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Abstract
Background

Field based physical fitness tests are widely used to describe motor performance in school age children,
but the motor and anthropometric correlates of change of direction tasks during late childhood remain
incompletely described. The 505 change of direction (COD) test captures a pre planned movement task
that requires acceleration, deceleration, turning, and reacceleration. This study examined motor
performance and field based physical fitness correlates of 505 COD performance in 9 to 10 year old
children.

Methods

This exploratory cross-sectional study included 98 apparently healthy school age children (55 boys and
43 girls). The 505 COD time was used as the outcome variable. Candidate field based variables included
20 m sprint time, back leg strength, handgrip strength, squat jump, simple visual reaction time, flexibility
tests, and selected anthropometric indices. Sex stratified correlations were interpreted with Benjamini-
Hochberg false discovery rate (FDR) q values. Exploratory regression models were intentionally
conservative and should be interpreted as within sample explanatory models rather than validated
prediction tools.

Results

Across boys and girls, 20 m sprint time was the most consistent correlate of 505 COD time. In boys, the
model including 20 m sprint time and back leg strength explained 39.8% of the variance in 505 COD time
(adjusted R2 = 0.375). In girls, the conservative model including 20 m sprint time and simple visual
reaction time explained 58.9% of the variance (adjusted R2 = 0.568). A sensitivity model including
shoulder hip ratio explained 63.3% of the variance but was interpreted cautiously because shoulder hip
ratio was not a significant bivariate correlate of 505 COD time.

Conclusions

In school age children, linear sprint performance was the most consistent field based correlate of 505
COD performance. Strength related measures in boys and general neuromotor response time in girls
provided additional explanatory information, but the findings are exploratory. The models should not be
used as clinical, screening, or individual level prediction tools without further validation in larger pediatric
samples with maturation, habitual physical activity, sport participation, and reliability data.

Background
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Physical fithess and motor performance are important components of child health and development. In
school age children, field based physical fitness tests are frequently used because they are feasible,
inexpensive, and suitable for school and community settings. Measures of speed, muscular strength,
flexibility, jumping performance, and body size can provide practical information about children's
functional movement capacity and may also help identify areas that require further assessment or
support. Previous reviews and large reference datasets indicate that physical fitness in childhood is
associated with current and future health indicators, supporting the value of simple field based
assessment in pediatric and school settings [1-4].

Motor competence is not limited to isolated strength or speed tasks. It also includes the ability to
coordinate movement, control the body during acceleration and deceleration, and rapidly redirect
movement in a planned or semi planned context. These capacities are relevant to physical education,
daily play, and participation in age appropriate physical activity. Developmental and systematic review
evidence suggests that motor competence is closely linked with physical activity, health related fitness,
and broader developmental trajectories, although the strength and direction of these relationships may
vary by age, sex, and assessment method [5-11].

The 505 COD test is commonly used to describe pre planned change of direction performance. In this
task, the child accelerates, decelerates, turns 180 degrees, and reaccelerates through a timing area.
Although the test has often been discussed in sport performance literature, it can also be interpreted
more broadly as a field based motor performance task that combines linear speed, braking control,
turning ability, and reacceleration. Importantly, the 505 test does not measure reactive agility because it
does not require a response to an unpredictable external stimulus; this distinction is central when
interpreting findings in pediatric samples [12-18].

Late childhood is a relevant period for examining field based correlates of COD performance. During this
period, children are undergoing changes in body proportions, neuromuscular coordination, muscular
strength, flexibility, and movement control. Chronological age alone may not fully capture developmental
status because biological maturation and growth tempo can influence strength, sprinting, jumping, and
COD related tasks. Sex related differences in explosive actions and movement performance may begin
to emerge during late childhood, but such patterns require cautious interpretation when maturity status
and sport participation history are not measured [19-24].

Several field based measures may be linked to 505 COD performance. Linear sprint time is likely to be
related because part of the 505 test involves acceleration and reacceleration. Muscular fithess may
reflect the capacity to control body mass during braking and redirection, whereas body size and body
proportions may influence movement mechanics. In pediatric contexts, these variables should be
considered as field based physical fitness correlates rather than direct causal determinants, especially
when longitudinal data, maturation indicators, and intervention evidence are unavailable [25-29].

