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Abstract: This study examined the short (pre-post) and longer-term (post to 10 weeks post) effects
of the Badminton World Federation (BWF) Shuttle Time program on fundamental movement skills
(FMS) and physical fitness in Saudi boys and girls. Seventy-six children aged 9–11 years (44 boys,
32 girls; mean ± SD = 10.2 ± 0.9 years) undertook twice weekly Shuttle Time sessions for 6 weeks. Pre,
post, and 10 weeks post, FMS was measured using the test of gross motor development 3 and physical
fitness was measured via 10 m sprint speed, standing long jump, seated medicine ball throw, and a
6 min walk test (6MWT). There were significant improvements in FMS from pre to post (p = 0.0001)
and post to 10-weeks post (p = 0.0001) for both boys and girls. Girls demonstrated a significantly
greater magnitude of change in FMS. For 10 m sprint time, seated medicine ball throw, standing long
jump, and 6MWT performance, both boys and girls significantly improved from pre-10 weeks post
(all p = 0.001). The magnitude of change was greater pre to 10-weeks post for girls for the seated
medicine ball throw, but was greater for boys for the standing long jump and 6MWT. In terms of
practical applications, the BWF Shuttle Time program is feasible for administration in the Saudi
context and is beneficial in developing FMS and fitness for Saudi children aged 8–12 years.

Keywords: physical education; motor skill; motor competence; test of gross motor development;
object-control; strength; speed; power; cardiovascular endurance

1. Introduction

Lack of physical activity (PA) is a critical health concern and remains the fourth leading
risk factor for premature mortality, being responsible for 6% of death globally [1]. The
benefits of PA are well documented [2], including lower risk of non-communicable diseases
(NCDs) such as obesity, diabetes mellitus, coronary artery diseases, and hypertension, as
well as having positive effects on, mental health, academic achievement, and quality of
life. There is also robust evidence that PA habits developed during childhood track into
adolescence and adulthood [3]. Consequently, the promotion of PA during childhood and
adolescence is a critical public health concern. This is particularly the case in Saudi Arabia,
where only 17.4% of the total Saudi adult population meets the WHO guidelines [4,5].
The Ministry of Health initiatives and Saudi’s Vision [6] agenda acknowledge the current
challenges around physical inactivity locally and stress the importance of promoting PA
through sport participation, particularly in children to improve the current and future
health and prosperity of the Saudi population.
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Over the past several decades, Saudi Arabia has witnessed enormous economic growth
and prosperity, accompanied by technological transformation that has led to major neg-
ative changes in lifestyle [7]. In particular, physical inactivity and increases in sedentary
behaviors have contributed significantly to an increase in lifestyle-related NCD’s placing a
substantial health burden on the country [7]. There have been several robust cross-sectional
studies undertaken in the last decade with Saudi children and youth, including the Arab
teens and lifestyle study [8,9] and others [10]. Collectively, these aforementioned studies
and the most recent review of physical inactivity in Saudi Arabia [7] conclude that the
majority of Saudi children and youth are not active enough to meet the minimal weekly
requirements of moderate to vigorous (PA) recommended by international guidelines.
Furthermore, a review of the factors negatively affecting PA participation in Saudi children
and youth concluded that the most influencing determinants appear to be age, obesity, low
cardiorespiratory fitness, high television viewing, and poor physical education program [8].
There is, therefore, a need for sustained efforts to provide Saudi children with the tools to
engage in physical activity to prevent future ill health. While physical education programs
have been highlighted as one effective means to instill such habits in Saudi children [10], a
lack of skills related to PA is a noted barrier to PA in Saudi adults [11,12] and school girls [7]
in particular.

One major reason for the failure of initiatives to increase PA worldwide, and in Saudi
Arabia particularly, has been a focus on children attaining 60-min of moderate to vigor-
ous PA daily whilst assuming that children are “naturally” competent, confident, and
motivated to undertake and engage in different forms of PA. However, considerable data
demonstrate that children are not mastering their fundamental movement skills (FMS) to
their expected age-related developmental capability [13–18]. To date, there are no data
that provide information regarding the FMS of children in Saudi Arabia. FMS is widely
recognized as an important determinant of PA and weight status in children [19,20], and
mastery of FMS is purported to be essential for the development of more specialized
movement patterns enabling youth to participate in organized and non-organized physical
activities and sport over the life course [21–23]. FMS is globally defined as locomotor
(e.g., running, jumping), object control (e.g., throwing, catching), and stability (e.g., balanc-
ing and twisting) movement categories [21,22], and, importantly, is not naturally acquired
during the process of maturation [24]. To develop proficiency in FMS, there is a need to
implement developmentally appropriate activities, specifically, teaching and learning activ-
ities (with feedback) during the provision of school-based physical education, alongside
sufficient opportunities to practice for children and youth made available [25]. Interven-
tions focusing on helping children develop FMS, usually through physical education or
sport, have shown success in enabling children to be more physically active [25,26] and
have a solid theoretical basis for longer term behavior change [23]. In line with conclusions
drawn from systematic reviews and meta-analyses [27], there is a real need to develop
effective strategies for children to develop their FMS to provide a solid foundation for
future participation in sport, exercise, and PA. Moreover, although there are a considerable
number of studies reporting on the FMS levels of children across the world, as yet, no
data on this topic exist for children in Saudi Arabia. The current proposal seeks to address
these issues by examining if a badminton-based FMS intervention is effective in promoting
motor competence and physical fitness in Saudi boys and girls. Of note, in the context
of Saudi Arabia, physical education has only been permitted for girls since 2017, with
badminton being one recognized sport that girls are allowed to participate in. A key tenent
of the Saudi Vision 2023 agenda [6] focuses on PE as an enabler for subsequent physical
activity and health. There is to date no data reporting on effects of PE based intervention
on Saudi girls in particular. This is a key gap and a need for research addressing this issue
to understand the effect of any PE-based intervention on FMS, fitness, or other variables in
Saudi girls in particular. Without this, the development of the PE curriculum and policy
change promoting PE for girls may be less forthcoming.
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The focus on a badminton-based intervention is a key facet of the current proposal
as it is a sport where engagement has been shown to result in positive effects on physical
fitness, blood pressure, and resting cardiovascular function in untrained adults [28] and
reductions in body mass index in English children [29]. It is also a gender-neutral sport
where both boys and girls can equally access participation, and as such the focus of this
proposal directly aligns with the Kingdom of Saudi Arabia Vision 2030 objectives [6] related
to increasing participation in sports and athletic activities. Badminton as a permitted sport
for girls offers an opportunity to engage children in movement development through
PE where the sport itself is multidimensional in terms of movement and can prepare
children for participation in a wider range of sports than badminton alone, including
other racquet and court sports [29,30]. The Badminton World Federation (BWF) Shuttle
Time program [30] may be particularly useful as a vehicle to help Saudi children on a
positive trajectory of health as badminton is a key activity for both boys and girls within
the Saudi physical education curriculum. Moreover, the BWF Shuttle Time program has
previously shown promise in improving FMS in English children [29]. The BWF Shuttle
Time program was developed in 2012 to provide an effective means to develop FMS
and badminton-related skills for children aged 5–15 years. Given the multi-dimensional
movement demands inherent in badminton, the effective development of FMS is a key
foundation for later performance in the sport, as well as other racquet sports. Implicit within
the activities included in the Shuttle Time program are the embedding and development of
FMS that, although badminton-related, likely also apply to a range of sports and physical
activities. For example, developing competence in striking, jumping, and leaping, which
are common skills in badminton, and developed as part of Shuttle Time, would facilitate
future participation in sport and PA that employ those skills. In the aforementioned work
by Duncan et al. [29], English children undertook one Shuttle Time lesson per week, in
lieu of statutory PE for a 6-week period, with the authors reporting significant short-term
improvements in FMS, physical self-efficacy, and reductions in unhealthy weight. In the
Duncan et al. [29] study they established the efficacy of the BWF Shuttle Time program
on children’s FMS compared to a control group who undertook their statutory PE lessons.
Thus, the efficacy of the BWF Shuttle Time program is known. However, in the context of
Saudi Arabia, where the opportunity to engage in different types of PE differs between
boys and girls, the sport of badminton offers an important opportunity for girls to develop
movement skills. With PE only being formally allowed for girls by the Saudi government
in 2017, and with badminton being one of the sports girls are permitted to engage in, it is
important to establish the effect of undertaking the BWF Shuttle Time program for girls,
in comparison to boys. A first step needed before the intervention could be advocated
wholesale is to examine the efficacy of the BWF Shuttle Time program in the Saudi Arabian
educational context. This is due to physical education within the Kingdom of Saudi Arabia
differing from other regions of the world. Therefore, the current study included two
main aims: (1) to assess FMS and physical fitness in children in Saudi Arabia, and (2) to
determine the effect of a twice-weekly, badminton-based intervention on short (pre-post)
and longer-term (post to 10 weeks post) changes in FMS and physical fitness in Saudi boys
and girls aged 8–12 years. We hypothesized that participation in the intervention program
would result in improvements in FMS and fitness post-intervention.

