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Abstract

Purpose: Reference curves have already been created for a variety of different physical
testing batteries across a number of countries. Due to results differing between countries for
the same sex and age, it is important that reference curves are created specific for each
country. Therefore, the aim of this study was to provide reference curves for five different
fitness tests that assess the core components of health related fitness within children in
England. Method: Following institutional ethics approval, parental informed consent and
child assent was obtained for a total of 39,199 children aged between 5 and 12 years
completed tests for explosive power, agility, hand eye coordination, lower body strength and
upper body strength. To calculate reference values Generalised Additive Models for
Location, Scale and Shape (GAMLSS) were used. Results: Reference curves and centiles show
differences in performance levels of the fitness tests between sex and age groups. These
reference curves and centiles provide age and sex comparisons to enable progress
monitoring of children’s physical fitness competence within England and comparisons to
other countries. Conclusion: Girls are outperformed from a young age group and both upper
and lower body strength decreases are seen at ages nine and ten. In physical activity and
health related fitness interventions, both girls and boys in KS2 should be targeted to maintain

progression and lessen the gender divide.
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Introduction

The proportion of children and adults who are overweight or obese in the UK and worldwide
continues to rise with no forecast of attenuation (27). Nutrition and health-related fitness
(7) are both indicated as contributing factors to obesity, but recently the government focus
has been directed towards increasing physical activity (PA) (15). The direct relationship
shown between childhood, adolescent and then adulthood obesity and physical inactivity
(18) indicates the most preventative initiatives should target obesity and activity levels in

young children.

Many primary schools and educational agencies are becoming increasingly aware of obesity
and physical inactivity issues leading to an increased number of new initiatives in the area
(26). An important component of any PA or health promotion programme is the ability to
monitor progress and draw comparisons between children of the same sex and age for
health-related fitness (HRF) parameters. Reference curves have been created for a variety of
different HRF tests across a variety of different countries (14, 25, 33). Despite efforts to
present collective reference values across countries (i.e. 28), it has been evidenced that very
different scores are produced across countries for each centile for the same age and sex (19,
25). As such, country-specific reference curves are needed for each HRF test commonly

utilised.

Of the HRF factors presented within Bouchard and Shephard’s model (7), cardiorespiratory
fitness (CRF) and morphological factors have had the most research focus. This has
culminated in reference curves being presented for multiple countries (19, 32, 44), as well as
“Expert Statements” on measurement and interpretation being published. However, motor
and muscular HRF have not received the same focus as CRF and morphological factors.
Importantly, motor and muscular parameters are associated with increased bone mineral

density and skeletal health (12, 28, 43), current and emergent cardiovascular risk factors (28)
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and metabolic risk factors (34). Consequently, motor and muscular HRF are important
instigators of increased physical activity levels (28,35) and should be included when
monitoring and developing HRF during childhood and adolescence. In fact, 2018 UK

government guidelines now recommend motor and muscular HRF alongside the CRF.

Of the many motor and muscular HRF parameters, explosive strength, agility, motor
coordination, and upper and lower muscular strength endurance have been well
documented as the foundations to a physically active childhood, shown to continue into
adulthood (38), in addition to other health benefits (3 ,8, 9, 25). Specifically, increased
strength has been associated with a healthy body composition, increased bone mineral
density and improved mental health. Agility is associated with improved performance in
sport and PA and improved physical function (39). Childhood motor coordination
competency has been reported to predict up to a quarter of the variation of future PA
participation (8). As such, these components of motor and muscular HRF should be an
integral part of any testing battery used in children. Lack of motor and muscular HRF have
been associated with lower levels of enjoyment, confidence and motivation to engage in

sport and physical activity therefore being key to activity and obesity levels.

Therefore, the aim of this study is to provide reference curves for five tests that assess the
core components of motor and muscular fitness within children aged 5-12 years in England.
These will provide reference for development of children in England, in addition to allow for
comparisons with other countries. Comparative data would be useful when comparing the
viability of interventions, physical education programmes, participation rates and obesity
levels. The data presented within this paper was collected as part of a government-led

Healthy Schools programme.
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Method

Overview

Following institutional ethical approval from Middlesex University Ethics Sub-Committee
data analysis on the pre-existing data was conducted. The data were collected in conjunction
with the government-led Healthy Schools programme. Amaven (Amaven.co.uk) advertised
the challenge day project to schools through Physical Education conferences. A total of 34
schools responded and parents were sent a letter to explain the challenge day and were
given an opportunity to opt their child out from having any data recorded. Following this,
nominal children were excluded from the data, resulting in 39,199 children aged 5-12 years
from the 34 schools participating in the challenge day, including all year groups and classes.
Each school’s data was anonymised and uploaded onto the secure Amaven online system

and organised into their regular Year groups.

