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ABSTRACT

Introduction Motor competence (MC) is an important
factor in the development of health and fitness in
adolescence.

Aims This cross-sectional study aims to explore the
distribution of MC across school students aged
13—14years old and the extent of the relationship of MC to
measures of health and fitness across genders.
Methods A total of 718 participants were tested from
three different schools in the UK, 311 girls and 407 boys
(aged 13—14 years), pairwise deletion for correlation
variables reduced this to 555 (245 girls, 310 boys).
Assessments consisted of body mass index, aerobic
capacity, anaerobic power, and upper limb and lower
limb MC. The distribution of MC and the strength of the
relationships between MC and health/fitness measures
were explored.

Results Girls performed lower for MC and health/
fitness measures compared with boys. Both measures of
MC showed a normal distribution and a significant linear
relationship of MC to all health and fitness measures for
boys, girls and combined genders. A stronger relationship
was reported for upper limb MC and aerobic capacity
when compared with lower limb MC and aerobic capacity
in boys (t=—2.21, degrees of freedom=307, P=0.03,
95% Cl —0.253 to —0.011).

Conclusion Normally distributed measures of upper and
lower limb MC are linearly related to health and fitness
measures in adolescents in a UK sample.

Trial registration number NCT02517333.

INTRODUCTION

Children and adolescents with low motor
competence (MC) display decreased fitness
and lower physical activity (PA) levels affecting
their health and well-being as adults.'” Inter-
estingly, MC generally improves throughout
development, this is not always true with some
young people, particularly girls, observing a
decline in MC.® The development of MC is
not straightforward and can be explained
by a number of psychosocial, biological

Summary of new findings

» Girls aged 13-14 years showed lower levels
of health, fitness and motor competence (MC)
compared with boys of the same age with effect size
ranging from 0.3 to 1.05.

» First UK study in secondary school adolescents
evaluating MC, and health-related fitness measures.

» Our measures of MC are normally distributed across
school-aged adolescents at the population level and
these measures of MC were significantly correlated
to measures of fitness.

How it might impact clinical practice

» Adds to the knowledge that MC may be a target for
improving fitness, health and sporting activity in UK
secondary school adolescents particularly girls.

» Need to monitor and measure MC levels across
secondary school-aged adolescents at the
population level.

» Both upper and lower limb MC related to fitness
and health markers and may offer routes to improve
sporting activity.

» Supports the need to deliver physical education
lessons in gender-specific groups.

and environmental factors. Furthermore,
while MC development in young children is
affected by biological maturation, practice
and opportunity are more influential during
adolescence.’

The relationship of PA to MC has been
extensively explored, but there is less research
exploring the impact of MC on PA.° To date,
most research has set out to understand this
relationship in people who have impairments
in their MC and identified a number of
factors affecting MC, PA and sporting partici-
pation. The literature indicates an association
between MC, aerobic and anaerobic fitness,
health (body mass index (BMI) and body fat
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percentage) and levels of PA.""* Fundamental motor
skills performed by less coordinated young people, low
MC, are known to require greater physical and cognitive
effort and can be fatiguing."” Less coordinated individ-
uals are also known to have altered bioenergetics and
struggle with reduced performance on aerobic and
anaerobic sporting activities affecting enjoyment and
self-esteem.’ © 1 1% Importantly, reduced MC, activity
levels and associated comorbidities of low activity are
known to persist into adulthood, particularly in adoles-
cents with impaired MC.*'™* Considering the suggested
relationship of MC to low PA in childhood and the current
crisis in physical inactivity in young people, there is a
need to determine MC in young people. Further consid-
ering that MC can effectively be trained in school,** MC
should be measured to determine young people who
could benefit from interventions to benefit their long-
term health and well-being.*

With only limited research exploring the hypothesis
of MC as being causative, we set out to explore MC in
relation to fitness and health markers. PA is known to
reduce in young people in secondary school, particu-
larly girls, and so we set out to measure MC in secondary
schools.® Furthermore, recent evidence indicates that
MC skills which predict health-related fitness measures
are inconsistent between ages and genders.”® While
MC has been studied in a number of countries in
secondary school students,’ performance and changes
over time are known to vary across nations and there
is a need to study performance within the context of
each nation considering its unique context.® ?” There-
fore, this study measures MC in relation to aerobic
and anaerobic fitness and health measures in adoles-
cents aged 13-14 years in the UK for the first time.*®
With limited evidence to support which MC measures
are most appropriate when screening, monitoring and
developing interventions across different abilities, age
and genders for young people internationally, there
is a need to use a mix of measures.”” There is a wide
range of movement battery tests that assess MC as a
whole or as individual subsections such as manual
dexterity, throwing and catching, and balance tasks
(static and dynamic), with specific tests for different
age groups.””™ Evidence has suggested that measures
of overall MC are invalid due to vast differences in fine
and gross MC in a single participant with many tasks not
representing normal distributions. These subsections
of MC should be assessed separately.”** Therefore, this
study uses normally distributed measures of gross upper
and lower limb MC, which are required for sports games
and activities associated with PA.** %