2. Materials and Methods
2.1. Design

This study employed a repeated-measure intervention design where two classes of
children from two schools, one boys’ school and one girls’ school, participated in the study.
Given the aforementioned work by Duncan et al. [29] which established the efficacy of
Shuttle Time compared to a control group, and the context of PE in Saudi Arabia in relation
to boys and girls, we sought to compare the effect of the Shuttle Time intervention on
boys and girls, defacto using boys as a form of control group, where having a matched
control group of both sexes was not possible in the context which the intervention took
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place. The schools, which were specialist sports schools, were located in Riyadh, Saudi
Arabia, in an affluent area of the community. All children undertook an assessment of
FMS and physical fitness before and after undertaking the BWF Shuttle Time intervention.
Both boys’ and girls’ groups undertook a structured, twice-weekly Shuttle Time program
over a six-week period in place of one statutory physical education sessions and lasted
60 min with 50 min being spent as “time on task”. Boys and girls undertook the program
separately and participation was congruent with prior work that has used the BWF Shuttle
Time intervention with English school children [29]. Full guidance on how the Shuttle Time
program was administered is presented in the BWF Shuttle Time teacher manual [30]. Prior
to, immediately following, and 10 weeks post the intervention, participants in both schools
were assessed on measures of FMS and physical fitness. The program was administered by
PE teachers who had been trained in delivering the BWF Shuttle Time program by trained
facilitators of the Saudi Badminton Federation, who are members of the BWF, the world
governing body of the sport.

2.2. Participants

Seventy-six children aged 9–11 years (44 boys, 32 girls; mean ± SD = 10.2 ± 0.9 years)
participated in this study following institutional ethics approval, written informed parental
consent, and child assent. Height (cm) and body mass (kg) were assessed using a Seca
Stadiometre and weighing scales (Seca Instruments, Hamburg, Germany) with the children
barefoot and wearing the physical education kit (shorts and t-shirt for boys, trousers and t-
shirt for girls). Mean ± SD of height and body mass were: 144 ± 9.1 cm and ± 42.6 13.4 kg,
respectively. Body mass index (BMI) was determined at kg/m2 and mean ± SD of BMI
was 20.5 ± 4.7 kg/m2, with 37.5% (n = 27) of the sample being overweight or obese based
on IOTF cut-points [31]. Mean ± SD of anthropometric characteristics for boys and girls
at pre-assessment are presented in Table 1. Inclusion criteria were being healthy with no
musculoskeletal impairment, illness, or injury, during the intervention and including the
10-week post-assessment, not engaging in any other organized sport, other than school PE,
during the intervention period.

Table 1. Anthropometric characteristics (mean ± SD) per group at pre-assessment.

Boys (n = 40) Girls (n = 32) p-Value

Age (y) 10.2 ± 0.8 10.1 ± 1.0 0.74
Height (cm) 142.6 ± 9.3 146.5 ± 8.5 0.07

Body Mass (kg) 42.5 ± 15.1 42.6 ± 11.2 0.96
Waist Circumference (cm) 64.7 ± 10.7 65.7 ± 13.4 0.37

2.3. Measures

Process and measurements of FMS and product measures of physical fitness were
employed in the present study. Process-oriented movement skill assessment determines
how the skill is performed [32], while product measures determine the outcome of the
movement [33]. Using both process and product measures in this way, therefore, provides
a holistic evaluation of FMS as has been recommended [33].

2.4. FMS

FMS was assessed using the test of gross motor development 3 (TGMD-3) [34]. The
TGMD-3 is a well-validated process assessment of FMS and comprises 13 skills grouped
into locomotor and object control subsets. In the current study, the following skills were
assessed: run, hop, skip, gallop, jump, slide (Locomotor subset), two-hand strike, one-hand
strike, dribble, overarm throw, underarm throw, kick, and catch (object control subset).
Each skill comprises 3–5 components and an assessment of whether or not each component
of the skill is performed is used to determine mastery of the skill [34]. Each skill was video
recorded (Sony video camera, Sony, UK) and edited into single clips of individual skills.
Quintic biomechanics analysis software v21 (Quintic Consultancy Ltd., Warwickshire, UK)
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was employed for this purpose alongside a process-oriented checklist. Scores from two
trials were summed to obtain a raw score per skill. As per TGMD-3 guidelines [34], scores
for skills were summed to create a total motor competence (scored 0–100) score in addition
to scores of locomotor (0–46) and object control (0–54) competence. In all cases, assessment
and scoring followed recommended guidelines of administration of the TGMD-3 [34].
The video clips of each skill were analyzed by two researchers with experience assessing
children’s movement skills. Both raters had training in the assessment of children’s skill
performances and comparison of their scoring to “gold standard” rating, following rec-
ommended procedures for scoring the TGMD-3 [3]. Training was considered complete
when scores for the two trials differed by no more than one unit from the instructor’s
score for each skill (>80% agreement) [35]. Inter- and intra-rater reliability analysis was
performed for all the motor skills between the two researchers. Intraclass correlation
coefficients for inter and intra-rater reliability were 0.895 (95% CI = 0.85–0.95) and 0.957
(95% CI = 0.92–0.97), respectively, demonstrating good reliability [36].