Participants

Table 1 displays the number of boys and girls that were tested for each skill at each age
group. Using the schools’ postcodes to identify the area deprivation decile, we concluded
that the children sampled are representative of the spread of deprivation within the English
population. Table 2 displays the number of schools within each decile of deprivation
according to the English indices of deprivation (15), with the distribution across the ten
deciles being in good agreement with what is to be expected (ICC(3,1) with agreement =

0.994 [0.978-0.999]).

***insert table 1 ***

***insert table 2 ***
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Procedures

The tests included in the challenge day were chosen due to their association with motor and
muscular HRF, physical activity level and an enhanced health status (3, 8, 9, 25). The
challenge day was conducted and supervised by qualified sport coaches who all went
through the same training and all followed strict standardised operating procedures to
ensure validity and reliability of the data collected. The qualified sport coaches used the
same equipment at the 34 schools including, space cones, tape measures and stop watches;
no specialised equipment was used. All tests were conducted in the school’s sports hall; a
clear open space with a non-slippery floor. All marked out areas needed were measured
prior to the beginning of the Challenge Day using a tape measure to the nearest millimetre.
The sport coach summarised the challenge day, and the pupils were given clear instructions
along with a practical demonstration and one practise trial before each test. The pupils had
a chance to ask questions before starting each test. The first pupil from each group would
complete the particular test before returning to their group, providing enough time to rest
before attempting the next test. Tests were performed in the following order; lower body
strength squats, upper body strength press ups, 5-10-5 agility, broad jump and finally throw

and catch. The pupils were supervised in each test by a trained sports coach.

We fully acknowledge that the testing procedures undertaken could have been more rigid.
However, due to the nature of the aim for this research being to make available reference
centile curves, we believe the ecological validity of the procedures enhances the potential

for meeting this aim.

Agility
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Agility was tested using the 5-10-5 shuttle run (pro-agility shuttle test). Children started on a
marked line, on the command ‘Go’ from the researcher, the children sprinted 5m to a marked
line where they touched the line with their hand and changed direction by 180° to sprint 10m
to a marked line where they touched the line and changed direction for a second time by
180° to sprint a final 5m to finish the agility run. Time of completion of the agility run was
recorded in seconds using a hand held stop watch. If children did not touch each line with
their hand their time was not recorded and they were given two more chances after a five

minute break.

Explosive power

Explosive power was tested using the standing broad jump and stick (BJS). Children started
standing with their feet shoulder width apart and their toes on a line. Children were
instructed to jump as far forward as they could and then land two footed without taking a
step or falling. Children were allowed to use their arms to create momentum. The distance
was measured to the landing of the heel in centimetres. If children did not land correctly

they were given two more chances with a five minute break.

Hand eye coordination

Hand eye coordination was tested using a throw and catch test. Children stood on a marked
line 1m from a flat wall. On the command “Go” from the researcher the children completed
as many throw and catch rebounds off the wall in 30 seconds. Children used two hands and
a size 3 football. The children had to successfully catch the rebound from the wall for it to be
counted as a successful throw and catch. If the child dropped the ball, they would run and
retrieve the ball and continue with the challenge. The number of successful throws and
catches were recorded. The time was recorded by the researcher using a hand held stop

watch.
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Lower body strength

Lower body strength was tested using body weight squats. Children stood with their feet hip
width apart, bent from the knees and hips to a squat position until their thighs were parallel
to the ground. Children were instructed to keep their heels on the ground, their head up and
their back straight. Children could use their arms to help with balance. Children completed
as many body weight squats as they could in 30 seconds. If children became fatigued they
could stop and re-start within the 30 seconds. A full repetition was counted when the upper
leg was parallel to the ground and back to a full standing position. The number of full

repetitions completed in 30 seconds was recorded and timed using a hand held stop watch.