This study will (1) describe MC, aerobic and anaerobic
fitness and health measures in secondary school students
in the UK and then evaluate the extent of (2) gender
differences across MC, fitness and health measures,
(3) examine the extent of relationships of MC to aerobic
and anaerobic power in boys and girls aged 13-14 years
and (4) compare the difference in correlation strengths

between upper limb MC and lower limb MC with a
corresponding health/fitness measure.

METHODS
Participants and procedures
This cross-sectional study collected data as part of the
Engagement, Participation, Inclusion and Confidence in
Sport (EPIC) study (NCT02517333). The data was gath-
ered from three secondary schools in Oxfordshire, which
tested all students enrolled in year 9. The age of the
students ranged from 13 to 14 years. All testing took place
at the respective schools’ sports halls, within an allocated
physical education (PE) lesson. The participants were
split into equal groups and rotated around each station,
evaluating MC, anthropometric and fitness measures.
A total of 718 participants were tested across three schools
(311 girls, 407 boys). After a pairwise deletion of missing
values, the total number of participants with completed
data points across each variable was above 77%.
Permission was gained from each school’s head teachers
to recruit participants, and opt-out consent was collected
from each participant’s parent or legal guardian.

Measures

Anthropometrics

Each subject was measured for height and body mass,
dressed in light sports clothing with shoes on. Data was
adjusted by subtracting 1 kg from each participant’s
weight to compensate for clothing and 2 cm from height
to compensate for shoes. This method was used due to
the time restrictions imposed by the length of the PE
lesson and the number of students tested within that time
period. Grip strength was measured using a hand-held
dynamometer Takei model TKK 5001 (to the nearest 0.1
kg). A SECA medical 770 digital floor scale measured
body mass (to the nearest 0.01 kg) and a Harpenden
stadiometer measured height (to the nearest 0.01 m).
BMI was calculated as mass divided by height squared
(kg/m?).

Aerobic and anaerobic measures

Aerobic fitness was measured using the 20-metre shuttle
run test,”® which shows good validity when compared
with VO, peak (r=0.69; F(1, 46)=42.54; P<0.001) and reli-
ability (intraclass correlation coefficient (ICC)=0.93; (1,
19)=2.58, P=0.13) when testing large numbers of partic-
ipants in a field setting.”*” The test was described to all
participants before attempting the test, with a maximum
of 15 participants measured simultaneously. Each partic-
ipant was instructed to run to the 20 m markers before
the beep sounded, then turn and run back to the start
position before the next beep. As the test progressed
the time between the bleeps became shorter causing the
participants to run faster. If the participant was unable to
reach the end of the 20 m distance before the bleep on
three consecutive occasions, or they removed themselves
from the test their final level and stage completed was
recorded as their score.
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The broad jump was used to measure anaerobic power.
This test has shown good reliability (ICC=0.94, 95% CI
0.93 to 0.95, P<0.001) and validity, compared with leg
extension one repetition max (r=0.79, P<0.01) when
measuring large numbers of students in a field setting.”
The test required each participant to jump as far as
possible from a standing start behind a marked line.
Each participant had to land with both feet together. Two
attempts were permitted with the longest jum p recorded
as their final score.

