 109.61 11.44 50.77 12.00
SD 3.38 10.99 11.45 12.59 4.27 13.93 9.91
Range 60–71 95–138 92–146 71–155 2–15 0–60 0–46

6 years
𝑛 30 30 30 30 30 30 30
Mean 73.73 105.80 115.07 108.37 13.10 54.13 10.53
SD 1.48 10.46 8.94 12.93 3.27 8.84 6.33
Range 72–76 90–138 92–146 71–155 2–15 0–60 0–46

Note. Age: in months. VMI: visual motor integration; VP: visual perception; MC: motor coordination; WM: working memory; IC: inhibitory control; CF:
cognitive flexibility.

Table 2: Descriptive statistics of the VMI skills on half-year interval age.

𝑛 Mean SD Range
The early 4 years old 30 103.50 10.39 83–141
The late 4 years old 30 111.67 10.14 86–131
The early 5 years old 30 109.97 7.87 96–123
The late 5 years old 31 114.71 13.05 95–138
The early 6 years old 30 105.80 10.46 90–135
Note. VMI: visual motor integration; Range: in months; the early 4 years old: 4 years to 4 years and 5 months old; the late 4 years old: 4 years and 6 months to
4 years and 11 months old; the early 5 years old: 5 years to 5 years and 5 months old; the late 5 years old: 5 years and 6 months to 5 years and 11 months old; the
early 6 years old: 6 years to 6 years and 6 months old.
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Figure 1: Mean standard score of VMI standard scores of children
at three age groups, ∗∗𝑝 < 0.01.

significantly higher than those among boys (𝑝 < 0.05). In
terms of different age groups, 5-year-old children were scored
significantly higher in the levels of the VMI skills compared
with the 4- and 6-year-old ones (𝑝 < 0.05).

Meanwhile considering the quick change in the early
childhood, more detailed ages were divided by each 6-month
interval from 4- to 6-year-old children (see Table 2). Univari-
ate analysis showed the significant main effect on gender and
age considering the VMI in the current analyses (𝐹(1, 141) =
12.46, 𝑝 < 0.001, 𝜂�푝

2 = 0.081; 𝐹(4, 141) = 5.60, 𝑝 < 0.001,
𝜂�푝
2 = 0.137), but no interaction effect existed between age and

gender (𝑝 > 0.05). The latter pairwise comparison indicated
that the levels of VMI skills among girls were significantly
higher than those among boys (𝑝 < 0.05). In terms of
different age groups (see Figure 1 in Supplemental Materials),
the early 4-year-old children (from 4 years to 4 years and
5 months) have significantly lower levels of the VMI skills
compared to the late 4-year-old children (from 4 years and
6 months to 4 years and 11 months), the early 5-year-old
children (from5 years to 5 years and 5months), and the late 5-
year-old children (from 5 years and 6months to 5 years and 11
months) (𝑝 < 0.05), while the late 5-year-old children (from 5
years and 6months to 5 years and 11months) had significantly
higher VMI scores than the early 6-year-old children (from 6
years to 6 years and 5 months) (𝑝 < 0.05).

3.2. Predictive Variables and Key Components of the VMI in
Different Age Group. To address the second research aim
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Table 3: Bivariate correlations between variables.

Variable Correlations
1 2 3 4 5 6 7

(1) Age - - - - - - -
(2) Gender −0.02 - - - - - -
(3) VMI −0.01 0.28∗∗ - - - - -
(4) VP 0.14 0.06 0.21∗ - - - -
(5)MC 0.16∗ 0.25∗∗ 0.39∗∗ 0.24∗∗ - - -
(6)WM 0.26∗∗ 0.03 0.13 0.24∗∗ 0.11 - -
(7) IC 0.28∗∗ 0.01 0.18∗ 0.25∗∗ 0.22∗∗ 0.17∗ -
(8) CF 0.18∗ 0.12 0.29∗∗ 0.22∗∗ 0.21∗∗ 0.12 0.13
Note. Age: in years. VMI: visualmotor integration; VP: visual perception;MC:motor coordination;WM:workingmemory; IC: inhibitory control; CF: cognitive
flexibility; ∗�푝 < 0.05; ∗∗�푝 < 0.01.

Table 4: Motor coordination, cognitive flexibility tasks, and gender
predicting the VMI skills of 4–6-year-old children.

Variable 𝐵 SE 𝛽

MC 0.27∗∗∗ 0.07 0.30
CF 0.37∗∗ 0.10 0.20
Gender 3.93∗ 1.68 0.18
Note. MC: motor coordination; CF: cognitive flexibility; ∗�푝 < 0.05; ∗∗�푝 <
0.01; ∗∗∗�푝 < 0.001.

of how the three factors can predict the development of
children’s VMI among different age, bivariate correlations
and linear regressions were used.

Firstly bivariate correlations between variables weremea-
sured in the analysis (see Table 3). The VMI was significantly
correlated to the VP (𝑟 = 0.21, 𝑝 < 0.05), MC (𝑟 = 0.39,
𝑝 < 0.01), IC (𝑟 = 0.18, 𝑝 < 0.05), and CF (𝑟 = 0.29,
𝑝 < 0.01).

Then linear regressions were conducted to explore the
factors predicting the VMI skills depending on three age
intervals. The first one was the whole years from 4 to 6 years
(seeTable 4), the secondonewas one year (seeTables 5 and 6),
and the third one was half year (see Supplemental Materials).
Firstly, for the 4- to 6-year-old age interval, Table 4 showed
the results of stepwise regression analysis, indicating thatMC
(𝛽 = 0.30, 𝐵 = 0.27, 𝑝 < 0.001), CF (𝛽 = 0.20, 𝐵 = 0.37,
𝑝 < 0.01), and gender (𝛽 = 0.18, 𝐵 = 3.93, 𝑝 < 0.05) were
rated significantly in predicting the development of the VMI
skills among 4- to 6-year-old children.

Secondly, for the one-year age interval, according to
stepwise regression analysis in Table 5, MC (𝛽 = 0.45,
𝐵 = 0.40, 𝑝 < 0.001), CF (𝛽 = 0.29, 𝐵 = 0.47, 𝑝 <
0.01), and IC (𝛽 = 0.22, 𝐵 = 0.16, 𝑝 < 0.05) created a
significant effect on the VMI skills of 4-year-old children.
For the VMI of 5-year-old children, there were no significant
factors predicting the VMI except gender (see Table 6). By
means of the enter regression analysis, the results indicated
that MC (𝛽 = 0.22, 𝐵 = 0.20, 𝑝 = 0.092) and gender
(𝛽 = 0.22, 𝐵 = 4.90, 𝑝 = 0.093) marginally predicted the
VMI skills of 5-year-old children (see Table 6). There was no
model that can be generated to predict the VMI of 6-year-old
children.

In order to explore the factors deeply, the linear regression
was used again for the early 4-year-old (4 years to 4 years
and 5 months), the late 4-year-old (4 years and 6 months to 4
years and 11 months), the early 5-year-old (5 years to 5 years
and 5 months), and the late 5-year-old (5 years and 6 months
to 5 years and 11 months) children. It showed that visual
perception also predicted the VMI among the early 4-year-
old children (𝛽 = 0.31, 𝐵 = 0.20, 𝑝 < 0.05). The inhibitory
control showed its significant effect on the development of
VMI (𝛽 = 0.38, 𝐵 = 0.21, 𝑝 < 0.05) among the early 5-year-
old children (see Supplemental Materials).

4. Discussion

Utilizing a sample of Chinese preschool children, the present
study found out the trajectory of VMI development among
4- to 6-year-old children and usedmeasures of visual percep-
tion, motor coordination, and executive function to examine
relationships with VMI. Results partly supported the first
hypothesis that the rapid growth period was from 4 to 5
years with the significant increase between 4- and 5-year-old
groups. But it was not consistent from 5 to 6 years. For the
second hypothesis, motor coordination, visual perception,
inhibitory control, and cognitive flexibility had an impact on
children’s development of VMI, but those factors worked in
different ages. Motor coordination was the main predictor of
the VMI skills of children from 4 to 6 years; visual perception
worked at early 4 years. Cognitive flexibility was also the
main predictor of the VMI skills among 4- to 6-year-old
children, especially among 4-year-old children. Inhibitory
control predicted the VMI development of children at early
5 years. In addition, working memory did not predict the
development of VMI skills, which was inconsistent with the
hypothesis.

4.1. The VMI Developmental Characteristics of 4- to 6-Year-
Old Chinese Children. Aimed at Chinese children from 4 to 6
years, the VMI skills grew rapidly in the first two years, which
was consistent with Zhang et al. [13] andCui et al. [14]. Firstly,
the rapid physiological growth may probably lead to the
increase [13]. Brain areas relating to the VMIwere developing
quickly such as occipital lobe, precentral motor area [26],
and posterior parietal cortex [27]. Secondly, the acquisition of
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Table 5: Motor coordination, cognitive flexibility, and inhibitory control tasks predicting the VMI skills of 4-year-old children.

Variable 𝐵 SE 𝛽

MC 0.40∗∗∗ 0.10 0.45
CF 0.47∗∗ 0.17 0.29
IC 0.16∗ 0.07 0.22
Note. MC: motor coordination; CF: cognitive flexibility; IC: inhibitory control; ∗�푝 < 0.05; ∗∗�푝 < 0.01; ∗∗∗�푝 < 0.001.

Table 6: Gender and motor coordination tasks were marginally
associated with the VMI skills of 5-year-old children.

Variable 𝐵 SE 𝛽

Gender 4.90† 2.87 0.22
VP −0.09 0.12 −0.09

MC 0.20† 0.11 0.22
WM 0.05 0.33 0.20
IC −0.00 0.10 −0.00

CF 0.23 0.14 0.21
Note. VP: visual perception; MC: motor coordination; WM: working mem-
ory; IC: inhibitory control; CF: cognitive flexibility; †�푝 < 0.1.

some fundamental motor skills could contribute to the rapid
development of VMI, such as grasping, drawing, and using
chopsticks [14]. Nevertheless, few evidences were directly
related to the decrease of VMI skill among children from
5 to 6 years. Thus more studies should be done in the
future and it is also one of the future directions to further
explore the development of the VMI among children at the
period of the transition from kindergarten to primary school.
Briefly it indicated that the development of VMI skills in
preschool was not stable but changed dynamically in this
study.

4.2. Predictive Variables and Key Components of the VMI
in Different Age Group. In order to explore the factors
influencing the development of the VMI skills, the results
revealed that the motor coordination, visual perception,
inhibitory control, and cognitive flexibility were predictors of
the VMI skills on different ages. Firstly, motor coordination
and cognitive flexibility were the main predictors of the
VMI, especially the former one. The MC worked sufficiently
during the VMI process, in which children held the pen,
adjusted the gesture and location, rebuilt representation in
their mind by using hands, and corrected their actions to
perform better [3]. Meanwhile Rosenbloom and Horton [28]
reported that children changed writing action by using the
dynamic coordination pattern. This pattern changed from
body joints to hand joints and finally to fingers. The last
stage would be among 4- to 6-year-old children. Secondly,
the previous researches rarely focused on the relationship
between cognitive flexibility and the VMI because of its
complexity containing two subcomponents of EF (working
memory and inhibitory control) at the same time. However,
children with better cognitive flexibility probably integrated
visual andmotor information automatically and could reduce
the occupation of cognitive resources so as to deal with other
more complex information [20].

Thirdly, visual perception was related to the VMI of
children at the early 4 years. Perhaps it might be that the
visual spatial ability began to develop at that time. As the
part of visual spatial abilities, the skills of distinguishing
figures developed frommatching andpointing out to naming,
and children could recognize shapes at this age [29, 30]. In
addition, the linear regression showed that inhibitory control
was also associated with the VMI of children at the 4 years
and at the early 5 years. Probably it was because children
could meet more handwriting stimulus at the beginning
of 5 years, such as grasping, drawing, writing own names,
and others [31]. If the stimuli were overloaded, they had to
inhibit interference in order to pay attention to the targets
during the VMI process [13]. However working memory did
not affect the VMI in this study, possibly because copying
geometric figures in the VMI tasks was not so hard for
children to remember; at the same time children could check
the geometric figures again if they forgot them. Also it could
be attributed to the different tasks. Becker et al. [20] chose
numbers to test working memory, but in this study, utilized
pictures were much easier for preschoolers to finish.

4.3. The Characteristics of the VMI Skills among Chinese
Participants. Trying to understand more about the need of
higher VMI skills among Chinese children in nature, more
evidences were mentioned. Exactly in this study, Chinese
children had better VMI skills than those in United States
in this study. The difference could be demonstrated through
the statistical results considering the Chinese standard score
of different ages (see Table 1) and those in the US (scores:
100) [1, 32]. As many researchers indicated the culture dif-
ference could probably be the main reasons, for example, the
game-like and life-based tools usage (e.g., using chopsticks),
parents’ education concept [32], and the environment of
the unique Chinese words [3, 14], meanwhile these cultural
factors might be double sided, which could be challenges as
well as chances at the same time.

Firstly, the developmental challenges come from the
fine motor in children’ plays and daily life. These could be
revealed in the game-like and life-based tools usage [3], for
example, using chopsticks to eating and transfer beads, beans,
and rice, the simplified embroidery game. Using chopsticks
is one kind of big challenges for preschoolers. In China,
children would be encouraged to use chopsticks from about
5 years in preschool according to guidelines for the learning
and development of 3- to 6-year-olds [18]. Moreover some
interesting games are designed to support children’ attempts
to use chopsticks in daily life, such as using them to transfer
beads, beans, and rice. At the same time, more challenging
games aimed at improving fine motor abilities are popular
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in preschool of the southern China, such as the simplified
embroidery game. Because the south of China is famous for
the silk and embroidery in history, teachers there usually
design the specific activities for children to simply learn the
embroidery. Generally, these also provide lots of chances
for children to practice the abilities of VMI in their daily
life.

Secondly, under the fine motor cultural background
(reading and writing the unique Chinese characters), the
developmental expectations of visual motor integration were
always high. These could be evident in the atmosphere of the
unique Chinese characters. As has been shown in the mental
geometry theory of the handwriting of Chinese characters,
the dynamic integration happens not only between vision
and motor, but also between Chinese words and the writers’
whole bodies [33]. Ting and his team [34] supported that
Chinese people have unique brain areas relating to the motor
area. So Chinese words may contain the motor information,
which are projected on the actions of writers. Children in
china are immersed in these characters everyday so that they
unconsciously have absorbed abundant motor information.
However, there are still some challenges existing in children’s
preparations for writing Chinese words when going to attend
to primary schools. On the one hand, Chinese words contain
distinct brush strokes, radicals, and structures; those chal-
lenge the ability to discriminate between the large numbers
of memorized visual forms in reading and writing Chinese
[3, 14]. For instance, the number of the words (500 words)
in the first Chinese textbook for grade one is counted, and
82.4% of words are more than eight strokes, which would
be difficult for children to remember. On the other hand,
there are many parents sending children to different courses
to gain mastery in printing or writing skill and reinforce
knowledge acquisition during later preschool period [28, 32],
because parents in China held the concept that their children
should not lose at the beginning [32]. A large number
of parents push their children to work hard frequently.
Consequently, probably the culture difference created the
unique environment for Chinese children to develop their
VMI skills.

5. Limitations and Future Directions

In this paper, there are still some limitations. Firstly, the sam-
ple size for 6-year-old group is only half as that for the other
2 age groups. Also the late 6-year-old children did not attend
to the study because they should go to primary school at that
age according to the compulsory education policy. Sampling
errors, instead of the developmental trajectory, possibly could
cause the age-based difference between the 6-year-old group
and the other 2 groups. In addition, children at 6 years would
face the great challenges of school readiness on Chinese
handwriting. Thus the development of the VMI among
children in primary school would be explored especially
those during the transition from kindergarten to primary
school period. Secondly, the present study just explored some
factors related to the VMI development and other factors
would be studied later, for instance, the culture difference, the
classroom experience, and teacher-child interaction [35].

6. Conclusions and Implications

This study explored the details of the VMI development as
well as the predictors of the VMI in different age groups
for preschoolers. In conclusion, the development of VMI
skills in preschool was not stable but changed dynamically
in the study. The factors of the VMI worked in different
age range for preschoolers. These findings may give some
guidance to researchers or health professionals on improving
children’s VMI skills in the early childhood. Furthermore,
the findings showed some implications for researchers or
health professionals. Firstly, the development trajectory and
predictors of the VMI should be considered reasonably
to avoid aimless and unfit instructions on. Secondly, the
development of the VMI in early years is very sensitive
and dynamical; also it is associated with different factors at
different ages, so researchers, health professionals, parents,
and teachers should pay more attention to the developmental
challenges of the VMI and find the core factors which are
related to the development.
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The objectives of this study were (a) to report grade level prevalence in physical activity and sedentary behaviors and (b) to examine
academic burden associations with these behaviors. School-aged children (𝑛 = 48,118) reported their physical activity, perception
of physical activity sufficiency, factors for activity insufficiency, homework hours, and screen time in a typical week. Data were
analyzed using general linear models and logistic regression models of Complex Samples. Prevalence results showed that children
had lower physical activity and lower screen viewing time, but higher homework time during transition grades (6th, 9th, and
12th) and high school years. Academic burden was cited as the primary reason for not having sufficient physical activity (76.6%).
Compared to those citing academic burden, students who did not report academic burden were significantly more likely to meet
physical activity guidelines (Odds Ratio (OR) = 5.38, 95% CI = 4.74–6.11), but less likely to meet screen time guidelines (OR =
0.78, 95% CI = 0.72–0.84), controlling for body mass index, gender, and grade level. Additionally, children who reported academic
burdens had significantly longer average daily homework time than those who did not (𝑝 < 0.01). Policy makers should promote
physical activity and help children find a balance between homework and physical activity time particularly among the educational
transition grades.

1. Introduction

Regular engagement in physical activity has been identified
as a modifiable lifestyle behavior that can enhance health
and decrease the odds of developing chronic diseases (e.g.,
obesity, cardiovascular disease, and diabetes) throughout the
lifespan [1–3]. Physical inactivity is currently identified as the
fourth leading risk factor for global mortality [4]. Accord-
ingly, the World Health Organization recommends children
to engage in at least 60 minutes of moderate to vigorous
physical activity per day [4]. Independent of regular physical
activity engagement, sedentary behaviors (e.g., watching
television, using computers) can have potentially deleterious
health consequences and have been associated with elevated
cardiometabolic risk [5–7]. Because of the health issues
associated with excessive sedentary behaviors, organizations
internationally (e.g., Canadian Society for Exercise Physiol-
ogy, American Academy of Pediatrics) recommend limiting

children’s screen time to two hours per day or less [8, 9]. The
replacement of sedentary behaviors with moderate intensity
physical activity may enhance overall health, as well as assist
in preventing chronic disease in youth [10].

It is clear that physical activity and sedentary behaviors
are important elements to promote and maintain health,
fitness, andwell-being [11, 12]. Unfortunately, however, preva-
lence of children meeting physical activity and screen time
guidelines remains low across the globe [13, 14]. In China,
while results from the 1997 China Health and Nutrition
Survey indicated that youth engaged in significant amounts of
physical activity as well as low screen time [15], a more recent
cross-sectional study of 1793 youth aged 12 to 15 years in
Beijing demonstrated that approximately half (53.6%) of the
participants engaged in at least 60minutes of physical activity
daily [16]. Of these participants, many reported exceeding
sedentary behavior guidelines and engaging in two or more
hours of reading/writing/drawing time (49.7%), computer
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use time (22.7%), and screen time (42.9%) [16]. For school-
aged Chinese children, particularly those living in the urban
areas, recent accelerometer-measured physical activity data
show that low physical activity and high sedentary behavior
engagement are severe issues [17].

Adherence to physical activity and screen time recom-
mendations depend on a number of sociodemographic fac-
tors [6, 14, 18]. Namely, younger children, males, those living
in more affluent households, and those living in areas with
convenient access to outdoor play areas are more likely to
meet physical activity guidelines [14, 17]. Older children and
those from lower socioeconomic status households are signif-
icantly more likely to exceed screen time minimum thresh-
olds [5, 19]. Furthermore, academic burden or stress has
been identified as a factor that can impact physical activity,
lifestyle, and sedentary behavior in countries with rigorous
academic standards and testing [20–23]. Particularly in
China, academic burden is greater for higher grade levels, and
it is particularly high during educational transition years [20].
For example, a cross-sectional study of 155 middle school
students in Beijing (China) demonstrated that having a heavy
academic burden such as homework was reported by nearly
half (48.4%) of students as the most salient circumstance
hindering their engagement in physical activity [21].

In China, youth are under considerable pressure to per-
form well in school, heavy workloads are typical, and school-
aged children tend to spendmost free time after school study-
ing [20–23]. Thus, it is reasonable to suggest that academ-
ic burden may impact school-aged children’s physical activ-
ity and sedentary behaviors. Currently, research examining
physical activity participation and sedentary behavior habits
and related sociodemographic or academic factors among
Chinese youth is limited in that previous research is often
restricted to convenient samples and/or neglects sedentary
behaviors as well as the impact of academic burden [24].
Therefore, the purposes of this investigationwere (a) to report
grade level prevalence in physical activity and sedentary
behaviors and (b) to examine academic burden associations
with these behaviors using a large representative sample of
school-aged Chinese children in Shanghai. As the only city
in mainland China to participate in the Program for Inter-
national Student Assessment (PISA) tests, which measure
the cognitive skills of 15-year-old youth, Shanghai ranked
number one in three of the four areas in 2012: mathematics,
reading, and science [21]. Compared to other nations, school-
aged children living in Shanghai have one of the highest
academic burdens and heaviest homework loads internation-
ally [21]. Thus, using a representative sample from Shanghai
would provide empirical evidence on this important issue.

2. Methods and Materials

2.1. Sampling Design and Data Source. In this study, we
analyzed data from the 2014 Physical Fitness and Health
Index of Child and Adolescents (PFHICA) study. PFHICA
used a single-stage, systematic sampling to generate a repre-
sentative sample of school-aged children in Shanghai, which
has the highest urban population in China. School-aged
children within schools were randomly selected based on the

district and grade level population. A systematic sampling
approach was used to ensure each grade level and district
population was sampled at about 5%. Student surveys were
deployed and conducted in the sampled schools by trained
data collectors. For lower grade levels, the questions were
read to the participants, and the data collectors assisted filling
out the survey, when necessary. The study protocols were
approved by Shanghai University of Sport human subjects
committee of ethics review board. Written parental consent
and child assent forms were obtained for children aged 6–17
years, while written child consent was obtained for students
aged 18 years. The data collection processes took place in the
fall of 2014, during October and November.

2.2. Participants. A total of 50,020 children were invited to
participate in the study in 2014.The final sample is composed
of 48,118 children (96.2%) from 12 grade levels, 17 municipal
counties/districts, and 534 schools that completed the data
collection process.The sample is representative of the student
population within the grade levels and schools. The children
were on average 11.67 (SE = 3.24) years old, ranging from
6 to 18 years. Males and females were equally distributed,
with females accounting for 49.5% and male 50.5% of overall
weighted population. The participants were predominantly
Han ethnic 97.8%. The estimated percentage based on the
sample and subgroup count in the sample by gender and
grade level are presented in Table 1.

2.3. Variables and Measures

2.3.1. Physical Activity. Two questions adopted from Active
Healthy Global Alliance study were used to assess children’s
physical activity [25]. For the first question, they were asked,
“During the previous five week days, on howmany days were
you physically active for a total of at least 60minutes per day?”
The children selected a response ranging from zero days to
five days. For the second question, they were asked, “During
the previous two weekend days, on how many days were you
physically active for a total of at least 60minutes per day?”The
children selected a response ranging from zero days to two
days. We aggregated the responses from these two questions
to compute the total number of days that children were
physically active for at least 60 minutes. We also calculated
the overall percentage of students whomet the recommended
guidelines of being physically active for at least 60 minutes
daily. Additionally, children were surveyed about whether
they felt they had sufficient physical activity (yes/no) and
factors that contributed to physical activity insufficiency.The
listed factors included (a) no time due to academic burden,
(b) no interest in physical activity, (c) lack of sport skills,
(d) lack of parent support, (e) health problems, (f) lack of
space/equipment, and (g) other.

2.3.2. Sedentary Behaviors. We categorized children’s seden-
tary behavior time into two broad categories: screen time
and homework time. The survey questions measuring these
behaviors were adapted from Active Healthy Global Alliance
study [25]. For screen time, children were asked about their
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Table 1: Demographic characteristics and sample size for analyses (Shanghai, China 2014).

Grade Gender Weighted%‡ 95% CI Subgroup count

1 Male 52.0% 50.8%–53.2% 1719
Female 48.0% 46.8%–49.2% 1587

2 Male 51.2% 49.8%–52.6% 2381
Female 48.8% 47.4%–50.2% 2270

3 Male 51.1% 49.7%–52.6% 2409
Female 48.9% 47.4%–50.3% 2301

4 Male 51.6% 50.1%–53.1% 2745
Female 48.4% 46.9%–49.9% 2578

5 Male 51.9% 51.2%–52.6% 2808
Female 48.1% 47.4%–48.8% 2603

6 Male 51.4% 49.7%–53.2% 2017
Female 48.6% 46.8%–50.3% 1905

7 Male 48.5% 46.9%–50.1% 2408
Female 51.5% 49.9%–53.1% 2559

8 Male 49.7% 48.9%–50.5% 2466
Female 50.3% 49.5%–51.1% 2498

9 Male 49.8% 46.6%–53.0% 1229
Female 50.2% 47.0%–53.4% 1241

10 Male 49.4% 46.6%–52.2% 2011
Female 50.6% 47.8%–53.4% 2059

11 Male 48.0% 45.8%–50.2% 1586
Female 52.0% 49.8%–54.2% 1718

12 Male 48.5% 45.0%–52.0% 1124
Female 51.5% 48.0%–55.0% 1194

Note. Sample size�푁 = 48,118. ‡Percentages are weighted according to student populations by grade level and schools in Shanghai.

time spent engaged with TV/movies, video games, comput-
ers, and electronic devices.Three pairs (one focusing onweek
day and one focusing on weekend day) of questions included
the following: (1) “Over the previousweek (weekend) days, on
average how many hours per day did you sit and watch TV,
movies, or videos?” (2) “Over the previous week (weekend)
days, on average howmany hours per day did you play video,
computer, or other electronic games outside of school?” and
(3) “Over the previous week (weekend) days, on average how
many hours per day did you sit and use computers and
other electronic devices to conduct the following activities
including instant messaging, web browsing, checking emails,
etc.?” Possible responses to these three pairs of questions
included the following categories: none, about half hour, 1
hour, 2 hours, 3 hours ormore. Children’s screen time average
(hours/days) was derived by the weighted aggregate of the
responses from these three pairs of questions.

Children were asked to respond to two questions about
their homework time. For the first question, they were asked
“During theweek days, howmanyhours do youusually spend
doing your homework afterschool?” The second question
stated “During the weekend days, how many hours do
you usually spend doing your homework afterschool?” The
response options for both questions were none, about half
hour per day, 1 hour per day, 2 hours per day, 3 hours or more
per day. Children’s homework time mean (hours/days) was

derived from the weighted aggregate of the responses from
these two questions.

2.3.3. Demographic Variables. Recorded demographic vari-
ables included age, ethnicity, gender, and grade level. Grade
levels span from Grade 1 to Grade 12 in Shanghai, with the
first nine years being compulsory by law, including six years
at elementary and three years at middle school levels. The
last three years are either predominantly high school or voca-
tional school. Grades six, nine, and twelve are educational
transition years when children will be systematically tested
and evaluated for advancing to middle school, high school,
and college, respectively. Students are often faced with higher
academic burden during these transition years.

2.4. Statistical Analysis. We conducted data analyses using
Complex Samples in SPSS (version 22, IBM, Armonk, NY,
USA) taking into account the stratified sampling plan for
statistical estimates. Prevalence for demographic variables as
well as children meeting physical activity and screen time
recommendations was computed from the Complex Samples
to account for the sampling plan. Comparison of proportions
was estimated using Pearson likelihood ratio test. To estimate
and examine grade level prevalence in children’s physical
activity, screen time, and homework time, we conducted
general linear models (GLM) with children gender, grade
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level, and their interaction term as independent variables,
controlling for their body weight index. To examine the
association between academic burden, physical activity, and
sedentary behaviors, we conducted logistic regressions in
Complex Samples to test the Odds Ratio (OR) differences
in meeting physical activity guidelines of one hour per day
and screen time guidelines of less than two hours per day,
between those reporting academic burden and those not,
controlling for children grade level, gender, and body mass
index. Confidence intervals of 95% forORwere also reported.
Additionally, to test the association of academic burden
with homework time, we ran a separate GLM to compare
homework time between those reporting academic burden
and those not, controlling for gender, grade level, and body
mass index. Tests were considered statistically significant
using an overall 𝑝 < 0.05.