2.5. Physical Fitness

Four product measures of physical fitness, namely 10 m flying sprint time, standing
long jump (SLJ), seated medicine ball (1 kg) throw (MBT), and 6-min walk test, were
assessed. Procedures were congruent with those used previously [37] in evaluations of
school-based interventions. A 10-meter sprint run was timed using Smart Speed gates
(Fusion Sport, Coopers Plains, Australia). Two infra-red gates were set up 10 meters apart.
The participant had a flying start (1 m) to ensure that sprint speed (Secs) was measured
independently of the acceleration phase. Standing long jump (cm) was measured using
a tape measure and following the procedures previously described [37]. The seated MBT
was conducted, using a 1 kg medicine ball, as a measure of upper body strength following
procedures reported by Davis et al. [38]. The seated MBT has been identified as a reliable
and valid measure of upper body strength in children as young as 5 years old [38]. Children
threw the medicine ball forward like a chest pass whilst being sat on the floor with legs
extended. Three attempts were undertaken with the furthest distance thrown (cm) assessed
using a tape measure. Children were instructed to throw the medicine ball with both arms
and where a throw was executed with the use of only one arm, the trial was repeated.
Reliability of the fitness tests employed in the present study in children of the ages taking
part, with intraclass correlation coefficients of 0.9, 0.83, 0.94, and 0.85, has been reported
previously [37,38].

2.6. Cardiorespiratory Endurance

The six-minute walk test (6MWT) was conducted as a measure of cardiorespiratory
endurance [39]. Participants were instructed to walk as fast as possible (without running)
on a flat sports hall surface between two markers, 30 m apart, for a six-minute period as
per recommended guidelines [39]. The 6MWT is a practical, feasible, and well-established
measure for assessing cardiorespiratory fitness in field-based settings [39]. Participants
were instructed to walk as fast as possible (without running) for 6 min. After 5 min, the
time left was advised to the participant. No other commands or verbal feedback was given.
The number of laps completed was tallied for each participant and from this total distance
covered calculated on test completion.

2.7. Shuttle Time Intervention

The present study employed a six-week version of the BWF Shuttle Time program [30].
No specific optimum duration of the Shuttle Time program is specified by the BWF and a
six-week trial period was chosen as, pragmatically, it fits within a school half term, making it
attractive for teachers for potential rollout in multiple schools. This decision was taken, con-
gruent with studies examining the efficacy of school-based movement interventions [15,26],
to have little disturbance on the school curriculum, to be time efficient, and to create a
design that could be realistically integrated into the school curriculum. This process follows
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the only other published study employing the BWF Shuttle Time intervention which also
employed a 6-week duration in 6–7-year-old children in England [29]. Delivery and focus
of the intervention sessions followed the guidance provided by the BWF in their teacher’s
manual [30]. Sessions were delivered by a teacher, a sports coach, and a researcher in
each of the schools. Those delivering the sessions were the same sex as the pupils they
taught. The Shuttle Time program was progressive, based on the exercises and activities
specified by the BWF, and consisted of a warm-up section (10 min) and a main body section
(approx. 40 min). The intervention focused on the development of the following: balance,
coordination, underhand throwing, catching, striking, running, jumping, and correct use of
a racquet (to grip and swing) [30].

The teachers delivering the intervention documented adherence to the program and
compliance during the six-week period via registers. Any child who missed more than one
session in the intervention period was not included in the final analysis. This resulted in
four exclusions (all boys) from the final data set for analysis.

Table 2 outlines the content and schedule of the Shuttle Time program. Similar to
other research using this approach with children [15,37,40], participants in the interven-
tion groups also received skill-specific feedback on the quality of each movement during
intervention sessions.

Table 2. Structure of the six-week Shuttle Time program.

Week 1 Week 2 Week 3 Week 4 Week 5 Week 6

Warm-Up (10-min)

Balance Exercises Balance Exercises Balance Exercises Balance Exercises Dynamic Balance Dynamic Balance
Mobility Exercises

#1,2 and 4
Mobility Exercises

#1,2 and 4
Mobility Exercises

#1,2 and 4
Mobility Exercises

#1,2 and 4
Mobility Exercises

#1,2 and 4
Mobility Exercises

#1,2 and 4
Having a Lunge Having a Lunge Having a Lunge Having a Lunge Having a Lunge Having a Lunge

Balance and Throw Balance and Throw Balance and Throw Balance and Throw Balance and Throw

Main Body (40-min)

Balloon tap

Balloon tap relay

(1) With hand
(2) With Racquet

Mirror Chase with
Throw and Catch

Mirror Chase with
Throw and Catch

Mirror Chase with
Throw and Catch

Mirror Chase with
Throw and Catch

Balloon tap relay Mirror Chase with
Throw and Catch

Grip Change
with Shuttle

Grip Change
with Shuttle Shuttle Chase Shuttle Chase

Mirror Chase Grip Change
with Shuttle

Balance the
Racquet Throwing Game 1

Forehand and
Backhand Lift

Merry go Round

Forehand and
Backhand Lift

Merry go Round
Mirror Chase with
Throw and Catch

Balance the
Racquet Throwing Game 1 Backhand Short

Serve
Backhand Short

Serve
Backhand Short

Serve

Balancing Shuttles Keep your
Court Free

Chase and Hit

(1) Forehand
(2) Backhand

Chase and Hit

(1) Forehand
(2) Backhand

Flat Play Flat Play

Balancing Shuttles Balancing Shuttles Balancing Shuttles Balancing Shuttles Balancing Shuttles

Please note: The full BWF Shuttle Time program, including descriptions and videos of all the exercises, can be
obtained from: https://shuttletime.bwfbadminton.com (accessed on 20 March 2023). Mobility exercises in the
BWF Shuttle Time Peach are numbered #1–4, please see the shuttle time website for further detail regarding what
each mobility exercise comprises.

2.8. Statistical Analysis

A series of repeated-measure ANOVAs were used to examine any changes in depen-
dent variables; FMS and physical fitness were assessed pre, post, and 10 weeks post the
intervention period. Gender was used as a between-subject variable. In this way, we sought
to assess any pre–post changes in dependent variables pre- and post-intervention and

https://shuttletime.bwfbadminton.com
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between sex groups. Where any differences were found, Bonferroni post hoc analysis was
undertaken to determine where differences lay. Partial eta squared (pη2) was used as a
measure of effect size and alpha level was set as p = 0.05 to indicate statistical significance.
The Statistical Package for Social Sciences (SPSS version 28) was used for all analyses.