Upper body strength

Upper body strength was tested using press ups. Children started in a full press up position
by lying face down on a flat surface, children placed their hands shoulder width apart directly
underneath their shoulders and straightened their arms. Children were instructed to keep
their legs straight and their back and head in a straight line. Children completed as many full
press ups as they could in 30 seconds. If children became fatigued they could stop and re-
start within the 30 seconds. Full press ups were counted when the children lowered their
body until their elbows were flexed at 90° and extended again to the start position. The
number of full repetitions completed in 30 seconds was recorded and timed using a hand

held stop watch.

Statistical Analysis

Data analysis was performed using two parallel approaches.
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First, to calculate reference values Generalised Additive Models for Location, Scale and
Shape (GAMLSS) were used. These allow the fitting of a distribution to a set of data utilising
regression principles. Briefly, the variances of the distribution parameters are modelled
across the range of data sets (i.e. across age) so that variations in the shape of the

distribution can be accounted for across the range (i.e. age).

Two distribution models were utilised, chosen to best represent the distribution of data
observed. For Agility, Squat, and Broad Jump and Stick (BJS), it was assumed the distributions
of the data were loosely Gaussian, but varied in their mean, variance, skewness and kurtosis,
and that these variables were not consistent across age and gender. This assumption was
supported through analysis of the histograms across the ages and genders for each
performance test. A Box-Cox Power Exponential distribution was fitted. This loosely follows
a Gaussian distribution, but allows for the mean, variance, skewness and kurtosis aspects of
the distribution to be modelled and varied. This has been used in health and exercise

research previously (32, 43) to produce reference curves.

For the SQ and BJS, a recording of zero was removed. These were deemed incorrect
recordings as they did not fit the overall trend that the data presented. This resulted in less

than 1.5% of values being removed, with the result being a more valid fit.

It was deemed not appropriate to utilise the same Box-Cox Power Exponential distribution
for the press up. and throw and catch performance tests. At the higher age groups, both
presented a Gaussian distribution. However, at the younger age groups a large proportion of
children scored lower, leaving a distribution that mimicked half of a Gaussian distribution
(i.e. only the shape to the right of the mean), with this being truncated at zero. As such, a
Gaussian distribution was fitted with this being truncated at zero. This provided centiles that

were more closely aligned with the centiles of the sample collected.
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Following the production of the distributions using GAMLSS, centiles were produced for each
gender across all age groups using the models produced. Values for the 1st, 3rd, 5th, 10th,
25th, 50th, 75th, 90th, 95th 97th and 99th percentiles were calculated. These percentiles
were selected to mimic those utilised by the World Health Organisation in an analysis of size
developments of children (43). Where differences between consecutive percentiles were
less than one, these are not presented due to being meaningless, with only the more central

percentile being retained.

Secondly, a comparison between genders at each age group was undertaken using a Mann-
Whitney U test. This assesses the assumption that both distributions are taken from the same
overall population and it is independent of the shape of the distribution (i.e. non-
parametric). Due to the range of distributions fitted to the data, we deemed it inappropriate
to use classical effect sizes that utilise the mean and standard deviation (measures associated
with a Gaussian distribution) for calculation, as these require the assumption of normality
within the data. Therefore, the process suggested by Fritz, Morris and Richler (2012) was
used to calculate Cohen’s d from the point biserial r (d = 2r / V[1-r?] ), with the point biserial
r being calculated from the Mann-Whitney z-statistic (output from SPSS) using the suggested
formula from Fritz et al. (r = z / VN; where N is the total sample size across both groups).
Here, we will only present the Cohen d statistic along with the p-value calculated from the
Mann-Whitney U test because the point biserial r and Mann-Whitney z-statistic can be
calculated through re-arrangement of the above formulae. Finally, descriptive analysis of the

regression model is used to infer changes across age.

GAMLSS analysis was performed in R (version 3.4.1) using the GAMLSS package (Rigbhy, &
Stasinopoulos, 2005) whilst comparisons between gender were undertaken using SPSS

version 24.

10
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Results

Each of the five motor and muscular HRF tests will be described individually between sex and
across age, with reference curves and centile cut offs reported. All Cohen’s d effect sizes,
along with the significance of the Mann-Whitney U test, for comparisons between boys and
girls can be found in Table 3. It is important to emphasise the smaller sample size for the 12
year old age category for the agility (5-10-5) and explosive (BJS) tests, as this explains the

apparent discrepancy between the effect size and null hypothesis significance test.