Previous studies have examined predictors of agility or COD performance mainly in adolescent athletes
or sport specific samples. Fewer studies have framed 505 COD performance as a field based motor
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performance outcome in school age children. This distinction is important for pediatric readers because
the aim is not to identify athletic talent or produce a validated individual prediction equation. Instead, the
present study uses an exploratory cross sectional framework to describe which accessible field based
physical fitness variables are associated with 505 COD performance in 9 to 10 year old children.

The primary aim of this study was to examine motor performance and field based physical fitness
correlates of 505 COD performance in school age children. A secondary aim was to explore whether the
pattern of associations differed when boys and girls were analysed separately. Because the sample was
modest and no internal or external validation was available, all regression models were interpreted as
exploratory, hypothesis generating explanatory models rather than validated prediction tools.

Methods
Study design and setting

This was an exploratory cross sectional study conducted in a school based field testing setting. The
outcome variable was 505 COD test time, which was used to describe pre planned change of direction
motor performance. The study focused on field based physical fitness and anthropometric correlates
that can be assessed in school or community settings. The study was not designed to develop a clinical
screening tool, an individual level prediction equation, or a talent identification model.

All measurements were completed over two testing days. On the first day, anthropometric
measurements, flexibility tests, and the 505 COD test were performed. On the second day, simple visual
reaction time, 20 m sprint, handgrip strength, and back and leg strength were assessed. The archived
protocol confirmed two trial testing for the main field tests; however, complete manufacturer/model
information for the timing gates and detailed warm up and rest durations were not available in the
analysis file. This is reported as a limitation because it reduces reproducibility.

Participants

The study included 98 apparently healthy children aged 9 to 10 years, comprising 55 boys and 43 girls.
Participants were included if they were apparently healthy, had no known chronic disease or
musculoskeletal condition that would limit physical performance testing, and were able to complete the
field based test battery. Children with acute injury, pain during testing, or incomplete data for the core
outcome were excluded from the relevant analyses.

The study was approved by the Ethics Committee of Bandirma Onyedi Eylul University (approval code: E-
25691463-050.04-2500066071-2025-139). Written informed consent was obtained from parents or legal
guardians, and age-appropriate verbal assent was obtained from the children before participation. The
study was conducted in accordance with the principles of the Declaration of Helsinki and contemporary
ethical standards for sport and exercise science research [30].
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Anthropometric measurements

Body height and body mass were measured with participants barefoot and wearing light sport clothing.
Height was measured to the nearest 0.1 cm, and body mass was measured to the nearest 0.1 kg. Body
mass index (BMI) was calculated as body mass divided by height squared (kg/m2). Triponderal mass
index (TMI) was calculated as body mass divided by height cubed (kg/m3), as TMI has been proposed
as a useful index in pediatric body size assessment [29]. Waist and hip circumferences were measured
in standing position, and waist to hip ratio was calculated from valid values only [31]. Shoulder hip ratio
and intermembral index were used as exploratory anthropometric indices.

Field based physical fitness and motor performance tests

Linear sprint performance was assessed using a 20 m sprint test. Participants started from a standing
position and completed two trials; the fastest valid time was used for analysis. Sprint time was recorded
in seconds using photocell timing gates available in the field testing setting. The manufacturer and
model of the timing system were not retrievable from the archived analysis file.

Handgrip strength was measured separately for the right and left hands using a Takei hand
dynamometer. Participants stood upright with the tested arm held freely at the side. Back and leg
strength was assessed using a Takei Back-D dynamometer. Squat jump height was measured using the
My Jump Lab mobile application, which has been used in field based vertical jump assessment [32].
Flexibility was assessed using the sit and reach test and a trunk and neck static flexibility test. Simple
visual reaction time was assessed using a computer based protocol in which participants responded to
visual stimuli as quickly as possible [33, 34].

The 505 test was used to assess pre planned COD performance. Participants accelerated toward a
turning line, performed a 180 degree turn, and returned through the timing area. The fastest valid time
from two trials was used for analysis. The test was interpreted as a pre planned COD task that involves
acceleration, deceleration, turning, and reacceleration, and not as a reactive agility assessment [12-18].
Previous work has also emphasized the importance of test-retest reliability and measurement
standardization in COD, sprint, strength, and jump assessments [35-39].