Motor competence measures
The alternate hand wall toss was used to measure upper
body gross MC. The test required each participant to
stand 1 metre away from a wall. Then in an underarm
action, a tennis ball was thrown against the wall and
caught with the opposite hand. This was repeated for 30 s
with the total number of completed catches recorded as
their score.™

Single leg stationary hopping was used to measure
lower body gross MC. Each participant was instructed to
place their hands on their hips and hop as many times
as possible on their preferred leg. The total number of
correctly maintained hops was counted over 15 s.*’

Data analysis

Descriptive statistics were calculated to characterise
anthropometric, MC and health/fitness measures by
gender, an unpaired t-test compared gender differen-+ces.
Graphical and statistical methods (Shapiro-Wilk) were
used to explore the normality of distribution for upper
and lower limb MC, to take into account, that in large
samples, small deviations from normality is revealed by
inferential statistical methods, but these have little effect
on the results of a parametric test.*' Pearson’s bivariate
correlation was used to assess the association between
aerobic, anaerobic and BMI in relation to upper and
lower limb MC for boys, girls and combined genders.
A comparison of two overlapping correlations based
on dependent groups was used to assess differences

between correlations.*? Hendrickson et al's modification
of William’s t-test was used to evaluate the differences
between dependent correlations,” with Zou™ method
used to calculate 95% CIs. Data analysis was performed
using IBM-SPSS v.28 and R* with significance set at
0.05, and Cohen'’s effect size categorised as small <0.20,
medium <0.5 and large =0.8.

RESULTS

Table 1 shows the descriptive statistics for all study partic-
ipants. The boys showed higher means for MC, fitness,
grip strength and height measurements, whereas girls
reported higher BMI scores, with no significant differ-
ence between weights for boys and girls. Variability was
similar for both genders across all measurements. Effect
size ranged from medium (BMI d=0.3) to large (bleep
test d=1.05, broad jump d=0.91) for gender differences
at P<0.05.

Both measures of MC reported normal distributions,
as indicated by histogram and Q-Q plots. However,
statistical analysis from Shapiro-Wilk test indicated both
MC measures were not normally distributed. Due to the
limitations of these statistical tests,*" the visual represen-
tation provided a more robust method for assessing the
normality of data.

Pearson’s bivariate correlations reported weak to
moderate relationships of MC to all measures of health/
fitness (table 2). The strongest correlation for boys was
between upper limb MC and aerobic capacity (r=0.490,
n=310, P<0.05, 95% CI 0.404 to 0.572). The strongest
correlation for girls was between lower limb MC and
aerobic capacity (r=0.378, n=245, P<0.05, 95% CI 0.262
to 0.494). The whole group correlation was strongest
between upper limb MC and aerobic capacity (r=0.571,
n=555, P<0.05, 95% CI 0.453 to 0.572). The weakest
correlation for boys (r=-0.154, n=310, P<0.05, 95% CI
-0.035 to -0.280), girls (r=-0.190, n=245, P<0.05, 95%
CI -0.047 to -0.318) and the whole group (r=-0.210,
n=555, P<0.05, 95% CI -0.119 to —0.292) was of upper
limb MC and BMI. Further analysis compared the
strength of the correlations of upper or lower limb with

Table 1 Descriptive characteristics

Boys Girls Effect size 95% Cl of the
(n=total, % males) Mean SD Mean SD Pvalue (Cohen’sd) difference
Height (m) (=701, 56.5%) 1.66 0.09 1.62 0.07 <0.05 0.42 —0.048 to —0.022
Weight (kg) (n=684, 57.5%) 54.4 12 54.8 11.6 ns 0.04 -1.382 t0 2.209
BMI (kg/m?) (n=679, 57.1%) 19.8 3.7 20.9 3.8 <0.05 0.3 0.523 to 1.669
Hand grip (kg) (n=698, 56.3%) 28.6 71 26.1 5.1 <0.05 0.41 -3.451 to —1.563
Broad jump (m) (=692, 56.4%) 1.7 0.3 1.5 0.2 <0.05 0.91 —-0.263 to —0.187
Bleep test (level shuttle) (=702, 56.8%) 7.2 2.5 5 1.7 <0.05 1.05 -2.542 to -1.879
Hopping (number of hops) (=684, 56.1%) 49 12 44 11 <0.05 0.47 —7.121 to -8.625
Alternate hand wall toss (number of 24 8 17 7 <0.05 0.79 -7.562 to -5.012

catches) (=619, 55.2%)

BMI, body mass index.
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Table 2 Correlation comparisons of MC and fitness measures

Correlation comparison

Upper limb MC

Lower limb MC

P value 95% CI

df

P value 95% CI

n

P value 95% CI

n

Girls

-0.102 t0 0.173
—0.193 to 0.088

0.60
0.46
0.17

242
242
242

0.52
0.75
1.37

0.230 to 0.449
0.291 to 0.452
—0.047 to -0.318

<0.05
<0.05
<0.05

245
245

<0.05 0.2621t00.494 0.342

<0.05
<0.05

0.378 245

20 m shuttle run (aerobic capacity)

0.163t0 0.406 0.343

—-0.194 to —-0.382

0.290 245
-0.291

Broad jump (anaerobic power)

BMI (kg/m?)