Agility

Boys had significantly faster agility time compared to girls at 5-11 years of age (p=0.001). The
difference in agility times between boys and girls increases as children get older (Cohen’s d
increasing from 0.22 at 5 years to 0.39 at 12 years). The reference curves highlight that
children progressively get faster at completing the agility test from the age of 5 to 12 years
old. The curves indicate a steep improvement in agility time until the age of 8/9 years where

the progression slows down (Table 4 and 5; Figure 1 and 2).

***Insert table 4 and 5 here***

***|nsert figures 1 and 2 here***

Explosive power

At all ages boys could jump further than girls. However, this was only significant (p=0.001)
for ages 6-11 years. Similar to agility the children progressively improve from 5-12 years in
the distance achieved from the standing broad jump. However, the progression starts to slow

slightly later, around 9/10 years (Table 6 and 7; Figure 3 and 4).

***Insert table 6 and 7 here***

11
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***Insert figures 2 and 3 here***

Hand eye coordination

At age 5 years, there is minimal difference in the number of completed throw and catches
between genders (p=0.141; Cohen’s d =0.13). However, from ages 6-12 years, boys complete
significantly more throw and catches than girls (p<0.005; ES > 0.16). The centile values for
girls indicate a steady increase from 5-11 years with the steepest increase between 7-10
years. However, between the ages of 11-12 years girls appear to complete the same number
of throw and catches within the 30 second assessment time. Whereas the boys progressively
improve from age 5-12 years with the steepest increase between 6-9 years (Table 8 and 9;

Figure 5 and 6).

***|nsert table 8 and 9 here***

***Insert figures 5 and 6 here***

Lower body strength

As both boys and girls get older the number of squats they can complete in 30 seconds is
decreased from 8-12 years. There is no significant difference, with minimal effect size
(Cohen’s d<0.11), in number of squats completed in 30 seconds between boys and girls until
the age of 12, where boys performed significantly more than girls (p=0.021; Cohen’s d =0.18;

Table 10 and 11; Figure 7 and 8).

***Insert table 10 and 11 here***

***Insert figures 7 and 8 here***

12
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Upper body strength

For both boys and girls the number of press ups completed in 30 seconds remained relatively
constant from ages 8-10 years, but decreased afterwards. Boys performed significantly more
press ups at all ages compared to girls (p=0.001; Cohen’s d 2 0.21; Table 12 and 13; Figure 9

and 10).

***|nsert table 12 and 13 here***

***Insert figures 9 and 10 here***

Discussion

The reference curves presented in this paper, to the authors’ knowledge, are the first to be
established for a motor and muscular HRF testing in English children aged 5-12 years. There
have been a number of countries who have published reference curves for a number of
different fitness tests, however, for a number of reasons these cannot be transferred and
used on English children. The first being the accessibility or ecological validity of them; some
of the tests reported, would not be able to be carried out by teachers unless they had
specialised protocols and/or equipment (10, 14, 25, 37), such as a hand grip dynometer as a
test for strength (10). More importantly it is the poor generalisability of other countries
results to English children that limits their use. For example, standing broad jump reference
curves have been published in children 6 to 12 years in Macedonia (14), Europe (excluding
England; 25), Greece (37) and Australia (10). When comparing the average distance jumped

13
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all other countries jumped 11cm and 19cm further than girls and boys, respectively, from
England. This was a similar finding for the number of press ups completed in 30 seconds;
children from other countries completed on average 3 and 5 more press-ups than English
girls and boys, respectively. From these comparisons it is clear that English children are
performing poorer on these tests to the other countries stated, thus stressing the
importance for English reference curves that can be used to monitor and compare children
within England and allow progress to be measured against reference curves from other

countries

Of the other countries that have produced fitness testing batteries, the test batteries were
not consistent (25, 33, 37). They use different combinations of tests to assess strength,
power, agility, aerobic capacity and flexibility; however, none of them include an assessment
of hand-eye coordination. This is surprising due to the influence that object control skills
have on current and future physical activity participation levels, particularly in boys (2, 8).
Therefore, we would suggest that hand-eye coordination should be included in all testing
batteries to give an indication, particularly in boys, of PA level and likelihood to continue PA

as they age.