3. Results

3.1. Grade Level Prevalence and Variation. On average, chil-
dren reported 3.39 (SE = .05) days/week where they engaged
in physical activity time for one hour or more, 1.60 (SE =
.03) hours/days screen time, and 1.76 (SE = .03) hours/day
homework time. Overall, 20.0% (SE = 3.6) of children
met the recommended physical activity of 1 hour or more
daily, and 73.5% (SE = 1.5) of children met screen time
recommendations of less than two hours per day. However,
63.3% (SE = 1.2) of children felt that they engaged in sufficient
amounts of physical activity, and 36.7% (SE = 1.2) felt they
engaged in an insufficient amount. Those who felt that
they had insufficient physical activity commonly cited no
spare time due to academic burden 76.6% (SE = 1.5) and
a lack of space/equipment 49.6% (SE = .9) as contributing
factors. Other factors were much less frequently cited as
contributing factors for physical activity insufficiency: no
interest in physical activity 21.0% (SE = .5), lack of sport skills
18.8% (SE = .4), lack of parent support 4.1% (SE = .1), health
problems 5.4% (SE = .1), and other 6.2% (SE = .1). Because the
participants could checkmore than one reason for not having
sufficient physical activity, these percentiles do not add up to
100%.

GLM results showed that gender, grade, and their inter-
action gender ∗ grade were significantly associated with the
mean physical activity days per week (Wald 𝐹24,510 = 22.36,
𝑟2 = 0.082, effect size𝑓2 = 0.09, 𝑝 < 0.001). In general, female
participants had a lower mean number of physical activity
days than males (𝛽 = −0.15, 𝐹1,533 = 18.27, 𝑝 = 0.001). As
shown in Figure 1, the mean number of days that children
were physically active for one hour or more did not differ
significantly between males and females in grades 1 through
9. Females reported significantly lower number of days per
week than males for grades 10 to 12 (𝛽 ≤ −0.37, 𝑡 = −3.29, 𝑝 =
0.001). There were significant differences in the number of
days among different grades (Wald 𝐹11,523 = 18.15, 𝑝 < 0.001);
specifically, grades 2, 4, and 5 had significantly higher days
than grades 1, 3, 6,7, 8, and 9, which were higher than grades
10, 11, and 12.

Gender, grade, and their interaction were significantly
associated with mean daily homework time (Wald 𝐹24,510 =
51.22, 𝑟2 = 0.18, effect size 𝑓2 = 0.22, 𝑝 < 0.001), explaining
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Figure 1: Mean number of days per week (d/wk) in which children
are physically active for 60 minutes or more.
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Figure 2: Children’s mean daily homework time (h/d) after school.

about 17.6% of variance in student homework time. As shown
in Figure 2, children in grade levels 9 through 12 reported
significantly higher amounts of homework time than those
in grades 1 to 5 (𝛽 ≤ −0.22, 𝑡 = −1.98, 𝑝 = 0.04). While males
reported slightly higher homework time during grades 1 to
5, it is unique that females reported significantly higher daily
average homework hours than males throughout grades 9 to
12 (𝑝 < 0.001).

Children’s daily mean screen time after school is pre-
sented in Figure 3. The results from GLM suggest that there
are significant gender (Wald 𝐹1,533 = 68.12, 𝑝 < 0.001) and
grade (Wald 𝐹11,523 = 28.97, 𝑝 = 0.001) associations, but
there is no significant interaction (Wald 𝐹11,523 = 4.10, 𝑝 =
0.625). On average, males reported higher daily screen time
than females across all 12 grade levels (𝛽 = .19, 𝐹1,533 = 68.17,
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Table 2: Odds Ratio of meeting physical activity and screen viewing time guidelines (Shanghai, China 2014).

𝐵 SE�퐵 𝑡 𝑝 Odds Ratio (95% CI 𝑒�퐵)
Model 1: physical activity time guidelinea (𝐹= 28.79, Pseudo 𝑅2 = 0.11, 𝑝 < 0.01)
Reported academic burden Reference
Not reported 1.68 0.06 28.08 0.00 5.38 (4.74–6.11)
Model 2: screen viewing time guidelineb (𝐹= 55.69, Pseudo 𝑅2 = 0.04, 𝑝 < 0.01)
Reported academic burden Reference
Not reported −0.25 0.03 −7.46 0.00 0.78 (0.72–0.84)
Note.Covariates include participant bodymass index, gender, and grade level. �푒�퐵 = exponentiated �퐵. aReference category: not meeting recommended physical
activity for at least one hour per day. bReference category: not meeting recommended screen viewing time of less than two hours per day.
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Figure 3: Children’s mean daily screen viewing time (h/d).

𝑝 < 0.001). As seen in Figure 3, although children in higher
grade levels reported higher daily screen time than those in
lower grades in general, therewere exceptions in that children
in grade 9 had significantly lower screen time than those
in grades 7 and 8 (𝛽 ≤ −.12, 𝑝 ≤ 0.03), and children in
grade 12 reported significantly lower screen time than their
counterparts in grades 10 and 11 (𝛽 = 0.23, 𝑝 = 0.028).
Coincidentally, there were spikes in children’s homework
time at grades 9 and 12 (Figure 2).

3.2. Association with Academic Burden. Children’s reported
academic burden was associated with their odds of meeting
physical activity guideline of one hour per day and the odds of
meeting screen viewing time guideline of less than two hours
per day. As seen in Table 2, compared with children who
reported academic burden, those who did not were about five
times more likely to meet physical activity guidelines (OR
= 5.38, 95% CI: 4.74–6.11, 𝑝 < 0.01) but were less likely to
meet the screen viewing time guidelines (OR = 0.78, 95% CI:
0.72–0.84, 𝑝 < 0.01), controlling for participant body mass
index, gender, and grade level. Additionally, separate GLM
results showed that children who reported academic burden
had significantly higher daily average homework time (𝐹 =
1190.49, 𝑓2 = 0.22, 𝛽 = 0.39, 𝑝 < 0.01), with those reporting

academic burden averaging 2.08 ± .05 h/d and those not 1.69
± .05 h/d, holding body mass index, gender, and grade level
constant.

4. Discussion

The purposes of this study were (a) to report grade level
prevalence in physical activity and sedentary behaviors and
(b) to examine academic burden associations with these
behaviors among a representative sample of school-aged Chi-
nese children in Shanghai. For physical activity participation,
while the findings are in general consistent with previous
reports in that males are more physically active than females
[14, 17], this study adds new findings to the literature sug-
gesting that the significant differences between them seemed
to appear during 10–12th grade levels. Children’s physical
activity days ofmore than 1 hour/day in relation to grade level
form a second-order polynomial trend line peaked at late
elementary years and valleyed at 12th grade (Figure 1). This
grade level prevalence and variation add to our understand-
ing of a recent national prevalence study [24]. During major
educational transition grades (e.g., 6th, 9th, and 12th grades)
and high school years when academic burden is high [20, 22],
academic burden is cited by a significantly higher percentage
of the children as the reason for not having sufficient physical
activity time. More importantly, logistic regression results
showed that those who did not report academic burden were
about five times more likely to meet physical activity guide-
lines than those who reported that, holding bodymass index,
gender, and grade levels constant. This finding suggests a
significant negative impact of academic burden on children’s
physical activity participation [21].

Those who reported academic burden tended to have
longer homework time, controlling for bodymass index, gen-
der, and grade level.While the overall mean homework hours
in this study are comparable with other reports of around 11
hours perweek [16, 21, 22], within the same grade cohort (e.g.,
elementary or middle) sixth and ninth graders (transition
grades) reported significantly higher homework hours than
other grades (Figure 2). The interaction between gender
and grade is a unique finding, revealing that males and
females report similar homework hours until the late middle
school years, after which females report significantly higher
homework hours than males (Figure 2). This result may help
to explain the on-going trend of gender inequality reversal in
higher education [26].
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Due to economic and technological advancements,
school-aged Chinese children in this study (surveyed in 2014)
reported higher amounts of screen time than reported in
an earlier 1997 survey [15], and this finding is generally
consistent with a recent national estimate [24], although their
prevalence of high screen time (>2 h/d) is still lower than
some Western peers [5]. As seen in Figure 3, the difference
between gender and grade is apparent in that children in
higher grade levels tend to report higher screen time and
males tend to report higher screen time than girls across
grade levels. As discussed earlier, the academic burden during
the educational transition years has a significant association
with screen time as well, which is very telling among children
in 9th and 12th grades as their screen time is significantly
lower than the other grades in the same cohorts (Figure 3).
Interestingly, children who did not report academic burden
were less likely to meet screen viewing time guidelines than
those who did. In other words, reporting of academic burden
tends to be positively associated with lower screen viewing
time.

Limitations of the study include using self-reported data
on physical activity and sedentary behaviors including home-
work and screen viewing time. Because the data were col-
lected during the fall season, the results of this study may
not fully capture physical activity and sedentary behaviors
which occur during other seasons. Additionally, the multiple
choice format in the survey may lead to information bias of
the study and limits estimation of the sedentary behavior time
and interpretation of the report. For example, the choices
for sedentary behavior time limited to an upper bound of
three hours, which could limit the approximation of either
screen viewing time or homework time for certain groups
of children. Finally, lifestyle-related variables were not taken
into account in this study, and future studies should consider
adding them as covariates [27].

5. Conclusion

In summary, the findings in this study added to our under-
standing of grade level prevalence and variation in children’
physical activity and sedentary behaviors [5, 16, 17, 24] and
of academic burden that was cited as an important factor
but was not closely examined by other studies [15, 21]. The
findings further revealed that while those reporting academic
burden were less likely to meet physical activity and screen
viewing time guidelines than their counterparts, they tended
to have longer homework time after school. These findings
suggest that policy makers in China should focus on pro-
moting physical activity and help parents and children find a
balance between homework and physical activity time. Phys-
ical activity rarely negatively impacts or may be positively
related to academic achievement [28], and physical activity
may be helpful to alleviate stress due to academic burden
[29], particularly during the transition grades. Physical edu-
cation curriculum can help improve children’s knowledge
and values about physical activity in schools [30]. Results
from this study also suggest that females need more support
for physical activity participation and perhaps relieving
academic burden than males during high school years.
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The aim of this study was to examine the level of physical activity in adults with cerebral palsy (CP) and to analyse its relationship
with physical activity as adolescents, pain, and gross motor function. A prospective cohort study was performed using data from
the Swedish National CP Registry (CPUP) for all 129 individuals born in 1991–1993 living in Skåne and Blekinge who reported to
CPUP at 14–16 years of age. Physical activity as adult was analysed relative to physical activity as adolescents, pain, and the Gross
Motor Function Classification System (GMFCS). Seventy-one individuals at GMFCS I–V were followed up as adults and included
in the analyses. Of these, 65% were physically active, but only 56% performed physical activity at least once a week. Their physical
activity as adults differed relative to their physical activity as adolescents (𝑝 = 0.011) but not to pain or GMFCS. Being physically
active as an adolescent doubled the probability of being active as an adult (OR 2.1; 𝑝 = 0.054), indicating that physical activity
in adults with CP is related to their physical activity as adolescents. Therefore, interventions to increase physical activity among
adolescents with CP are likely also to improve physical activity in adulthood.

1. Introduction

Although the brain lesions causing cerebral palsy (CP) are
nonprogressive, the symptoms change over time as a child
grows and ages [1]. Many adults with CP experience a
decrease in gross motor function, and 10% stop walking
before 35 years of age [2–4]. The decrease in locomotion
skills is associated with fatigue, pain, impaired balance, and
limitations on the ability to participate in personally adjusted
physical activity [3, 4]. About 40% of adults with CP report
pain regularly. The pain is often located to joints with limited
range of motion and the most common pain location is back
and hip [5]. Both adolescents and adults with CP are less
physically active than their typically developed peers and
often do not achieve the recommended guidelines for phys-
ical activity [6, 7]. Adults with bilateral CP have a reduced
level of everyday physical activity and reduced aerobic
fitness comparedwith nondisabled adults [8]. A reduced level

of grossmotor function is associated with lower participation
in physical activities [9, 10].

Physical activity, defined as “any bodily movement pro-
duced by skeletal muscles that requires energy expenditure”
[11, 12], leads to a reduced risk of cardiovascular disease and
overweight [13], has a positive effect on self-image andmental
health [14, 15], and results in a higher bone mass density in
children and adults [16].

The recommendations regarding physical activity for
adults are moderate-to-high-intensity physical activity every
week. Moderate physical activity for an hour a day is recom-
mended to further enhance the health benefits of physical
activity, and moderate aerobic exercise should be combined
with strength and flexibility exercises at least twice a week
[17]. Children and adolescents are recommended to be physi-
cally active for at least an hour a daywith diversified activities,
including fitness, strength, coordination, and flexibility exer-
cises.
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Because of the positive effects of physical activity, it is of
interest to study the level of physical activity in young adults
with CP after their transition from paediatric rehabilitation
units to adult health care and the extent to which their
physical activity in adulthood can be predicted by their
level of physical activity as an adolescent, their pain, and
their level of gross motor function. In this study, the term
“physical activity” refers to all physical activities that lead
to increased energy consumption, including moderate to
vigorous physical efforts such as walking, swimming, soccer,
dancing, weightlifting, cycling, and horseback riding.

The aim of the study was to examine the level of physical
activity in young adults with CP and to analyse the extent
to which this can be predicted by their physical activity as
adolescents, their pain, and their gross motor function.

2. Materials and Methods

We performed a prospective cohort study using registry
data from the Swedish National Quality Registry for indi-
viduals with CP (CPUP). CPUP is a combined registry
and surveillance programme for children and adults with
CP in Scandinavian countries [18]. In Sweden, over 95%
of all children with CP are enrolled in CPUP. Clinical and
radiographic examinations are performed regularly based
on the child’s age and gross motor function according to a
standardised assessment form and manual, and the data are
reported to the web-based registry.

2.1. Participants. All 129 individuals with CP born in
1991–1993 living in the counties of Skåne and Blekinge who
were reported to the CPUP registry at the age of 14–16 years
were included in the study at baseline. These individuals
were chosen because they were followed up by CPUP from
its initiation in 1994, were likely to have transitioned from
paediatric rehabilitation units into adult health care, andwere
likely to have had at least one examination as adults within the
follow-up programme. Individuals for whom an examination
as adults was not recorded in CPUP or who lacked data
reported for physical activity as adults were excluded from
the analyses.

2.2. Data Collection. Data were extracted at three separate
time points: at baseline when the individuals were 14–16 years
old, when they were 17-18 years old, and as adults at 19–22
years of age. If the individual had reports from more than
one examination during the age range of 14–16 or 17-18 years,
data from the earliest reports were included. For adults with
19–22 years of age, the most recent report was used. These
age groups were chosen to allow analysis of the participants’
level of physical activity at Swedish secondary school and
upper secondary school and as adults after transition from
paediatric and adolescent rehabilitation units.

2.3. Classifications andMeasurements. Thevariables analysed
were age at assessment, sex, physical activity, pain, and clas-
sification level using the expanded and revised version of the
Gross Motor Function Classification System (GMFCS) [19].
All assessments were performed by local physiotherapists in

a standardisedmanner employing an assessment form and an
accompanying manual (http://www.cpup.se). GMFCS level
was assessed by the physiotherapist. Pain was reported by the
individual or by proxy as whether or not the individual was in
pain (yes/no). Physical activity was reported by the individual
or by proxy. For school-aged children, physical activity
was reported both for leisure time and for participation in
physical education at school. For adults, it was reported
as physical activity at any time during the week. Physical
activity for children was reported using the following ques-
tions: (1) “Has the person actively participated in/performed
physical activities/sports in school/preschool since the last
assessment?” (2) “Has the person participated in/performed
physical leisure activities/sports since the last assessment?”
For adults, the question was the following: “Has the person
participated in/performed physical activities/sports regularly
since the last assessment?”Theoptions reported by the person
or by proxy were (A) no; (B) yes, less than once a week; (C)
yes, 1 to 2 times a week; or (D) yes, 3 to 5 times a week.

2.4. Statistical Analyses. Binary logistic regression was used
to estimate the relationship of physical activity in adults with
physical activity as an adolescent, pain, and GMFCS level
[20]. The results are presented as the odds ratio (OR) with
a 95% confidence interval and 𝑝 values. The OR can be
explained as the ratio between two odds which expresses
the probability of an event occurring. In the binary logistic
regression, physical activity was defined as “yes” if they
were physically active at least once a week and as “no” if
they were not. For all other analyses, physical activity in
secondary school and upper secondary school was treated as
“no physical activity,” “physical activity in either school or in
leisure time,” or “physical activities in both school and leisure
time.” For children reported to be physically active in both
settings, data were summed up to present overall physical
activity in times per week. Fisher’s exact test was used to
analyse differences in physical activity as an adult in relation
to GMFCS level, pain, and physical activity as an adolescent.
All statistical tests were two-sided and 𝑝 values below the
standard value of 0.05 were considered significant. IBM SPSS
Statistics 22 was used to perform the statistical analyses.

Ethical approval was granted by the Medical Ethics
Committee at Lund University and the study was conducted
in accordance with the Declaration of Helsinki (1964). Per-
mission to extract data was obtained from the registry holder.

3. Results

A total of 129 individuals born in 1991–1993 had at least one
examination reported to the CPUP registry between the ages
of 14–16 years. Of these, 51 individuals were lost to follow-
up and had no data reported as adults and were therefore
excluded from the analyses. For seven other individuals, data
regarding physical activity as adults were missing (Figure 1).
The remaining 71 individuals (45 females) at GMFCS I (𝑛 =
22), II (𝑛 = 16), III (𝑛 = 10), IV (𝑛 = 14), and V (𝑛 = 9)
were included in the analyses. There was a higher proportion
of adults at GMFCS I and of men in the nonparticipant group
compared with the participant group (Table 1).
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(n = 71)
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analyses

Figure 1: Flowchart showing included participants, drop-outs, and
missing values.

Table 1: The total population of persons with CP born in 1991–93
living in Skåne and Blekinge and with a CPUP-recorded examina-
tion carried out between the ages of 14 and 16 years—participants
and nonparticipants.

Characteristics
All
𝑛 = 129
𝑛 (%)

Participants
𝑛 = 71
𝑛 (%)

Nonparticipants
𝑛 = 58
𝑛 (%)

Sex Female 72 (56%) 45 (63%) 27 (47%)
Male 57 (44%) 26 (37%) 31 (53%)

Region Skåne 116 (90%) 61 (86%) 55 (95%)
Blekinge 13 (10%) 10 (14%) 3 (5%)

GMFCS

I 58 (46%) 22 (31%) 36 (62%)
II 24 (19%) 16 (23%) 8 (14%)
III 12 (9%) 10 (14%) 2 (3%)
IV 19 (15%) 14 (20%) 5 (7%)
V 16 (12%) 9 (13%) 7 (12%)

Note. GMFCS, Gross Motor Function Classification System.

Of the 71 participants, 46 (65%) reported that they
participated in physical activities as adults but only 56%
were active on a regular basis, that is, at least once a
week (Table 2). Differences in physical activity were seen
between the participants at the different GMFCS levels, but
no significant differences were found for the number of
times per week participants performed physical activity (𝑝 =
0.779) or for weekly participation in activities (𝑝 = 0.351).
Individuals at GMFCS levels II and III were most physically
active, with respect to both performing physical activity and
participating in that activity at least weekly. The individuals
at GMFCS level IV were least physically active, with 43%
participating weekly. Pain was reported by 30 individuals
(42%, with no significant difference between GMFCS levels;
𝑝 = 0.484). A higher proportion (58%) of individuals who
were not physically active reported pain.The reverse was seen
for individuals who participated in a physical activity 3–5
times per week, where a higher percentage reported that they
were pain-free (68%) (Table 2).

There was a significant difference (𝑝 = 0.011) in physical
activity as an adult associated with previous physical activity
in school or leisure time (Table 3). Of the adolescents aged
14–16 years, 6% did not engage in physical activity in their

leisure time or participate in physical education at school
while attending Swedish secondary school. This number
increased to 18% at the age of 17-18 years while attending
upper secondary school. The proportion of participants who
engaged in physical activity in their leisure time and also
participated in physical education in school decreased from
44% in Swedish secondary school to 41% in upper secondary
school. Of the adolescents who did not participate in physical
education and did not engage in physical activity in their
leisure time, 31% engaged in physical activity at least once a
week as adults. Of the participants who participated in school
physical education and engaged in physical activity in their
leisure time during upper secondary school, 68%participated
in regular physical activity at least once a week as adults
(Table 3).

Being physically active in leisure time and in physical
education at upper secondary school as an adolescent seemed
to double the probability of being physically active as an adult
(OR 2.1; 𝑝 = 0.054). Pain and GMFCS level did not affect the
probability of being physically active as an adult (Table 4).

4. Discussion

This study examined the level of physical activity in young
adults with CP and analysed the extent to which this could
be explained by their physical activity as an adolescent,
the occurrence of pain, and their GMFCS level. The results
revealed that 43% of the participants were not physically
active on a regular basis, that is, at least once a week. This
finding suggests that adults with CP are less physically active
compared with the general population and indicates that
many are not physically active to the extent required to meet
general recommendations.This result is consistent with those
of earlier research which showed that adults with CP may
not participate in physical activities to the extent required to
experience the associated health benefits [21].

In this study, no significant association between physical
activity and GMFCS level was found, and the GMFCS level
did not affect the probability of being physically active as an
adult. This result is in conflict with previous research that
indicated that a higher GMFCS level was associated with
lower participation in physical activities [9, 10]. Our result
is surprising and may suggest that the needs of adults with
greater physical disabilities are being well met by caregivers,
families, and society and that resources in terms of personal
assistance and time are provided to allow physical activity.

Pain was reported by 42% of participants, which is
consistent with previous research [5]. A higher proportion
of participants without pain were physically active com-
pared with those who experienced pain, and although pain
appeared to reduce the probability of being physically active,
this reduction was not significant. This could partially be
explained by the small number of participants. However,
previous research has found that adults with CP only let
pain interfere to a limited extent with their participation in
activities [5].

There was a difference in physical activity as an adult
depending on previous physical activity as an adolescent and
physical activity as an adolescent doubled the probability of
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Table 2: Physical activity as adult relative to GMFCS level and pain.

Physical activity as an adult

GMFCS Pain
I II III IV V No Yes
𝑛 = 22 𝑛 = 16 𝑛 = 10 𝑛 = 14 𝑛 = 9 𝑛 = 37 𝑛 = 30

𝑛 (%) 𝑛 (%) 𝑛 (%) 𝑛 (%) 𝑛 (%) 𝑛 (%) 𝑛 (%)
No 8 (36) 3 (19) 3 (30) 7 (50) 4 (44) 10 (27) 14 (47)
<1 time/week 3 (14) 2 (13) 0 (0) 1 (7) 0 (0) 3 (8) 3 (10)
1-2 times/week 4 (18) 5 (31) 4 (40) 1 (7) 2 (22) 9 (24) 6 (20)
3–5 times/week 7 (32) 6 (38) 3 (30) 5 (36) 3 (33) 15 (41) 7 (23)
Note. GMFCS, Gross Motor Function Classification System.

Table 3: Physical activity as an adult relative to physical activity as an adolescent in secondary school (14–16 years) and upper secondary
school (17-18 years).

Physical activity as an
adult

Physical activity, 14–16 years Physical activity, 17-18 years

No School or leisure time School and leisure
time No School or leisure

time
School and leisure

time
𝑛 = 4 𝑛 = 35 𝑛 = 31 𝑛 = 13 𝑛 = 29 𝑛 = 29

𝑛 (%) 𝑛 (%) 𝑛 (%) 𝑛 (%) 𝑛 (%) 𝑛 (%)
No 2 (50) 15 (43) 7 (23) 9 (69) 12 (41) 4 (14)
<1 time/week 0 (0) 1 (3) 5 (16) 0 (0) 1 (3) 5 (17)
1-2 times/week 0 (0) 7 (20) 9 (29) 1 (8) 5 (17) 10 (34)
3–5 times/week 2 (50) 12 (34) 10 (32) 3 (23) 11 (38) 10 (34)

Table 4: The odds ratio (OR) with 95% confidence interval (CI)
of previous physical activity at 17-18 years, pain, and GMFCS level
predicting the physical activity as an adult of an individual with
CP. Physical activity as adolescent and GMFCS were treated as
continuous variables and no pain was used as reference category.

OR 95% CI 𝑝

Physical activity as an
adolescent∗ 2.1 (1.0–4.5) 0.054

Pain 0.5 (0.2–1.3) 0.156
GMFCS 1.1 (0.7–1.6) 0.734
Note. GMFCS, Gross Motor Function Classification System; ∗during upper
secondary school.

being physically active as an adult. The authors of previ-
ous studies have discussed the importance of interventions
for individuals with CP during adolescence and when the
individual is a young adult because of their strong influence
on the adult lifestyle [22]. According to Hallal et al. [23],
physical activity in adolescents contributes to a healthier and
more physically active lifestyle as adult. The findings of our
study show that this relationship also applies to adolescents
and adults with CP. Although several studies have shown the
benefits of a physically active lifestyle as an adolescent, there
are no guidelines for health-promoting interventions during
the transition of adolescents with CP into adult health care
[24].

A relatively high proportion of the participants in this
study did not participate in physical education during sec-
ondary school. This is consistent with previous research

showing that 13% of children and adolescents with CP did
not participate in physical education at school and that half
of the children were not physically active in their leisure time
[25]. Motivation for being physically active and having the
opportunity to learn the rules and procedures of different
games and sports are an important part of a school’s physical
education programme [26] and also the most important
factor explaining physical activity in adults with disabilities
[27, 28]. Adolescents will not attain this knowledge unless
they participate in school-based physical education [29].

Previous research studying physical activity among chil-
dren and adolescents in the same region of Sweden found
a different sex distribution compared with this study [25].
Because the previous study found no difference in physical
activity between the sexes, the different distribution in this
study is unlikely to have affected the outcome. However,
this raises interesting and important questions regarding
whether women were more likely than men to continue their
enrolment in a surveillance programme such as CPUP as
adults and, if so, why.

The results of this study in combination with those of ear-
lier studies show that time and resources spent onmotivating
adolescents with CP and helping them find a physical activity
that they enjoy might increase the probability of a more
physically active lifestyle as young adults.This could improve
their health and therefore reduce their need for health care
later in life. Spending time and resources to physically activate
adolescents with CP could therefore be socioeconomically
justifiable.

There are some limitations to this study. The fact that
many of the analyses failed to reach statistical significance
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might be because of the small number of participants in the
study. The relatively large drop-out rate in this study could
be explained by the fact that data from only two regions in
Sweden were included. This means that any participant who
moved to another county or abroad was lost to follow-up and
therefore was excluded from the study.The selected age range
for follow up was 19–22 years; it would not be surprising if
individuals who lived in the catchment area at the age of 14–16
years had moved at the time of follow-up, because this is a
period in life where individuals are likely tomove to find a job
or for studies.The high number of individuals at GMFCS I in
the drop-outs may be because individuals with CP who have
a high level of motor function are less likely to experience
limitations regarding participation and activity [9, 10] and
therefore end their contact with the rehabilitation team and
also choose to end their participation in the CPUP registry.
Because individuals with a lower GMFCS level are more
likely to be physically active [9, 10], the GMFCS distribution
of the drop-outs may have led to a lower estimate of the
overall physical activity of participants in this study. Another
limitation is that physical activity is only reported as times per
week and there is no data of duration or intensity.

A strength of this study was the use of the National
Quality Registry CPUP. By using a National Quality Registry,
all children and adults invited to participate inCPUPcould be
part of the study. This means that the study has high external
validity because the included participants can be considered
an adequate representation of the total population.Therefore,
the results from this study can probably be generalized to
similar countries.