Boys

—-0.0444 to 0.2451

-0.190 245

245

—-0.253 to -0.011
-0.130t0 0.124
-0.115t0 0.160

0.03
0.96
0.73

307
307
307

2.21
0.04

0.404 to 0.572

0.259 to 0.462
—-0.0351t0 -0.280 0.33

<0.05
<0.05
<0.05

310

0.260to 0.449  0.490

0.270 to 0.457
-0.079 to -0.277

<0.05
<0.05
<0.05

0.358 310

20 m shuttle run (aerobic capacity)

310

0.365

0.362 310

Broad jump (anaerobic power)

BMI (kg/m?)
Combined genders

-0.154 310

-0.177 310

-0.166 to —0.002
—0.123 to 0.047
-0.047 to 0.141

0.04
0.37
0.33

552
552
552

2.08
0.89

0.453 to 0.572

0.369 to 0.510
-0.119t0 -0.292 0.98

<0.05
<0.05
<0.05

555
5585

<0.05 0.365t00.498 0.517

<0.05
<0.05

0.433 555

20 m shuttle run (aerobic capacity)

0.335t0 0.470 0.444

-0.324 to -0.184

0.406 555
-0.257 555

Broad jump (anaerobic power)

BMI (kg/m?)

-0.210 555

BMI, body mass index; df, degrees of freedom; MC, motor competence; n, correlation sample size; r, Pearson's correlation coefficient; t, Hendrickson’s modified William'’s t statistic.

a corresponding health/fitness measure (table 2). The
relationship of upper limb MC to aerobic capacity was
stronger than that of lower limb MC to aerobic capacity
in boys (t=—2.21, degrees of freedom (df)=307, P=0.03,
95% CI -0.253 to =0.011) and whole groups (t=—2.08,
df=552, P=0.04, 95% CI -0.166 to -0.002). All statistical
tests produced by R provided the same conclusions for
all correlation comparisons. Girls showed no difference
between upper compared with lower limb MC in relation
to corresponding health/fitness measures.

DISCUSSION

For the first time, we observed levels of upper and lower
limb MC alongside aerobic and anaerobic fitness and
BMI in UK secondary schools. We observed normal distri-
butions for upper and lower limb MC, and a moderate
to weak linear relationship of MC to BMI, aerobic and
anaerobic fitness. Girls had lower MC, particularly upper
limb, strength, aerobic and anaerobic power than boys
supporting the need to target girls in this age group.
In boys and the whole group, there was a stronger rela-
tionship of upper limb compared with lower limb MC to
aerobic capacity. Our findings support that both upper
and lower limb MC may be a target for improving fitness,
health and sporting activity in secondary school adoles-
cents. As a cross-sectional study and considering the low
levels of activity and high obesity in UK schools, our find-
ings support an urgent need to investigate the impact of
training MC on fitness and health in this age group.*

Anaerobic fitness and BMI were similar to previous
studies in adolescents of the same age across different
nationalities.”® ¥ However, comparing aerobic fitness,
upper and lower limb MC to previous research has previ-
ously proven difficult due to the differences in methods
used to measure these movement skills."* ** ** This is
important as children and adolescents in the UK are
reported to be less active compared with other coun-
tries.”” * Therefore, there is a need to engage more
adolescents in higher levels of PA, and understanding the
relationship of MC to fitness and health is important in
order to promote PA in this age group.*’

The observed low fitness levels support previous find-
ings that as children progress into adolescence there is
a significant reduction in PA and increased sedentary
behaviour, particularly in girls.” " Interestingly, girls
also perform significantly lower on both measures of
MC. Evidence from a longitudinal study indicated a link
between levels of MC and cardiorespiratory fitness.”!
Barnett et al’' evaluated the relationship between MC
as measured by object control (throwing, catching,
kicking) and locomotor skill (hop, side gallop, jump and
sprint) with aerobic fitness. Their results showed MC in
elementary school predicted subsequent aerobic fitness
in adolescents, with 25.9% of the variance in fitness
attributed to levels of object control. Object control may
be a predictor of aerobic fitness in adolescents as a result
of greater participation in sports and organised games.
These types of activities require high levels of skill in
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controlling or moving an object such as football, netball
or hockey ball, which also exposes the participant to
levels of higher physical intensities.” °* This is important
as many PE lessons are predominantly sport-based or
game-based activities which require MC.”® Therefore,
it is important to consider MC skills especially in this
age group where PE lessons are in some cases the only
mechanism for increasing moderate to vigorous physical
activity (MVPA) levels.”*