One of the main outcomes from the reference curves is the decline in upper and lower body
strength performance between the ages of 10 to 12 years. Between these ages is the
transition from primary school to secondary school in England and this has been highlighted
as a critical point at which physical activity declines (29). A number of reasons have been
highlighted previously, including a lack of extracurricular PA opportunities, higher cognitive
ability and input in to decision making (24) and decrease in active travel to and from school
(23) among others. This decline in PA and an increase in unhealthy food choices (6) that have
been reported at this transition stage are indicated as being contributing factors for the

increase in number of overweight and obese children also at this age (27). This progressive

14
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increase in the number of children who are overweight between the ages of 9-12 years could
provide an explanation for the decrease in performance in the strength based activities. With
adecline in PA and an increase in unhealthy food choices, it is likely increases in fat mass and
decreases in muscle mass will be seen. If someone is carrying more fat mass, whilst having
less muscle mass, power to weight ratio will decrease, as well as anaerobic capacity will
decline and muscles will fatigue quicker (21), resulting in a decrease in performance.
Interestingly, the other tests did not decline in performance. This could be because the
maturation of the children benefits their performance above the loss due to increased
obesity levels. For example; having longer limbs would require less steps to complete the
agility test and therefore complete it quicker; longer leavers to propel forwards for the broad
jump; and longer limbs allow the hands to be closer to the wall to rebound the ball in the
throw and catch test (along with improvements in motor control discussed above). Whereas,
longer limbs for the squat and press up test increases the distance needed to travel to
complete one whole squat/press up, thus taking longer and the amount completed in 30
seconds will decrease. Although caution should be taken with these results, as a lower
sample size was gained within the 12 year old age group, there does appear to be an intricate
relationship between PA, obesity and maturation levels, and a child’s ability to perform

optimally across different fitness tests.

The difference in performance levels between sex and across age highlight the importance
of these reference curves, so any changes in children can be compared to normative values
of their age and sex and tracked effectively over time. This would allow health related fitness
skills to be measured against standard scores, as well as to be tracked alongside traditional
curricular development. These reference curves could therefore be a key tool in supporting

the physical development of children throughout their full development.

15
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Until the age of 10, children of both genders should be somatically the same (22), suggesting
there should be no difference in test scores. However, this was only found for the number
of squats completed; there was only a significant difference between boys and girls at the
age of 12 years. For the broad jump and the throw and catch scores there was no difference
at age five years, however, by the age of six years there was a significant difference.
Furthermore, a significant sex difference in agility performance was seen at age five years.
These sex differences identified prior to somatotype variation, suggest that children may be
socialised at an early age into gender specific activities (4) and therefore physical
development. Boys at all ages have been shown to engage in more organised and
spontaneous PA utilising the space around them, particularly involving balls (5). Thus, by
spending more time doing PA it enables and allows boys to develop these fundamental

movement skills to a greater degree compared to girls.

Once children become pre pubertal, boys start to have more muscle mass and girls more fat
mass and widening of the hips, (13) therefore differences in test scores such as agility would
be expected between boys and girls at this pre pubertal age. However, this age cannot be
completely objective as a more recent suggestion as to why sex differences are seen at an
early age, is due to the onset of puberty becoming earlier in boys (20) and girls (11). This
early onset of puberty has been linked to the increased numbers of overweight and obese
children (44). Whilst this cannot explain the very early sex differences, it can provide an

explanation for some sex differences seen earlier than theoretically expected.

Of the three tests that were investigated from the age of five or six years the reference curves
show accelerated improvements in performance until around the age of nine years. At this
age, the development of these skills is seen to slow down agreeing with previous reports
(41). An explanation for this could be due to the peak period of brain maturation involving

myelination of CNS axons and therefore transmission speed (36) identified between the ages

16



355

356

357

358

359

360

361

362

363

364

365

366

367

368

369

370

371

372

373

374

375

376

377

378

of six and eight years (30). Thus, children between the ages of six and eight years, have an
increased efficiency of performing motor patterns and completing tasks, explaining the rapid
improvement of the task outcomes in the current data set. This age of the peak brain
maturation corresponds with the ‘window of opportunity’ of physical skill development as
suggested by the Long Term Athlete Development (LTAD) model (1,16). Further research is
needed to determine if this acceleration in skill development is also a time of increased
sensitivity to exercise (13) and thus an important time for intervention in children to

maximise PA development.