Statistical analysis

Descriptive statistics are presented as mean, standard deviation, and minimum maximum values.
Analyses were performed separately for boys and girls because the study aimed to describe sex
stratified exploratory patterns. Pearson correlation coefficients were calculated to describe linear
associations between 505 COD time and candidate field based variables. Because multiple correlations
were examined, Benjamini-Hochberg false discovery rate (FDR) q values were calculated within each sex
[40, 41]. These analyses were exploratory and were not used to make confirmatory claims.
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Multiple linear regression analyses were performed with 505 COD time as the outcome variable. Model
selection was deliberately conservative and based on theoretical relevance, bivariate association
patterns, and avoidance of excessive model complexity in the sex stratified samples. In boys, the primary
exploratory model included 20 m sprint time and back leg strength. In girls, the primary conservative
model included 20 m sprint time and simple visual reaction time. A sensitivity model adding Shoulder hip
ratio was reported only for transparency because this variable was significant after adjustment but was
not a significant bivariate correlate of 505 COD time.

Model fit was reported using R2, adjusted R2, F statistics, p values, and the standard error of the
estimate. Regression coefficients were reported as unstandardized B, standard error, 95% confidence
interval, standardized beta, p value, and variance inflation factor. The models were not internally or
externally validated. Therefore, explained variance values should be interpreted as within sample
descriptive estimates rather than as evidence of generalisable prediction performance. Reporting of the
observational design was informed by STROBE guidance [42, 43].

Results

The final dataset included 98 children: 55 boys and 43 girls. Descriptive characteristics and field based
physical fitness measures are presented in Table 1. Boys had a mean 505 COD time of 3.41 +0.34 s and
a mean 20 m sprint time of 4.41 +0.32 s. Girls had a mean 505 COD time of 3.72 £ 0.39 s and a mean 20
m sprint time of 4.82+0.49 s.
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Table 1
Descriptive characteristics and field based physical fithess measures

Variable Boys Boys mean Boys min- Girls Girls mean Girls min-
n +SD max n +SD max

505 COD time (s) 55 3.4110.34 2.30-4.51 43 3.72+0.39 3.18-5.27

20 m sprint time (s) 55 4.41+0.32 3.79-5.11 43 482+049  4.05-6.03

Simple visual reaction 55 0.35+0.13 0.14-0.92 43 0.38+0.15 0.16-0.87

time (s)

Back leg strength (kg) 55 4153+ 21.50- 43 39.45+ 20.00-
12.36 72.50 13.49 73.00

Shoulder hip ratio 55 1.36+0.10 1.11-1.61 43 1.32+0.11 0.85-1.54

Sit and reach (cm) 55 2045+ 5.00-33.50 43 2492 + 6.00-37.50
6.77 7.62

Squat jump (cm) 55 22.67 12.95- 43 20.38 + 11.48-
5.52 35.89 5.52 37.30

Right handgrip 55 13.38% 8.60- 43 11.89 % 5.00-

strength (kg) 2.63 21.30 3.07 20.00

Left handgrip strength 55 13.25¢+ 8.90- 43 12.24 + 6.60—

(kg) 2.43 20.40 2.89 17.90

Static flexibility- 55 30.67 £ 15.00- 43 32.07 13.00-

trunk/neck (cm) 9.72 67.00 9.10 62.00

BMI (kg/m?) 55 17.93 £ 12.00- 43 18.13 ¢ 13.18-
3.33 26.45 3.29 27.30

TMI (kg/m3) 55 13.21+ 9.48- 43 13.37 % 10.00-
2.18 19.23 2.09 18.63

Intermembral index 55 122.28 + 96.43- 43 120.61 108.70-

(%) 7.63 139.66 6.58 134.04

WHR 52 0.84+0.03 0.77-0.93 43 0.82+0.05 0.73-0.93

Pelvic index (%) 55 9295+ 71.43- 43 91.59 + 69.43-
6.16 102.31 6.60 102.02

Values are presented as mean * standard deviation and minimum-maximum. WHR was summarised
using valid values only in boys (n = 52) because two waist/hip calculations were missing and one
implausible WHR value was excluded from the descriptive summary. COD, change of direction; SD,
standard deviation; BMI, body mass index; TMI, triponderal mass index; WHR, waist to hip ratio.

Sex stratified bivariate correlations with 505 COD time are shown in Table 2. In both sexes, 20 m sprint
time was the most consistent positive correlate of 505 COD time. Back leg strength, squat jump, and
handgrip strength showed negative associations with COD time in boys. In girls, 20 m sprint time, back
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leg strength, sit and reach, and handgrip strength showed associations with 505 COD time. After FDR
adjustment, the simple visual reaction time association was weaker and was interpreted cautiously.