5. Conclusions

Slightly more than half of the adults with CP perform a
physical activity at least once a week. Being physically active
as an adolescent with CP seems to increase the likelihood of
being physically active as an adult. Therefore, interventions
to increase physical activity among adolescents with CP are
recommended.
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Objective. This study synthesized literature concerning casual evidence of effects of various physical activity programs on motor
skills and cognitive development in typically developed preschool children.Methods. Electronic databases were searched through
July 2017. Peer-reviewed randomized controlled trials (RCTs) examining the effectiveness of physical activity on motor skills
and cognitive development in healthy young children (4–6 years) were screened. Results. A total of 15 RCTs were included. Of
the 10 studies assessing the effects of physical activity on motor skills, eight (80%) reported significant improvements in motor
performance and one observed mixed findings, but one failed to promote any beneficial outcomes. Of the five studies investigating
the influence of physical activity on cognitive development, four (80%) showed significant and positive changes in language
learning, academic achievement, attention, and working memory. Notably, one indicated no significant improvements were
observed after the intervention. Conclusions. Findings support causal evidence of effects of physical activity on both motor skills
and cognitive development in preschool children. Given the shortage of available studies, future research with large representative
samples is warranted to explore the relationships between physical activity and cognitive domains as well as strengthen and confirm
the dose-response evidence in early childhood.

1. Introduction

Physical activity is fundamental to the early development of
each child and affects many aspects of a child’s health [1].
Contemporary health organizations propose that higher lev-
els of physical activity in school-aged children are associated
with important short- and long-term health benefits in phys-
ical, emotional, social, and cognitive domains across the life
span [2–4]. As such, it is vital to integrate physical activity into
the lives of children and set the foundation in facilitating and
maintaining a healthy, active lifestyle throughout adulthood
[5]. It has been reported that more than 41 million young
children under the age of 5 were overweight or obese in 2014,
worldwide [6]. The health implications of physical activity

during early childhood cannot be disregarded; therefore, it
is warranted to investigate the relationships between physical
activity and health outcomes and cognition in early ages.

Although early childhood represents a critical period
to promote physical activity, the long-term health benefits
of being physically active from early ages have yet to be
confirmed [7]. It is suggested that promoting physical activity
in early childhood may help develop motor skills [8]. This
postulation is echoed by evidence showing a reciprocal rela-
tionship, albeit cross-sectionally, between physical activity
and motor development [9–12]. In fact, motor skills in
young children are considered to be linked with various
health outcomes such as adiposity [13], self-esteem [14], car-
diorespiratory fitness [15], and cognition [16], among others.
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Hence, developing and implementing effective interventions
to improve young children’s motor skills have become a pri-
ority. As studies examining the effects of physical activity on
motor skills continue to increase in frequency, a more recent
and thorough review is needed. Although a review study on
the topic is available from 2009 [17], the authors failed to
include only randomized controlled trials (RCTs), indicating
cause-effect relationships cannot be inferred. In addition, the
article defined preschool-aged children as aged under 5 years
old, which is quite different from national or international
interpretation.Therefore, the effectiveness of physical activity
interventions on motor skills in this population is still
unclear.

Today, advances in neuroscience have generated substan-
tial progress in connecting physical activity to brain structure
and cognitive development [18]. It is hypothesized that
physical activity has a positive effect on cognitive functions,
which is partly due to the physiological changes in the body.
For example, increased levels of brain-derived neurotrophic
factor (BDNF) can facilitate learning and maintain cognitive
functions by improving synaptic plasticity and serving as a
neuroprotective agent, which leads to improved neuroelec-
tric activity and increased brain circulation [19]. It is also
suggested that one’s motor skills may influence cognitive
development given that motor and cognitive skills have
several commonunderlying processes, including sequencing,
monitoring, and planning [20]. In addition, both motor and
cognitive skills may have a similar developmental timetable
with accelerated development during childhood [21]. In fact,
the literature consistently reports that increased physical
activity time in school has no detrimental effect on academic
performance and may even enhance academic attainment,
executive functions, and on-task behaviors in children and
adolescents [19, 22–25]. In addition, emerging evidence sug-
gests that active children tend to have better health and cog-
nitive outcomes when compared to their less active peers [7].
While interest in the relationship between exercise and cogni-
tive functioning has grown over the past decade, the literature
concerning the benefits of physical activity on cognition has
been addressed in research with older children or adults for
the most part. Regrettably, to date, there has been no known
comprehensive review specifically examining the effective-
ness of physical activity on cognitive outcomes in early
childhood.

Early childhood is the most critical and rapid period
of complete and healthy motor and cognitive development
in human life [26]; increased physical activity may provide
motor and cognitive benefits across childhood and adoles-
cence [17, 27]. Therefore, gaining a better understanding of
physical activity’s potential in improving motor skills and
cognition in young children is critical and can inform pedia-
tricians and other health professionals regarding its efficacy as
an intervention strategy.There is an urgent need to synthesize
RCT studies to definitively establish the presence of effects
of physical activity on motor skills and cognitions as well as
identify the dose-response relationships for the population of
preschool children. Therefore, the purpose of this paper was
to systematically evaluate the available evidence examining
the effects of physical activity on motor skills and cognitive

development in healthy preschool children. Specifically, this
systematic review aims to identify, synthesize, and interpret
the best available evidence for minimal and optimal amounts
of physical activity needed to promote motor skills and cog-
nitive development among children aged 4–6 years. Further,
this review attempts to help inform scholars and health
professionals concerning the benefits of regular physical
activity participation and the development of evidence-based
physical activity guidelines for this age group.

2. Materials and Methods

The Preferred Reporting Items for Systematic Review and
Meta-Analysis Protocols (PRISMA-P) 2015 statement was
consulted and provided the structure for this review [28].

2.1. Operational Definition. For the purposes of this review,
the terms to be used throughout the paper are defined as
follows:

Physical activity: any bodily movement produced by
skeletal muscles that requires energy expenditure [3], includ-
ing exercise, active games, and sports programs.

Motor skills: learned sequences of movements that are
combined to produce a smooth, efficient action in order to
master a particular task [29]. Different categories of motor
skills are distinguished in the current review, including
fine and gross motor skills, locomotor and object control
skills, and body coordination. Notably, the categories are not
exclusive, and as such, motor skills from one category may
contain elements of other categories [16].

Cognition: the set of mental processes of acquiring
knowledge and understanding that contribute to perception,
memory, intellect, and action [18]. Different aspects of cog-
nitive functioning were included in this review, such as aca-
demic achievement, executive function, learning, language,
concentration/attention, memory, and intelligence quotient
(IQ).

Preschool children: according to Kail (2011) [30],
preschoolers are defined as between 4 and 6 years of age.

2.2. Information Sources and Search Strategies. The elec-
tronic databases used for the literature search included Aca-
demic Search Complete, Communication and Mass Media
Complete, Education Resources Information Center (ERIC),
Google Scholar, Medline, PsycInfo, PubMed, Scopus, Sport-
Discus, and Web of Science. The literature search was
conducted by the coauthors as a collaborative effort of
the research team. Search terms were discussed among the
research team and used in combination: (“physical activity”
OR “physical education” OR “exercise” OR “sports program”)
AND (“motor skill”OR “motor skill competency”OR “motor
performance” OR “motor function” OR “motor abilities” OR
“motor development” OR “motor coordination” OR “fine
motor skills” OR “gross motor skills” OR “locomotor skills”
OR “object control skills”) AND (“cognition” OR “cognitive
performance” OR “cognitive functions” OR “cognitive abil-
ities” OR “academic achievement” OR “executive function”
OR “learning” OR “language” OR “attention” OR “on-task
behavior” OR “memory” OR “intelligence” OR “IQ”).
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Table 1: Design quality analysis.

Articles Randomization Control Pre-post Retention Missing
data

Power
analysis

Validity
measure Follow-up Score Effectiveness

Adamo et al. [34] + + + + − − + − 5 Yes
Bellows et al. [35] + + + + − − + + 6 Yes
Bonvin et al. [36] + + + + + + + + 8 NA
Hardy et al. [37] + + + + − + + + 7 Yes
Jones et al. [38] + + + + − + + − 6 Yes
Laukkanen et al. [39] + + + + + − + + 7 Yes
Reilly et al. [40] + + + + − + + + 7 Yes
Robinson & Goodway [41] + + + + + − + − 6 Yes
Salem et al. [42] + + + + + + + − 7 Yes/NA
Zask et al. [43] + + + + + + + − 7 Yes
Barnett et al. [44] + + + + − + + − 6 Yes
Fisher et al. [27] + + + + + + + − 7 Yes
Mavilidi et al. [45] + + + + + − + + 7 Yes
Mavilidi et al. [46] + + + + + − + − 6 Yes
Puder et al. [47] + + + + + + + + 8 NA
Note. “+” refers to positive (explicitly described and present in details); “−” refers to negative (inadequately described and absent); “Yes” indicates significant
positive effect; NA indicates no significant effect; +/NA represents significant improvements which were found on several measures while no significant effects
were observed on other measures; median score = 7.

2.3. Eligibility Criteria. The following inclusion criteria were
used for each study: (1) published in English between January
2000 and July 2017 as peer-reviewed empirical research; (2)
sample which was comprised of healthy preschool children
(mean age between 4 and 6 years) without chronic diseases
and/or physical and mental impairments (e.g., motor dis-
ability, autism spectrum disorders, and brain dysfunction);
(3) used quantitative measures in the assessment of motor
skills and cognitive outcomes; (4) study design which was
RCT that assessed the effects of a physical activity or exercise-
based intervention. Other study designs, such as cohort and
observational studies, were retrieved but excluded in the
analysis.

2.4. Data Extraction. Three reviewers (NZ, MA, and ZG)
independently screened the articles by assessing the article
titles. If the reviewers were unable to determine the relevance
of an article to the topic, then the abstract was evaluated.
Data extraction was completed by one reviewer (MA) and
checked by another (NZ) for accuracy. A list of published
articles on the topic was then created in a Microsoft Excel
spreadsheet. The following information was extracted: (1)
year of publication and country of origin; (2) methodological
details (e.g., study design, experimental context, sample char-
acteristics, study duration, type of physical activity, outcome
measures, and instruments); and (3) key findings with respect
to the effectiveness and potential of physical activity on
motor and cognitive development (e.g., improved motor
performance and reported changes in executive function
and on-task behavior). Finally, relevant studies were further
identified through cross-referencing the bibliographies of
selected articles. Notably, reviewers were not blinded to
the authors or journals, and no attempts were made to

contact study investigators or correspondents to acquire any
information missing from the included articles.

2.5. Risk of Bias in Individual Studies. To assess the risk of bias
in each study, two reviewers (MA, NZ) independently rated
each study on an 8-item quality assessment tool (see Table 1)
used in previous literature [31–33]. Each item within each
study was rated as “positive” (when the item was explicitly
described and present) and “negative” (when the item was
inadequately described or absent). Two reviewers (MA, NZ)
separately scored each study to ensure reliable scoring of the
quality assessment. Unresolved differences were evaluated by
a third reviewer (ZG) when disagreements occurred between
the two reviewers. Finally, the final score for each study was
calculated by summing up the all “positive” rates. A study was
considered high-quality study design when scored above the
median score following the scoring of all studies.

3. Results

3.1. Study Selection. A total of 623 articles were identified
through a search of the databases. After removing duplicates,
titles and abstracts of the remaining articles were screened
and further identified as potentially meeting the inclusion
criteria. An additional 2 studies were located through the
search of reference lists. Following a thorough assessment of
the full-text articles, 15 studies fully met the inclusion criteria
and were included in this review (see Figure 1). Reasons for
excluding articles included ineligible age, special populations,
no measures of motor skills and cognitive development,
and non-English language articles. Notably, a high interrater
agreement (14 out of 15, 93%) of the articles included was
obtained between the authors.
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Figure 1: PRISMA flow diagram of studies through the review
process. ∗Reasons for study exclusion included ineligible age,
special populations, no measures of motor skills and cognitive
development, and non-English language articles. Many studies were
excluded for multiple reasons.

3.2. Study Characteristics. The characteristics of the included
studies are shown in Table 2. Among the 15 RCTs, 10 exam-
ined the effects of physical activity on motor skills [34–43]
and five assessed the impact of physical activity on cognitive
development [27, 44–47]. The studies were conducted in
different countries: 5 in Australia [37, 38, 43, 45, 46], 4 in the
United States [35, 41, 42, 44], 2 in Switzerland [36, 47], 2 in the
United Kingdom [27, 40], 1 in Canada [34], and 1 in Finland
[39]. Among these studies, 10 were conducted in childcare
center [34–38, 40, 41, 43, 45, 46], 3 were conducted in school
settings [27, 44, 47], 1 was conducted at home [39], and 1 was
conducted in a laboratory setting [42]. Notably, most of the
studies were published after 2010, except for three studies that
were published in 2006 [40], 2008 [44], and 2009 [41], indi-
cating research concerning physical activity interventions on
motor skills and cognitive development in preschool children
is a young, yet expanding, scientific field.

In addition, a relatively large variability in sample size
and interventionwas observed across studies, with the sample
varying from 40 to 625 and intervention length ranging from
4 weeks to 12 months.The exposure in the majority of studies
was a physical activity/exercise program or class, while the
control group or condition was either usual care or regular
school curriculum. The measurement tools used for motor
skill and cognitive development outcomes varied across
studies but were typically assessments directly completed by
children or direct observations made by trained research
assistants. Fine and gross motor skills, locomotor and object

control skills, executive function, attention, and memory
were the most commonly assessed measures of motor perfor-
mance and cognitive outcomes. Given the heterogeneity of
exposures and outcomes, a meta-analysis was unattainable.

3.3. Quality and Risk of Bias Assessment. In this review, all
included studies were activity-based interventions. Following
the ratings of the 8-item quality assessment tool, the design
quality and risk of bias for each study were rated from 5 to 8
(see Table 1). Specifically, 2 studies received an overall rating
of strong quality/low risk of bias (a study was considered of
high quality when scored above the median score of 7 follow-
ing the scoring of all studies), 7 studies received an overall
rating of moderate quality/medium risk of bias, and 6 studies
received an overall rating of weak quality/high risk of bias.
Notably, all studies succeeded in retaining at least 70% of the
participants. The most common issues with the study quality
and risk of bias were related to follow-up measurements,
power calculations for appropriate sample sizes, and missing
data interpretation.

3.4. Measurement Protocol. Various types of instrument were
used to measure motor skills and cognitive functioning.
Specifically, the most common used instrument in assessing
children’smotor skills was Test of GrossMotorDevelopment-
Second Edition (TGMD-2), followed by Peabody Devel-
opmental Motor Scales-Second Edition (PDMS-2), Zurich
Neuromotor Assessment (ZNA), Körperkoordinationstest
für Kinder (KTK), and the Gross Motor Function Measure
(GMFM). In addition, cognitive abilities such as attention,
memory, language, and academic achievement were evalu-
ated via The Woodcock-Johnson III Tests of Achievement
NU (WJ-III ACH), Cambridge Neuropsychological Test Bat-
tery (CANTAB), Attention Network Test (ANT), Cognitive
Assessment System (CAS) and Connor’s Parent Rating Scale
(CPRS), Free-Recall and Cued Recall Tests, Konzentrations-
Handlungsverfahren für Vorschulkinder (KHV-VK), and the
Intelligence and Development Scales (IDS). Notably, mea-
surement tools used for motor skills and cognitive function-
ing varied across studies. Typically, assessments were directly
completed by children or through direct observations made
by trained research assistants. Although different instruments
were used across various studies, validities of these assess-
ments have been proven when being applied to preschool
children in school setting (Table 1).

3.5.TheEffectiveness of Physical Activity onMotor Skills. Of 10
studies examining the effects of physical activity on preschool
children’s motor skill outcomes, eight (80%) reported signifi-
cant improvements in motor development (e.g., fundamental
motor skills and motor abilities) following activity-based
interventions [34, 35, 37–41, 43]. Notably, one study [42]
had mixed findings, observing remarkable enhancements on
several variables (i.e., single leg stance test, right grip strength,
and left grip strength), with no significant effects found for
other outcomes after aNintendoWii Sports-based treatments
(twice a week × 30 minutes per session for 10 weeks), includ-
ing gait speed, timed up and go test, five-times-sit-to-stand
test, timed up and down stairs test, 2-minute walk test, and
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grossmotor skills assessed by theGrossMotor FunctionMea-
sure (GMFM). Although significant changes in other out-
comemeasureswere not seen between the study groups, there
were trends towards greater improvements in the interven-
tion group compared to the control group [42]. It is alsoworth
noting that not all included studies support the effectiveness
of physical activity on motor skill development. A govern-
mentally led physical activity program failed to promote any
beneficial motor performance outcomes (i.e., climbing up
and down the stairs; running; balancing; getting up; and
landing after jumping) [36].The researchers of this particular
study highlighted the complexity of implementing physical
activity interventions outside of a study setting and urge
future similar studies to improve on existing programs [36].

3.6.TheEffectiveness of Physical Activity onCognitiveDevelop-
ment. Five studies investigated the effects of physical activity
on cognitive development in preschool children. Measure-
ments of cognition considered a wide range of cognitive
outcomes, including language, academic achievement, atten-
tion, working memory, and executive functioning. Amidst
these studies, four demonstrated positive effectiveness of
activity-based interventions on cognitive functioning while
one failed to find significant improvements following a mul-
tidimensional lifestyle intervention. Specifically, one study
employing a “Tools of the Mind” curriculum guided by
the Social Cognitive Theory reported that the experimental
group with a strong emphasis on play was found to increase
executive functioning, social behavior, language, academic
success, and literacy growth compared with control group
that used the general education curriculum [44]. In addition,
a school-based intervention suggested that children who
participated in aerobically intense physical education had
significant increases in aspects of cognition and executive
functioning when compared to their peers exposed to stan-
dard physical education, indicating that the greater degree of
neural plasticity of young children may have the most to gain
from increased physical activity [27]. Similarly, two studies
found that cognitive outcomes were highest in the inte-
grated condition (involving task-relevant physical activities)
and higher in the nonintegrated condition (involving task-
irrelevant physical activities) than in the control condition
(involving the predominantly conventional sedentary style of
teaching) [45, 46]. Although a majority of the included stud-
ies (80%) support the claim that physical activity promotes
cognition in preschool children, one study failed to observe
significant changes in young children’s attention and spatial
workingmemory after a 10-monthmultidimensional lifestyle
intervention [47]. Notably, cognitive functioning in this study
was assessed as a secondary outcome.

4. Discussion

The purpose of the current study was to comprehensively
evaluate all published RCTs regarding the effects of phys-
ical activity on motor skills and cognitive development in
apparently healthy preschool children, as well as to provide
a synthesis of the current evidence regarding cause and
effect relationships. Fifteen studies were included for the final

analysis. Findings revealed that increased physical activity
had significant beneficial effects on 80% of studies assessing
motor skills and cognitive development. Notably, no study
found that increased or higher duration/frequency of phys-
ical activity had significant detrimental effects on young chil-
dren’s motor skills and cognitive development. Overall, the
present systematic review confirms the effectiveness of physi-
cal activity; however, the findings were based on a small num-
ber of included studies. More studies with larger sample sizes,
therefore, are warranted.

Early childhood is considered a critical time period
for establishing healthy behaviors such as physical activity
[48]. Physical activity programs provide young children
with the milieu for motor skill development, with motor
skills being the foundation for physical activity during early
years and subsequent years [38]. Young children today are
showing insufficient proficiency in their motor skills [49].
Indeed, early childhood settings play a significant role in
the promotion of physical activity participation and motor
skill development since these settings generally have the
resources to implement physical activity and motor skill
programs [48, 50].Therefore, interventions to improve young
children’s motor skills and physical activity have been a
priority. Notably, one previous systematic review has exam-
ined the effects of activity-based interventions on young
children’ motor development [17], highlighting the fact that
nearly 60% of the included studies (𝑁 = 17) reported
statistically significant improvements at follow-up. However,
the majority of included studies (𝑛 = 12) in that review were
quasi-experimental designs. As such, causality with regard
to physical activity and motor skills in preschool children is
controversial. In addition, of the five includedRCTs, twowere
unpublished doctoral dissertations, and two were published
in 1990 and 1996, respectively. As the review was published
in 2009 and this area has since received increasing research
interest, a more recent and thorough review study is war-
ranted.

The current review included 10 RCTs on the topic of
physical activity and motor skills in preschool children.
Relative to the question ofwhether physical activity is causally
linked to motor skills, most of the studies (𝑛 = 8, 80%)
have clearly interpreted positive effects of physical activity on
motor skills [34, 35, 37–41, 43]. However, it is worth noting
that not all included RCTs support the positive effectiveness
of physical activity on motor skill development. For example,
one study observedmix findings of significant improvements
on single leg stance test and grip strength test while no
beneficial effects were found for other motor performance
tests following a Wii Sports treatment [42]. Although no
significant changeswere detected in other outcomemeasures,
trends towards greater enhancements in the experimental
group emerged [42]. In addition, a 9-month governmentally
led physical activity program did not result in increased
motor skill performance [36]. One possible explanation for
these different findings would be that the intervention did
not provide participants with a sufficient physical activity
dose. It is also possible that the modest sample size may
have contributed to the decrease in the significance of these
measures. Of the eight efficacious RCTs, intervention length
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ranged from 9 weeks to one year with more than half of
the interventions being longer than 5 months. Notably, most
treatments used supervised physical activity programs of
approximately 30 minutes for 3 times per week at a childcare
or home-based setting. In fact, effectiveness of physical
activity programs may be affected by many factors during
implementation and assessment stages. Given the fact that
each RCT was uniquely distinct in intervention delivers,
content, instructional methods, and measurements and that
no precise mandatory demands were made by most studies
with regard to the physical activity dose, it is difficult to
identify specific intervention components that contributed
to effectiveness. Nonetheless, strong evidence from these 8
efficacious RCTs suggests that a greater amount of physical
activity led by teachers or parents would be necessary to
achievemore beneficial effects on young children’smotor skill
development in ordinary, daily circumstances.This allows for
conclusions to be drawn concerning cause and effect relation-
ships between physical activity and motor skills in preschool
children. Overall, evidence regarding the effectiveness of
physical activity interventions on motor skill development is
strong. Nevertheless, identifying the dose of physical activity
intervention that aims to improve preschool children’s motor
skills should be the focus of future research.

Early childhood is considered one of the most critical
and intensive periods of brain development throughout the
human lifespan [50], and habitual physical activity is a key
determinant of cognition during childhood [8]. Today, a
growing body of literature suggests that physical activity has
beneficial effects on cognitive development, such as atten-
tion, working memory, classroom behavior, and academic
achievement among children and youth [51–54]. In addition,
it is believed that motor skills and cognitive development are
closely related as both motor and cognitive skills have several
common underlying processes including sequencing, mon-
itoring, and planning [20]. Recent literature has reviewed
relationships between motor skills and cognition in 4–16
year children and suggested that weak-to-strong relations
exist between two variables [16]. The authors concluded that
complex motor intervention programs may be necessary to
stimulate motor skills and higher order cognitive develop-
ment in children. Regrettably, there is no literature available
investigating the effects of motor skill intervention on cogni-
tive development in young children. In contrast, the use of a
physical activity intervention has generated substantial public
interest for young children’s cognitive development. One
recent study has reviewed the relationships between physical
activity and cognitive development during early childhood
(birth to 5 years) [53]. The authors concluded that physical
activity may have beneficial effects on cognitive development
during early childhood. However, six of the seven included
studies were rated weak quality with a high risk of bias
in the review, and no RCT studies were included. That is,
the effectiveness of physical activity on preschool children’s
cognitive development is still unknown.

Five RCTs examining cause and effect relationships of
physical activity and cognitive development were included in
the current review. In general, evidence of the effectiveness of
physical activity on preschool children’s cognitive outcomes

is favorable, with four studies (80%) [27, 44–46] indicating
positive effects while one study reported no effect [47]. The
finding of the present review is in line with previous reviews
indicating a positive association in the same direction among
children, youth, and adults [55, 56]. Although research evi-
dence in other age groups supports the importance of physi-
cal activity for cognitive health, findings in older children and
adults cannot be generalized to preschool children given the
unique developmental differences across age groups [53]. Our
study, therefore, is worthwhile in presenting solid evidence
to the field. Of the four efficacious RCTs, one observed
significant changes in language and academic achievement
after 8-month treatment [44], one found improvements in
cognitive functions test after 10 weeks [27], and two showed
increased learning and working memory following a 4-week
intervention [45, 46]. Three studies involved task-relevant
physical activities [44–46] while one used aerobically intense
physical education (2 hours/week × 10 weeks) [44]. Nev-
ertheless, one study employing a multidimensional lifestyle
intervention (i.e., physical activity, nutrition lesson, media
use, and sleep management) failed to improve children’s
attention and spatial working memory following a 10-month
treatment [47]. This could be attributed to the physical
activity program in this study being designed as playful and
organized into different themes, despite the fact that children
participated in four 45 minute sessions of physical activity
a week. That said, task-irrelevant physical activity may not
be beneficial for improving children’s attention and spatial
working memory. Overall, there is small but strong evidence
supporting the causal relationship between physical activity
and cognitive functioning in healthy preschool children, with
high intensity and task-relevant physical activity being more
beneficial for cognitive development in this age group. Given
the limited number of studies included in the review, more
RCTs are warranted to strengthen the evidence base and
confirm the importance of dose (i.e., duration, intensity,
frequency, and type) of physical activity for optimal cognitive
development in preschool children.

While this systematic review offers a timely and compre-
hensive investigation into the effect of physical activity on
preschool children’s motor skills and cognitive development,
there are some limitations worth noting when interpreting
the findings. First, the current review only included peer-
reviewed full-text and English language publications, despite
the fact that other unpublished andnon-English researchmay
be available on the topic. Second, as most included studies
were fromWestern countries, unrepresentative samples may
limit the ability to generalize findings to other regions and
populations, such as developing countries and other ethnic-
ities/races. Third, varied measurement protocols may lower
interunit variability due to different assessments employed to
preschool children among selected studies. Fourth, it is worth
noting that the moderating effect may change the strength
of an effect or relationship between the independent variable
and the outcome variable. For example, PA intervention type
might be amoderator in that school-based physical education
program may be more effective in promoting motor skills
than home-based health education program. Last, given a
small number of empirical studies, conclusive statements
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concerning the effectiveness of physical activity on preschool
children’s motor skills and cognitive development must be
interpreted with caution and therefore state the need for
greater study.

5. Conclusion

Today, young children are sedentary for significant portion of
the day [56]. Since early childhood is regarded as an impor-
tant period ofmotor and cognitive development, understand-
ing the effects of physical activity on motor skills and cog-
nitive development in preschool children has major public
health implications. This systematic review synthesizes the
high-quality experimental evidence available regarding the
effectiveness of physical activity onmotor skills and cognitive
development in 4–6-year old, typically developing children.
Findings favor causal evidence of relations between physical
activity with both motor skills and cognitive development in
preschool children, with increased physical activity having
significant beneficial effects on motor skills and cognitive
functioning. Given the small number of studies available in
the literature, future research with large representative sam-
ples is needed to explore other cognitive domains (e.g., execu-
tive function and intelligence) and to strengthen and confirm
the dose-response evidence.
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Sääkslahti, andT. Finni, “Family-based cluster randomized con-
trolled trial enhancing physical activity and motor competence
in 4-7-year-old children,” PLoS ONE, vol. 10, no. 10, Article ID
e0141124, 2015.

[40] J. J. Reilly, L. Kelly, C. Montgomery et al., “Physical activity to
prevent obesity in young children: Cluster randomised con-
trolled trial,” BritishMedical Journal, vol. 333, no. 7577, pp. 1041–
1043, 2006.

[41] L. E. Robinson and J. D. Goodway, “Instructional Climates in
Preschool Children Who Are At-Risk. Part I: Object-Control
Skill Development,”ResearchQuarterly for Exercise& Sport, vol.
80, no. 3, pp. 533–542, 2009.

[42] Y. Salem, S. J. Gropack, D. Coffin, and E. M. Godwin, “Effec-
tiveness of a low-cost virtual reality system for children with
developmental delay: a preliminary randomised single-blind
controlled trial,” Physiotherapy, vol. 98, no. 3, pp. 189–195, 2012.

[43] A. Zask, J. K. Adams, L. O. Brooks, and D. F. Hughes, “Tooty
Fruity Vegie: An obesity prevention intervention evaluation in
Australian preschools,” Health Promotion Journal of Australia,
vol. 23, no. 1, pp. 10–15, 2012.