Limitations

An indication of weight status, such as BMI (body-mass index) was not recorded in this study,
thus limiting the generalizability of the reference curves. However, from the wide spread of
schools across the deprivation levels, it is fair to assume that the sample of children included
in this study is representative of the national levels of weight status in children ages 5-12
years (30% children classed as overweight or obese; 15). The low number of 12 year olds in
this sample causes the centile cut offs for this age group to be used with caution. The data
reported in this study are not indicative of health risk and future research needs to be

conducted to determine performance levels associated with health related fitness.

Conclusions

The reference curves and centile cut offs reported for this comprehensive fitness battery are
the first to be produced in England. Importantly, we have shown that development in all
fitness tests are not as expected across ages, with performances decreasing with age in
strength based tests. The curves provide benchmarks for fitness test scores across 5-12 year

olds for boys and girls. Finally, the reference curves can be used to suggest targets through
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the child’s growth to support development. The sex based differences seen from aged six
should be used to further highlight the need to improve motor competence in girls in any
future interventions and curriculum. A future comparative study of the reference curves
available from around the world should be produced to highlight key differences to be used

when applying studies to other countries.

18



385

386
387
388

389
390
391
392

393
394
395

396
397

398
399
400

401
402
403
404

405
406

407
408
409

410
411
412

413
414
415

416
417
418

419
420

References

1. Balyi, I., & Hamilton, A. (2004). Long-Term Athlete Development: Trainability in
children and adolescents. Windows of opportunity. Optimal trainability. Victoria, BC:
National Coaching Institute British Columbia & Advanced Training and Performance Ltd.

2. Barnett, L. M., Morgan, P. J., van Beurden, E., and Beard, J. R. (2008) 'Perceived
Sports Competence Mediates the Relationship between Childhood Motor Skill Proficiency
and Adolescent Physical Activity and Fitness: A Longitudinal Assessment'. International
Journal of Behavioral Nutrition and Physical Activity 5, 1-12

3. Behringer M, Vom Heede A, Matthews M, Mester J. Effects of strength training on
motor performance skills in children and adolescents: A meta-analysis. Pediatr Exerc Sci 23:
186-206, 2011.

4, Blakemore, J. and Centers, R. (2005) 'Characteristics of Boys' and Girls' Toys'.
Behavioural Science 53, 619-633

5. Blatchford, P., Baines, E., and Pellegrini, A. (2003) 'The Social Context of School
Playground Games: Sex and Ethnic Differences, and Changes Over Time After Entry to Junior
School'. British Journal of Developmental Psychology 21, 481-505

6. Borraccino, A., Lemma, P., Berchialla, L. P., Cappello, N., Inchley, J., Damasso, P.,
Charrier, L., Cavallo, F. (2016) Unhealthy food consumption in adolescence: role of sedentary
behaviours and modifiers in 11-, 13- and 15-year-old Italians. European Journal of Public
Health, Volume 26, Issue 4, Pages 650656,

7. Bouchard C., Shephard R.J., Stephens T. Physical Activity, Fitness, and Health.
Champaign, IL: Human Kinetics Books 1994:77-88.

8. Bryant, E. S., James, R., Birch, S., and Duncan, M. (2014) Does prior or current FMS
predict future habitual physical activity (PA) levels and weight status? Journal of Sports
Science 32, 1775-82

9. Caspersen CJ, Powell KE, Christenson GM. Physical activity, exercise, and physical
fitness: definitions and distinctions for health-related research. Public Health Rep 1985; 100:
126-131.

10. Catley MJ, Tomkinson GR (2013) Normative health-related fitness values for
children: analysis of 85347 test results on 9—17-year-old Australians since 1985. Br J Sports
Med;47:98-108.

11. De Leonibus, C., Marcovecchio, M. L., Chiavaroli, V., Giorgis, T., Chiarelli, F., & Mohn,
A. (2014). Timing of puberty and physical growth in obese children: a longitudinal study in
boys and girls. Pediatric obesity, 9(4), 292-299.