Table 2
Sex stratified correlations with 505 COD time

Variable Boysr Boysp BoysFDRq Girlsr Girlsp Girls FDRq
20 m sprint time (s) 0.568 <0.001 <0.004 0.721  <0.001 <0.004
Back leg strength (kg) -0.332 0.013 0.035 -0.426  0.004 0.009
Simple visual reaction time (s)  0.102 0.459 0.524 0.313 0.041 0.055
Shoulder hip ratio 0.060 0.663 0.663 -0.252 0.103 0.103
Sit and reach (cm) -0.160 0.243 0.324 -0.563 <0.001 <0.004
Squat jump (cm) -0.455 <0.001 <0.004 -0.296 0.054 0.062
Left handgrip strength (kg) -0.318 0.018 0.036 -0.475 0.001 0.003
Right handgrip strength (kg) -0.302 0.025 0.040 -0.350 0.021 0.034

Values are Pearson correlation coefficients. Positive r values indicate longer 505 COD time with higher
values of the variable; negative r values indicate shorter 505 COD time with higher values. FDR g-values
were calculated using the Benjamini-Hochberg procedure within each sex. Analyses were exploratory
and should not be interpreted as confirmatory multiple-comparison testing.

Figure 1 illustrates the association between 20 m sprint time and 505 COD time. The direction of the
association was similar in boys and girls, supporting the role of linear sprint performance as the most
consistent field based correlate of 505 COD time in this sample.

Figure 1. Association between 20 m sprint time and 505 COD time by sex.

Scatter points represent individual participants, and fitted regression lines show the sex stratified
association between 20 m sprint time and 505 COD time. The figure is descriptive and does not indicate
a validated prediction equation.

The exploratory regression models are presented in Table 3. In boys, the model including 20 m sprint
time and back leg strength was significant and explained 39.8% of the variance in 505 COD time. In girls,
the conservative primary model including 20 m sprint time and simple visual reaction time explained
58.9% of the variance. The sensitivity model that additionally included Shoulder hip ratio explained 63.3%
of the variance, but this result should be interpreted cautiously because Shoulder hip ratio was not a
significant bivariate correlate of 505 COD time.
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Table 3
Exploratory regression models for 505 COD time

Model Variable B SE 95% CI B p VIF
Boys primary model 20 m sprint time 0.572 0.115 0.342to 0.539 < 1.01
(s) 0.802 0.001
Back leg strength  -0.008 0.003 -0.013to -0.277 0.014  1.01
(kg) -0.002
Girls primary 20 m sprint time 0.564 0.082 0.399to 0.702 < 1.01
conservative model (s) 0.729 0.001
Simple visual 0.677 0.262 0.148to 0.263 0.013  1.01
reaction time (s) 1.207
Girls sensitivity Shoulder hip -0.788 0.366 -1.5281to -0.224 0.038 1.14
model ratio -0.048
20 m sprint time 0.527 0.080 0.365to 0.656 < 1.06
(s) 0.688 0.001
Simple visual 0.852 0.264 0.319to 0.330 0.003 1.11
reaction time (s) 1.385

Boys primary model: R2 = 0.398, adjusted R2 = 0.375, F(2,52) = 17.20, p < 0.001, standard error of
estimate = 0.267. Girls primary conservative model: R2 = 0.589, adjusted R2 = 0.568, F(2,40) = 28.66, p <
0.001, standard error of estimate = 0.256. Girls sensitivity model: R2 = 0.633, adjusted R2 = 0.604,
F(3,39) =22.39, p < 0.001, standard error of estimate = 0.245. Cl, confidence interval; VIF, variance
inflation factor. The sensitivity model is reported for transparency and should not be interpreted as a
validated prediction model.

Figure 2 presents standardized regression coefficients from the primary exploratory models. Across both
sex groups, 20 m sprint time had the largest positive standardized coefficient. The coefficients describe
within sample explanatory associations and should not be interpreted as externally validated individual
level prediction effects.

Figure 2. Standardized coefficients from the primary exploratory models.

Dots represent standardized coefficients (B), and horizontal bars represent approximate 95% confidence
intervals transformed from unstandardized confidence intervals. Positive coefficients indicate longer
505 COD time, whereas negative coefficients indicate shorter 505 COD time.