Recognizing that some children in the sample may have been starting their adolescent
growth spurt, a posteriori, we reanalyzed the data using analysis of covariance (ANCOVA),
controlling for maturity offset. The Moore et al. [41] prediction equation was used to
determine maturity offset as a marker of biological maturation. This subsequent analysis
enabled us to account for maturation by proxy. The mean ± SD of maturity offset was
−2.68 ± 0.68 years, and there was no significant difference in maturity offset between boys
and girls (p > 0.05, mean ± SD of maturity offset was −2.66 ± 0.77 years for girls and
−2.71 ± 0.61 years for boys). The results of this analysis did not change the outcomes of
the initial statistical analysis, and maturity offset was not significant as a covariate in any
of the analyses (all p > 0.05). This analysis is not subsequently discussed any further.

3. Results

Mean ± SD and 95% confidence intervals for all variables, pre, post, and 10-weeks
post-assessment for boys and girls are presented in Table 3.

Table 3. Mean ± SD and 95% confidence intervals for all variables, pre, post, and 10-weeks post-
assessment for boys and girls.

Variables Sex
Pre-Intervention

[95%CI]
Post-Intervention

[95%CI]
10-Weeks-Post-Intervention

[95%CI]
ANOVA p-Value

Time Sex Sex × Time

Total FMS
(0–100)

Boys 77.8 ± 6.1
[75.9–79.8]

82.9 ± 4.0
[81.6–84.2]

92.4 ± 1.7
[91.8–92.9]

0.0001 0.233 0.037
Girls 77.8 ± 4.1

[76.2–79.2]
85.2 ± 4.1
[83.7–86.7]

93.0 ± 1.8
[92.3–93.6]

Locomotor
Skills (0–46)

Boys 41.6 ± 3.4
[40.5–42.7]

41.3 ± 3.3
[40.7–41.8]

44.9 ± 1.6
[44.7–45.2]

0.0001 0.047 0.01
Girls 42.4 ± 2.4

[41.5–43.3]
42.8 ± 1.5
[42.3–43.4]

44.8 ± 1.2
[44.4–45.3]

Object Control
Skills (0–54)

Boys 36.2 ± 3.5
[41.3–43.2]

41.6 ± 3.2
[40.5–42.6]

47.4 ± 1.4
[46.9–57.9]

0.0001 0.739 0.017
Girls 35.4 ± 2.3

[34.5–36.2]
42.3 ± 3.2
[41.1–43.5]

48.1 ± 1.8
[47.6–48.5]

10-m Sprint
Time (s)

Boys 2.9 ± 0.40
[2.8–3.1]

3.2 ± 0.33
[3.1–3.3]

2.6 ± 0.31
[2.5–2.7]

0.001 0.001 0.001
Girls 3.5 ± 0.28

[3.4–3.6]
3.4 ± 0.27
[3.3–3.5]

3.0 ± 0.21
[2.9–3.1]

Standing Long
Jump (cm)

Boys 147.6 ± 9.1
[140.7–154.6]

147.3 ± 8.2
[140.6–154.0]

159.3 ± 7.6
[152.7–165.8]

0.001 0.001 0.001
Girls 124.3 ± 4.6

[116.5–132.1]
125.7 ± 3.9

[118.2–133.2]
128.6 ± 3.7

[121.3–133.2]

1 kg Seated
Medicine Ball
Throw (cm)

Boys 309.3 ± 92.2
[286.8–331.7]

311.9 ± 89.7
[290.1–333.8]

332.9 ± 66.2
[311.1–354.7]

0.001 0.002 0.001
Girls 227.8 ± 27.8

[202.7–253.0]
242.7 ± 27.2
[218.3–267.3]

269.0 ± 27.3
[244.7–293.4]

6-Min Walk
Distance (m)

Boys 488 ± 30.8
[470.5–505.5]

512.5 ± 64.3
[494.9–530.1]

565.0 ± 89.2
[547.7–582.3]

0.001 0.001 0.001
Girls 310.6 ± 24.8

[291.1–330.2]
357.5 ± 16.7
[337.8–377.1]

365.6 ± 13.6
[346.3–384.9]

3.1. FMS

For the total FMS score, there was a significant time by gender interaction (F2,140 = 3.372,
p = 0.037, pη2 = 0.046). There were significant improvements from pre to post (p = 0.0001)
and post to 10-weeks post (p = 0.0001) for both boys and girls. There was no significant
differences between boys and girls at pre (p = 0.942) and at 10-weeks post (p = 0.172).
However, immediately post-intervention, girls demonstrated significantly greater FMS
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than boys (p = 0.019), where the magnitude of change was greater pre to post for girls
(∆ = 7.5) compared to boys (∆ = 5.1). The mean ± SD of the total FMS score for boys and
girls across time points is presented in Figure 1.
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The results reported for total FMS were replicated when examining the TGMD subtest
scores for locomotor (See Figure 2) and object control skills (See Figure 3). For locomotor
skills, there was a significant time by gender interaction (F2,140 = 4.710, p = 0.01, pη2 = 0.063).
There was no significant difference between boys and girls at pre (p = 0.267) and also at
10-weeks post (p = 0.388). However, immediately post-intervention, girls demonstrated
significantly greater FMS than boys (p = 0.001), where the locomotor FMS had declined
pre–post for boys but increased for girls. Conversely, from post to 10-weeks post, there
was a greater magnitude of change in locomotor FMS for boys (∆ = 3.6) compared to girls
(∆ = 2). For object control skills there was also a significant time by gender interaction
(F2,140 = 4.170, p = 0.017, pη2 = 0.056). There were significant increases in object control FMS
from pre to post for both groups (both p = 0.001) and from post to 10-weeks post. (both
p = 0.001). There was no significant difference between boys and girls at pre (p = 0.299),
but at post (p = 0.001) and 10-weeks post (p = 0.001) girls demonstrated significantly better
object control skills than boys, where the magnitude of change was greater pre- to 10-weeks
post for girls (∆ = 12.7) compared to boys (∆ = 11.1).
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3.2. Physical Fitness

In regard to the 10 m sprint time, there was a significant time by gender interaction
(F2,140 = 11.01, p = 0.001, pη2 = 0.136). At each time point, boys were significantly faster
than girls (all p = 0.001). Boys also ran the 10 m distance in a significantly slower time from
pre to post (p = 0.001) and then significantly faster from post to 10-weeks post (p = 0.001).
Boys were significantly faster at 10-weeks post compared to pre (p = 0.001). For girls,
there was no significant difference in 10 m sprint time from pre to post (p = 0.990), but
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girls were significantly faster at 10-weeks post-intervention compared to immediately
post-intervention (p = 0.001). The mean ± SD of 10 m sprint time for boys and girls across
time points is presented in Figure 4.
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Figure 4. Mean ± SD of 10 m sprint time (s) for boys and girls across time points (* p = 0.001).