[44] W. S. Barnett, K. Jung, D. J. Yarosz et al., “Educational effects of
the Tools of the Mind curriculum: A randomized trial,” Early
Childhood Research Quarterly, vol. 23, no. 3, pp. 299–313, 2008.

[45] M.-F. Mavilidi, A. D. Okely, P. Chandler, D. P. Cliff, and F.
Paas, “Effects of integrated physical exercises and gestures
on preschool children’s foreign language vocabulary learning,”
Educational Psychology Review, vol. 27, no. 3, article no. A012,
pp. 413–426, 2015.

[46] M. Mavilidi, A. D. Okely, P. Chandler, and F. Paas, “Effects
of Integrating Physical Activities Into a Science Lesson on
Preschool Children’s Learning and Enjoyment,” Applied Cogni-
tive Psychology, vol. 31, no. 3, pp. 281–290, 2017.

[47] J. J. Puder, P. Marques-Vidal, C. Schindler et al., “Effect of
multidimensional lifestyle intervention on fitness and adiposity
in predominantly migrant preschool children (Ballabeina):
Cluster randomised controlled trial,” BMJ, vol. 343, no. 7830,
Article ID d6195, 2011.

[48] D. S. Ward, A. Vaughn, C. McWilliams, and D. Hales, “Inter-
ventions for increasing physical activity at child care,”Medicine
& Science in Sports & Exercise, vol. 42, no. 3, pp. 526–534, 2010.

[49] L. L. Hardy, L. King, L. Farrell, R. Macniven, and S. Howlett,
“Fundamental movement skills among Australian preschool
children,” Journal of Science andMedicine in Sport, vol. 13, no. 5,
pp. 503–508, 2010.

[50] N. A. Khan andC.H.Hillman, “The relation of childhood phys-
ical activity and aerobic fitness to brain function and cognition:

https://www.unicef.org/dprk/ecd.pdf
https://www.unicef.org/dprk/ecd.pdf


BioMed Research International 13

a review,” Pediatric exercise science, vol. 26, no. 2, pp. 138–146,
2014.

[51] A. L. Fedewa and S. Ahn, “The effects of physical activity
and physical fitness on children’s achievement and cognitive
outcomes: a meta-analysis,” Research Quarterly for Exercise and
Sport, vol. 82, no. 3, pp. 521–535, 2011.

[52] J. R. Best, “Effects of physical activity on children’s executive
function: contributions of experimental research on aerobic
exercise,”Developmental Review, vol. 30, no. 4, pp. 331–351, 2010.

[53] V. Carson, S. Hunter, N. Kuzik et al., “Systematic review of
physical activity and cognitive development in early childhood,”
Journal of Science and Medicine in Sport, vol. 19, no. 7, pp. 573–
578, 2016.

[54] B. A. Sibley and J. L. Etnier, “The relationship between physical
activity and cognition in children: A meta-analysis,” Pediatric
exercise science, vol. 15, no. 3, pp. 243–256, 2003.

[55] E. P. Cox, N. O’Dwyer, R. Cook et al., “Relationship between
physical activity and cognitive function in apparently healthy
young to middle-aged adults: A systematic review,” Journal of
Science and Medicine in Sport, vol. 19, no. 8, pp. 616–628, 2016.

[56] S. Vale, P. Silva, R. Santos, L. Soares-Miranda, and J. Mota,
“Compliance with physical activity guidelines in preschool
children,” Journal of Sports Sciences, vol. 28, no. 6, pp. 603–608,
2010.



Research Article
Using Novel Technology within a School-Based Setting to
Increase Physical Activity: A Pilot Study in School-Age Children
from a Low-Income, Urban Community

E. Whitney Evans,1 Ana M. Abrantes,2 Eva Chen,3 and Elissa Jelalian1

1The Miriam Hospital, Brown University Warren Alpert Medical School, 196 Richmond St., Providence, RI 02903, USA
2Butler Hospital, Brown University Warren Alpert Medical School, 345 Blackstone Blvd., Providence, RI 02906, USA
3St. Louis University School of Medicine, 1402 S. Grand Blvd., St. Louis, MO 63104, USA

Correspondence should be addressed to E. Whitney Evans; whitney evans@brown.edu

Received 2 August 2017; Revised 16 October 2017; Accepted 12 November 2017; Published 3 December 2017

Academic Editor: Senlin Chen

Copyright © 2017 E. Whitney Evans et al. This is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly
cited.

Background. Less than half of American children meet national physical activity (PA) recommendations. This study tested the
feasibility, acceptability, and preliminary effectiveness of using wearable PA monitors to increase PA in school-age children.
Methods. In Phase 1 of this study, conducted in 2014, 32 fifth-grade students enrolled in a low-resource middle school were given a
waist-worn Fitbit Zip monitor for 4 weeks to test its feasibility (adherence) and acceptability. Adherence, wear time of ≥8 hours per
day, was examined. Feedback was solicited from parents through structured interviews. In Phase 2, conducted in 2015, 42 sixth-
grade students were assigned, by classroom, to one of three conditions (Fitbit + goal and incentive-based intervention, Fitbit only,
or control) to test the feasibility of the wrist-worn Fitbit Charge and its preliminary effectiveness in increasing PA over 6 weeks.
Results. In Phase 1, average adherence was 64.1%. In Phase 2, it was 73.4% and 80.2% for participants in the Fitbit + intervention
and Fitbit only groups, respectively (𝑝 = .07). After controlling for baseline values, weight status, and sex, there were no significant
group differences in changes in MVPA or steps from baseline to follow-up. Conclusions.While moderately acceptable, wearable PA
monitors did not increase PA levels in this sample. They may be more effective within a coordinated school-based physical activity
program.

1. Introduction

National recommendations suggest that school-aged children
should get at least 60 minutes of daily moderate-to-vigorous
physical activity (MVPA) [1].Whereas the benefits of physical
activity are well-documented [2], recent nationally represen-
tative data suggest that less than half of American children
achieve this recommendation [3, 4]. Given that health behav-
iors established during childhood track into adolescence and
adulthood [5] and that nearly 95% of youth are enrolled in
schools, the Institute of Medicine (IOM) recommends mak-
ing school-time physical activity a public health priority [6].
Specifically, they suggest that at least 30minutes ofMVPAper
day should be achieved within the school day [7]. The CDC
provided more specific recommendations suggesting that, to

maximize effectiveness, school-based physical activity pro-
grams should include coordination across physical education,
physical activity during the school day, and physical activity
before and after school and involve staff, families, and the
community [8]. Despite these recommendations, however, a
recent Cochrane Review on the effectiveness of school-based
physical activity interventions concluded that though there is
some evidence supporting the effectiveness of existing inter-
ventions, ongoing development and implementation of new
approaches are warranted [9]. Accordingly, novel methodol-
ogy is needed for school-based physical activity interventions
to coordinate activity promotion efforts across the day and
more effectively increase physical activity in youth.

Research supports that goal setting is one effective way
in which to increase physical activity in children as part of
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a school-based physical activity intervention [10]. Goal-
setting theory supports that individuals improve their per-
formance when they recognize the need for change, set a
challenging goal, monitor progress toward that goal, and
reward themselves for goal achievement [11–13]. Incentives
may increasemotivation for goal achievement with behaviors
like physical activity, as research supports that they provide
an immediate reward for behaviors that may otherwise not
have near-term benefits [14]. Newer self-monitoring technol-
ogy, like wearable Fitbit physical activity monitors, provides
individuals with real-time feedback regarding activity level
and goal achievement [15]. Thus, when used in combination
with goal setting and incentives, wearable activity monitors
have potential to affect behavior change. Moreover, because
wearable physical activity monitors are minimally invasive
and provide a valid measure of activity in youth [16, 17], they
represent a novel, low-touch intervention tool that has poten-
tial to be easily integrated into a coordinated school-based
physical activity program, as recommended by the CDC.

A recent review found two studies that examined the fea-
sibility of usingwearable physical activitymonitors in school-
age children and one intervention that examined their effec-
tiveness in increasing activity levels in a school-based setting
[18]. In the intervention, Hayes and Van Camp used a Fitbit
One activity monitor to increase physical activity levels dur-
ing recess among six third-grade girls. In this small study, they
successfully increased MVPA by 25% from baseline [19]. To
our knowledge, only one other study has used physical activ-
ity monitors in the context of a school-based physical activity
intervention [20]. Whereas the study was well executed, it
was designed to evaluate how different types of activity goals
affect achievement and whether peer or teacher support
mediates activity behaviors. Given that so few studies have (1)
documented the feasibility of using wearable physical activity
monitors in youth and (2) examined the effectiveness of such
technology as a tool for increasing physical activity levels in
youth, there is a clear need for more research [18].

This studywas designed to accomplish two primary goals:
(1) to assess the feasibility and acceptability of using wearable
physical activitymonitors with school-age children and (2) to
measure their preliminary effectiveness in increasing physical
activity as part of school-based physical activity intervention,
rooted in goal-setting theory, in a sample of middle school
students from a low-income community. In Phase 1 of the
study, the feasibility and acceptability of wearing a physical
activity monitor (Fitbit Zip) to achieve daily step goals were
assessed. Based on feedback from parents and teachers, Phase
2 of this study involved delivering a more robust intervention
which included individual incentives and the wrist-worn
physical activity monitor (Fitbit Charge). Specifically, in
Phase 2, an open, controlled trial design was used to test the
preliminary effectiveness of the Fitbit Charge as part of a
classroom-based physical activity intervention. Given that
this was a pilot study, the primary objective remained
assessing feasibility; however, the secondary outcome was to
preliminarily determine whether participation in the inter-
vention increased minutes of MVPA. In Phase 2, we antic-
ipated that those participants who received the Fitbit with
the goal-setting theory informed intervention would have

the largest increases in physical activity relative to those who
either received the Fitbit only orwere part of the no-treatment
control group.

2. Phase 1

2.1. Methods

2.1.1. Participants. Participants were recruited from two fifth-
grade classrooms at a public middle school in a low-income,
urban community in Rhode Island. In this school, 65 percent
of students qualify for free or reduced-price schoolmeals, and
45 percent of students are white. Prior to enrollment, school
administrators identified two classrooms available to partici-
pate in the research based on the willingness of the teachers
to accommodate the study. Fliers were then sent home to
parents of all students in these classrooms, which described
the study and provided information on how to enroll. Study
staff also attended a school open house to orient parents to the
study and answer questions. The only exclusion criterion for
this study was an inability to participate in physical activity.
Parental informed consent and child assent were obtained for
all participants.The Institutional Review Board at theMiriam
Hospital approved both phases of this study.

2.1.2. Procedure. Phase 1 of this study occurred during the fall
of 2014.The primary goal of this four-week pilot was to assess
the feasibility and acceptability of using a wearable physical
activity monitor to self-monitor steps and goal achievement.
The four-week study time line is consistent with previous fea-
sibility studies examining wearable physical activitymonitors
in children [21]. At the first session, participants were given a
Fitbit Zip monitor, a waist-worn monitor that provides real-
time step counts. They were instructed to wear it during all
waking hours, 7 days per week, and to use the monitor to
track their achievement of a daily step goal (11,000 steps/day),
which was consistent with 60 minutes of daily MVPA [22].
They were also given a handout that outlined ten ways to
increase the number of steps they took each day. Thereafter,
study staff met with participants weekly to sync their Fitbit
Zip monitors with the Fitbit.com website to log their step
count for each day of the prior week and to determine how
many days they met the prescribed step count goal. As a
group, participants were incentivized with an after-school
dodge-ball party with the PE staff. At the end of each inter-
vention session, study staff and participants solved problems
to identify ways in which to increase steps and walk further
the next week.

Feasibility was measured using adherence data, which
was defined as the number of days per week the participants
wore the Fitbit and recorded a minimum of eight hours’
wear time.This was accomplished using Fitabase (Small Steps
Labs, San Francisco, CA), which is an Internet-based research
platform that allows for data collection from multiple Fitbit
monitors concurrently. To assess acceptability, feedback was
elicited from the parents of participants and the two class-
room teachers using structured key informant interviews.

2.1.3. Analyses. All quantitative analyseswere done using SAS
(Version 9.4, 2013, SAS Institute, Cary, NC). We used simple
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Table 1: Percentage of participants who wore the Fitbit physical activity monitor as part of a classroom-based 4-week pilot physical activity
intervention (Phase 1).

Average daily steps1 Weekly adherence2
Mean (SD)

Week 1 9,097.7 (2,092) 67.5%
Week 2 10,845.9 (1726.3) 70.6%
Week 3 10,578.5 (2,554.5) 61.2%
Week 4 9,478.4 (2,664.2) 60.0%
Average 10,000.1 (843.8) 64.8%
1Mean (SD) and weekly adherence derived from only those participants who met minimum wear criteria each day (8 hours/day). 2Weekly adherence is the
percent of participants who wore the Fitbit Zip over each 7-day week of the intervention.

descriptive statistics and frequencies to describe adherence.
Key informant interviews with parents were transcribed and
grouped by question from the interview script. Content anal-
ysis was used to identify reoccurring themes across inter-
views.

2.2. Results. A total of 32 students were recruited from the
two fifth-grade classrooms to participate. The sample was
59% female and, on average, they were 10.0 years old. Table 1
shows average daily step counts and adherence data, as
measured by the average percent of participants whowore the
Fitbit Zipmonitor for at least eight hours/day, for eachweek of
the four-week intervention. On average, adherence decreased
from weeks one to four, while average daily steps increased
across the intervention.

Structured key informant interviews were carried out
with four parents and two teachers after the completion of
the intervention. Themes that emerged from the content
analysis of the interviews included lack of use, drawbacks of
a waist-worn device, and novelty of the device wearing off.
More specifically, parents reported that they were unsure how
often their children used the Fitbit Zip to track steps. They
attributed this to the fact that the Zip is waist-worn and is not
readily in their child’s sight line. Parents also reported that
the novelty of the monitor wore off, as their children stopped
talking about the Fitbit Zip monitor and forgot them at home
more often over the course of the intervention. Feedback
from the teachers was similar in that they reported that the
participants complained that the waist-worn Fitbit Zip fell
off a lot and that they often took it off for sports out of
fear of losing the monitor and because it was not allowed
on their competitive sports’ uniform. Further, they reported
that the participants did not seem motivated by group-based
incentives, as they did not like having their success, or lack
thereof, tied to that of their peers.

3. Phase 2

3.1. Methods

3.1.1. Participants. Participants for Phase 2 of this study were
recruited from the same low-income, urbanmiddle school as
Phase 1; however, for Phase 2 they came from four sixth-grade
classrooms. The decision to work with six graders was made
by the school administration, based on class schedule and the

willingness of the teachers to accommodate the study. Fliers
were sent home to parents of all students in these four class-
rooms, which described the study and provided information
on how to enroll. The only exclusion criterion for this study
was an inability to participate in physical activity. Parental
informed consent and child assent were obtained from all
participants.

3.1.2. Procedure. Phase 2was carried out in the spring of 2015.
Based on the feedback obtained from parents and teachers
after Phase 1, the intervention was revised in the following
ways: (1) the wrist-worn Fitbit Charge device replaced the
waist-worn Zip and (2) individual-level incentives were used
along with group-level incentives. Recent evidence suggests
children are more compliant with wrist-worn devices [23].
When considered in context with the ∼65% adherence to
the waist-worn Fitbit Zip in Phase 1 and the report from the
teachers that participants worried about the Zip falling off
their waist-band, the wrist-worn Fitbit Charge device was
selected for Phase 2 to improve adherence. Moreover, the
Charge device is more visible on the wrist and provides
feedback on goal achievement, such that it has potential to
improve self-monitoring and goal achievement over the Fitbit
Zip. During this six-week, open trial, participants were
assigned to one of three conditions by classroom: no-treat-
ment control, Fitbit Charge only, or Fitbit Charge with a goal-
setting, incentive-based physical activity intervention. We
chose to keep this intervention brief given the feedback that
the novelty of the devices wore off in Phase 1. Group assign-
ment was done by classroom and by the school administra-
tion based on scheduling. This approach allowed us to easily
reach a large number of children, including children who do
not typically enroll in sports or organized physical activity.

3.1.3. No-Treatment Control. Participants in the no-treatment
control did not receive any self-monitoring devices or the
classroom-based intervention.

3.1.4. Fitbit Only. The participants in the Fitbit only group
received a Fitbit Charge device and were instructed to wear it
24-hours per day, seven days per week.They were taught how
to use the device to self-monitor their physical activity levels;
however, they did not receive the goal-setting intervention or
any incentives.



4 BioMed Research International

3.1.5. Fitbit + Intervention. Participants who received the
wrist-worn Fitbit Chargewith the goal setting based interven-
tion participated in sixweekly, 40-minute sessions led by their
teachers and study staff. The intervention was based in goal-
setting theory, and behavior change was reinforced using
both individual- (study money) and group-level (bouncy-
house party) incentives. Similar to Phase 1, the goal step count
provided during week 1 of the intervention was consistent
with achieving 60 minutes of MVPA per day [22].Thereafter,
at the start of each session, all participants synched their Fitbit
Charge devices with the help of study staff. They determined
the number of days each participant met the step goal and
also recorded their step count for each day the device was
worn. Individually, participants who met the daily step goal
each week received study “money” ($1 per day they reached
the goal), which they were able to cash in for gift cards at
the end of the study. Given that the sessions occurred in
math class, the sessions tied math concepts to determining
achievement of both individual- and group-level step goals.
Specifically, each student calculated their weekly average
step count. Then, using the entire classroom’s data, the class
calculated the average steps taken by the students and the
teachers, separately. At the group level, the class competed
against their teachers each week to achieve a greater average
step count, which was assessed at the time of the weekly
session. The winning team (students versus teachers) chose
a physical activity challenge (e.g., 10 push-ups, wall sits, and
jumping jacks) for the losing team to complete. At the end
of each session, the participants solved problems to identify
ways to increase individual and group goal achievement.

3.1.6. Baseline and Follow-Up Assessments. All participants
completed a baseline and follow-up study assessment. At
baseline and follow-up, participants were weighed and mea-
sured. Height was measured without shoes using a portable
stadiometer (Model 214, Seca Weighing and Measuring Sys-
tems, Hanover, MD) and recorded to the closest 1/4 inch.
Weight was measured without shoes in light clothing on
a portable electric scale (Model BWB-800S, Tanita Corpo-
ration of America, Arlington Heights, IL) and recorded to
the closest 1/10th of a pound. All measures were taken in
triplicate. Bodymass index (BMI, kg/m2) was calculated from
height and weight measurements collected at baseline and
6 weeks [24]. BMI measurements were converted to BMIz
using the Centers for Disease Control and Prevention (CDC)
Revised Growth reference [25] to provide an age- and sex-
specific measure of relative adiposity [26].

Given the potential of reactivity associated with self-
monitoring with the Fitbit Charge, we assessed physical
activity at baseline and follow-up using the Sensewear Arm-
bandMini (SWA, Jawbone, San Francisco, CA) to objectively
assess the preliminary effectiveness of the intervention on
increasing physical activity.TheSWA is awirelessmultisensor
monitor worn on the upper arm that combines motion
data from a triaxial accelerometer with physiological metrics
from skin temperature, galvanic skin response, and heat flux
sensors to provide minute-by-minute estimates of energy
expenditure. It provides a validmeasure of physical activity in
children [27, 28], but it does not provide any feedback to the

user. Participants were instructed to wear the SWA during all
waking hours for seven days. For purposes of this study,
data were considered valid and usable if the SWA was worn
for eight or more hours per day on a minimum of two days.
Sensewear Professional software (Version 7.0)was used to cal-
culate the number of days andminutes that participants wore
the armband. The following variables were determined from
the raw SWAdata: steps (total/day); whole day sedentary time
(≤1.5 METs; min/day); whole day MVPA (MPA; >4 METs;
min/day) [29]. The SWA allowed us to measure differences
between groups and change in activity levels across the inter-
vention.

3.1.7. Data Analysis. All statistical testing was done using SAS
(Version 9.4, 2013, SAS Institute, Cary, NC) at the two-sided
0.05 level of significance. Descriptive statistics and frequen-
cies were used to examine participant characteristics and to
describe weekly adherence and average step count using data
from the Fitbit Charge devices. Adherence was defined as the
number of days per week the participants wore the Fitbit for a
minimum of eight hours per day. Group differences in adher-
ence and step count across the six-week intervention period
were assessed using Student’s 𝑡-tests. Given that the interven-
tion assignment was done at the classroom level, the objec-
tive SWA data were analyzed using a multivariable mixed
model that included classroom as a random variable and
controlled for baseline values, weight status, and sex. Means
were compared using Tukey’s Honestly Significant Difference
within SAS Proc Mixed.

3.2. Results. A total of 42 children enrolled in Phase 2: 19
received a Fitbit Chargemonitor with a weekly physical activ-
ity intervention, 13 received only the Fitbit Charge monitor,
and 10 received no intervention or Fitbit so as to serve as a no-
treatment control group. Across all groups, the participants
were, on average, 12.3 + 0.34 years of age. While not statis-
tically significant, there were more females and more over-
weight or obese participants in the control group as compared
to the two groups that received Fitbit Charge monitors (%
female: 60% in control versus 31% in Fitbit only and 47% in
Fitbit + intervention; % overweight/obese: 60% in control,
31% in Fitbit only, and 42% in Fitbit + intervention).

The primary aim of Phase 2 was to assess feasibility of
using wearable Fitbit activity monitors with youth, as mea-
sured by adherence or wear time. As shown in Table 2, par-
ticipants in the Fitbit only group wore the monitor more than
those in the Fitbit + intervention group in all weeks but two
and six.Whereas adherence in both groups fluctuatedweekly,
across the six-week study, participants in the Fitbit only group
had higher average adherence as compared to those in the Fit-
bit + intervention group (80.2% versus 73.4%, resp.; 𝑝 = .07).
With respect to daily step counts, as measured by the Fitbit
Charge monitors, those in the Fitbit + intervention group
took more daily steps during week one; however, their daily
step count gradually decreased over the course of the inter-
vention as compared to the Fitbit only group. Specifically,
comparing weeks one and six, participants in the Fitbit +
intervention group took 3,182.6 fewer steps per day, whereas
those in the Fitbit only group increased their steps by 880.4
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Table 2: Participant adherence (% days on which Fitbit physical activity monitor was worn) and average daily steps as part of a 6-week pilot
physical activity intervention (Phase 2).

Week
Average daily steps1 Average weekly adherence by group

Mean (SD)
Fitbit only Fitbit + intervention Fitbit only Fitbit + intervention

1 13,392.5 (4,771) 14,188.2 (7,218) 80.9% 72.9%
2 14,505.9 (6,005) 12,136.2 (6,616) 76.2% 83.6%
3 13,076.4 (5,823) 13,426.5 (6,212) 83.7% 65.3%
4 13,271.6 (6,261) 11,814.9 (5,257) 85.7% 64.7%
5 13,189.8 (4,692) 12,019.4 (5,918) 80.4% 73.5%
6 14,272.9 (5,002) 11,005.6 (6,320) 74.2% 80.6%
Overall 13,451.5 (527) 12,431.8 (1161.6) 80.2% 73.4%
1Average daily steps for participants who were adherent (i.e., who wore the Fitbit Charge monitor for >8 hours per day).

Table 3: Objective estimates of average daily minutes of moderate to vigorous activity (MVPA) and daily step count as measured by a
Sensewear Armband Mimi (SWA) in a sample of middle-school age children from a low-resource community.

Baseline2 Follow-up2 Difference3

MVPA1 Steps MVPA1 Steps MVPA1 Steps
Control 80.5 + 34 11,849 + 3420 99.9 + 22.3 9,745 + 4,422 19.4 + 49.2 −2110.5 + 1,453.3
Fitbit only 126.0 + 58.4 11,494 + 3,529 96.2 + 68.9 10,072 + 4,580 −29.8 + 67.8 −1,421.2 + 3,501.2
Fitbit + intervention 80.8 + 34.9 9,713 + 2,894 71.2 + 31.8 8,045 + 2,571 −9.6 + 33.6 −1,667.7 + 2,055.9
𝑝 value .48 .29 .72 .48 .20 .96
1MVPA (METS ≥ 4.0) recorded via the Sensewear ArmbandMini (SWA). 2Group differences at baseline and follow-up were determined using a mixed model
that controlled for clustering by classroom as well as group differences in weight status and sex. 3Group differences in changes from baseline to follow-up were
determined using a mixed model that controlled for clustering by classroom as well as group differences in baseline values, weight status, and sex.

steps per day. Further, while not statistically significant,
across the six-week intervention, the overall average daily
step count was lower for those in the Fitbit + intervention
group than it was for those in the Fitbit only group (13,451.5 ±
527 versus 12,431.8 ± 1161.6, resp.; 𝑝 = .08). Of note, the aver-
age step count in the Fitbit + intervention group was above
the daily goal of 11,000 steps per day each week.

Objective SWA measures of physical activity at baseline
and follow-up are shown in Table 3. After controlling for
clustering by classroom, as well as group differences in weight
status and sex, there were no statistically significant differ-
ences in objectively measured minutes of MVPA and steps
per day between groups at baseline and follow-up. Similarly,
after controlling for clustering by classroomaswell as baseline
values, weight status, and sex, there were no statistically sig-
nificant differences between groups with respect to changes
in MVPA or steps from baseline to follow-up.

4. Discussion

Findings from these two pilot studies suggest that using self-
monitoring devices may be feasible with school-age children,
as evidenced by moderate adherence in both phases of the
study. Overall adherence appears higher for the wrist- as
compared to the waist-worn Fitbit physical activity monitor
(wrist-worn: 80.2% and 73.4% in the Fitbit only and Fit-
bit Charge + intervention group, resp., versus waist-worn:
64.8%). This finding is consistent with previous research
on wearable accelerometers in children that supports better

adherence to wrist-worn devices [23]. Moreover, our findings
are similar to two other studies that have examined the
feasibility of usingwearable physical activitymonitors similar
to the two Fitbit monitors tested in this study [21, 30].
Specifically, in their first study, Schaefer and colleagues gave
middle school-age children a Fitbit One device (waist-worn)
to monitor their activity during an after-school program for
onemonth and then daily for fivemonths thereafter. After five
months, they reported 15% adherence. Whereas this is sub-
stantially lower than was observed in Phase 1 with the waist-
worn Fitbit Zip, their period of observation was much longer
[30]. In their second study, youth were asked to wear four
different wearable physical activity monitors for one week
each and to provide feedback on each device [21]. From this
research, Schaefer and colleagues concluded that for wrist-
worn devices that were comfortable to wear, fit well, and had
engaging features had the highest compliance. They reported
98% adherence to thewrist-worn PolarActive [21].This is sig-
nificantly higher than the adherence observed in Phase 2with
the Fitbit Charge; however, it is notable that participants in
the second Schaefer study wore the devices for one week only
for the explicit purpose of providing feedback on their utility.
Overall, however, in concert with the present findings, the
latter study supports the feasibility of using wrist-worn phys-
ical activity monitors that provide real-time feedback with
children.

The objective measures of physical activity collected in
Phase 2 suggest that the use of wearable physical activity
monitors did not significantly increase usual physical activity
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levels in this sample from baseline to follow-up. These find-
ings are consistent with those by Bronikowski et al., who
used Garmin Vivofit� activity trackers and goal setting in a
physical activity intervention with children and adolescents
and found that goal setting and use of the trackers were
not related to differences in MVPA or number of steps [20].
However, they are inconsistent with the findings of Hayes
andVanCamp, who successfully increasedminutes ofMVPA
by 25% from baseline in school-age girls who were given a
Fitbit One activity monitor to increase physical activity levels
during recess [19]. The equivocal nature of the literature on
wearable physical activity monitors in youth is similar to that
in adults. Some studies support the use of physical activity
monitors as a method of increasing overall physical activity
in adults [31–33], while others have found that wearable
monitors do not increase physical activity above and beyond
traditional goal setting [34].