Discussion

This exploratory cross sectional study reframed 505 COD performance as a field based motor
performance outcome in school age children. The main finding was that 20 m sprint time was the most
consistent correlate of 505 COD time in both boys and girls. This is expected because the 505 test
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includes acceleration and reacceleration components. However, the finding is still useful in a pediatric
field testing context because it indicates that a simple linear sprint test captures a substantial part of the
variance in a more complex turning task.

The present results should be interpreted as associations between field based physical fitness measures
and a motor performance task, not as evidence of causation. Children who performed better in the 20 m
sprint also tended to complete the 505 COD test faster. This may reflect shared neuromuscular and
mechanical requirements, including rapid force production, step frequency, acceleration capacity, and
efficient reacceleration after turning. However, the 505 test also requires deceleration and directional
control, which may explain why strength related variables contributed additional information in boys [18,
44-47].

In boys, back leg strength contributed to the exploratory model after 20 m sprint time. This suggests that
general lower body strength may be relevant to tasks that require braking and redirection of body mass.
Muscular fitness is an important component of pediatric physical fitness, but because no test-retest
reliability indices and no maturation data were available, this result should be interpreted as a within
sample association. It should not be used to infer that increasing back leg strength alone would improve
COD performance in school age boys [25-28].

In girls, 20 m sprint time was again the dominant field based correlate. Simple visual reaction time added
explanatory information in the conservative model, but this result requires caution. The 505 test is a pre
planned task and does not require reactive decision making. Therefore, simple visual reaction time
should be viewed as a general neuromotor response measure rather than a task specific determinant of
505 COD performance [12-15].

The sensitivity model including Shoulder hip ratio is reported for transparency but should not be
overinterpreted. Shoulder hip ratio was not a significant bivariate correlate of 505 COD time, and its
contribution after adjustment may reflect sample specific suppression, residual confounding, or
statistical instability. This finding requires replication in larger pediatric samples with more complete
information on growth, maturation, and body composition [19, 20].

The study has relevance for pediatric and school based assessment because it uses feasible tests that
can be administered outside specialised laboratories. Field based fitness testing is important in child
health and physical education, but interpretation should be developmentally appropriate. In this context,
the results may help researchers and practitioners understand which general fithess domains are
associated with a complex turning task. The results should not be used to rank children clinically, select
athletic talent, or create individual level screening thresholds [1-11].

Several limitations should be noted. First, the cross sectional design prevents causal interpretation.
Second, biological maturation, growth tempo, habitual physical activity, organised sport participation,
and socioeconomic factors were not measured. These variables may influence both field based fitness
measures and 505 COD performance. Third, the sample was modest, particularly after sex stratification,
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and the models were not internally or externally validated. Fourth, test-retest reliability indices such as
intraclass correlation coefficients, standard error of measurement, and coefficients of variation were not
available. Fifth, complete equipment information for the photocell timing system and detailed warm up
and rest intervals were not retrievable from the archived dataset. These limitations mean that the
findings should be considered hypothesis generating [19, 20, 37-43].

Future studies should include larger and more diverse school age samples, formal maturation
assessment, habitual physical activity data, sport participation history, and standardized reliability
testing. Prospective studies are needed to determine whether changes in sprint, strength, or flexibility
measures correspond to changes in COD performance over time. Validation studies should also evaluate
whether explanatory models remain stable across schools, age groups, and developmental stages [19,
20, 37-43].

Conclusions

In 9 to 10 year old children, 20 m sprint time was the most consistent field based physical fitness
correlate of 505 COD performance. Back leg strength in boys and simple visual reaction time in girls
provided additional explanatory information in conservative exploratory models. The findings should be
interpreted as descriptive, within sample associations rather than validated prediction effects. More
comprehensive pediatric studies incorporating maturation, habitual physical activity, sport participation,
measurement reliability, and external validation are needed before these associations can be applied in
screening, intervention planning, or individual level decision making.

Abbreviations
BMI

body mass index

COD
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Figure 1

Association between 20 m sprint time and 505 COD time by sex.

Scatter points represent individual participants, and fitted regression lines show the sex stratified
association between 20 m sprint time and 505 COD time. The figure is descriptive and does not indicate
a validated prediction equation.
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Figure 2
Standardized coefficients from the primary exploratory models.
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Dots represent standardized coefficients (B), and horizontal bars represent approximate 95% confidence
intervals transformed from unstandardized confidence intervals. Positive coefficients indicate longer
505 COD time, whereas negative coefficients indicate shorter 505 COD time.
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