For standing long jump performance, there was also a significant time by gender inter-
action (F2,140 = 14.1, p = 0.001, pη2 = 0.168). At each time point, boys jumped significantly
further than girls (all p = 0.001). Girls improved standing long jump performance from pre
to post, and post to 10-weeks post (both p = 0.001), whereas boys did not improve pre to
post (p = 0.367) but performed significantly better from post to 10-weeks post (p = 0.001).
The magnitude of change was greater pre to 10-weeks post for boys (∆ = 11.7) compared
to girls (∆ = 4.3). The mean ± SD of standing long jump distance (cm) for boys and girls
across time points is presented in Figure 5.

For seated medicine ball throw performance, there was also a significant time by
gender interaction (F2,140 = 6.39, p = 0.002, pη2 = 0.084). At each time point, boys performed
significantly better than girls (all p = 0.001). Girls improved medicine ball throw perfor-
mance from pre to post, and post to 10-weeks post (both p = 0.001), whereas boys did not
improve pre to post (p = 0.409) but performed significantly better from post to 10-weeks
post (p = 0.001). However, the magnitude of change was greater pre to 10-weeks post for
girls (∆ = 41.2) compared to boys (∆ = 23.6). The mean ± SD of seated medicine ball throw
distance (cm) for boys and girls across time points is presented in Figure 6.

Regarding the six-minute walk distance, similar to the other tests of physical fitness,
there was also a significant time by gender interaction (F2,140 = 15.1, p = 0.001, pη2 = 0.177).
At each time point, boys performed significantly better than girls (all p = 0.001). Six-minute
walk distance significantly improved for boys from pre to post and from post to 10-weeks
post (p = 0.001). For both boys and girls, the six-minute walk test distance was significantly
higher at 10-weeks post, compared to pre for both boys and girls (both p = 0.001). The
magnitude of change was greater pre to 10-weeks post for boys (∆ = 77) compared to girls
(∆ = 55). Mean ± SD of six-minute walk test distance (m) for boys and girls across time
points is presented in Figure 7.
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4. Discussion

This study is the first to assess FMS in children within the Kingdom of Saudi Arabia
and the first to examine the effect of the BWF Shuttle Time program on movement skills and
physical fitness of boys and girls in Saudi Arabia. Hence, the results of the present study
represent an original contribution to the literature regarding FMS development in children.
We examined the short-term (pre–post intervention) and longer-term (post-10 weeks post
intervention) effects to provide an indication of the longer-term retention of any change as
a result of the program.

The present study supports the assertion that Shuttle Time enhances children’s FMS [29].
In the present study, scores for total FMS increased from pre to post, and at 10-weeks
post for both boys and girls. There was a particular improvement in object control FMS
specifically. This is key, as object control skills are considered more difficult for children
to develop than locomotor skills and have been identified as a key barrier to engaging in
physical activity. Of particular note in the present study, girls’ total FMS developed to a
greater extent than that of boys. Such a finding is of practical importance because the lack of
skills related to PA is a noted barrier to engaging in PA for Saudi Adults [11,12] and school
girls [7] in particular. The development of FMS provides the building blocks for children
to engage in different forms of PA and provide a positive trajectory for engagement in PA
across the life course [23]. Likewise, the lack of quality physical education programs has
been highlighted by prior work as a key determinant of the low levels of PA seen in Saudi
children [8], whilst also being recommended as one effective means to instill PA habits in
Saudi children [10]. The results of the present study demonstrate that the Shuttle Time
program, undertaken in school Physical Education, can provide benefits to boys and girls
in terms of FMS development, with a particular benefit for girls.

The results of the present study also suggest that engaging in the BWF Shuttle Time
program resulted in sustained benefits to children’s physical fitness. Children in the present
study undertook assessments of speed (via 10 m sprint speed), lower body muscular
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performance (via standing long jump), upper body muscular performance (via seated
medicine ball throw), and cardiorespiratory fitness (via the six-minute walk test). For both
boys and girls, performance in these tests improved. Boys improved to a greater extent
than girls in the 10 m sprint speed, and standing long jump performance, whereas girls
improved to a greater extent than boys in the seated medicine ball throw test. Low levels of
fitness, particularly cardiorespiratory fitness, have also been identified as a key determinant
of the low levels of PA seen in Saudi children [8]. Therefore, the improvement in physical
fitness seen in the present study pre-post the Shuttle Time program should be considered a
positive outcome of the present study.

Collectively, the results demonstrated in the present study offer positive evidence
for the Kingdom of Saudi Arabia in relation to children’s PA and sport participation at
grassroots levels. The results of the present study, despite being a pilot study in nature,
highlight the feasibility of embedding badminton, and the BWF Shuttle Time program
within school physical education, which could be further developed across the kingdom.
Badminton is a gender-neutral sport where both boys and girls can equally participate. The
results of the present study, therefore, align with and directly support the objectives of the
Kingdom of Saudi Arabia Vision 2030 [6] in relation to increasing children’s participation in
sports and athletic activities. It is also important to highlight that the findings of the present
study are not only restricted to badminton. A key tenant of the Shuttle Time program is the
development of competence in FMS that is developed through badminton but is applicable
to a range of different sports and physical activities [30]. As engaging in the Shuttle Time
program enhanced children’s FMS, theoretically, such enhancement would lead to a greater
uptake of PA and sport participation, as increased movement competence (via FMS) leads to
increased confidence to engage in sport and PA, with increased enjoyment and motivation
to continue participation. This, in turn, creates a positive trajectory of health through
FMS and PA [23]. This assertion would however need empirical testing in the context of
Saudi Arabia.

To the authors’ knowledge, the results of the present study are the first to report on
the effect of a school-based movement program on FMS and fitness of boys and girls in
Saudi Arabia (or any of the Gulf countries). The present study suggests that school-based
movement interventions enhance both fitness and FMS [15]. The present study would
also support the prior work of Duncan et al. [29], in English children, younger than those
examined in the present study, which suggested the BWF Shuttle Time program could
enhance FMS if undertaken within school physical education in the English PE curriculum.
The notable increases in object control skills observed in the current study are of particular
note. Meta-analytical data [26] have suggested that interventions focusing on object control
skills may be of greater benefit to overall FMS development that those focusing more
on locomotor skills. The nature of the Shuttle Time program is such that object control
skills are a key feature. The activities within the intervention itself comprise directed
learning tasks with specific coaching cues and manipulation of task constraints [42], such
as the use of balloons instead of shuttlecocks or the removal of badminton nets during
the early stages of the intervention, which are considered the most important factor of
Newell’s [42] constraints-led approach in developing movement skills [43]. For example,
balloons slow down the trajectory so that children have more time to respond while
maintaining information coupling. This more easily transfers learning to when progressing
to shuttlecocks and also necessitates broader development of object control skills for striking
than would be the case for shuttlecocks alone. Likewise, some of the activities in the Shuttle
Time program focus on throwing specifically without needing a shuttlecock to be returned
by a partner. This facilitates the development of shoulder, elbow, and wrist pivots needed
for the FMS of throwing and striking. Moreover, providing opportunities for more success
during the earlier stages of learning (through task simplification) promotes feelings of
competence and therefore continued engagement. We speculate this approach is the
primary mechanism responsible for the improvement in FMS reported in the present study.
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Understanding if the BWF Shuttle Time program is effective in enhancing FMS and
fitness is a needed first step in establishing the evidence base for an intervention that,
although used in practice in different countries [30], has never been employed in the
context of Saudi Arabia, and where scientific evidence for its effect has yet to be established.
Where an existing program is used but without empirical support for its efficacy, a key
factor in refining intervention efficacy is determining if the “one size fits all” approach as
originally proposed in the Shuttle Time program is effective for children in different cultures
and contexts. The current study provides this evidence in the context of the Kingdom
of Saudi Arabia. Although the format and content of PE differ in Saudi Arabia to other
countries, particularly for girls, and as a result, the results of the present study may not
be as generalizable to other areas of the world, the results of the present study may be
practically relevant for other gulf countries where the PE curricula are similar.