This exposure to higher intensities of PA in sports
may further explain the difference in upper limb MC
compared with lower limb MC in relation to aerobic
capacity in the present study. Object control (alternate
hand wall toss) was used to measure upper limb MC,
whereas lower limb MC used a type of locomotor test
(single leg stationary hopping) to measure MC. There-
fore, using an object control measure for lower limb MC
may produce more valid comparisons, and identify which
adolescents require more support in game-based PE
lessons, or conversely may require another activity where
these skills do not prevent participation. This could
lead to improved engagement and more effective in PE
lessons and increased levels of MVPA.

Previous research’ ” showed similar results to other
nations and age groups compared with the present study,
with significant correlations of upper and lower limb MC
to aerobic and anaerobic capacity.’** The MC measures
consisted of three gross motor tests, one upper limb (ball
throwing speed) and two lower body tests (jump distance
and ball kicking speed). These relationships may suggest
MC plays a role in achieving better levels of health and
fitness in school-aged children, but limitations from
the cross-sectional study design require caution when
making these conclusions. Furthermore, differences in
tests used to assess MC and health /fitness between these
two studies, and the different age groups used in the
previous study (18-25 years) make it difficult to compare
these results further. The significant but weak relation-
ship of upper and lower limb MC to BMI is similar to
that reported by previous studies.”® °” The inverse rela-
tionship between BMI and gross MC is suggested to
reduce as children age into adolescence, which could
be partly explained by growth spurts associated with this
age group and limitations with indirect measures of body
composition. :

The evidence for MC and its relationship to measures
of physical fitness are well documented,” '? 20 3! 52 55 58
however, there is a lack of consistent measures for MC
and relationships to health and fitness across all abili-
ties, ages and genders.'* This is highlighted by the vast
selection of movement battery tests across the literature.
These range from assessments designed to identify clin-
ical deficits in MC* * to recently created assessments,
which incorporate measures from previous assessments
designed for typically developed children.” These incon-
sistencies explain the differences in results and why there
is no agreement for an optimal assessment of MC.'
Therefore, this study looks to add to the knowledge of

both upper and lower limb MC and its relationship to
fitness and health with simple measures easily employed
in school PE screening.

Our study has a number of limitations including a
cross-sectional study design. This limits any conclu-
sion regarding cause and effect between health/fitness
measures and MC. In addition, there are limitations to
the measurements used when assessing MC and fitness.
A systematic review’” reported measures for fitness and
MC are used interchangeably across different studies.
In the present study, standing broad jump was used to
measure anaerobic power; however, previous studies have
used the standing broad jump to measure lower limb
MC. Therefore, measures assessing health/fitness, which
also require high levels of MC, would not be an appro-
priate test when assessing the relationship between these
two variables.” Evidence also suggests object control
may be a better indicator for associations between MC
and fitness.”’ MC measures such as hopping, and fitness
measures such as the standing broad jump may not be
able to detect subtle differences in performance for this
population. This indicates a need for future research
to evaluate the most appropriate measures of MC and
fitness when assessing specific outcomes, for example,
age, gender and ability. Further to this, differences in
strength of relationship for upper and lower body MC
with aerobic capacity may be as a result of different
methods used to assess MC. Using object control as a
measure for upper limb MC, but not for lower limb MC,
may limit further conclusions. BMI has limitations when
assessing obesity, especially in adolescents. This measure
assesses body composition indirectly and is reported
to have low sensitivity. However, it is recommended for
screening adolescents at risk of obesity,5 and we believe
this study has recruited an adequate sample, across whole
year groups, from the population to answer the research
question. Furthermore, evidence indicates a positive
correlation between MC and PA."” This suggests PA may
promote MC in young children which develops into a
mutual relationship into adolescents. This indicates a
need to control for PA when assessing MC and health/
fitness in future work.”

Therefore, this study supports that MC may play an
important role in health and fitness in children/adoles-
cents, particularly girls with recommendations that MC
levels be measured and monitored across all abilities,
along with direct measures of health and fitness.
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