Whereas this was a pilot study and not a fully powered,
randomized trial, the results suggest that while feasible
with youth, wearable physical activity monitors that provide
real-time feedback on activity and goal achievement may
not increase physical activity when used in concert with
goal setting and incentives. This may be due to the fact
that children may not have the requisite level of executive
functioning needed to identify ways to increase their physical
activity independent of PE class or other adult-directed
activity opportunities like sports practice or games [35, 36].
It is also possible that this intervention was not successful
because a single step goal was set, used for all participants
regardless of their baseline activity levels. Given the tenets of
goal-setting theory, it is possible that the intervention would
have been more successful if participants received indi-
vidualized goals based on baseline activity levels, as was
successfully done by Koufoudakis and colleagues in their
school-based physical activity intervention that used goal-
setting and pedometers [10]. One of the most attractive
features of wearable physical activity monitors in the context
of a school-based physical activity intervention is that they are
low-touch. Accordingly, in the context of the CDC’s call for
school-based physical activity interventions that coordinate
acrossmultiple levels, wearable physical activitymonitors still
show promise. Specifically, future interventions may benefit
from using wearable physical activity monitors to challenge
children to be more physically active within the context
of physical education class and recess, before- and after-
school programs, and at home and out in the community.
Additionally, the devices may be more effective if parents are
educated on how to use them and how they can be used in
conjunction with smart phone apps to track activity over the
long term.

This study was not without limitations. First, while Phase
2was controlled, it was not feasible to randomize participants
given that the intervention was delivered in the classroom
setting. Moreover, because this was a community-based
study, we were not able to choose which grades or classrooms
would be involved in our research. Thus, children in Phase
2 were, on average, two years older than those in Phase 2.
Research suggests that physical activity levels decrease as
children age; however, given the independence of the two

phases, we do not see this as a significant limitation. Second,
in the Fitbit only group, we had no control over the extent
to which the teachers acted outside the formal intervention
to motivate their students to both wear and use the Fitbit
monitors to increase activity. We visited each classroom on
a weekly basis to download data from the devices, but it
remains unknown how the classroom dynamics affected the
outcome given the group-based study design. This study also
had several strengths. We collected preliminary data on the
feasibility of a waist-worn physical activity monitor, garnered
feedback from parents and teachers, and were able to sep-
arately test the feasibility of a wrist-worn device. Second,
we were able to incorporate math concepts (determining
descriptive statistics) into the delivery of the physical activity
intervention in Phase 2 of the study into the curriculum such
that it did not interrupt instruction time in the classroom or
take up time in PE.

The findings from this study suggest that using wearable
physical activity monitors with children within the context
of a school-based physical activity intervention is feasible.
While this was not a fully powered trial, the devices did
increase physical activity levels from baseline to follow-up.
Given the feasibility data and their low-touch nature, future
research should examine the effectiveness of using wearable
physical activity monitors to increase physical activity across
the school daywithin the context of adult-led physical activity
opportunities like PE class, recess, before- and after-school
programs, and community sports practice and games.
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Purpose. To evaluate the relationships between objectivelymeasured physical activity and physical fitness among preschool children.
Methods. A total of 346 participants (201 boys and 145 girls) aged 3.5–5.5 years (M = 4.5 yr, SD = 0.47) from Shanghai, China,
completed physical fitness assessments, including triceps skinfold thickness (TSFT), grip strength, tennis throwing, sit and reach
test, standing long jump, balance beam, 10mSRT, and 20mSRT. Physical activity was objectively measured by ActiGraphGT3X+
accelerometer. Multiple linear regression models were used to explore the cross-sectional associations between PA and physical
fitness after adjusting for age, gender, BMI, and valid wearing time. Results. Positive associations were observed between stand long
jump (𝑝 < .01), tennis throwing (𝑝 < .01), laps in 20mSRT (𝑝 < .01), and MVPA. However, TSFT (𝑝 < .05), time in 10mSRT
(𝑝 < .01), and balance beam (𝑝 < .05) were negatively associated with MVPA. Furthermore, positive associations were found
between stand long jump (𝑝 < .01), tennis throwing (𝑝 < .01), and MVPA only in boys. Negative associations were found between
time on balance beam (𝑝 < .01) and MVPA only in girls. Conclusions. MVPA appears to be an effective and reliable predictor of
preschoolers’ physical fitness. Boys’ body composition, muscular strength, explosive strength, agility, aerobic fitness, girls’ agility,
aerobic fitness, and balance could improve as MVPA increases.

1. Introduction

Children are generally regarded as the most active popula-
tion. However, given the prevalence of adiposity, inactivity
in preschool children has presented a major public health
concern over the past few decades [1, 2]. Physical fitness is
considered an important element in preventing childhood
obesity. Obesity prevention can be achieved by the recog-
nition of its relationship with physical activity (PA) habits,
health, and welfare [3]. Physical fitness in early childhood
is a powerful marker of health [4] and can be grouped into
two broad categories: health-related fitness (aerobic fitness,
muscular strength, muscular endurance, and flexibility) and
skill-related fitness (agility, balance, coordination, power,

reaction time, and speed) [5]. Numerous studies [6–9] have
reported that preschool children’s physical fitness is declining
at an alarming rate and that their PA is far from achieving
the International PAGuidelines, like theNationalAssociation
for Sport and Physical Education (NASPE). Urbanization
process, security consideration, environment pollution, pub-
lic sports area accessibility, and changes in family structure
seem to be factors involved in this observed decline in PA.
Some data indicates that children are losing the metabolic
effect of fitness thatmight protect them from excessive weight
gain and metabolic diseases [10]. On the contrary, PA levels
are tracked from childhood to adolescence and from ado-
lescence to adulthood, with moderate to strong coefficients
for cardiorespiratory fitness and strength in addition to PA
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and obesity [11, 12]. These findings suggest that poor physical
fitness, inactive PA, and high cardiovascular disease risk are
all tightly associated.

Adequate physical activities are significant bases for
physical fitness in adolescents and young adults. Higher
levels of PA, especiallymoderate-to-vigorous physical activity
(MVPA), are significantly associated with improved fitness,
such as body composition optimization, enhanced bone
health, cardiopulmonary function improvement, and adipos-
ity prevention in adolescents [13]. Recently, there have been
studies focused on the relationship between fitness and PA
levels in youth and school-aged children [10, 13, 14]. From
the perspective of life-span development, early childhood is a
critical period to promote and establish positive health behav-
iors, with levels of PA and physical fitness status tracking from
early childhood to adolescence, and will continuously reap
lifelong benefit [15].

Early years provide a window of opportunity for children
to develop fundamental motor skills (FMS). These skills
are considered the building blocks of more complex and
specialized movements. In preschool children, a new model
has recently suggested a reciprocal and developmentally
dynamic relationship between PA and motor skill compe-
tence, which could possibly bemediated by physical fitness to
a significant degree [16], while other studies have described
that PA is positively, although weakly, related to different
motor skills in school and preschool children [10, 17, 18].
Additionally, longitudinal studies have revealed that PA is
positively associated with bothmotor skill and aerobic fitness
at baseline and after longitudinal changes. Specifically, only
vigorous physical activity (VPA), not total physical activity
(TPA) or moderate physical activity (MPA), was related to
changes in aerobic fitness. Higher PA was associated with
less % body fat at baseline, but not with its changes over
time. Baseline PA (rather than the subsequently increased
PA) was an important determinant of aerobic fitness, indi-
cating that the relationship between physical fitness and PA
may be more interrelated in preschoolers than adolescents
[10]. This relationship may be explained by preschoolers’
dynamic growth and development. These findings inferred
the benefits of being active from early childhood. Children’s
fitness levels change in concert with habitual levels of PA,
but the directionality of this relationship is unclear [19].
Low PA may be an underlying causes of declines in fitness
[20]. Meanwhile, understanding the profound relationship
between PA behaviors and physical fitness in early childhood
is essential in the development of effective interventions for
this group.

However, to our knowledge, little is known about the
relationship between PA and physical fitness in preschool
Chinese children. Therefore, the purpose of the current
study was to comprehensively investigate the cross-sectional
relationship between objectively measured PA and physical
fitness in a sample of preschool children in Shanghai.

2. Methods

2.1. Participants. Ten kindergartens located in Yangpu and
Baoshan districts of Shanghai were randomly selected and

recruited to participate in the study between August 2013
and November 2014. After receiving the approval from the
directors of 8 kindergartens (2 kindergartens withdrew), par-
ents’ meetings were orderly organized in each kindergarten.
Inclusion criteria for the participants include (1) child in the
2nd grade in kindergarten; (2) physical health and no limita-
tions in exercise participation; (3) informed consent signed
by the parent/legal guardian of the child. All the potential
participants were comprehensively informed of the aims and
whole process of the study and 374 signed written informed
consent forms from parents or legal representatives were
obtained (88% response rate). 28 participantswhohad known
medical conditions that could affectmotor proficiency or par-
ticipation in PA were eliminated.Thus, a total of 346 3.5–5.5-
year-old children (201 boys and 145 girls) were included. The
study was approved by the Institution Review Board from the
Ethics Advisory Committee of Shanghai University of Sport.

2.2. Measures and Procedures

2.2.1. Measurement of Physical Activity. PA was assessed
over 7 consecutive days (5 weekdays and weekend days)
by the ActiGraph GT3X+ accelerometer (Actigraph LLC,
Pensacola, FL, USA) which has been widely used for objec-
tive PA measurement. Participants were allowed to remove
the accelerometer while sleeping, showering, or swimming.
Parents were instructed to help their children wear the
accelerometer above the iliac crest of the right hip by an
adjustable elastic belt. For data to be considered valid, at least
3 days of recording (2 weekdays and 1 weekend day) with a
minimum of 480 minutes of wear time per day was required.
Sequences of at least 20min of consecutive zero values
were removed and interpreted as “accelerometer not worn.”
Raw accelerometer data was downloaded and converted into
activity counts per second (epoch) by using the ActiGraph
propriety software (ActiLife Version 6.11.5). TPA, LPA, and
MVPA were based on cutoffs published by Pate et al. [21]
(100–1679 counts/min for LPA, 1680–3367 counts/min for
MPA, and ≥3368 counts/min for VPA). Each second count
over the specific cutoff was summarized in the corresponding
intensity level group.

2.2.2. Measurement of Physical Fitness. Physical fitness mea-
surements were conducted in preschool settings by trained
research assistants according to the National Physical Fitness
Measurement StandardsManual (preschool children version)
[22]. In total, eight categories of physical fitness tests were
chosen for our study (five tests from the National Physical
Fitness Measurement StandardsManual and three additional
tests).The TSFT, grip strength, tennis throwing, sit and reach
test, and 20mSRT were chosen as they represent health-
related fitness (body composition, muscular strength, flexi-
bility, and aerobic fitness). Meanwhile, the 10mSRT, standing
long jump, and balance beam were selected because they
represent some aspects of skill-related physical fitness (agility,
explosive strength, and balance).

Body Fat. Each participant’s triceps skinfold thickness (TSFT)
was measured using a caliper, and scores were used to
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represent body fat percentage. TSFT (mm) was measured by
highly trained assistants following recommended protocols.
Skinfold thickness measurements were performed by lifting
a fold of skin and subcutaneous fat away from the underlying
muscle and bone. The triceps skinfold was lifted parallel to
the long axis of the body, midway on the back of the hanging
freely upper arm. All measurements were taken on the right
side of the body.

Muscular Strength. Muscular strength was assessed by two
aspects: grip strength and upper limb and lumbar abdomen
strength through two individual tests. Grip strength was
measured by a dynamometer twice for each child using
their right hand in a standing position, per standardized
protocol. We used only the maximum values (kilograms)
obtained from participants’ dominant right hands. Upper
limb and lumbar abdomen strength were measured by the
tennis throwing test. Children were required to stand behind
the baseline and throw tennis ball as far as possible two times.
The maximum distance (m) was recorded for each trial.

Flexibility. Flexibility was assessed by the sit and reach test.
The participants sat on the floor barefoot, with their legs
together, knees fully extended, and soles of the feet pressed
against the edge of the Flex-Tester box. Participants thenwere
asked to bend forward slowly and use their arms to push the
edge of a moveable board as far as possible without bending
at the knees.The task was repeated twice, and the distance the
board was shifted was recorded for trial.

Aerobic Fitness. Aerobic fitness was assessed by a multistage
20mSRT [23]. The test measures aerobic capacity by running
back and forth over 20m with an initial running speed
of 8.0 km/h. The progressive 0.5 km/h increase in running
speed every minute was indicated by a sound. Maximum
performance was determined when the child could no longer
maintain the pace or when the child decided to stop due to
exhaustion.The 20mSRT has been found to be a reliable (test
retest 𝑟 = 0.73–0.93) [23] and valid measure of maximum
oxygen consumption as measured by treadmill testing (𝑟 =
0.69–0.87) [24]. Due to the very young age of the children,
some formal adaptations of the original test were made by
having an experienced research assistant running with the
children until the end of the test to provide adequate pace.
The test results were expressed as stages (laps).

Agility. Agility was assessed by the 10mSRT. Participants ran
10m from the starting point, bypassing the retracing point,
and ran back to the starting point as fast as possible. The test
was measured in seconds. Each child had two attempts and
the faster one was used for further data analysis.

Explosive Strength. Explosive strength was measured by the
standing long jump test. Participants were asked to swing
their arms and jump forward with full strength for two indi-
vidual attempts. The maximum distance (cm) was recorded.

Balance. Dynamic balance was tested by balancing barefoot
on a balance beam (3m long, 10 cm wide, and 30 cm high).
Children were required to stand on the beam, raise both arms

to their sides, and walk as fast as possible from one end to
the other. If a child fell midway on the beam, remeasurement
was required. The shortest travel time was recorded using a
chronograph.

2.3. Statistical Analyses. All data were analyzed using SPSS
Statistics Version 22.0. (IBMCorporation,USA). For descrip-
tive analyses, the results are presented as means ± SD.
Gender differences in age, BMI, PA, and fitness variables
were analyzed using independent sample 𝑡-test. To assess
the relationships between PA and physical fitness, we used
multiple linear regression models with physical fitness as
dependent variable and PA as independent variables, while
controlling for age, BMI, gender, and valid wearing time.The
significance level was set at 0.05 for all statistical analyses.

3. Results

Characteristics of the 346 participants are shown in Table 1.
The sample was 58.1% boys and the mean age of participants
was 4.56± 0.47 years.There are significant gender differences
in BMI (t(334) = 3.219, 𝑝 < .01), LPA (t(301) = 2.240, 𝑝 <
.05), MVPA (t(301) = 2.204, 𝑝 < .05), and TPA (t(301) =
2.608, 𝑝 < .01). On average, children engaged in TPA for
167.99 ± 35.07min per day, including 97.17 ± 17.54min of
LPA and 70.82 ± 17.53min of MVPA. Furthermore, there
were significant gender differences between LPA,MVPA, and
TPA. Compared with girls, boys were more physically active
and engaged in significantly more LPA (99.10±18.51min per
day), MVPA (72.66 ± 18.95min per day), and TPA (171.76 ±
37.64min per day).

Grip strength (t(333) = 2.935, 𝑝 < .01), tennis throwing
(t(333) = 5.040, 𝑝 < .01), and sit and reach test (t(331) =
−4.238, 𝑝 < .01) significantly differed between genders. This
finding indicates that boys had greater muscular strength
than girls, while the latter show flexibility than the former
during the early childhood period. No significant gender
difference was found in TSFT, standing long jump, 10mSRT,
20mSRT, or balance beam test (all 𝑝 > .05).

Differential associations between physical fitness and
PA are detailed in Table 2 using multiple linear regression
analyses. Overall, there were significant associations between
physical fitness and MVPA (and LPA) in preschool children
after adjusting for age, BMI, gender, valid wearing time, and
potential clustering of preschools. Specifically, the stand long
jump (𝑅2 = 0.194, 𝑝 < .01), tennis throwing (𝑅2 = 0.202, 𝑝 <
.01), and laps in the 20m shuttle (𝑅2 = 0.207, 𝑝 < .01) were
all positively associated with MVPA, while triceps skinfold
thickness (𝑅2 = 0.543, 𝑝 < .05), time in the 10mSRT (𝑅2 =
0.275, 𝑝 < .01), and time on the balance beam (𝑅2 = 0.043,
𝑝 < .05) were all negatively associated with MVPA. Also,
positive associations were noted between tennis throwing (𝑅2
=0.202,𝑝 < .05), laps in the 20m shuttle (𝑅2 =0.207,𝑝 < .05),
and LPA; negative associations were noted between time in
the 10mSRT (𝑅2 = 0.275, 𝑝 < .05), time on the balance beam
(𝑅2 = 0.043, 𝑝 < .05), and LPA. However, no significant
associations were found between the grip strength and sit and
reach test or MVPA and LPA in our study.
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Table 1: Descriptive statistics for age, BMI, physical fitness, PA, and gender difference.

Group (𝑛 = 346) Boys (𝑛 = 201) Girls (𝑛 = 145) Gender difference (𝑝)
Mean SD Mean SD Mean SD

Age (year) 4.56 0.47 4.58 0.46 4.52 0.48 >.05
BMI (kg/m2) 16.20 1.80 16.47 1.84 15.84 1.69 <.01
PA

LPA (min/day) 97.17 17.54 99.10 18.51 94.56 15.85 <.05
MVPA (min/day) 70.82 17.53 72.66 18.95 68.34 15.13 <.05
TPA (min/day) 167.99 35.07 171.76 37.46 162.90 30.98 <.01

Physical fitness
Triceps skinfold thickness (mm) 10.18 2.78 10.20 3.02 10.15 2.43 >.05
Grip strength (kg) 6.73 2.32 7.04 2.35 6.30 2.21 <.01
Standing long jump (m) 83.43 16.86 84.76 16.92 81.60 16.66 >.05
Tennis throwing (m) 4.76 1.52 5.10 1.66 4.29 1.16 <.01
Sit and reach (cm) 10.34 4.68 9.43 4.51 11.58 4.65 <.01
10m shuttle (s) 7.23 0.86 7.20 0.92 7.29 0.78 >.05
20m shuttle (lap) 12.18 4.49 11.90 4.27 12.55 4.67 >.05
Balance beam (s) 14.83 15.13 15.26 17.13 14.26 12.01 >.05

Table 2: Cross-sectional relationship between physical fitness and LPA and MVPA (𝑛 = 346).

(a)

Triceps skinfold thickness (mm) Grip strength (kg) Stand long jump (cm) Tennis throwing (m)
𝛽 𝑅2 𝑝 𝛽 𝑅2 𝑝 𝛽 𝑅2 𝑝 𝛽 𝑅2 𝑝

PA 0.543 0.217 0.194 0.202
LPA 0.014 >.05 0.029 >.05 0.097 >.05 0.187 <.05
MVPA −0.181 <.05 0.084 >.05 0.348 <.01 0.316 <.01

(b)

Sit and reach (cm) 10m shuttle run (s) 20m shuttle run (lap) Balance beam (s)
𝛽 𝑅2 𝑝 𝛽 𝑅2 𝑝 𝛽 𝑅2 𝑝 𝛽 𝑅2 𝑝

PA 0.051 0.275 0.207 0.043
LPA 0.037 >.05 −0.183 <.05 0.201 <.05 −0.181 <.05
MVPA −0.098 >.05 −0.485 <.01 0.378 <.01 −0.196 <.05

Adjusted for age, BMI, gender, valid wearing time, and potential clustering of preschools.

Tables 3 and 4 showed the cross-sectional associations
between eight aspects of physical fitness and PA in boys and
girls, respectively, using multiple linear regression analyses
after adjusting for age, BMI, valid wearing time, and potential
clustering of preschools. Overall, agility (time in the 10mSRT)
and aerobic fitness (laps in the 20mSRT) were significantly
associated with MVPA in both genders (R2 = 0.269, R2 =
0.302, and 𝑝 < .01; R2 = 0.208, R2 = 0.193, and 𝑝 < .01).
Positive associations were found between the standing long
jump (R2 = 0.235, 𝑝 < .01), tennis throwing (R2 = 0.155,
𝑝 < .01), and MVPA; negative associations were found
between triceps skinfold thickness (R2 = 0.526, 𝑝 < .05) and
MVPA only in preschool boys. Negative associations were
noted between time on balance beam (R2 = 0.064, 𝑝 < .01)
and MVPA only in preschool girls.

In addition, significant positive associations were also
found between the standing long jump (R2 = 0.235, 𝑝 < .05)
and LPA in preschool boys, but not in girls. Regardless of

gender, flexibility (sit and reach) and muscular strength (grip
strength) showed no association with PA (MVPA or LPA).

4. Discussion

Preschool children are always subject to dynamic physical
growth and development. Due to the significant impacts
of PA on the health of preschool children, an accurate
understanding of the relationship between PA and physical
fitness is of great importance. The current study explored
cross-sectional associations between physical fitness and PA
in Shanghai preschool children. To our understanding, this is
the first study investigating the relationship between physical
fitness and PA in Shanghai preschoolers. These findings may
help provide reference data for this population. Our results
are partly in concordance with previous cross-sectional
studies in preschoolers [25–27], which indicated that PA
was sex- and age-adjusted, and positively associated with
agility, balance, and aerobic fitness. Physical fitness among
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Table 3: Cross-sectional relationship between boys’ physical fitness and LPA and MVPA (𝑛 = 201).

(a)

Triceps skinfold thickness (mm) Grip strength (kg) Stand long jump (cn) Tennis throwing (m)
𝛽 𝑅2 𝑝 𝛽 𝑅2 𝑝 𝛽 𝑅2 𝑝 𝛽 𝑅2 𝑝

PA 0.526 0.197 0.235 0.155
LPA 0.026 >.05 0.078 >.05 0.283 <.05 0.188 >.05
MVPA −0.195 <.05 0.109 >.05 0.469 <.01 0.407 <.01

(b)

Sit and reach (cm) 10m shuttle run (s) 20m shuttle run (lap) Balance beam (s)
𝛽 𝑅2 𝑝 𝛽 𝑅2 𝑝 𝛽 𝑅2 𝑝 𝛽 𝑅2 𝑝

PA 0.025 0.269 0.208 0.048
LPA 0.106 >.05 0.228 <.05 0.141 >.05 0.187 >.05
MVPA 0.019 >.05 −0.513 <.01 0.344 <.01 −0.134 >.05

Adjusted for age, BMI, valid wearing time, and potential clustering of preschools.

Table 4: Cross-sectional relationship between girls’ physical fitness and LPA and MVPA (𝑛 = 145).

(a)

Triceps skinfold thickness (mm) Grip strength (kg) Stand long jump (cn) Tennis throwing (m)
𝛽 𝑅2 𝑝 𝛽 𝑅2 𝑝 𝛽 𝑅2 𝑝 𝛽 𝑅2 𝑝

PA 0.568 0.180 0.099 0.089
LPA −0.077 >.05 0.042 >.05 0.032 >.05 0.164 >.05
MVPA −0.041 >.05 0.151 >.05 0.156 >.05 0.148 >.05

(b)

Sit and reach (cm) 10m shuttle run (s) 20m shuttle run (lap) Balance beam (s)
𝛽 𝑅2 𝑝 𝛽 𝑅2 𝑝 𝛽 𝑅2 𝑝 𝛽 R2 𝑝

PA 0.070 0.302 0.193 0.064
LPA 0.075 >.05 −0.234 <.05 0.142 >.05 0.077 >.05
MVPA 0.172 >.05 −0.465 <.01 0.423 <.01 −0.321 <.01

Adjusted for age, BMI, valid wearing time, and potential clustering of preschools.

normal-weight preschool children was significantly better in
comparison to their overweight counterparts [3]. A recent
study reported that obese and overweight children were less
physically active and had lower physical fitness than normal-
weight children [28]. Our results also showed that MVPA
appeared to be an effective predictor of preschool children’s
physical fitness regardless of gender. Furthermore, we noticed
a gender difference in the relationship between physical
fitness and PA level. Boys’ body fat, upper limb muscular
strength, explosive strength, agility, and aerobic fitness may
have improved as they engaged in more MVPA (or LPA). For
girls, MVPA showed significant associations with balance,
agility, and aerobic fitness. Meanwhile, compared to MVPA,
LPA seemed to do relatively little in improving physical fitness
(except agility and boys’ explosive strength) during the early
childhood period of our study.

The current study adds important information regarding
the broader relationship between PA and different aspects
of physical fitness in preschool-aged children. Few studies
in this age range have been conducted and their results are

inconsistent. The reasons for the discordant results among
those studies, in part, may include sample size, age, study
design, physical fitness, PA measurement, and other con-
founding variables such as lifestyles. Many previous studies
have only focused on one or two aspects of physical fitness
(i.e., aerobic fitness or muscular strength) and its relationship
between PA in children. Several studies [4, 29–31] reported
a stronger relationship between VPA and a higher aerobic
fitness level in school children and adolescents. However, in
Bürgi et al.’s study [10], no significant association between
VPA and higher aerobic fitness was observed. In our study,
MVPAwas associated with TSFT, especially in boys. As TSFT
was always used to represent the % body fat, our results
supported the opinion that high levels of PA were probably
protective against childhood obesity. Furthermore, a recent
study has demonstrated that an additional 10min/day inMPA
or VPA increased the bone stiffness by 1-2% on average,
and muscle strength did not affect the associations of PA
and bone stiffness based on a large sample of 2–10-year-
old children [32]. Unfortunately, the relationship between
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muscular fitness and PA was not examined in this study,
and all the physical fitness tests were administered to school
children, not preschool children.

Other studies focused on the relationship between fun-
damental movement skills (both locomotor and manipu-
lative skills like running, throwing, catching, sliding, and
galloping) and PA in preschool period [8, 33, 34]. On one
hand, even though there has been strong evidence for a
significant relationship between them, we still consider them
as two separate notions. Physical fitness is basic element of
FMS, especially during the early childhood period, yet few
studies have involved FMS in their profound relationship in
this area. On the other hand, children with higher levels of
FMS competence will seek to participate in PA and sports,
while failure to master such skills will result in self-selected
withdrawal from participation. Performance level in motor
skills may predict PA to some extent. However, our study
suggests that the relationship between PA and physical fitness
is at least partially dominated by the impact of PA on physical
fitness. PA may drive development and improve physical
fitness status in preschoolers [10]. We believe that higher
physical fitness does not guarantee a more active lifestyle, but
that it is essential to continuously promote PA throughout
childhood to obtain a child’s physical wellbeing.

In addition, no significant association was observed in
our study between either flexibility or grip strength and PA
(either MVPA or LPA) in both genders. Although flexibility
is also an indispensable component of physical fitness, the
existing literature described the association between PA and
flexibility as “surprisingly limited” and only focused on older
adults [35]. A longitudinal study indicated adolescents’ flex-
ibility, endurance strength, and PA were predictors of adult
neck tension, lower-back pain, and knee injury. However, the
relationship between them was not conducted [36]. Some
possible explanations for these findings may be that the
positive relation between the aforementioned values may
exist within a certain sensitive period, that it has recently
emerged and is still very weak, or that it might strengthen
over time. As our current cross-sectional study only focused
on this particular age, it may lead to incomplete conclusions.

An important strength of the current study is that we
investigated the relationship between physical fitness and PA
in preschoolers in a holisticmanner rather than only focusing
on certain physical fitness elements. Further strengths are
the comprehensive assessments of sensitive process-based
measures of physical fitness, objective measurement of PA
in a young population, and adjustments of all analyses for
potential confounders. Moreover, we have considered the
gender difference in the relationship between certain physical
fitness tests and PA in preschoolers.

Nevertheless, our study limitation is that physical fitness
measurements were conducted in the preschool settings,
which may not be accurate against laboratory tests in this
epidemiological approach. Fitness tests inmore experimental
settings may better reflect performances levels than in real
life. In addition, in this particular age group, children may
still lack understanding and coordination during the fitness
tests. Another limitation is that we only used the TSFT
variable instead of the body fat percentage, and there was

small percent of obese children in our study. Further studies
arewarranted to detect a profound relationship between body
composition and PA within this age group. Moreover, our
sample is recruited mainly from two districts of Shanghai,
whichmay not represent the whole preschool population and
limits the generalizability of the findings.

5. Conclusion and Clinical and
Public Health Implications

In conclusion, our study provides novel information regard-
ing the relationship between physical fitness and PA in
3.5–5.5-year-old Chinese preschool children. Based on our
results, PA correlates with physical fitness aspects including
upper limb muscular strength, explosive strength, agility,
balance, and aerobic fitness. We observed pronounced asso-
ciation with more intense physical activities in our study,
and MVPA appears to be an effective and reliable predictor
of preschool children’s physical fitness. Thus we suggest that
MVPA is essential for the development and promotion of
physical fitness in preschoolers, especially with regard to
body fat, explosive strength, balance, agility, and aerobic
fitness. Furthermore, certain aspects of physical fitness status
may have improved, respectively (boys’ body composition,
muscular strength, explosive strength, agility, and aerobic
fitness; girls’ balance, agility, and aerobic fitness), if they
engage in more MVPA. Great importance should be placed,
and different interventions may be taken as gender difference
still exists. These results are important to consider when
establishing gender-specific PA recommendations or target-
ing health promotion interventions during early childhood.
The findings of this study will inform the development of
health promotion strategies for researchers and educational
policymakers by targeting preschool children who are at risk
of physical inactivity, promoting their physical fitness and
wellbeing in a holistic manner.