Limitations and Direction for Future Research

The current study is not without limitations. We are conscious that there was no control
group in the current study. We recognize this as a limitation, however, given the efficacy of
the BWF Shuttle Time program has been established against a control group previously [29]
and given the context of the current study where girls have only been permitted to engage
in PE in Saudi Arabia since 2017, comparing the effect of the same program on boys and
girls is important, and in this sense, the boys’ group acts as a control where both boys and
girls undertook the same program. This is a key first step in establishing the efficacy of
Shuttle Time in the context of physical education within Saudi Arabia with a particular
emphasis on the experience of girls. However, considering the positive findings of the
present study, future work using a randomized controlled trial design would be welcome.
Likewise, the current study provides evidence of positive change in FMS and fitness as
a consequence of undertaking the Shuttle Time program over a six-week period. It is
possible that undertaking the program might also influence other variables such as mental
well-being and PA, amongst others. We were not able to assess habitual PA during the
intervention, nor were we able to assess body composition. Both would have been useful
data to have collected. Similarly, we did not assess maturity status. Instead, we used the
Moore et al. [41] prediction equation and used this as a covariate when reanalyzing the
data to control for maturation. This reanalysis made no difference to the results of the
statistical analysis. All participants were pre-pubertal at the time of assessment. Future
studies would be welcome to examine if there is a change in PA, or mental well-being as a
consequence of undertaking the BWF Shuttle Time intervention alongside the changes we
documented related to FMS. We are also cognizant that the data presented here report the
effect of a six-week Shuttle Time program undertaken twice per week, in lieu of statutory
physical education. A six-week period was undertaken as prior work [15] demonstrated this
duration of motor competence intervention, including the only other published study using
Shuttle Time [29], can be effective and, importantly, fits within the demand of a crowded
school curriculum. The Shuttle Time intervention was also administered following the
recommended guidance for teachers as given by the Badminton World Federation [11].
The pedagogic approach of the intervention is primarily based on directed learning with
specific cues being provided by teachers/coaches to facilitate movement. The intervention
was administered by movement-trained professionals (physical education teachers and
coaches) and intervention fidelity was monitored using time on task. This confirmed that
the children were physically engaged in each activity for approximately 45 min of each
50 min intervention session. A process evaluation of the intervention was not possible in the
present study but would be useful in future work. Finally, the participants in the present
study were recruited via convenience sampling from two schools that are in relatively
affluent areas of Riyadh and are specialist sports schools. Consequently, the basic motor
abilities of the participants may have been better than for the general population of children
in the Kingdom of Saudi Arabia. The results of the present study would suggest, however,
that as Shuttle Time improved FMS and physical fitness in this participant group, it is likely



Sports 2023, 11, 132 15 of 17

it may have a greater impact in groups who are not attending specialist sports schools. We
would therefore suggest that the current study demonstrates evidence of promise for the
Shuttle Time intervention as a program to enhance FMS and fitness in children in Saudi
Arabia. The results of the current study could inform policy or curriculum development
in Saudi Arabia, particularly for girls, by reinforcing the benefits of badminton-based
movement intervention through PE or contributing to efforts aimed at promoting physical
activity and sports participation among children, via the development of FMS through PE
based intervention which can support engagement in PA as children and thereafter [23].
The current study should not be overstated but we would argue the results presented here
suggest that if rolled out on a larger scale, Shuttle Time would result in successful impacts
on movement skill development in children in Saudi Arabia.

5. Conclusions

To conclude, both FMS scores and physical fitness improved as a result of a six-week
BWF Shuttle Time program with a greater magnitude of change in FMS observed for girls
compared to boys. The current study suggests that the BWF Shuttle Time program is
beneficial in developing FMS and physical fitness for children in Saudi Arabia and could
be advocated as an effective strategy for schools to employ which will set children on a
positive trajectory of movement development for PA and health benefit.

Author Contributions: Conceptualization, M.J.D., A.A. and Y.A.; methodology, M.J.D., A.A., K.F.D.
and Y.A. formal analysis, M.J.D.; investigation, A.A., N.A. and Y.A., writing—original draft prepa-
ration, M.J.D. and A.A.; writing—review and editing, M.J.D., A.A., K.F.D., N.A. and Y.A., project
administration, A.A. and Y.A.; funding acquisition, M.J.D., A.A., K.F.D., N.A. and Y.A. All authors
have read and agreed to the published version of the manuscript.

Funding: This work was funded by the Prince Faisal bin Fahad Award for Sports Research, adminis-
tered by the Leaders Development Institute under the Ministry of Sport in Saudi Arabia. The content
is solely the responsibility of the authors and does not necessarily represent the official views of the
Leaders Development or the Ministry of Sport in Saudi Arabia.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Institutional Review Board of the Saudi Ministry of Education
(protocol code N1735 and 19 July 2021).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Data are available from the first author upon reasonable request.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. World Health Organization (WHO). Global Recommendations on Physical Activity for Health; World Health Organization: Geneva,

Switzerland, 2018. Available online: https://www.who.int/dietphysicalactivity/factsheet_recommendations/en/ (accessed on
20 January 2021).

2. Guthold, R.; Stevens, G.A.; Riley, L.M.; Bull, F.C. Global trends in insufficient physical activity among adolescents: A pooled
analysis of 298 population-based surveys with 1·6 million participants. Lancet Child Adolesc. Health 2020, 4, 23–35. [CrossRef]
[PubMed]

3. Telama, R.; Yang, X.; Leskinen, E.; Kankaanpaa, A.; Hirvensala, M.; Tammelin, T.; Viikari, J.S.; Raitakari, O.T. Tracking of physical
activity from early childhood through young into adulthood. Med. Sci. Sports Exerc. 2014, 46, 955–962. [CrossRef] [PubMed]

4. Alqahtania, B.; Alenazia, A.; Alhowimela, A.; Elnaggar, R. The descriptive pattern of physical activity in Saudi Arabia: Analysis
of national survey data. Int. Health 2020, 13, 232–239. [CrossRef]

5. World Health Organization. Guidelines on Physical Activity and Sedentary Behaviour; World Health Organization: Geneva,
Switzerland, 2020.

