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Abstract: Reactive agility (RAG) and change of direction speed (CODS) are important determinants 

of success in football (soccer), but there is an evident lack of information on reliable and valid 

football-specific testing procedures which will be applicable in defining sport-specific RAG and 

CODS in youth players. This study evaluated reliability and construct validity of newly developed 

tests of football-specific RAG (FS_RAG) and CODS (FS_CODS), which involved the ball kicking 

football technique. Additionally, factors associated with FS_RAG and FS_CODS were evaluated. 

The participants were youth football players (n = 59; age: 13.40 ± 1.25 years) divided according to 

their age into U13 (11–12 years of age; n = 29), and U15 (13–14 years of age; n = 30) categories. 

Additionally, performance levels (starters [first-team] vs. non-starters [substitutes]) were observed 

in each age category. The dependent variables were newly developed FS_RAG and FS_CODS tests. 

The independent variables were sprinting capacities over 10 and 20 meters (S10M, S20M), 

countermovement jump (CMJ), the reactive strength index (RSI), and a generic CODS test of 20 

yards (20Y). The newly developed FS_CODS and FS_RAG were observed as dependent variables. 

Results showed appropriate intra-testing and inter-testing reliability of the FS_RAG and FS_CODS, 

with somewhat better reliability of the FS_CODS (ICC=0.82 and 0.79, respectively). Additionally, 

better reliability was evidenced in U15 than in U13 (ICC: 0.82–0.85, and 0.78-0.80 for U15 and U13, 

respectively). Independent samples t-test indicated significant differences between U13 and U15 in 

S10 (t-test: 3.57, p < 0.001), S20M (t-test: 3.13, p < 0.001), 20Y (t-test: 4.89, p < 0.001), FS_RAG (t-test: 

3.96, p < 0.001), and FS_CODS (t-test: 6.42, p < 0.001), with better performance in U15. Starters 

outperformed non-starters in most capacities among U13, but only in FS_RAG among U15 (t-test: 

1.56, p < 0.05). Multiple regression calculations indicated nonsignificant association between 

independent and dependent variables in U13 (FS_CODS: 19%, FS_RAG: 21% of the explained 

variance, both p > 0.05), but independent variables explained significant proportion of both 

dependent variables in U15 (FS_CODS: 35%, FS_RAG: 33% explained variance, both p < 0.05). The 

study confirmed the applicability of newly developed tests in distinguishing studied age categories 

of players. Results indicate that superiority in all studied fitness capacities is translated into 

performance level in U13. Meanwhile, FS_RAG seems to be important determinant of quality in 

U15. 

Keywords: team sports; pre-planned agility; non-planned agility; determinants; soccer 

 

mailto:ante.krolo@gmail.com
mailto:barbara.gilic@outlook.com
mailto:nikolaforetic@gmail.com
mailto:mspasic@kifst.hr
mailto:ognjen.uljevic@gmail.com
mailto:simeversic@gmail.com
mailto:damirsekulich@gmail.com
javascript:void(0);


Int. J. Environ. Res. Public Health 2020, 17, 294 2 of 16 

 

1. Introduction 

Agility is defined as a rapid change of speed and direction of movement as a reaction to an 

external stimulus [1]. This quality is recognized as an important health-related fitness component[2], 

and an essential quality in some professional activities (i.e., military, police) [3,4]. However, agility is 

mostly known as crucial conditioning capacity in competitive team sports, including football [5–7].  

Football (soccer) is an intermittent team sport characterized by frequent transitions in activity 

patterns, from high-intensity movements such as sprinting, jumping, shooting, accelerating, and 

decelerating to low-to-moderate intensity activities such as jogging, walking and even standing still 

[8,9]. Demands of the football game are increasing rapidly; thus players have to possess a high level 

of physical capacities, technical and tactical skills [10]. However, ability to rapidly change speed (i.e., 

acceleration) and sprint is the most frequent action in goal situations in professional football [11] . 

The observed accelerations are mainly performed in response to external stimuli (i.e., movement of 

the ball, opponent, teammate) and usually preceded by change of movement direction. This 

essential football ability, described in such way, represents, in fact, agility. 

There area largenumber of tests and testing protocols used to measure agility performance in 

team sports, including football [12,13]. However, most of these tests actually test only ability to 

quickly change the direction (i.e., change of direction speed—CODS), without including the 

response to external unpredictable stimuli, which is essential facet of agility. Therefore, a clear 

distinction between CODS (i.e., pre-planned agility or non-reactive agility), and reactive 

agility—RAG (i.e., non-planned agility) is required, especially in detecting cognitive (i.e., perceptual, 

decision making) and physical (i.e., conditioning capacities, body indices, technique etc.) related 

determinants of agility[14]. Indeed, while various conditioning capacities (i.e., sprinting speed, 

jumping performance) were more strongly associated with CODS than with RAG, perceptual and 

cognitive capacities were identified as being significant predictors of RAG in team sport athletes 

[14,15]. Meanwhile, there is an evident lack of studies which examined factors associated with CODS 

and RAG in football. These information may be of high importance in training and conditioning 

since it will allow specific and targeted development of important qualities which will consequently 

improve specific RA or CODS quality [16]. 