Conflicts of Interest

None of the authors declare financial conflicts of interest.

Authors’ Contributions

All authors were involved in this study and contributed to
this article. Peijie Chen and Ru Wang conceived of and
designed the study. Hui Fang,Minghui Quan, and Tang Zhou
contributed to the writing of themanuscript. All authors have
read and approved the final version of the manuscript and
agree with the order of presentation of the authors.

Acknowledgments

The authors thank all children, their parents, and preschool
teachers for their superb participation and acknowledge the
preschool directors’ support in the study. The study was
supported by the project of Shanghai outstanding academic
leader by grants from the Shanghai Science and Tech-
nology Committee, China (12XD1404500). The study was



BioMed Research International 7

also supported by MOE (Ministry of Education in China)
Youth Project Foundation of Humanity and Social Sciences
(15YJCZH040, toHui Fang) and theNational Natural Science
Foundation of China (81703252, to Minghui Quan).

References

[1] S. A. McLure, C. D. Summerbell, and J. J. Reilly, “Objectively
measured habitual physical activity in a highly obesogenic
environment,” Child: Care, Health and Development, vol. 35, no.
3, pp. 369–375, 2009.

[2] M. S. Tremblay,M. Shields,M. Laviolette, C. L. Craig, I. Janssen,
and S. C. Gorber, “Fitness of Canadian children and youth:
results from the 2007-2009 Canadian Health Measures Survey,”
Health reports/Statistics Canada, Canadian Centre for Health
Information = Rapports sur la santé/Statistique Canada, Centre
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BMI, skinfold thickness, and circumferential measures were assessed in groups of normal healthy Czech boys (𝑛 = 1764) and
girls (𝑛 = 1762) 3–6 years of age in the late 1950s and 1960s (sample C), in the 1990s (sample B), and in 2014–2016 (sample A).
During these decades BMI has not changed significantly, and in selected groups (boys 3, 5, and 6, girls 3 and 6 years) it was
most recently found to be significantly lower (𝑃 ≤ 0.05). Subscapular, suprailiac, triceps, midthigh, and above patella skinfold
thicknesses significantly increased in sample A as compared to sample C (𝑃 ≤ 0.001). Comparison of the same skinfolds measured
in the nineties (sample B) and more recently (sample A) showed similar increase of subcutaneous fat (𝑃 ≤ 0.001). The increase
of adiposity characterized by skinfolds occurring in spite of not markedly changed BMI indicates significant changes of body
composition—latent (also hidden) obesity. The increase of adiposity was relatively greatest on the trunk (𝑃 ≤ 0.001)—which is
considered a marker of the greatest health risk.The decrease of femoral circumference (𝑃 ≤ 0.05) along with simultaneous increase
of thigh skinfold (𝑃 ≤ 0.01) revealed the decrease of muscle mass in the lower extremity, obviously due to the reduction of weight-
transferring physical activity.

1. Introduction

The secular prevalence of overweight and obesity in most
countries of the world has increased gradually and includes
also younger, preschool children [1–4]. Latent (or also hid-
den) obesity, without apparently increased BMI, has been
appearingmore recently, that is, increased fat deposition.This
concerns especially changes in body composition, simulta-
neously increasing body fat along with decreasing lean body
mass, specifically muscles affected by hypokinesia [4, 5].

Most recent studies comparing children and adolescents
with increased body weight and BMI revealed impaired
motor abilities and fitness in overweight or obese subjects
as compared to those with normal body weight. The results
varied with regard to the character of tests which showed
greater changes during activities involving the transfer of

one’s own body weight [6–12]. Some studies show an effect
only in the obese, not overweight, children [13]. Problems of
the worsening motor development of children with excessive
BMI and obvious adiposity were revealed in both technically
more developed and transition countries [14]. Not only
the amount of fat but also its distribution can be changed
manifesting increased health risks, for example, metabolic
syndrome [15, 16]. This is accompanied—as a result of simul-
taneously reduced physical activity—by a decreased level
of motor abilities and functional capacity. Cardiorespiratory
fitness was also affected in early age [4, 5].

Along with increasing adiposity the secular reduction of
motor abilities, strength, cardiorespiratory efficiency, and so
forth was demonstrated in school children and adolescents
[17, 18]. Increased BMI which can reveal excessive adiposity
assessed, for example, by BIA is associated also with reduced
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physical activity [19, 20]. Furthermeasurements indicated the
deterioration of physical fitness in other populations.

More recent cross-sectional studies of school children
and adolescents, comparing the results of adiposity changes
during two-three decades (e.g., Bogalusa heart study covered
the period 1972–1994) showed increase of body weight and
skinfolds. This was found in schoolchildren independent of
body height and other variables. Furthermore, the yearly
increases in relative body weight and obesity during the
latter part of this study period (1983 through 1994) were
approximately fifty percent greater than those between 1973
and 1982 [21]. Garnett et al. showed that from 1985 up to 2007
more central than total adiposity (skinfolds, circumferences)
has increased in Australian children [22]. Prevalence of
overweight and obesity has not been reduced during the
last thirty years in 3–18-year-old Polish children. Due to
increasing adiposity body composition changed significantly
[23].

Studies covering changes over a longer period of time
(more than 50 years) with measurements of adiposity in
preschool children, along with testing of motor abilities
using the samemethods, have been conducted in comparable
Czech population. Significant secular trends for increasing
fat amount and its distribution (especially on the trunk)
along with decreasing motor abilities since late fifties and/or
seventies of the last century up to the beginning of the
twenties of this century were revealed [4, 5].

Due to increasing health problems accompanying this
situation also in preschool childrenmoremeasurements have
been conducted. However more detailed information on
further parameters of body composition (e.g., central and
peripheral, external and internal fat, age at the beginning of
obesity, its duration anddegree, genetic factors, nutrition, and
physical activity regime in the family) would be necessary.
Apparently, reduced physical activity and exercise, resulting
from changed lifestyle, bring about insufficient adaptation to
activity and result in kinesiophobia since childhood. In addi-
tion to metabolic, cardiovascular, and so forth consequences
of obesity, inadequate coordination of movements and mus-
culoskeletal problems have been appearing, which reduce
further physical activity [24]. Some of the consequences of
secular change of lifestyle were therefore analyzed further.

The aim of the study was to evaluate and compare secular
changes, specifically of body composition with regard to
adiposity, as related to long-term changes of body weight,
height, and BMI along the last five decades when significant
environmental and lifestyle changes have occurred.

2. Materials and Methods

2.1. Participants. 834 children aged 3 to 6 years from various
kindergartens in the capital of Prague and central and south-
ern areas of the Czech Republic during the years 2014–2016
(sample A) were followed up, 𝑛 = 834, 413 boys, 421 girls.
All children lived in a large city in comparable environmental
conditions. The results of the measurements were compared
with the results of the study of preschool children followed
in 1990, 𝑛 = 2,352, 1,164 boys, 1,188 girls, aged 3–6 years
(sample B) [25]. This study analyzed the results compared

to a representative sample of Czech population from 3
to 6 years of age in the Czech Republic. Secular changes
of adiposity were evaluated also comparing the results of
skinfold thicknessesmeasured in the fifties of the last century,
𝑛 = 368, 181 girls, 187 boys, aged 3–5 years (sample C) [26, 27].
Also these children were from the capital of Prague and
suburbs and represented an average Czech population as no
significant differences with regard to urban and countryside
children were found.

The Ethical Committee of the Institute of Endocrinol-
ogy in Prague, Czech Republic, approved the study. The
design of the study was approved by all of the participating
kindergartenswith the cooperation of their directors.Written
informed consent was obtained from parents of all children
participating in the study.

2.2. Measures and Procedures. The children were of middle
class background; they were always followed up in their
underwear during the morning session in their kinder-
gartens, after enough sleep and more than one hour after
breakfast. Their health status was always absolutely normal
and children with even minor indisposition were not exam-
ined.

Anthropometry was conducted according to standard
anthropometric techniques [28]. Body height was measured
by portable stadiometer (Trystom; exactitude 1mm). Body
weight was ascertained using a portable personal digital scale
(Tanita WB150MA S; exactitude to 0.1 kg). Circumferential
measurements were conducted by softmetric tape, exactitude
1mm. Circumference of the relaxed arm was measured at the
level of the half of the distance between acromion-olecranon,
at the same level where triceps skinfold was assessed. Medial
circumference of the thigh was measured at the level of the
distance between trochanter-tibiale, also at the level of the
measurement of the thigh skinfold thickness (on the right
side of the body).

Thickness of skinfolds was measured by Harpenden
caliper in milimeters (for all samples), also on the right
side. Results of the measurements of skinfold thicknesses
in suprailiac and subscapular region, above the triceps, on
the thigh and above the patella were evaluated. For the
calculation of total body fat from the sum of ten skinfolds
and for calculation from regression equations (according
to Matiegka) a modified caliper of Best (in milimeters) for
samples A and B was used, measuring on the cheek, on the
neck above the hyoid bone, on chest 1 (in the anterior axillary
fold along the border line of m. pectoralis maior), and on
the chest 2 (above the 10th rib at the point of intersection
with the anterior axillary line), in subscapular, abdomen, and
suprailiac region, abovem. triceps and biceps brachii, then also
on the forearm, on the midthigh, and above patella, on calf 1
(under fossa poplitea) and calf 2 (over the line of maximal
circumference) [26, 27].

Body mass index (BMI) was calculated as body weight
(in kilograms)/body height2 (inmeters). Sum of ten skinfolds
was assessed according to Pař́ızková [26, 27]. Results of these
measurements were compared with the data assessed in 1990
(sample B) in comparable groups of children as total body fat
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evaluated in the same manner using the formula of Matiegka
[29, 30]:

𝐷 = 𝑑 ∗ 𝑆 ∗ 𝑘
2
;

𝑑 =
1

2
∗
𝑑
1
+ 𝑑
2
+ 𝑑
3
+ 𝑑
4
+ 𝑑
5
+ 𝑑
6

6
.
(1)

𝑑
1
is skinfold above biceps, 𝑑

2
is on the forearm, 𝑑

3
is on

the midthigh, 𝑑
4
is on calf 2, 𝑑

5
is on chest 2, 𝑑

6
is on

the abdomen, 𝑆 is body surface: 71,84 ∗ body weight0,425 ∗
body height0,725, and 𝑘

2
= 0.13.

The regression equation gave as a result the amount of
body fat in kg and evaluated it also as the percentage of total
body weight. The regression equations for the calculation of
total body fat from skinfolds used in this study were derived
from measurements of local Czech children [25, 29].

2.3. Statistical Analysis. The data for somatic traits (Sample
A) were analyzed using STATISTICA software v. 9 (StatSoft,
Czech Republic). The results of the measurement of sample
B have been used as reference standard criteria presented as
arithmetic average values mean and SD [25]. For this reason
the differences between samplesA andBwere tested by a two-
sample 𝑡-test.

Next we tested the secular trend of skinfold thicknesses
changes assessed in the years 1957, 1959, and 1963 (sample C)
compared to that in 2014–2016 (sample A) using three-way
ANOVA. The effect of the following factors was considered:
year of study, age, and sex. Interactions of these factors
have also been evaluated. Before statistical testing, the data
were transformed to follow a normal distribution. Bonferroni
correction has been applied to prevent false significance.
Statistical significance was assessed at the level of 𝑃 ≤ 0.05,
𝑃 ≤ 0.01, and 𝑃 ≤ 0.001.

3. Results

Differences in body characteristics of current children (sam-
ple A) were compared to the group of Czech preschoolers
measured in 1990 (sample B) which reflects the changes of
economic and social conditions in the Czech Republic in the
last twenty-five years (Tables 1 and 2).

Significant differences in body height were not found;
children achieved comparable average values in all age cat-
egories. Significantly lower values of total body weight were
found in more recent sample A in boys at the age of 3, 5, and
6 years (𝑃 ≤ 0.01) and in 6-year-old girls (𝑃 ≤ 0.05). This
was confirmed also by the values of BMI which in boys were
significantly lower in all age categories (𝑃 ≤ 0.001), excepting
4-year-old boys. In girls significantly lower values of BMI
were found at the age of 3 and 6 years (𝑃 ≤ 0.05, 𝑃 ≤ 0.01,
resp.); on the other hand, higher values were found at the age
of 5 years (𝑃 ≤ 0.01). At the age of 4 years no differences were
revealed in girls (Tables 1 and 2).

Total body fat was evaluated by the Matiegka’s and
Pař́ızkova’s method, based on local measurements of Czech
children as mentioned above. Individual values of skinfolds
were also evaluated on the trunk (subscapular and suprailiac)
and extremities (triceps, midthigh, and patella) enabling

also the evaluation of the distribution of subcutaneous fat.
Changes of the circumferences of the extremities at the level
of skinfolds were also evaluated, that is, circumference of the
relaxed arm and medial circumference of the thigh (Tables 1
and 2).

As compared to the year 1990 (sample B) the present
results (sample A) revealed significantly higher values of
adiposity (𝑃 ≤ 0.001) in both sexes and age groups. Most
marked differences in trunk (subscapular and suprailiac) and
femoral regions (above patellar andmidthigh skinfolds) were
found (𝑃 ≤ 0.001). Triceps skinfold remained the same, and
in 3-year-old boys triceps values were even lower (𝑃 ≤ 0.001).

Circumference of the arm remained the same in girls;
however in 3- and 6-year-old boys it was significantly lower
in current children (sample A, 𝑃 ≤ 0.05). This finding at
the age of 3 years indicates the reduction of the ratio of lean
bodymass, obviouslymuscle in this region, as triceps skinfold
did not change, but the circumference of the arm decreased
(𝑃 ≤ 0.05).

Measurements of medial circumference of the thigh
revealed in current children (sample A) significantly
decreased values (𝑃 ≤ 0.05) in 5- and 6-year-old boys along
with the increase of local skinfold in 4- and 6-year-old
girls (𝑃 ≤ 0.001). In all age groups midthigh skinfold
significantly increased (𝑃 ≤ 0.001) without the increase of
thigh circumference, which in 5-6-year-old boys decreased
(𝑃 ≤ 0.001).

The evaluation of the character of secular changes during
the last 50 years—especially adiposity—was another aim
of our study. The comparison of height in the group of
preschoolers who were followed at the end of the fifties of
the last century (sample C) with the current sample A was
conducted. Girls in sample C had at the age of 3, 4, and 5 years
significantly lower values of body height and weight (𝑃 ≤
0.01); in boys such a difference was found only at the age of 5
years (𝑃 ≤ 0.05). However, the situation was opposite when
BMI was compared. In current children (sample A) BMI was
significantly lower, in boys in all age categories (𝑃 ≤ 0.01),
in girls only at the age of 3 and 4 years (𝑃 ≤ 0.05). Results
concerning adiposity were therefore quite different, triceps,
thigh over patella, and subscapular and suprailiac skinfolds
were found significantly higher. All mentioned comparisons
confirmed significant increase of body fat in both genders and
at all ages (𝑃 ≤ 0.001; see Figure 1) in spite of apparent overall
slendering indicated by the changes of BMI.

4. Discussion

The present study confirmed secular increase of adiposity
which was greater on the trunk [4, 18, 31, 32]. This was
proved even under conditions of unchanged BMI, or a small
recent decrease, indicating changes of body composition. It
is possible to conclude that under conditions of increased
adiposity lean especially muscle mass must have been
simultaneously reduced. This also follows from the results
of circumferential measurements (decreased circumference
along with increased fat layer characterized by skinfold
measurement), especially of the lower extremities. These are
mostly influenced by weight-transferring activities which
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Figure 1: Secular changes of skinfold thickness in Czech children aged 3–5 years between the historic (C) and current (A) samples, measured
by Harpenden caliper. Sample C = 1957–1963, 𝑛 = 368 (181 girls, 187 boys); sample A = 2014–2016, 𝑛 = 834 (421 girls, 413 boys); all differences
were significant at the level 𝑃 ≤ 0.001, based on three-way ANOVA.

does not influence upper extremities so markedly (Tables 1
and 2). As the development of lower extremities is obviously
influenced relatively much more by the reduction of overall
physical activity, mentioned trend of changes in the thigh is
much more obvious.

Secular changes of body composition, especially of
greater adiposity focusing attention on greater deposition
of fat on the trunk, concerns also preschoolers along with
obvious simultaneous reduction of muscle mass, motor abil-
ities, and physical fitness. They demonstrate therefore also
increasing health risks, for example, with regard to tracking of
increased weight and BMI up to primary school age [33, 34];
however, data on later longitudinal development have not
been up to the present available. Moreover, children who are
overweight or obese along with low level of moderate and/or
vigorous physical activity in preschool age were also shown
to be at greater risk of an increased systolic blood pressure, or
metabolic syndrome [15, 16, 35]. Therefore, secular trend of
increasing adiposity along with reduced motor development
and physical fitness during early growth can be present and
increase in later years [5, 8, 36].

It is necessary to emphasize that mainly studies which
include not only BMI butmoremorphological and functional
parameters assessed simultaneously in preschool children of
the similar population and country, where the changes of all

possible other interfering factors have been less probable, can
more reliably show significant secular changes of adiposity
accompanied by increasing health risks over longer periods
of time [8, 34]. Decline of physical fitness resulting from
reduced physical activity and exercise in recent subjects
paralleled increased deposition of fat, especially on the trunk
[4, 6, 18, 24, 31].

These secular changes concerning preschoolers of normal
and excess weight were assessed onlymore recently. However,
mentioned studies mostly evaluated overweight and obesity
only with regard to BMI, which does not always characterize
exactly the degree of total adiposity and changed fat distribu-
tion. Significant changes concerning thigh region, increase in
fat layer along with the decrease of circumferential measure
due to obvious reduction of muscle mass, indicate that the
development of lower extremities can be influenced relatively
much more by the reduction of overall physical activity, and
mentioned trend of changes is therefore more apparent than
in the upper extremities.

At present, this situation is mostly accompanied also by
an inadequate intake of energy not corresponding to real
energy needs. The composition of food intake due to the
changes of overall lifestyle has not been desirable, as shown
by other studies not only in Czech children [19–23, 35].
However, higher energy intake, even along with, for example,
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higher fats or simple carbohydrates, has been shown not to
be increase BMI and adiposity, for example, in very active
adolescents, participating in some organized sport training.
Their functional capacity, especially cardiorespiratory effi-
ciency, and motor abilities were found on the contrary to be
significantly increased [5, 24, 37]. Food intake, significantly
higher than recommended dietary allowances (RDA) and
according to individual liking, does not seem to be risky in
subjects who are active on the long term and have high energy
expenditure.

The positive effect of adequate physical activity was
shown to be effective from early childhood [5, 6, 37].
Numerous studies of lifestyle changes including reduced
activity have been revealed as mostly undesirable. Therefore,
the onset and causes of overweight and obesity have to be
followed, analyzed, and adequately adjusted starting at a
much earlier age than before. The abovementioned results
on relatively greater increase of adiposity on the trunk are a
special physical trait, indicating an increased risk characteris-
tic for metabolic disorders, for example, metabolic syndrome
and then cardiovascular illnesses [15, 16, 34]. This change
was shown, for example, by Bogalusa Heart Study following
schoolchildren from 1973 up to 1994 [21]. However, not only
obvious obesity, but also the latent, “hidden” one, that is, with
not markedly increased, or even slightly decreased BMI, can
be a serious health risk. Young children are characterized by
a natural need for high physical activity, and its reduction
can have more apparent present as well as delayed effects on
following development of the organism [5, 6, 24].

With regard to phylogeny, human beings have been
always physically much more active which has resulted
in special morphological adaptation and configuration of
their organism, especially of the musculoskeletal system
representing the largest part of their body. During the past
decades this situation has been changing significantly due
to technological development and the reduction of physical
activity [38, 39]. It is necessary to emphasize that hypokinesia
as a characteristic of the present lifestyle has occurred
without adequate physiological adaptation during too short
a period of time. This is an aggravating factor in most
populations including transient and some higher social strata
in developing countries [40]. All these factors along with
other secular changes including inadequate nutrition have
been considered for “homo sapiens” to be an unnatural sit-
uation especially during growth periods. The level of overall
spontaneous physical activity is at this age on the highest
level. Its significant reduction during this early period of
life has therefore had mostly undesirable results concerning
also the programming of not only present, but also future,
overall development during the following periods of life.
This manifests in the abovementioned somatic, metabolic,
functional and so forth aspects and in addition also increases
musculoskeletal problems as summarized recently (reduction
of biomechanical abilities, deterioration of body posture, flat
feet, back, joint andmuscle pain,more frequent accidents and
bone fractures, earlier arthritis, etc.) since childhood [24, 41].
This musculoskeletal situation has an essential importance as
it also contributes to the further reduction of physical activity
and participation in exercise, resulting in kinesiophobia

which contributes to “circulus vitiosus” of reduced energy
output and increased adiposity [41].

The results of adequate interventions and improvements
of physical activity and exercise regimes as a preventive
measure were reviewed recently [8, 24, 37, 40]. However, due
to the life conditions, especially in large urban agglomera-
tions, such arrangements are very difficult and require the
interventions of health and pedagogic and also governmental
institutions providing all groups of growing populations [34].

Interventions in physical activity regimes have shown
marked positive impact [24, 37, 40]. Computer games and
TV are a concern at present already preschool children who
become often overly dependent on them. Suitable physical
games and proper physical education and most importantly
the possibility for spontaneous physical activity in an optimal
and desirable environment, essential in the first place for
preschoolers, should be emphasized and guaranteed [5, 8, 24].
Therefore, greater effort has to be at present undertaken to
define and assure indispensable conditions and find more
innovative educational approaches.

5. Conclusion

Comparison of basal characteristics of somatic develop-
ment of preschool children—height, weight, BMI, and body
composition—especially of body fat percentage and thickness
of skinfolds over last five decades reveals significant differen-
tiated secular changes. BMI does not show secular changes
in preschool Czech children in spite of the case of more
marked obesity that characterizes growing children in school
age and adolescence. Evaluation of body composition reveals
more exactly differentiated changes of somatic development
along longer periods of time, aiming to disclose latent obesity
already in early age. Parameters which characterize adiposity
and distribution of fat as skinfolds increased significantly,
especially on the trunk indicating already in preschool age
possible future risks of metabolic and health disorders. Eval-
uation of leanness, especially muscle development of lower
extremity (thigh circumference correctedwith regard to skin-
fold, fat thickness), reveals secular decrease characterizing the
impact of the reduction of physical activity level generally,
due to changes of lifestyle since the beginning of life.

Conflicts of Interest

The authors have no other relevant affiliations or financial
interests with any organization or entity.

Acknowledgments

Theauthors express sincere thanks to all participants and staff
members of the kindergartens that cooperated with them for
this study.

References

[1] World Health Organization, “Obesity: preventing and manag-
ing the global epidemic,” Technical Report Series 894, WHO,
Geneve, Switzerland, 2008.



8 BioMed Research International

[2] C. L. Ogden, K. M. Flegal, M. D. Carroll, and C. L. Johnson,
“Prevalence and trends in overweight among US children and
adolescents, 1999–2000,” The Journal of the American Medical
Association, vol. 288, no. 5, pp. 1728–1732, 2002.

[3] T. S. Olds, “One million skinfolds: secular trends in the
fatness of young people 1951–2004,” European Journal of Clinical
Nutrition, vol. 63, no. 8, pp. 934–946, 2009.
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Purpose. To examine the effects of a structured physical activity program on executive functions and perceived physical competence
as compared to a traditional recess among preschool children. Methods. Participants were 40 preschool children aged 4-5 from
an urban child care center in a southern Chinese metropolitan area. Prior to the intervention, baseline assessments of children’s
executive functions and perceived physical competence were conducted. Children were then assigned to (1) intervention condition:
a structured physical activity intervention group; (2) control condition: free-activity recess.The structured physical activity or recess
programswere provided to the intervention and control groups 30minutes daily for 3months, respectively, followed by the identical
postintervention measures. Results. Thirty-nine children (19 girls; mean age = 4.67 years old, BMI = 15.54 ± 1.21) were included in
the analysis. In general, children’s executive functions and perceived physical competence increased over time. Repeated measures
analysis of variance revealed the intervention group had significant greater increases in executive functions compared to the control
children (F(1, 37) = 4.20, 𝑝 = 0.04, 𝜂2 = .10), yet there were no greater increases in perceived physical competence (F(1, 37) = 2.35,
𝑝 = 0.13, 𝜂2 = .06). Conclusion. The intervention exerted significant greater increases in executive functions in preschool children.
It is meaningful to offer structured physical activity programs in day care centers.

1. Introduction

Regular physical activity participation plays a crucial role
in preventing and curbing childhood obesity among young
children [1, 2]. The preschool years (4–6 years old) are
considered a crucial time in promoting physical activity
and optimizing child development [3]. Unfortunately, in the
developing countries, most day care settings offer few oppor-
tunities for children to engage in structured physical activity
programs, and few studies have examined the effectiveness
of specific physical activity interventions in this age group.
Early childhood physical activity intervention programs may
help preschoolers establish healthy lifestyles and thereby
contribute to the prevention of chronic diseases later in
adulthood and optimal development [3, 4]. Therefore, it is
imperative to implement and evaluate structured physical

activity intervention programs targeting preschool children
with the goal of promoting physical activity and optimal
development among this population, particularly in the
developing countries.

Available literature of intervention studies concerning
preschool children’s physical activity revealedmixed findings.
Some researchers posited that their respective interventions
significantly increased children’s physical activity [5–7], while
others indicated no significant differences in physical activity
emerged between intervention and control groups [8–10].
While these findings have shed light on offering practical
implications to the physical activity interventions for this age
group, most empirical studies to date have been implemented
in the developed western countries, missing the important
literature on this area of inquiry in the developing countries.
Hence, efforts to evaluate developmentally appropriate and
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structured physical activity programs for preschool children
in the developing countries, such as China, become a high
research priority.

The study was designed to examine the effects of a struc-
tured physical activity intervention program on preschool
children’s executive functions and perceived physical compe-
tence compared to traditional recess (control). The present
study is guided by the Competence Motivation Theory,
which postulates that successfully masteringmovement skills
will augment perceived physical competence, which in turn
changes individuals’ behaviors (e.g., physical activity partici-
pation) and actual performance in movement skills, as well
as improving executive functions [11]. In detail, perceived
physical competence refers to children’s self-evaluative beliefs
regarding their ability to accomplish certain movement tasks
[12] and is highly related to their actual movement skills
performance [13]. Additionally, recent studies suggest that
increased physical activity participation and physical fitness
influenced cognitive functions in children, including execu-
tive functions (e.g., workingmemory, attention, and cognitive
flexibility) [14–16] and academic achievement [17]. These
constructs (executive functions and perceived physical com-
petence) have been widely studied in the western countries,
yet such investigation is scarce in the developing countries,
especially in China. Thus, it is important to investigate the
effectiveness of structured physical activity interventions
in preschool children’s executive functions and perceived
physical competence in China.

Examining the effects of structured physical activity inter-
ventions on cognitive development and perceived physical
competence will help us better understand how effective
physical activity programs may be utilized at day care cen-
ters to promote physical activity among preschool children.
This study is significant because it compared two different
programs in a real world setting and investigated their
effects on relevant health and cognitive related outcomes.
The findings of this study will inform the development
of effective physical activity programs aimed at promoting
health and optimal development for preschool children in the
developing countries.

2. Methods

2.1. Participants and Research Design. Preschool children
aged 4–6 at a child care center in a metropolitan area
in southern China were recruited in the present study.
The child care center was located in the city and served
approximately 200 infants, toddlers, and preschool children
in the neighborhood. This age range of children was chosen
primarily because (1) they were able to understand, perform,
and enjoy the structured physical activities designed for
preschool children [18]; (2) the 4–6-year frame is the critical
period for children’s development of movement skills and
perceived competence [19]; (3) Harter posited that children
aged 4 and older could make independent judgments about
their competence in the physical or movement domain [11].
Therefore, 4–6-year-old children had the cognitive capacity
to understand and appropriately respond to the Pictorial
Scale of Perceived Competence.The inclusion criteria for this

study were as follows: (1) children aged 4–6; (2) children
enrolled in an urban day care center; (3) children having
no disabilities in report; (4) children who provided parental
consent. Inclusion eligibility was verified through day care
records and the demographic information sheet.