6. Vision 2030 Kingdom of Saudi Arabia. 2020. Available online: https://www.vision2030.gov.sa/en (accessed on 28 January 2023).
7. Al-Hazzaa, H.M. Physical activity in Saudi Arabia revisited: A systematic review of inactivity prevalence and perceived barriers

to active living. Int. J. Health Sci. 2018, 12, 50–64.
8. Al-Hazzaa, H.M.; Abahussain, N.A.; Al-Sobayel, H.I.; Qahwaji, D.M.; Musaiger, A.O. Lifestyle factors associated with overweight

and obesity among Saudi adolescents. BMC Public Health 2012, 12, 354. [CrossRef]

https://www.who.int/dietphysicalactivity/factsheet_recommendations/en/
https://doi.org/10.1016/S2352-4642(19)30323-2
https://www.ncbi.nlm.nih.gov/pubmed/31761562
https://doi.org/10.1249/MSS.0000000000000181
https://www.ncbi.nlm.nih.gov/pubmed/24121247
https://doi.org/10.1093/inthealth/ihaa027
https://www.vision2030.gov.sa/en
https://doi.org/10.1186/1471-2458-12-354


Sports 2023, 11, 132 16 of 17

9. Al-Hazzaa, H.M.; Musaiger, A.O.; ATLS Research Group. Arab teen’s lifestyle study (ATLS): Objectives, design, methodology
and implications. Diab. Metab. Synd. Obes. 2011, 4, 417–426. [CrossRef]

10. Aljuhani, O.; Sandercock, G. Contribution of Physical Education to the Daily Physical Activity of Schoolchildren in Saudi Arabia.
Int. J. Environ. Res. Public Health 2019, 16, 2397. [CrossRef]

11. AlQuaiz, A.M.; Tayel, S.A. Barriers to a healthy lifestyle among patients attending primary care clinics at a university hospital in
Riyadh. Ann. Saudi Med. 2009, 29, 30–35. [CrossRef] [PubMed]

12. Awadalla, N.J.; Aboelyazed, A.E.; Hassanein, M.A.; Khalil, S.N.; Aftab, R.; Gaballa, I.I.; Mahfouz, A.A. Assessment of physical
inactivity and perceived barriers to physical activity among health college students, South- Western Saudi Arabia. East Med.
Health J 2014, 20, 596–604. [CrossRef]

13. Duncan, M.J.; Roscoe, C.; Noon, M.; Clark, C.C.T.; O’Brien, W.; Eyre, E.L.J. Run, jump, throw and catch: How proficient are
children attending English schools at the fundamental movement skills identified as key within the school curriculum? Eur. Phys.
Ed. Rev. 2020, 26, 814–826. [CrossRef]

14. Foulkes, J.D.; Knowles, Z.; Fairclough, S.J.; Stratton, G.; O’Dwyer, M.; Ridgers, N.D.; Foweather, L. Fundamental movement skills
of preschool children in northwest England. Percep. Mot. Ski. 2015, 121, 260–283. [CrossRef]

15. Bryant, E.S.; Duncan, M.J.; Birch, S.L.; James, R.S. Can fundamental movement skill mastery be increased via a six week physical
activity intervention to have positive effects on physical activity and physical self perception? Sports 2016, 4, 10. [CrossRef]
[PubMed]

16. Morley, D.; Till, K.; Ogilvie, P.; Turner, G. Influences of gender and socioeconomic status on the motor proficiency of children in
the UK. Hum. Mov. Sci. 2015, 44, 150–156. [CrossRef] [PubMed]

17. O’Brien, W.; Belton, S.; Issartel, J. Fundamental movement skill proficiency amongst adolescent youth. Phys. Educ. Sport Pedagog.
2016, 21, 557–571. [CrossRef]

18. Okely, A.D.; Booth, M.L. Mastery of Fundamental Movement Skills among Children in New South Wales: Prevalence and
Sociodemographic Distribution. J. Sci. Med. Sport 2004, 7, 358–372. [CrossRef] [PubMed]

19. Jaakola, T.; Hillman, C.; Kalaja, S.; Liukonen, J. The associations among fundamental movement skills, self-reported physical
activity and academic performance during junior high school in Finland. J. Sports Sci. 2015, 33, 1719–1729. [CrossRef]

20. Lubans, D.R.; Morgan, P.J.; Cliff, D.P.; Barnett, L.M.; Okely, A.D. Fundamental movement skills in children and adolescents:
Review of associated health benefits. Sports Med. 2010, 40, 1019–1035. [CrossRef]

21. Gallahue, D.; Ozmun, J.C. Understanding Motor Development: Infants, Children, Adolescents, Adults, 7th ed.; McGraw-Hill: Boston,
MA, USA, 2011.

22. Clark, J.E.; Metcalfe, J.S. The mountain of motor development. In Motor Development Research and Reviews; National Association of
Sport and Physical Education: Reston, VA, USA, 2002; Volume 2, pp. 163–190.

23. Stodden, D.F.; Goodway, J.D.; Langendorfer, S.J.; Roberton, M.A.; Rudisill, M.E.; Garcia, C. A Developmental Perspective on the
Role of Motor Skill Competence in Physical Activity: An Emergent Relationship. Quest 2008, 60, 290–306. [CrossRef]

24. Hardy, L.L.; King, L.; Farrell, L.; Macniven, R.; Howlett, S. Fundamental Movement Skills among Australian Preschool Children.
J. Sci. Med. Sport 2010, 13, 503–508. [CrossRef]

25. Logan, S.W.; Webster, E.K.; Robinson, L.E.; Getchell, N.; Pfieffer, K.A. The relationship between motor competence and physical
activity engagement during childhood: A systematic review. Kinesiol. Rev. 2015, 4, 416–426. [CrossRef]

26. Morgan, P.J.; Barnett, L.M.; Cliff, D.P.; Okely, A.D.; Scott, H.A.; Cohen, K.E.; Lubans, D.R. Fundamental movement skill
interventions in youth: A systematic review and meta-analysis. Pediatrics 2013, 132, e1361–e1383. [CrossRef] [PubMed]

27. Wick, K.; Leeger-Aschmann, C.S.; Monn, N.D.; Radtke, T.; Ott, L.V.; Rebholz, C.E.; Cruz, S.; Gerber, N.; Schmutz, E.A.; Puder, J.J.;
et al. Interventions to Promote Fundamental Movement Skills in Childcare and Kindergarten: A Systematic Review and
Meta-Analysis. Sports Med. 2017, 47, 2045. [CrossRef] [PubMed]