12. Faigenbaum, A. Resistance training for children and adolescents: Are there health
outcomes? Am. J. Lifestyle Med. 1:190-200, 2007

19



421
422
423

424
425
426

427
428
429

430
431
432

433
434

435
436

437
438
439

440
441
442

443
444
445

446
447

448
449
450
451

452
453
454

455
456
457

13. Ford, P., De Ste Croix, M., Lloyd, R., Meyers, R., Moosavi, M., Oliver, J., Till, K. &
Williams, C. (2011) The Long-Term Athlete Development model: Physiological evidence and
application, Journal of Sports Sciences, 29:4, 389-402, DOI: 10.1080/02640414.2010.536849

14. Gontarev, S., Zivokvic, V., Velickovska , L. A and Naumovski, M. (2013). First
normative reference of standing long jump indicates gender difference in lower muscular
strength of Macedonian school children. Helath. 6 (1) 99-106

15. GOV 2017 Childhood obesity: a plan for action. Available at:
https://www.gov.uk/government/publications/childhood-obesity-a-plan-for-
action/childhood-obesity-a-plan-for-action (Accessed on 17/11/17)

16. Higgs, C., Balyi, I, Way, R., Cardinal, C.,, Norris, S., & Bluechardt,M. (2008).
Developing physical literacy: A guide for parents of children aged 0 to 12. Vancouver, BC:
Canadian Sports Centres.

17. Fritz, C., Morris, P., & Richler, J. (2012). Effect size estimates:current use,
calculations, and interpretation. Journal of Experimental Psychology. General, 141(1), 2—-18.

18. Kelsey M, M, Zaepfel A, Bjornstad P, Nadeau K, J, Age-Related Consequences of
Childhood Obesity. Gerontology 2014;60:222-228

19. Lang JJ. (2018) Exploring the utility of cardiorespiratory fitness as a population health
surveillance indicator for children and youth: An international analysis of results from the 20-
m shuttle run test. Appl Physiol Nutr Metab.;43(2):211. doi: 10.1139/apnm-2017-0728.

20. Lee, J. M., Wasserman, R., Kaciroti, N., Gebremariam, A., Steffes, J., Dowshen, S., ...
& Reiter, E. (2016). Timing of puberty in overweight versus obese boys. Pediatrics, peds-
2015.

21. Maciejczyk, M., Wiecek, M,. Szymura, J., Szygula, Z., Brown, L.E. (2015) Influence of
increased body mass and body composition on cycling anaerobic power. Journal of Strength
and Conditioning Research. 29 (1): 58-65 doi: 10.1519/JSC.0000000000000727.

22. Malina, R. M., Bouchard, C., and Bar-Or, O. (2004) Growth, Maturation and Physical
Activity. Second edn: Champaign: IL, USA: Human Kinetics

23. Marks, J., Barnett, L. M., Strugnell, C. and Allender, S. (2015) Changing from primary
to secondary school highlights opportunities for school environment interventions aiming to
increase physical activity and reduce sedentary behaviour: a longitudinal cohort study.
International Journal of Behavioral Nutrition and Physical Activity. 12:59

24. Meester, F. D., Van Dyke, D., Bourdeaudhuij, I. D., Deforche, B., Cardon, G. (2014)
Changes in physical activity during the transition from primary to secondary school in Belgian
children: what is the role of the school environment? BMC Public Health. 14 261

25. Miguel-Etayo, P. D., Garcia-Marco, L., Ortega, F. B., Intemann, T., Foraita, R., Lissner,
L., Barba, G., Michels, N., Tornaritis, M., Molnar, D., Pitsiladis, Y., Ahren, W., Moreno, L. A.
(2014) International Journal of Obesity 38, 557-566

20



458
459

460
461
462
463

464
465
466

467
468
469

470
471
472

473
474

475
476
477

478
479
480

481
482
483

484
485
486
487

488
489

490
491
492
493
494

26. Nation Healthy Schools Programme (2017) Available at:
http://www.healthyschools.org.uk/ (Accesses on 17/11/17)

27. NHS (2017) Statistics on Obesity, Physical Activity and Diet England: 2017 Available
at:
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/613532/
obes-phys-acti-diet-eng-2017-rep.pdf (Accessed on 17/11/17)

28. Ortega, F. B., Artero, E. G., Ruiz, J. R., Espafia-Romero, V., Jiménez-Pavdn, D.,Vicente-
Rodriguez, G., Moreno, L. A. et al.,, (2011) Physical fi tness levels among European
adolescents: the HELENA study. Br J Sports Med; 45:20-29. doi:10.1136/bjsm.2009.062679

29. PHE (2017) Number of children getting enough physical activity drops by 40% .
Available at: https://www.gov.uk/government/news/number-of-children-getting-enough-
physical-activity-drops-by-40 (Accessed on 17/11/2017)