The research used quasi-experimental design with 2
classes selected randomly to receive an intervention of struc-
tured physical activity, while the control group received a
regular recess program.The day care center generally offered
a variety of routine learning activities (i.e., reading, math,
science, and games) and free activities (i.e., unstructured
recess) from 8:15 am to 4:00 pm during the school days. After
the baseline measurement of the outcomes, the structured
physical activity program and recess were offered for 30
minutes on a daily basis at the day care center for 3 months.
Postintervention measures of the outcome variables were
identical to baseline measures.

2.2. Procedures. University ethic approval alongwith parental
and/or guardian consent was received prior to the study. The
baseline and postintervention assessments were conducted at
a private room in the day care center to protect the privacy
of the child. All participants underwent identical assessments
at baseline (pretest) and 3-month postintervention (posttest).
In particular, the preschool children’s executive functions
and perceived physical competence were assessed during this
period in the one-on-one testing sessions. If a child was
absent during one testing day, the researchers collected the
data on another day.

Control Condition. The class assigned to the no-intervention
control group did not receive the structured physical activity
program. Preschool children in the control group contin-
ued the usual unstructured recess currently done at the
day care center. In general, the center offered 30-minute
daily recess whereby children were dispersed performing
unstructured free play activities on an outside playground
including slides, climbers, monkey bars, and bridges or an
inside gym/classroom if the weather did not permit outside
playing. It usually took the children approximately 5 minutes
to line up in recess.

Intervention Condition. The research team designed a 30-
minute daily structured and enjoyable physical activity pro-
gram (i.e., tug games, locomotion activities, and soccer) at
the day care center to replace the unstructured recess for
the intervention class. The physical activity program has a
guide and materials designed by the research team to engage
preschool-aged children in structured movement activities
intended to increase motor skills and physical activity levels.
In detail, the structured physical activity classes were offered
indoors or outdoors if the weather permitted and were
divided into 15-minute blocks. For example, preschoolers
were instructed to practise a few fundamental motor skills
early in the week, and then similar motor skills were embed-
ded into games and activities later in the week. The games
and activities typically tapped preschool children’s motor
skill levels and varied in intensity and duration to encourage
participation and enthusiasm in preschoolers.
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2.3. Measures

Demographic and Anthropometric Data. Preschool children’s
demographic information (e.g., age, gender) was obtained
using a demographic information sheet completed by the
classroom teachers. Moreover, body mass index data (i.e.,
calculated by height and weight) was obtained using a Seca
stadiometer and Detecto digital weight scale (Detecto, Webb
City, MO, USA) at baseline. Each child’s height and weight
were measured in a private room adjacent to the gym.

Preschool Executive Function Measure [20]. Executive func-
tions are higher-order, self-regulatory cognitive processes
which aid in monitoring and controlling behaviors and
thinking skills such as attentional flexibility, working mem-
ory, and inhibitory control. In the present study, to assess
children’s executive functions, children were asked to place
laminated cards depicting shapes and colors into black plastic
boxes. Children were then asked to follow rules of increasing
complexity to place the cards accurately, shift their responses
in line with new rules, and inhibit responses that were
no longer accurate when the rules changed. This task was
individually administered and took approximately 10minutes
to complete.The sumof all testing itemswas used as children’s
score for executive functions.

Perceived Physical Competence. The Pictorial Scale of Per-
ceived Competence and Social Acceptance [21] was used
to examine children’s perceived physical competence. We
selected this survey because (1) it has strong psychometric
properties for children aged 4 and older (e.g., 𝛼 > 0.70) [12,
21, 22], (2) it is developmental in nature reflecting children’s
changing perception of self [12, 23], and (3) it is widely used
and accepted in the literature [23]. The survey was translated
into Chinese and has demonstrated acceptable reliability (𝛼 =
0.72) and validity in this study.The average score of the items
assessing physical/movement domain was used as children’s
score for perceived physical competence.

2.4. Data Analysis. All data were electronically entered into
Excel through assistance from the research staff and were
then imported into an SPSS (IBM Inc., Armonk, NY) dataset.
Data analyses were proceeded as follows: First, a descriptive
analysis was performed to calculate the means and standard
deviations of the outcomes over time. Second, a repeated
measures multivariate analysis of variance was conducted
to investigate the effects of the physical activity program
on changes of children’s executive functions and perceived
physical competence over time. The between-subject factor
was group (i.e., intervention group versus control group), and
thewithin-subject factor was time (pretest versus posttest). In
the present study, the significance level (𝛼) was set at 0.05 for
all statistical analyses. Partial eta squared (𝜂2) was reported
for effect size for each comparison.

3. Results

One child was removed from this study from pretest to
posttest due to missing data for executive functions and

perceived physical competence on more than one occasion.
A total of 39 young children were included in the final
analysis (19 girls, 20 boys; mean age = 4.67 years old,
baseline body mass index = 15.54 ± 1.21). Table 1 shows the
descriptive results for children’s average executive functions
and perceived physical competence of the 2 groups over
time. In general, preschool children’s executive functions for
the overall sample increased from preintervention (mean
= 48.90) to postintervention (mean = 52.95). Children’s
perceived physical competence also increased slightly from
preintervention (mean = 3.12) to postintervention (mean =
3.35).

The repeated measures multivariate analysis of vari-
ance yielded a significant time-by-group interaction, Wilks’
lambda = 0.536, F(2, 36) = 15.606, 𝑝 < 0.01, 𝜂2 = 0.46, and
a significant time effect, Wilks’ lambda = 0.472, F(2, 36) =
20.152, 𝑝 < 0.01, 𝜂2 = 0.53. Meanwhile, the group effect was
not significant but approached the significant level, Wilks’
lambda = 0.858, F(2, 36) = 2.867, 𝑝 = 0.064, 𝜂2 = 0.14.
Further investigation revealed that a significant time effect
was observed for both executive functions (F(1, 37) = 38.10,
𝑝 < 0.01, 𝜂2 = .51) and perceived physical competence
(F(1, 37) = 15.11, 𝑝 < 0.01, 𝜂2 = 0.29), indicating that overall
children’s executive functions and perceived physical compe-
tence significantly improved from preintervention to post-
intervention. Yet, the time-by-group interaction effect was
only significant for children’s executive functions (F(1, 37) =
31.94, 𝑝 < 0.01, 𝜂2 = .46) but not for their perceived physical
competence (F(1, 37) = 2.71, 𝑝 = 0.11, 𝜂2 = 0.07). Further, a
significant group effect (between-subject effect) was observed
for children’s executive functions (F(1, 37) = 4.20,𝑝 = 0.04, 𝜂2
= 0.10) but not for their perceived physical competence (F(1,
37) = 2.35, 𝑝 = 0.13, 𝜂2 = 0.06). Taken together, the findings
suggest the intervention children had significant greater
increases in executive functions over time as compared to the
control children (see Figure 1). Although children’s perceived
physical competence increased significantly over time for
both groups, the intervention children failed to demonstrate
greater increases in perceived physical competence in com-
parison with the control children (see Figure 2).These results
suggest that integrating structured physical activity programs
into day care curricula served as an effective channel in
improving preschool children’s executive functions when
compared to the traditional free-activity recess program.

4. Discussion

The study examined the effectiveness of one promising
structured physical activity intervention program during the
school day in improving executive functions and perceived
physical competence in preschool children compared to
the current school standard recess (control) in a group-
randomized trial. The present study found that the interven-
tion children displayed significantly greater increased scores
in executive functions from preintervention to postinterven-
tion as compared to control children. At the meantime, a sig-
nificant increase in perceived physical competence was seen
among all children from preintervention to postintervention,
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Table 1: Descriptive statistics of children’s executive functions and perceived physical competence.

Executive functions Perceived physical competence
Pretest Posttest Pretest Posttest

Mean SD Mean SD Mean SD Mean SD
Intervention
group (𝑛 = 19) 50.11 7.84 58.05 6.15 3.16 0.47 3.49 0.36

Control group (𝑛 = 20) 47.75 11.78 48.10 11.25 3.08 0.38 3.22 0.41
Whole sample (𝑛 = 39) 48.90 10.00 52.95 10.33 3.12 0.42 3.35 0.41
Note. 𝑛 is the sample size; SD is the standard deviation.
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Figure 1: Children’s executive functions between groups over time.
Note. Time 1 = pretest; Time 2 = posttest.
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Figure 2: Children’s Perceived Physical Competence between
Groups over Time. Note. Time 1 = pretest; time 2 = posttest.

yet the intervention children did not demonstrate significant
greater increases in perceived physical competence compared
to the control children.

The findings support the notion that structured physical
activity has the potential to improve preschoolers’ executive
functions. In detail, both intervention and control groups
improved their executive functions over the three-month
period. It is plausible that thematuration of individualsmight
cause the improvement. It may be also partially due to the
testing effect: improving testing scores simply because chil-
dren learned from the pretest. As expected, the intervention
group had greater increased scores in executive functions
over time as compared to the control children. This finding
is in accordance with previous studies indicating childhood

physical activity or movements have been positively asso-
ciated with cognitive development, thus providing robust
support for this line of research. Interestingly, children’s
movement skills have also been tied to children’s cognitive
development. Specifically, children’s movement skills have
been described as a developmental means for language
acquisition in preschool years [24]. Gross motor agility and
balance are deemed to be associated with executive functions
[25]; well-developed movement skills are also reported to
facilitate children’s academic abilities in reading, language,
and mathematics [26]. However, movement skills were not
investigated in the present study. It is highly recommended
that future studies should target preschool children’s move-
ment skills to further explore the intricate relationships
between young children’s physical activity, movement skills,
perceived physical competence, and cognitive development.

Similarly, children’s perceived physical competence also
improved over time for both groups in this study. Nonethe-
less, the magnitude of improvement did not differ signifi-
cantly between the intervention group and control group,
suggesting that the structured physical activity program
was slightly more effective in enhancing perceived physical
competence than traditional recess, but more needs to be
done. Again, the control children also improved their scores
on this outcome as a result of maturation and testing effect.
Further study is warranted to investigate the strategies to
effectively enhance children’s perceived physical competence
through structured physical activity.

The findings of the present study are particularly impor-
tant in rendering practical implications to professionals
in early childhood. Specifically, the proceeding findings
have found that a structured physical activity program can
facilitate children’s executive functions as well as poten-
tially enhancing perceived physical competence. Therefore,
structured physical activity programs may be integrated as
an indispensable component for urban day care centers.
These findings can help inform local policy decisions and
stakeholders regarding the offerings of structured physical
activity programs in urban day care centers in the developing
countries. That is, educators and health professionals may
deliberately provide a variety of structured physical activ-
ity programs to actively engage young children. It is also
meaningful for educators and professionals to train physical
activity specialists specifically for the preschool children.

Several limitations of this study, however, should be
noticed before the findings can be generalized to other
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settings. First, the 3-month interventionmay not be sufficient
enough for this type of population-based intervention. Large
scale physical activity intervention programs with relatively
longer intervention lengths among preschool children in
urban areas in the developing countries are verymuchneeded
in the future. Second, preschool children were recruited
from only one urban day care center, thus limiting the
generalizability of the aforementioned findings to other
settings. Hence, a larger sample of multiple day care centers
should be recruited in future studies. In addition, although
the present study utilized group-randomized control design,
randomization at the individual level was not adopted.There-
fore, some threats to the internal validity of this experiment
were not controlled. Future interventions may employ a
true experimental design with randomization to minimize
the threats to internal validity. In conclusion, the findings
might add to the growing body of literature on the roles
of structured physical activity programs in contributing
to preschool children’s executive functions and perceived
physical competence. More studies with longer intervention
length among a larger sample of preschool children are
warranted in the future.
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Introduction. Children and adolescents with intellectual disability (ID) have significantly lower levels of physical activity compared
to their peers without ID. Association between the level of physical activity and screen time with hypertension (HPT) in children
and adolescents with ID has not been reported yet. Aim. To assess the relationship between the level of physical activity and screen
time with the prevalence of HPT in students with ID. Material and Methods. The study group consisted of 568 children with ID
aged 7 to 18. The control group matched for age and gender consisted of 568 students without ID. Blood pressure (BP), body mass
and height, level of physical activity, and screen time were assessed. Results. The level of physical activity in the study group was
significantly lower than in the control group (score 1.99 versus 3.02, resp., in Physical Activity Questionnaire). The risk of HPT in
the students with ID with low levels of physical activity was more than 4 times higher (OR = 4.40) and more than 2 times higher
when screen time was ≥2 h/day. Conclusion. Low level of physical activity and long screen time were associated with significantly
higher HPT risk among children and adolescents with ID.

1. Introduction

Low level of physical activity is responsible for more than
five million deaths globally per year, being one of the most
important factors for the risk of noncommunicable diseases
[1]. Epidemiological evidence has revealed a consistent,
temporal, and independent relationship between low level
of physical activity and HPT [2]. As the prevalence of
HPT is increasing worldwide, primary prevention of HPT
has become an important public health initiative. Physical
activity is commonly recommended as an important element
of lifestyle modification, which may help to prevent HPT [3].

Data show that 80% of children and adolescents in 105
countries do not achieve the recommended level of physical
activity, that is, at least 60 minutes of moderate to vigorous
physical activity daily [4]. In addition, high number of
children and adolescents spend more than 4 hours a day
on sedentary activities, although less than 2 hours a day are

recommended for screen-based entertainment (TV viewing,
computer, and videogame usage) [5, 6]. Research results
showed that TVviewing and screen timewere associatedwith
unfavorable body composition, decreased fitness, lowered
scores for self-esteem, and prosocial behavior [7] as well
as higher systolic BP and diastolic BP in children and
adolescents [8, 9].

Even lower levels of physical activity are observed among
the population of children and adolescents with ID. Numer-
ous studies indicate that youth with ID compared to the peers
without ID have significantly lower levels of physical activity
[10–13]. This is not only due to the limitations associated
with ID and its consequences, but also due to numerous
environmental barriers, financial limitations, lack of social
support, lack of motivation, low levels of awareness, and
self-efficacy [14]. Low level of physical activity and high
level of sedentary behaviors in combination with genetic
predisposition, level of ID, improper diet, and medication
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increase the chances of obesity, which is one of the risk factors
for HPT [15].

The incidence of HPT in children and adolescents with
ID is significantly higher than their peers without ID [16, 17].
This is a serious public health problem, as the results of
epidemiological studies indicate that HPT in childhood is a
factor that determines the incidence of HPT in later life [18].
In addition, HPT in adolescence is strongly correlated with
an increase in morbidity and mortality rates in adulthood
[19]. In the case of children and adolescents with different
types and levels of ID, lack of activity is particularly disad-
vantageous as physical activity is also a part of the process of
education, development, and rehabilitation [20].

We have not found any reports on the relationship
between the level of physical activity and screen timewith the
prevalence of HPT in the developmental age population with
ID.

2. Purpose of the Paper

Therefore, the aim of the study was to assess the relationship
between the level of physical activity and screen time with
prevalence of HPT in children and adolescents with ID.

3. Material and Method

The study was approved by the Bioethics Committee at the
Medical Faculty of the University of Rzeszów. A written
consent from all participants was obtained prior to the
study. Information regarding the birth date and the par-
ticipants’ level of ID was obtained from the medical files
kept by the school nurses (a certificate of disability issued
by the Disability Evaluation Board, at the Psychological
and Pedagogical Counseling Center). The anthropometric
measurements were carried out at schools, in nurses’ offices.
All measurements were taken between 10:00 a.m. and 12:00
a.m.

3.1. Participants. The study group consisted of students with
ID aged 7–18, who were enrolled in public special education
schools in southeastern Poland in the school year 2013/2014.
The invitation to participate in the study was sent to all
parents of children attending special schools in southeastern
Poland (𝑛 = 2282). Approximately 908 parents gave consent
to participate in the study. Of those, 340 were excluded from
the study due to age: <7 yrs or >18 yrs (𝑛 = 59), taking
medication affecting BP (𝑛 = 21), functional state that does
not allow for self-maintenance of standing position (𝑛 = 16),
lack of cooperation or strong anxiety of the examination (𝑛 =
28), being absent from school on test days (𝑛 = 53), and
failure to return or incompletely completed survey (𝑛 = 163).
Ultimately, the study group consisted of 568 students.

The control group consisted of students without ID
attending randomly selected primary, middle and secondary
schools in southeastern Poland. The invitation to participate
in the study was sent to 3500 parents of students from
the randomly selected schools. 1833 parents agreed for the
child’s participation in the study. Of these, 568 students were

excluded due to age: <7 yrs or >18 yrs (𝑛 = 2), taking
medication affecting BP (𝑛 = 7), functional state that does not
allow for self-maintenance of standing position (𝑛 = 1); lack
of desire to participate in study or strong anxiety before the
examination (𝑛 = 6), being absent from school on test days
(𝑛 = 77), and failure to return or incompletely completed
survey (𝑛 = 475). Out of 1265 tested students, 568 students
were selected to the control group (age and sex adjustment).
The students sampling to the control group was performed
using Statistica software, sampling without replacement.

3.2. Body Height and Body Mass. Body height was mea-
sured with an accuracy of 0.1 cm using the PORTSTAND
210 portable stadiometer. The measurement was performed
under standard conditions, in an upright position, barefoot.

The body mass was assessed with the accuracy of 0.1 kg
using a body composition analyzer (BC-420 SMA, Tanita).
The subjects were weighed in underwear, barefoot.

Body mass index (BMI) was calculated by dividing the
body mass (in kg) by the height (in meters) squared (BMI
= body mass/body height2). Based on BMI values, the BMI
centile of individual students was calculated. BMI centile
charts specific for age, sex, and body height (which were
developed in the framework of the Polish project entitled
“Developing standards of blood pressure in children and
adolescents in Poland, OLAF”) were used [21]. Based on the
percentile values, the subjects were assigned to the following
categories: obesity (BMI ≥ 95th percentile), overweight (BMI
≥ 85th percentile and <95th percentile), healthy weight (BMI
< 85th percentile and ≥5th percentile), and underweight
(BMI < 5th percentile) [22].

3.3. Arterial Blood Pressure. BP was measured three times
with an aneroid sphygmomanometer in accordance with
the current NHBPEP guidelines [23]. According to recent
research result, the aneroid device has better accuracy than
the digital device as compared tomercury sphygmomanome-
ter and should be used for proper and better management. It
has been found that the agreement between the mercury and
aneroid sphygmomanometer in classifying hypertension is
very high (kappa = 0.881,𝑝 < 0.001).This suggests the greater
ability of the aneroid instruments in classifying an individual
as hypertensive or normotensive. In the validity analysis, it
has been studied whether the aneroid and digital devices
produced accurate results (one that lacked systematic error)
by calculating sensitivity, specificity, positive, and negative
predictive value, the mercury device being considered as a
gold standard. All the indicators showed better results for
aneroid device in comparison to the digital device [24].

BP was measured by trained staff predominantly by
using aneroid sphygmomanometers recalibrated as needed
by bioengineering services. Based on SBP and DBP, blood
pressure centiles were estimated.The centile charts developed
in the framework of the OLAF project were used [25]. Based
on the percentile values obtained, the subjects were assigned
to the following categories: normotension (BP was under
the 90th percentile), prehypertension (BP ≥ 90th percentile
or ≥120/80mmHg, but <95th percentile for age, sex, and
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height), and HPT (BP ≥ 95th percentile and/or the use of
antihypertensive medication) [23].

3.4. Physical Activity Level and Screen Time. Physical Activ-
ity Questionnaire for Older Children (PAQ-C) and Physical
Activity Questionnaire for Adolescent (PAQ-A) were used to
assess the physical activity of children and adolescents. The
questionnaires serve to assess the overall level of physical
activity in children and adolescents during a school year.
Both questionnaires include questions about physical activity
undertaken in the past 7 days. The questionnaires cover
questions about sports, games, and physical activity at school
and during leisure, including weekends. Every question is
scored on a 5-point scale (1 to 5 points), with higher scores
representing higher level of physical activity [26]. The self-
report PAQ-C and PAQ-A are valid, feasible, and cost-
effective tools to evaluate physical activity in youth and are
regarded as some of the most suitable self-report tools for
examining physical activity in these populations [27]. These
questionnaires have been used to test for multiple psychome-
tric properties, that is, item and scale, internal consistency,
test-retest reliability, convergent validity, construct validity,
and sensitivity to gender and age differences [28–31]. All of
these properties have been reported as acceptable to good.
The PAQ-A has been validated against objectively measured
physical activity (such as accelerometers) (𝑟 = 0.33–0.63)
and other self-reported measures of physical activity (𝑟 =
0.73) [31, 32]. Construct validity of the PAQ-C has been
demonstrated through correlations with aerobic fitness (𝑟 =
0.28) and perceptions of athletic competence (𝑟 = 0.48) [28].
Acceptable test-retest reliability and internal consistency have
also been demonstrated for the PAQ-C and PAQ-A [30, 32].

Based on the value of the final PAQ score, the subjects
were classified into three groups. Scores ≤ 2.3, from 2.4 to
3.7 and ≥3.8 pts represented the categories “low,” “moderate,”
and “high” level of physical activity, respectively [30].

Total screen time (hours per day) was calculated as the
average time spent on the following activities: TV/videos
viewing, computer usage (both entertainment and home-
work), and using video games in week days and weekends.

Total time spent on sedentary activities was estimated.
According to the international screen time recommenda-
tions, screen time was divided into two categories: (i)
<2 h/day and (ii) ≥2 h/day [5].

Information about physical activity and screen time in
younger participants without ID (7 to 13 yrs) was reported
by their parents as evidence indicates that children under
9 years of age have no cognitive ability to accurately recall
or evaluate their physical activity [33]. All necessary data
relating to participants with ID were collected from their
parents or guardians.

3.5. Data Analysis. Descriptive statistics was used in the
analysis: mean/standard deviation (SD). Mann-Whitney U
test (for binary variables) and Kruskal-Wallis test (for vari-
ables above two categories) were used to examine differences
between independent quantitative variables. The selection of
nonparametric tests resulted from lack of normality of vari-
ables (verified by Kolmogorov-Smirnov and Shapiro-Wilk

tests). To examine the significance of differences between
nominal variables, the independence test 𝜒2 was used. The
odds ratio (OR) was also used to discuss the frequency of a
given variable. In order to determine the factors influencing
the occurrence of hypertension in the study group multino-
mial logistic regression was used (progressive step method).
The significance level was adopted at 𝑝 < 0.05. Calculations
were performed using IBM SPSS Statistics 20.

4. Results

The analyses were carried out for 568 students with ID (283
girls, 285 boys), aged 7–18, as well as 568 controls without
ID, matched for age and sex. The distribution of age, sex,
anthropometric data, level of physical activity, and screen
time in both groups of subjects is presented in Table 1. The
level of physical activity in the study group was significantly
lower than in the control group (1.99 vs. 3.02 PAQ score,
resp.). Most students with ID (70.4%) had low levels of
physical activity, and none of the students attained high
physical activity level. Screen time during school days in
children and adolescents with ID was significantly longer
than in their peers without ID (3.38 versus 2.27 h/day), while
on weekends it was comparable in both groups.

Table 2 shows the values of the odds ratios for the
prevalence ofHPT, depending on the level of physical activity.
The students with ID with low physical activity level have a
greater risk of HPT than the students with moderate levels of
physical activity (OR = 4.40). This relationship was stronger
in the control group (OR = 5.04); however, the reference
group in this case were the subjects with high level of physical
activity (not moderate as in the case of study group).

Table 3 presents the values of odds ratios of the prevalence
of HPT in relation to screen time. The students with ID
whose screen time was ≥2 h/day during both school days and
weekends were more likely to have HPT (OR = 2.21 and 2.24,
resp.) than students whose screen time was <2 h/day. There
was a slightly higher risk of HPT (OR = 2.74) in the group of
students without ID who had a screen time ≥2 h/day during
school days.

The findings presented in Table 4 are related only to the
children and adolescents with ID. The results of multinomial
logistic regression indicated that boys, the adolescents aged
14–18 yrs, the individuals with obesity, and those with screen
time ≥2 h/day had higher risk of HPT; however, obesity
proved to be the strongest factor (Table 4).

5. Discussion

Many studies have examined the association between physi-
cal activity, screen time, andHPT in children and adolescents
[34–36], but to date, there have been no data on children
and adolescents with ID.Therefore, the purpose of this study
was to analyze the relationship between the level of physical
activity and screen time with the prevalence of HPT in
children and adolescents with ID and comparison with their
peerswithout ID. In this study,we demonstrated that students
with ID with low physical activity level were over 4 times
more likely to develop HPT compared to the subjects with
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Table 1: Detailed characteristics of the groups.

Variable Study group (with ID) Control group (without ID) 𝑝

Age (years)
7–13a 346 (61.0) 346 (61.0) 1.000
14–18a 221 (39.0) 221 (39.0)

Sexa

Girl 283 (49.8) 283 (49.8) 1.000
Boy 285 (50.2) 285 (50.2)

Body height percentileb 33.99 (31,14) 44.77 (28.88) <0.001∗

BMI percentileb 55.18 (33.79) 48.41 (31.67) 0.001∗

SBP (mmHg)b 118.51 (11.22) 115.99 (9.11) 0.001∗

DBP (mmHg)b 68.79 (5.98) 68.62 (4.32) 0.252
SBP percentileb 74.81 (23.67) 69.46 (22.66) <0.001∗

DBP percentileb 74.35 (17.79) 75.03 (15.50) 0.935
Level of IDa

Mild 278 (24.5) n/a n/a
Moderate 239 (21.1)
Severe 50 (4.4)

PAQ scoreb 1.99 (0.74) 3.02 (0.81) <0.001∗

Level of physical activitya

Low 399 (70.4) 124 (21.9)
Moderate 168 (29.6) 351 (61.9) <0.001∗

High 0 (0.0) 92 (16.2)
Screen time on school days (h/day)b 3.38 (1.66) 2.27 (1.19) <0.001∗

Screen time on weekends (h/day)b 3.85 (1.48) 3.59 (1.62) 0.016
aMean (SD); b𝑛 (%); SBP: systolic blood pressure; DBP: diastolic blood pressure; ID: intellectual disability; PAQ: Physical Activity Questionnaire. ∗Statistically
significant results.

Table 2: Odds ratio for hypertension prevalence depending on physical activity level.

Classification of blood pressure
Level of physical activity

High Moderate Low 𝑝

𝑛 % 𝑛 % OR (95% CI) 𝑛 % OR (95% CI)
Study group (with ID)

Normotension — — 125 74.4 (REF) 220 55.1 0.42 (0.28–0,63) <0.001∗

Prehypertension — — 32 19.0 (REF) 85 21.3 1.15 (0.73–1.81) 0.545
Hypertension — — 11 6.5 (REF) 94 23.6 4.40 (2.29–8.46) <0.001∗

Control group (without ID)
Normotension 81 88.0 284 80.9 0.58 (0.29–1.14) 82 66.1 0.27 (0.13–0.55) 0.001∗

Prehypertension 8 8.7 56 16.0 1.99 (0.91–4.35) 24 19.4 2.52 (1.08–5.90) 0.095
Hypertension 3 3.3 11 3.1 0.96 (0.26–3.51) 18 14.5 5.04 (1.44–17.66) <0.001∗

REF: reference group. ∗Statistically significant results. ID: intellectual disability.

moderate levels of physical activity. Screen time also proved
to be important predictor of HPT. We showed that the risk
of HPT in subjects with ID who spent at least 2 hours per
day on sedentary activities was more than twice as high as in
the subjects with shorter time. According to our knowledge,
the results presented in our research are the first concerning
the relationship between the physical activity and screen time
with prevalence HPT in children and adolescents with ID.
Therefore, it is impossible to compare our results with the
results of other authors. However, we conducted multivariate

analysis to find out which factors have the strongest impact
on the prevalence of HPT in children and adolescents with
ID. We have demonstrated that the prevalence of HPT was
related to gender, age, BMI category, and screen time, and the
strongest determinant was presence of obesity.

These findings suggest that proactive interventions
should be introduced to reduce the prevalence of HPT in
this population. Individuals with ID should be included in
activities to increase physical activity and reduce weight.
These activities should also be addressed to parents or carers
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Table 3: Odds ratio for hypertension prevalence in the study groups depending on screen time.