28. Patterson, S.; Pattison, J.; Legg, H.; Gibson, A.M.; Brown, N. The impact of badminton on health markers in untrained females. J.
Sports Sci. 2017, 35, 1098–1106. [CrossRef]

29. Duncan, M.J.; Noon, M.; Lawson, C.; Hurst, J.; Eyre, E.L.J. The Effectiveness of a primary school based badminton intervention on
children’s fundamental movement skills, perceived motor competence and motor fitness. Sports 2020, 8, 11. [CrossRef]

30. Badminton World Federation. Shuttle Time Teachers Manual; Badminton World Federation: Kuala Lumpur, Malaysia, 2011.
31. Cole, T.J.; Bellizzi, M.C.; Flegal, K.M.; Dietz, W.H. Establishing a standard definition for child overweight and obesity worldwide:

International survey. BMJ 2000, 320, 1240–1243. [CrossRef]
32. Burton, A.W.; Miller, D.E. Movement Skill Assessment; Human Kinetics: Champaign, IL, USA, 1998.
33. Logan, S.W.; Barnett, L.M.; Goodway, J.D.; Stodden, D.F. Comparison of performance on process and product-oriented assessments

of fundamental motor skills across childhood. J. Sports Sci. 2017, 35, 6341–6346. [CrossRef]
34. Ulrich, D.A. Test of Gross Motor Development, 3rd ed.; Pro-Ed: Austin, TX, USA, 2016. Available online: http://www.kines.umich.

edu/tgmd3 (accessed on 20 March 2023).
35. Barnett, L.M.; Ridgers, N.D.; Zask, A.; Salmon, J. Face validity and reliability of a pictorial instrument for assessing fundamental

movement skill perceived competence in young children. J. Sci. Med. Sport 2015, 18, 98–102. [CrossRef] [PubMed]
36. Jones, R.A.; Okely, A.D.; Caputi, P.; Cliff, D.P. Perceived and Actual Competence among Overweight and Non-Overweight

Children. J. Sci. Med. Sport 2010, 13, 5895–5896. [CrossRef]

https://doi.org/10.2147/DMSO.S26676
https://doi.org/10.3390/ijerph16132397
https://doi.org/10.4103/0256-4947.51818
https://www.ncbi.nlm.nih.gov/pubmed/19139617
https://doi.org/10.26719/2014.20.10.596
https://doi.org/10.1177/1356336X19888953
https://doi.org/10.2466/10.25.PMS.121c14x0
https://doi.org/10.3390/sports4010010
https://www.ncbi.nlm.nih.gov/pubmed/29910259
https://doi.org/10.1016/j.humov.2015.08.022
https://www.ncbi.nlm.nih.gov/pubmed/26342797
https://doi.org/10.1080/17408989.2015.1017451
https://doi.org/10.1016/S1440-2440(04)80031-8
https://www.ncbi.nlm.nih.gov/pubmed/15518301
https://doi.org/10.1080/02640414.2015.1004640
https://doi.org/10.2165/11536850-000000000-00000
https://doi.org/10.1080/00336297.2008.10483582
https://doi.org/10.1016/j.jsams.2009.05.010
https://doi.org/10.1123/kr.2013-0012
https://doi.org/10.1542/peds.2013-1167
https://www.ncbi.nlm.nih.gov/pubmed/24167179
https://doi.org/10.1007/s40279-017-0723-1
https://www.ncbi.nlm.nih.gov/pubmed/28386652
https://doi.org/10.1080/02640414.2016.1210819
https://doi.org/10.3390/sports8020011
https://doi.org/10.1136/bmj.320.7244.1240
https://doi.org/10.1080/02640414.2016.1183803
http://www.kines.umich.edu/tgmd3
http://www.kines.umich.edu/tgmd3
https://doi.org/10.1016/j.jsams.2013.12.004
https://www.ncbi.nlm.nih.gov/pubmed/24485803
https://doi.org/10.1016/j.jsams.2010.04.002


Sports 2023, 11, 132 17 of 17

37. Duncan, M.J.; Eyre, E.L.J.; Oxford, S.W. The effects of 10 weeks integrated neuromuscular training on fundamental movement
skills and physical self-efficacy in 6–7 year old children. J. Strength Cond. Res. 2017, 32, 3348–3356. [CrossRef] [PubMed]

38. Davis, K.L.; Kang, M.; Boswell, B.B.; DuBose, K.D.; Altman, S.R.; Binkley, H.M. Validity and reliability of the medicine ball throw
for kindergarten children. J. Strength Cond. Res. 2008, 22, 1958–1963. [CrossRef]

39. Ulrich, S.; Hildenbrand, F.F.; Treder, U.; Fischler, M.; Keusch, S.; Speich, R.; Fasnacht, M. Reference values for the 6-minute walk
test in healthy children and adolescents in Switzerland. BMC Pulm. Med. 2013, 13, 49. [CrossRef] [PubMed]

40. Faigenbaum, A.D.; Farrell, A.; Fabiano, M.; Radler, T.; Naclerio, F.; Ratamess, N.A.; Kang, J.; Myer, G.D. Effects of integrative
neuromuscular training on fitness performance in children. Ped. Exerc. Sci. 2011, 23, 573–584. [CrossRef] [PubMed]

41. Moore, S.A.; McKay, H.A.; Macdonald, H.; Nettlefold, L.; Baxter-Jones, A.D.; Cameron, N.; Brasher, P.M. Enhancing a Somatic
Maturity Prediction Model. Med. Sci. Sports Exerc. 2015, 47, 1755–1764. [CrossRef] [PubMed]

42. Newell, K.M. Constraints on the development of coordination. In Motor Development in Children: Aspects of Coordination and
Control; Wade, M.G., Whiting, H.T.A., Eds.; Martinus Nijhoff: Dordrecht, The Netherlands, 1986; pp. 341–360.

43. Chow, J.Y.; Davids, C.K.; Button, I.; Renshaw, I. Nonlinear Pedagogy in Skill Acquisition; Routledge: London, UK, 2016.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1519/JSC.0000000000001859
https://www.ncbi.nlm.nih.gov/pubmed/28346315
https://doi.org/10.1519/JSC.0b013e3181821b20
https://doi.org/10.1186/1471-2466-13-49
https://www.ncbi.nlm.nih.gov/pubmed/23915140
https://doi.org/10.1123/pes.23.4.573
https://www.ncbi.nlm.nih.gov/pubmed/22109781
https://doi.org/10.1249/MSS.0000000000000588
https://www.ncbi.nlm.nih.gov/pubmed/25423445

	Introduction 
	Materials and Methods 
	Design 
	Participants 
	Measures 
	FMS 
	Physical Fitness 
	Cardiorespiratory Endurance 
	Shuttle Time Intervention 
	Statistical Analysis 

	Results 
	FMS 
	Physical Fitness 

	Discussion 
	Conclusions 
	References