30. Rabinowicz, T. (1986). The differentiated maturation of the cerebral cortex. In F.
Falkner & J. Tanner (Eds.), Human growth: A comprehensive treatise, Vol. 2. Postnatal
growth: Neurobiology (2nd edn., pp. 385—410). New York: Plenum

31. Rigby, R. A. and Stasinopoulos (2005) Generalized additive models for location, scale
and shape. Royal Statistical Society. https://doi.org/10.1111/].1467-9876.2005.00510.x

32. Sandercock, G., Voss, C., Cohen, D., Taylor., M & Stasinopoulos, D. M. (2012) Centile
curves and normative values for the twenty metre shuttle-run test in English schoolchildren,
Journal of Sports Sciences, 30:7, 679-687, DOI: 10.1080/02640414.2012.660185

33. Santos, R., Mota, J., Santos, D. A, Silva, A. M., Baptisa, F. and Sardinha, L. B. (2014)
Physical fitness percentiles for Portuguese children and adolescents aged 10-18 years.
Journal of Sport Sciences. 32 (16) 1510-1518

34, Steene-Johannessen, J., Anderssen, S. A., Kolle, E., Andersen, L. B. (2009) Low Muscle
Fitness Is Associated with Metabolic Risk in Youth. Medicine & Science in Sports & Exercise.
41(7):1361-1367. DOI: 10.1249/MSS.0b013e31819aaae5

35. Stodden, D. F. Goodway, J. D., Langendorfer, S. J., Roberton, M. A., Rudisill, M. E.,
Garcia, C., & Garcia, L. E. (2008) A Developmental Perspective on the Role of Motor Skill
Competence in Physical Activity: An Emergent Relationship, Quest, 60:2, 290-306, DOI:
10.1080/00336297.2008.10483582

36. Susuki, K. (2010) Myelin: A Specialized Membrane for Cell Communication. Nature
Education 3(9):59

37. Tambalis, K. D., Panagiotakos, D. B., Psarra, G., Daskalakis, S., Kavouras, S. A,,
Geladas, N., Tokmakidis, .S. and Sidossis, L. S. (2016) Physical fitness normative values for 6—
18-year-old Greek boys and girls, using the empiricaldistribution and the lambda, mu, and
sigma statistical method, European Journal of Sport Science,16:6, 736-746, DOI:
10.1080/17461391.2015.1088577

21



495
496
497

498
499
500

501
502
503

504
505
506

507
508
509

510
511
512
513

514
515
516

517

518

38. Telama, R., Yang, X., Viikari, J., Valimaki J., Wanne, O., Raitakari, O. (2005) Physical
activity from childhood to adulthood. A 21-year tracking study. Am J Prev Med.;28(3):267-
73.

39. Thakur, D. and Motimath, B. (Flexibility and agility among children and adolescent
athletes: an observational study. International Journal of Physiotherapy and Research. Vol 2
(4) 653-656

40. Tomkinson GR, Carver KD, Atkinson F, et al (2018) European normative values for
physical fitness in children and adolescents aged 9—17 years: results from 2 779 165 Eurofit
performances representing 30 countries. BrJ Sports Med;52:1445-14563.

41. Viru, A., Loko, J., Harro, M., Volver, A., Laaneots, L. & Viru, M. (1999) Critical Periods
in the Development of Performance Capacity During Childhood and Adolescence, European
Journal of Physical Education, 4:1, 75-119, DOI: 10.1080/1740898990040106

42. Vlachopoulos, D; Barker, AR; Ubago-Guisado, E; et al. (2017) Longitudinal
Adaptations of Bone Mass, Geometry and Metabolism in Adolescent Male Athletes. The
PRO-BONE Study. Journal of Bone and Mineral Research. https://doi.org/10.1002/jbmr.3206

43. WHO Multicentre Growth Reference Study Group. WHO Child Growth Standards:
Length/height-for-age, weight-for-age, weight-for-length, weight-for-height and body mass
index-for-age: Methods and development. Geneva: World Health Organization, 2006 (312
pages).

44, Zhai, L., Liu, J., Zhao, J., Liu, J., Bai, Y., Jia, L., & Yao, X. (2015). Association of Obesity
with Onset of Puberty and Sex Hormones in Chinese Girls: A 4-Year Longitudinal Study. PLoS
ONE, 10(8), e0134656.

22