Classification of blood pressure

Study group (with ID) Control group (without ID)
Screen time

<2 h/day ≥2 h/day
𝑝
<2 h/day ≥2 h/day

𝑝
𝑛 (%) 𝑛 (%) OR

(95% CI) 𝑛 (%) 𝑛 (%) OR
(95% CI)

Screen time on school days

Normotension 134 (67.0) 211 (57.5) 0.67
(0.46–0.96) 0.027∗ 231 (80.8) 216 (76.9) 0.79

(0.53–1.19) 0.256

Prehypertension 43 (21.5) 74 (20.2) 0.92
(0.60–1.41) 0.707 46 (16.1) 42 (14.9) 0.92

(0.58–1.45) 0.709

Hypertension 23 (11.5) 82 (22.3) 2.21
(1.34–3.65) 0.002∗ 9 (3.1) 23 (8.2) 2.74

(1.25–6.04) 0.009∗

Screen time on weekends

Normotension 68 (69.4) 277 (59.1) 0.64
(0.40–1.02) 0.057 104 (81.9) 343 (78.0) 0.78

(0.47–1.30) 0.339

Prehypertension 20 (20.4) 97 (20.7) 1.02
(0,59–1.74) 0.951 18 (14.2) 70 (15.9) 1.15

(0,65–2.01) 0.634

Hypertension 10 (10.2) 95 (20.3) 2.24
(1.12–4.46) 0.020∗ 5 (3.9) 27 (6.1) 1.60

(0.60–4.23) 0.344

ID: intellectual disability. ∗Statistically significant results.

Table 4: Variables influencing prevalence of hypertension in children and adolescents with ID: multinomial logistic regression (progressive
step method).

Hypertension (0—no; 1—yes) OR (95% CI) 𝑝

Sex (0, girl)
Boy 2.24 (1.35–3.72) 0.002∗

Age (0—7–13 years)
14–18 years 3.79 (2.30–6.25) 0.000∗

Body weight classification (0—healthy weight)
Underweight 0.32 (0.07–1.40) 0.131
Overweight 1.73 (0.88–3.39) 0.111
Obesity 7.88 (4.38–14.19) 0.000∗

Screen time on school days (0—<2 h/day)
≥2 h/day 1.83 (1.02–3.29) 0.044∗

Screen time on weekends (0—<2 h/day)
≥2 h/day 2.20 (1.00–4.85) 0.051

∗Reference groups are the groups indicated in parentheses. The model included age, sex, level of disability, BMI categories, physical activity level, and screen
time.

of children to raise their awareness about the needs and
benefits of lifestyle change in this population with special
needs.

The present study indicates significantly lower levels of
physical activity among students with ID compared to their
peers without ID (1.99 versus 3.02 PAQ score, resp.). Slightly
more than 70% of children and adolescents with ID had
low physical activity levels, moderate, approx. 30%, and no
one had a high level of physical activity. Students without
ID were much more active. Nearly 80% of this group had
moderate or high levels of physical activity.The results of this
study support previous findings. Lin et al. reported that only
8% of adolescents with ID met the national physical activity
recommendation in Taiwan which suggests 30 minutes of

physical activity at least 3 times a week. They also observed
that the increase in the level of ID was accompanied with
the significant reduction in the level of physical activity.
Physical activity of young people varied depending on the
level of parental education and material status. The higher
the education andmonthly income declared by the parents is,
the more often the youth undertook regular physical activity
[11]. Emerson’s study showed that even fewer (4%) individuals
with ID aged 16–24 years in Northern England met criteria
for being “physically active” [37]. Mikulovic et al. showed
that students with ID spent on average 4.5 hours per week
on motor activity and in their peers without ID it was 7.5
hours per week [38]. Other researchers also reported that
very few or no children with ID reached recommended levels
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of physical activity estimated via self-reported questionnaires
[39] or accelerometers [40]. Frey et al. used accelerometers to
assess the level of physical activity in four different situations:
during physical education class, breaks, after school, and
weekends. The level of physical activity in the children with
ID was significantly lower in every analyzed case compared
to the students without ID [41]. In turn, Pan et al. showed
that the level of physical activity in the adolescents with ID
during physical education class was at a comparable level to
the physical activity level of their peers without ID. However,
during the break, the students with ID were significantly
less active than their peers without ID [12]. According to
Einarsson et al., the time spent in moderate to vigorous
physical activity among children with ID was only 41%, 50%,
and 32%of that of childrenwithout ID during entire weekday,
school hours, and after school hours, respectively [10]. It was
also shown that children with ID are less likely to participate
in out-of-school sports than their peers without ID [42,
43]. To overcome the most prominent barriers in taking up
physical activity in people with ID (such as health problems,
lack ofmotivation) it is extremely important to start to reduce
or eliminate environmental barriers. In addition, healthcare
professionals should advise their regular patients to become
physically active by taking regular physical activity such
as walking, jogging, cycling, swimming, and sports and to
improve their fitness for the primary prevention of HPT.

Data on sedentary behavior among the studentswith ID is
ambiguous. The results of our study indicate that the average
screen time in the children and adolescents with ID was 3.38
hours a day during school days and 3.85 hours a day during
weekends. Among students without ID this time was lower
and amounted to 2.27 and 3.58 hours, respectively. Similar
results were obtained by Einarsson et al. who reported that
non-ID children are 44%more active and 24% less sedentary
than children with ID during the entire weekday [10]. Prior
studies had also shown that individuals with ID were more
likely to lead sedentary lifestyles and were less active than
their counterparts without ID [44, 45]. On the other hand,
Mikulovic et al. indicated that the average screen time among
the adolescents with ID was 26.6 hours per week and was
close to that of the peers without ID [38]. Also Foley and
McCubbin did not observe the difference in time devoted
to watching TV or computer games between ID and non-ID
individuals. Time spent on watching TV in children with ID
was longer, but not significantly different, than time spent on
viewing TV in children without ID [46]. The divergence of
the above-mentioned results may be due to differences in the
level of ID in the studied individuals. To better understand the
sedentary behavior of the individuals with ID, it is necessary
to examine a large group across all severity levels of ID.

Our findings raise serious concerns and corroborate the
high prevalence of both risk factors of HPT: low physical
activity and high screen time among children and adoles-
cents with ID. There is still a need to promote physical
activity in childhood and adolescence, and the results of
our research may help to develop effective interventions for
this population, especially as the topic of physical activity
in the individuals with ID is significantly underresearched
[47].There is ample evidence that increase of physical activity

has a positive effect on BP. Results of randomized controlled
trial of exercise intervention including 60minutes of physical
activity 3 times a week for 3 months showed reduction in
office and 24 h ambulatory BP in the physical activity group
comparedwith no intervention. After threemonths, BP in the
intervention group was lower by about 6mm Hg for clinic
SBP and DBP, and 10.7mm Hg for 24-hour ambulatory SBP.
A follow-up after 6 months indicated that the intervention
group had improvements in carotid intima-media thickness
and arterial stiffness [48].The results of systematic review and
meta-analysis have also confirmed that increased physical
activity leads to a significant BP reduction in patients with
established HPT [49].

Our study indicated the importance of promoting edu-
cational programs on healthy lifestyles among young popu-
lation with ID. Future research should focus on developing
effective strategies and physical activity programs tailored for
individuals with ID, since physical activity is of great impor-
tance, given the established relationship between physical
activity and health.

5.1. Limitation. This study is not without limitations. The
assessment of the level of physical activity using the self-
assessment method (PAQ-C, PAQ-A) can be considered as
a study limitation. We decided to use this method, instead
of accelerometry-based measures (the golden standard for
assessing the level of physical activity), due to a large number
of the study and control groups. However, the results of
the study indicate that the PAQ-C and PAQ-A are reliable
and reproducible tools used to assess physical activity in
children and adolescents. In addition, we ensured that ques-
tionnaires were properly completed, under the supervision of
researchers previously trained for their application.

6. Conclusions

Low level of physical activity and long screen time were
associated with significantly higher HPT risk among the
children and adolescents with ID.
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The aim of the study is to investigate the relationship between physical activity as assessed by accelerometers and cognitive
development across the human age ranges (from children and adolescents to adults). Additionally, this study seeks to explore
whether physical activity contributes to cognitive development via modification of plasma insulin-like growth factor 1 (IGF-1) and
brain-derived neurotrophic factor (BDNF). In the study, 500 preschool children (3.5–5.5 years old) are taking part in 6 triennial
assessment waves over the span of 15 years. At eachwave, participantmeasures included (a) 7-day physical activitymonitoring using
ActiGraph’sGT3Xaccelerometers, (b) the evaluation of cognitive development, (c) anthropometric andphysical fitness assessments,
(d) plasma IGF-1 and BDNF concentrations, and (e) retrospective questionnaires. Linear regression models are used to examine
the effect of physical activity on cognitive development; plasma IGF-1 and BDNF concentrations are considered as mediators into
data analyses. The results of the study may help to inform future health interventions that utilize physical activity as a means to
improve cognitive development in children, adolescents, and adults. Additionally, the study may assist in determining whether the
putative effects occur via modification of plasma IGF-1 or BDNF concentrations.

1. Introduction

The cognitive development that occurs during childhood and
adolescence is essential to a person’s health. Several longi-
tudinal studies have reported that cognitive scores assessed
in early life were associated with academic achievement [1],
mental ability [2], and mortality and morbidity risk in later
life [3–6]. Physical activity is a theoretically relevant factor
that may improve cognitive function from childhood to
adulthood [7–9]. The evidence that has been accumulated
over the past two decades has shown that higher levels
of physical activity behavior in children and adolescents
are related to increases in cognitive function and academic

performance, whilemore sedentary behavior has been shown
to exert the opposite effect [7–9]. However, stronger evidence
from longitudinal studies is still warranted. With that being
said, it is unclear whether the associations between physical
activity and cognitive development are isolated to specific
ages, whether they are present throughout early life, or
whether they change over time. The physical activity and
cognitive development (PACD) study, a longitudinal study
to investigate the relationship between physical activity and
cognitive development across the human age ranges (from
children and adolescents to adults), is intended to provide a
holistic platform for the in-depth exploration of these issues.

Hindawi
BioMed Research International
Volume 2017, Article ID 8568459, 7 pages
https://doi.org/10.1155/2017/8568459

https://doi.org/10.1155/2017/8568459


2 BioMed Research International

It is now recognized that an accelerometer can be used
as an approach to objective data collection to provide reliable
and valid measurements of physical activity in children [10].
This approach has successfully been used in longitudinal
studies with children as the participants [11–13]. A review
found that, in 33 out of 37 studies conducted in 11 countries
from America and Europe, accelerometers were used for
measuring the physical activity of preschool children [14].
However, physical activity, as recorded by an accelerometer,
has not been investigated in Chinese preschool children.
To address this gap, the above approach is used in Chinese
participants in the PACD study.

Over the past two decades, research has been conducted
on insulin-like growth factor 1 (IGF-1) and brain-derived
neurotrophic factor (BDNF) as to their association with
cognitive function and physical activity. The accumulated
evidence suggests that brain network configuration and
cognitive function are regulated by IGF-1 [15, 16] and BDNF
[17, 18] and that IGF-1 [19] and BDNF [20] levels are elevated
by physical activity. Results from experimental animal studies
demonstrate that cognitive function is positively affected by
exercise, likely via IGF-1 [21] and BDNF [22]. In order to
further understand and interpret the putative findings of the
effect of physical activity on cognitive development in the
PACD study, plasma IGF-1 and BDNF concentrations were
measured as mediators in order to explore the mechanisms
[22, 23].

The aim of the PACD study is to investigate the relation-
ship between physical activity as assessed by accelerometers
and cognitive development across the human age ranges
(from children and adolescents to adults). Additionally,
the PACD study seeks to explore whether physical activity
contributes to cognitive development via modification of
plasma IGF-1 or BDNF.

2. Methods

2.1. Research Design. The PACD study uses a long-term, lon-
gitudinal, cohort design. In the present study, 500 preschool
children (3.5 to 5.5 years old) are taking part in 6 triennial
assessment waves across 15 years.

2.2. Ethical Issues and Research Permits. The study continues
to adhere to all relevant guidelines for rigorous scientific
practice. Prior to enrollment, informed consents are signed
by the parents or legal guardians of the participants. For
participants ≥16 years of age, informed consents will also be
obtained from the participants themselves. All participants
in the study are volunteers. Consent can be withdrawn from
the study by participants and their parents or legal guardians
at any time without explanation. At each assessment wave,
participants have the option to choose attending the blood
sampling component or not. None of the measurements have
been shown to have any significant health or safety risk in
past studies. The benefits and associated risks of the study
are carefully explained to the parents or legal guardians of
the participants. Voluntary participation especially for blood
collection is stressed.

Before the study began, two research staff members
had attended a two-month training workshop to learn C-
WYCSI assessment in Central South University, Changsha,
China. Additionally, research staffmembers received training
on how to engage children and obtain informed consent,
complete the questionnaires, and conduct accelerometer
monitoring and anthropometric and physical fitness assess-
ments. More training workshops will also be prepared for
research staff members before each assessment wave. The
study doctors and nurses from hospital are available dur-
ing the assessment. The present study has been approved
by the Ethics Committee of Shanghai University of Sport
(registration number: 2015028) and has been registered
in Chinese Clinical Trial Registry (registration number:
ChiCTR-OOC-15007439).

2.3. Participants. The participants were 500 preschool boys
(𝑛 = 250) and girls (𝑛 = 250) living in urban areas of
Shanghai, China. Participantsweremade eligible for the study
after screening done via a questionnaire and a health assess-
ment. Children were recruited from 8–10 kindergartens,
based on the following inclusion criteria: (1) child is in the
2nd grade in kindergarten; (2) both child and parent/legal
guardian are able to speakMandarin; (3) informed consent is
signed by the parent/legal guardian of the child. Conversely,
exclusion criteria for the participants include the following:
(1) health issues that limit physical activity; (2) mental
illness; and (3) participation in special education programs
[12]. The inclusion and exclusion criteria were assessed by
two trained research staff members and doctors from the
kindergartens and Xinhua Hospital affiliated to Shanghai
Jiao Tong University School of Medicine. The anticipated
gender breakdown is expected to be 50% male and 50%
female.

Children Physical Health Research Base (CPHRB) in
kindergartens was constructed before the study. Participants
were recruited through a parents’ information evening in
the targeted kindergartens. Rewards for participants will be
printed reports of the results of Intelligence Quotient (IQ)
scores, physical fitness, anthropometric assessments, and
so forth. If parental or legal guardian consent is given at
recruitment, blood sampling is done and the printed reports
for the results of blood trace element contents are provided.
After the first assessment wave, both the family members
of the participants who complete the assessments and the
kindergarten teachers are provided with free assessment
services of physical fitness.

Tracking plans aremade formaintaining contact between
family members of participants and the researchers, thus
maximizing retention of participants. This has to be done
due to the long-term period for data collection [24]. The
longitudinal tracking plan includes (1) obtaining home and
cell phone numbers and e-mail addresses; (2) establishing
WeChat group and QQ group which have all the parents or
legal guardians of participants; (3) providing all the partici-
pants and their family members with free assessment service
for physical fitness annually; and (4) awarding certificates for
recognizing their contribution to the longitudinal research
[25].
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2.4. Procedures. Each group of participants is on their own
assessment schedule that is dependent on the time of enroll-
ment. In order to avoid data collection during the months
when the participants may have unusual patterns of physical
activity, such as summer and winter months, assessments
take place during the spring (March through May) and fall
(September through November). The anthropometric and
physical fitness assessments are performed and managed
during two different time periods. They are both performed
and managed either at the kindergartens during the first
assessment wave or at the Exercise and Fitness Sciences
Center in Shanghai University of Sport during the following
5 assessment waves.

Following the obtainment of consent, point data col-
lection is conducted within two weeks at each assessment.
Participants perform anthropometric and physical fitness
assessments, evaluation of cognitive development, blood
sampling, and retrospective questionnaires and receive the
objective devices (accelerometers) with instructions. With
the assistance of research staff members, participants and
parent/legal guardians complete the questionnaires. Then
participants wear the accelerometers for 7 consecutive days
(including 5 weekdays and 2 weekend days) in order to
monitor their physical activity behavior [26]. Participants
are instructed to continue with their normal daily routines
during the sessions.

2.5. Assessments

2.5.1. Physical Activity Levels. Objective data of physical
activity, including sedentary behavior (SB), light physical
activity (LPA), moderate physical activity (MPA), vigorous
physical activity (VPA),moderate-to-vigorous physical activ-
ity (MVPA), and total physical activity (TPA), are collected
using accelerometers (GT3X, ActiGraph, Pensacola, FL).
ActiGraph’s GT3X accelerometers have been widely used
in previous studies with preschoolers [27], children [28],
and adolescents [29]. Except during water-based activities or
while sleeping, the device is always worn on an adjustable belt
positioned above the right hip.

During the first assessment wave, each accelerometer is
set to collect physical activity data in counts units for each
1 sec epoch [30]. Cut-points for SB (<100 counts/min, cpm),
MPA (≥1680 cpm), and VPA (≥3368 cpm) are consistent with
previous related studies [31–33]. FloatingWindow algorithms
will be used to define non-wear-time periods [34]. Each
participant is instructed to wear the device for 7 consecutive
days (including 5weekdays and 2weekend days). Participants
with fewer than 3 days (2 weekdays and 1 weekend day) of
valid accelerometer data (≥8 h per day) will be asked to redo
the data collection wave.

To improve data correctness and completeness, research
staffmembers will check the accelerometers worn by children
every weekday morning in the kindergartens during the first
assessmentwave to ensure that they are functioning appropri-
ately. Research staff members will also contact participant’s
parent or legal guardians every night using WeChat on cell
phone during the 7-day monitoring period to ensure compli-
ance and solve technical issues. Some teachers in primary and

middle schools will be invited to join in the research group
in order to help with checking the accelerometers during the
following 5 assessment waves. This is because compliance
monitoringmay be difficult for research staffmembers due to
the fact that the participantsmay be inmanydifferent schools.

2.5.2. Cognitive Development. Two trained research staff
members will evaluate the cognitive development of the
participants at the first assessment wave using a short form
of the ChineseWechsler Young Children Scale of Intelligence
(C-WYCSI) [35, 36]. C-WYCSI was established for Chinese
young children (4–6 years old) based on the Wechsler
Primary and Preschool Scales of Intelligence (WPPSI) which
had been confirmed as a reliable measure of cognitive
development in preschool children [37]. The reliability of
C-WYCSI as a measure for Chinese young children has
also been confirmed [35, 38]. To reduce the stress for a
lengthy assessment of the participants, a short form of C-
WYCSI assessment, which provides Verbal IQ (including
Information and Picture Vocabulary subsets), Performance
IQ (including Picture Completion and BlockDesign subsets),
and Full Scale IQ scores, is used during the first assessment
wave. Raw scores are then converted to standard scores
according to a nationally standardized norm of China [36].
The short form of C-WYCSI assessment lasts approximately
40min for each participant.

During the following 5 assessment waves, the Chinese
Wechsler Intelligence Scale for Children (C-WISC) [39] (6–16
years) and the Wechsler Adult Intelligence Scale-Revised by
China (WAIS-RC) [40] (>16 years) or their revised versions
(if any) will also be used.

2.5.3. Anthropometric and Physical Fitness Assessments. A
series of anthropometric and physical fitness assessments are
performed, following Standard Operating Procedure Forms
(e.g., China National Physical Health Standards for Young
Children (3–6 years old) and China National Physical Health
Standards for Students-2014 Revision (≥7 years)), on all the
participants at each assessment wave. All assessments are
carried out by trained research staff members. Before each
measurement, the instruments will be recalibrated.

(1) Anthropometric Assessments. Height and weight are mea-
sured twice and recorded to the nearest 0.1 cm and 0.1 kg,
using a wall-fixed measuring device and an electronic plat-
form scale, respectively. The results are used to calculate
body mass index (BMI, kg/m2). Chest, waist, and hip cir-
cumferences are measured twice, all recorded to the nearest
0.1 cm, using a flexible tape. Skinfold thickness is measured
twice and recorded to the nearest 0.1mm by means of a
skinfold caliper [41]. The following sites are used for skinfold
thickness: biceps, triceps, subscapularis, and suprailiac. Grip
strength is measured twice and recorded to the nearest 0.1 kg,
using a hand-held dynamometer. Explosive strength of the
legs and flexibility are also assessed via horizontal jump test
and sit-and-reach test, respectively.

(2) Agility. Agility is assessed on a flat surface using the
10m shuttle run test [42, 43]. Participants perform a 5min



4 BioMed Research International

warm-up that includes both stretching and jogging before
the test. During each testing session, participants sprint 10m,
stop, and turn around and then sprint back to the starting line
immediately. Participants are instructed to perform the test as
fast as possible and change direction by pushing off the ankle.
For the test, time starts at the “go” command and stops when
the participant crosses back the starting line. The elapsed
time is recorded using a stopwatch to the nearest 0.01 s. Each
participant performs two trials in each test separated by 5min
rest interval.

(3) Aerobic Fitness. Aerobic fitness is assessed using the
multistage 20m shuttle run test, which has been widely used
in previous studies of preschool children, adolescents, and
young adults (20m SRT) [44, 45]. Participants perform a
10min warm-up that includes both stretching and jogging
before the test. During each testing session, participant
performs shuttle runs between two parallel lines (20m apart)
on a flat surface at initial speed of 8.5 km/h. The running
speed increases by 0.5 km/h each minute, which is described
as a change in test level. The running pace is determined
by a sound signal emitted from a prerecorded audiocassette
tape. When the participant can no longer maintain the
prescribed pace for two consecutive signals or stops because
of exhaustion, then the test ends. The participant’s maximal
oxygen uptake (VO

2
max) is predicted using the recorded last

level number.

2.5.4. Measurement of IGF-1 and BDNF. After overnight
fasting, venous blood samples are taken from participants
following gained consent for attaining blood sampling com-
ponents. All blood samples are collected between 7:00 and
8:00 am to minimize the effects of diurnal variation of
plasma BDNF levels [46]. Breakfast is prepared under the
guidance of the nutritionists to ensure good compliance. Two
nurses perform the blood sampling from cubital veins using
EDTA-coated tubes. Blood samples are immediately placed
on ice and then centrifuged at 3500 rpm for 15min in a
4∘C centrifuge. Plasma samples are collected and stored at
−80∘C before themeasurement.The plasma IGF-1 and BDNF
concentrations are measured in duplicate using Enzyme-
linked Immunosorbent Assay (ELISA) kits (for the first
assessment wave, Human IGF-1 Quantikine ELISA kit and
Human BDNF Quantikine ELISA kit, R&D Systems, USA),
according to the manufacturer’s instructions.

2.5.5. Retrospective Questionnaire. Retrospective question-
naires are to be completed by all participants and their parents
or legal guardians at each assessment wave. For the parents or
legal guardians, data on family, educational level, occupation,
household income, and lifestyle are collected. For the partici-
pants, data on behavior, diet, well-being, stress, and networks
are collected. The data collected will be analyzed as poten-
tial covariates and moderators of the associations between
physical activity and cognitive development. Additionally,
7-day physical activity recall data on the participant are
collected because they can provide the information on water-
based activity and bicycling ActiGraph’s GT3X accelerometer

cannot.The questionnaire can be completed in approximately
20min with assistance from research staff member.

2.6. Statistical Analyses. All of the collected data are typed
into EpiData 3.1 software (EpiData Association, Odense,
Denmark), double-checked by two research staff members,
and exported to SPSS version 22.0 (IBM Corporation, USA)
for further analyses. Descriptive statistics are used to present
baseline data and the following assessment waves as mean ±
SD and median (interquartile ratio, IQR) for normally
distributed and nonnormally distributed data, respectively.
Prior to analyses, the log and square root methods are used
for nonnormally distributed data. Linear regression models
are performed to examine the relation of physical activity
and cognitive development over time in more detail, with
LPA, MPA, VPA, MVPA, and TPA assessed by ActiGraph’s
GT3X accelerometers as the independent variables, Verbal
IQ, Performance IQ, and Full Scale IQ as dependent vari-
ables, and data collected by retrospective questionnaires and
anthropometric and physical fitness assessments as covariates
or moderators [47]. Exploratory analyses are also performed
in order to examine whether plasma IGF-1 and BDNF con-
centrations serve as the mediators for the potential positive
effects of physical activity on cognitive development [48].

3. Results

The aim of this study is to describe the protocol of the PACD
study. Prior to the first assessment wave, the procedures were
pilot-tested for feasibility and user acceptability in a sample
of 36 preschool children. At the pilot component of the study,
valid accelerometer data were collected from 86.1% of chil-
dren, anthropometric and physical fitness assessments were
performed in 88.9% of children, venous blood samples were
taken from 66.7% of children after consents were obtained
for attending blood sampling, and questionnaires were com-
pleted by 94.4% of children and parent/legal guardian pairs.
In addition, full C-WYCSI assessments were performed in
86.1% of children. Pearson’s correlation detected that Full
Scale IQ scores from short form of C-WYCSI assessments
(including 4 subsets) had significantly positive correlations
with those of full C-WYCSI assessments (𝑛 = 31; 𝑟 = 0.90;
𝑃 < 0.01). During the pilot study, two informed consents
were withdrawn by the parents of the children. None of
the accelerometers were lost, stolen, or broken. Valid data
collected from the pilot study will be merged in the first
assessment wave of the PACD study.

To date, 8 CPHRBs of kindergartens for the study have
been established in Shanghai, China. Two more kinder-
gartenswill also be recruited into the PACD study. Participant
recruitment and data collection for the first assessment wave
are currently ongoing. A total of 346 children (57.5%male and
42.5% female) from the 7 kindergartens have been enrolled.

4. Discussion

As discussed above, the accumulated evidence demonstrates
that physical activity is positively associated with cognitive
function and academic performance in early life [7–9].
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However, stronger, more compelling evidence from longitu-
dinal studies is still required. A systematic review of three
databases of literature (SPORTDiscus, ERIC, and PubMed)
from 2000 to 2013 found only three longitudinal studies
done on adolescents [9]. This review reported a lack of
longitudinal studies that included children’s age. To address
this limitation, the PACDstudy is designed to testwhether the
putative effects of physical activity on cognitive development
are present from early childhood to adulthood.

In recent years, studies of the effect of physical activity
on cognitive development are moving from descriptions of
the relationship to in-depth explorations of the mechanisms
[49–51].ThePACD study also seeks to investigate the possible
role of plasma IGF-1 and BDNF in mediating activity-related
cognitive development. Overall, pilot study results generally
support the feasibility and acceptability of the methods and
measures. However, a fewmodifications of the study protocol
have been made to reduce participant burden and improve
compliance and data quality.

At the pilot component of the study, the full C-WYCSI
assessment (including 11 subsets) lasted approximately 1 h and
45min for each child. This time frame was determined to be
too arduous for the preschool children. The results of pilot
study showed that Full Scale IQ scores from short form of C-
WYCSI assessments were significantly correlated with those
from full C-WYCSI assessments. As an alternative approach,
the short form of C-WYCSI assessment lasted for 40min
for each child, which resulted in improved compliance. To
reduce the stress of a lengthy assessment of the participants,
the short form of C-WYCSI is used at the first assessment
wave.

To administer the shuttle run tests, two parallel lines were
marked (10 or 20m apart) on a flat surface, using 2 separate
pieces of tape. The preschool children were instructed to
touch the tape before they turn back at the pilot component
of the first assessment wave. However, most of the preschool
children found it difficult to stop and run back immediately
after touching the tape. Interestingly enough, the tests for
preschool children were completed better when we asked
them to use their hand to touch the box set on the tape instead
of touching the tape directly.The alternative approach will be
used at the first two assessment waves.

The pilot component of the study found that all the
preschool children were unable to coordinate and maintain
their running speed with the prescribed pace just following
sound signals from the audiocassette tape, during the 20m
SRT. To address the feasibility of test, two research staff
members were trained to perform the tests with the children.
During each testing session, the children were asked to run
in synchrony with the research staff member. This approach
will be used at the first three assessment waves.

To date, the standard operating procedures have been
established for the first assessment wave through the pilot
study. More pilot studies will be carefully conducted before
the following assessment waves. Dissemination of the PACD
study includes presentations at research conferences and
papers published in peer-reviewed journals.
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