Because of the known importance of agility for long-term sport development, studies 

frequently elaborated the reliability and validity of the tests aimed at evaluation of agility in young 

athletes[17,18]. However, mostof the investigations done so far evaluated CODS-, and not 

RAG-performances in youth athletes involved in different sports, including football. For example, 

Basque authors examined the reliability and validity of the modified Barrow CODS test and 

reported high test-retest reliability (ICC: 0.94) for 11-to-14 years old football players[19]. Similarly, 

Tunisian authors reported appropriate reliability of the zig-zag CODS test in 14.2±0.6 years-old 

players [20]. Finally, the T-drill CODS test had high reliability in 10–12 years old football players 

[21]. However, there is an evident lack of information about reliability of the RAG tests in football.  

With regard to agility in football, it is also important to note that performance in this sport often 

involve dribbling, passing, and kicking movements, indicating the importance of ball-handling even 

in CODS and RAG[11]. As a result of this and importance to mimic the situations which appear in 

sport (i.e., face validity), there is an increase in popularity of football-specific tests (i.e., tests 

designed to simulate real-game situations in football). Not surprisingly, researchers have developed 

even football-specific CODS and RAG tests including a certain type of ball 

handling[22,23].Benvenuti et al. proposed a valid and reliable testing protocols in defining sport 

specific RAG in female football and futsal players [22].More recentlyPojskic et al. investigated 

football-specific RAG and CODS tests, where players performed agility tests with adding the 

football-specific movement (i.e., kicking the ball). In brief, tests showed high reliability and power to 

discriminate between playing levels (i.e., U17 vs. U19 players) [23].However, to the best of our 

knowledge no study proposed test procedure aimed at evaluation of football-specific agility in 

younger players (i.e., younger than 15 years).  

The aims of this study were: (i) to evaluate the reliability and construct validity of the football 

specific test of RAG (FS_RAG) and football specific test of CODS (FS_CODS), and (ii) to identify 
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associations between specific conditioning capacities with FS_RAG and FS_CODS in youth football 

players. The leading hypotheses of the research were: (i) the newly developed tests will have proper 

reliability and validity in distinguishing age groups and performance levels of studied players, and 

(ii) the fitness capacities will be significantly correlated to FS_RAG and FS_CODS in studied players.  

2. Materials and Methods  

2.1. Study Design  

This study combined test–retest (repeated measurement) and cross-sectional approaches, and 

consisted of several phases. Initially, the design of the newly developed tests of football-specific 

RAG and CODS (FS_RAG and FS_CODS), which are applicable in youth players, was determined 

through consultations with three experts in football, who were informed about the main idea, 

previously applied test designs in football and other team sports, technical requirements, 

boundaries, etc. Finally, the testing design and scenarios proposed previously for older football 

players (i.e., U17 and U19) were simplified and applied herein (see “Variables” for details) [23].  

The repeated measurement(separated by 7–9 days), was applied in order to define the 

reliability of the developed RAG and CODS tests, which was additionally broadened in further 

cross-sectional measurements of independent variables, consisting of basic anthropometrics, 

sprinting, generic-CODS, and jumping capacities. Specifically, groups of participants (age groups 

and performance levels) were compared on all applied variables in order to identify the construct 

validity of the tests. Finally, independent variables were correlated to dependent variables in order 

to identify predictors of football-specific CODS and RAG. 

2.2. Participants 

Participants in this study were young football players (all males, n = 59, age: 13.40±1.25 years, 

body height: 162±8.14 cm, mass: 54.1±9.15 kg, body mass index: 20.57±2.11 kg/m2) from two football 

academieslocated in Split-Dalmatia county in southern Croatia. Football academies included in this 

study were selected on the basis of following criteria: (i) having football teams in all age categories 

starting from U11 to seniors (+18 years), (ii) having at disposal courts with artificial-plastic turf (see 

later for details about testing), and (iii) licensed (professional) coaches working with U13 and U15 

teams (see later for details).The total sample of players was divided into two subsamples according 

to their age: (i) players who were 11–12 years of age (U13; n = 29) and players who were 14–15 years 

of age at the moment of testing (U15; n = 30). For the purpose of this study, players in each age group 

(U13 and U15) were additionally grouped, according to their performance level, into starters (14 and 

15 players in U13 and U15, respectively) and non-starters. The grouping into starters and 

non-starters was done by coaches, and investigators had no influence on coaches’ decision. 

Specifically, starters were players who regularly “start the game” (i.e., better players as defined by 

their coaches), and non-starters were actually their “substitutes”. In this study, we observed only 

field players, meaning that goalkeepers were not observed. All participants had at least 3 years of 

experience in systematic football training, and at the moment of testing participated in 3-4 training 

sessions weekly, plus one game. Most of their trainings (more than 80%) was oriented toward 

specific technical and tactical skills, but two of 10 training sessions are oriented toward development 

of physical and conditioning capacities. Players from both football academies were equally 

represented in each age group. For all participants, pubertal timing was estimated according to the 

biological age of maturity (maturity offset), as described by Moore et al. (Maturity offset = −7.999994 

+ (0.0036124 × age (yrs.) × height (cm)[24].  

While all participants (n = 59) were included in cross-sectional measurement (see previous text 

for details), in the repeated measurement (test–retest procedure) we observed 14 players to define 

the inter-testing reliability. Test and retest were separated by 7–9 days. Prior to the study, 

participants and their parents/responsible adults were informed about the purpose, design, benefits, 

and risks of the study, and parents provided informed consent for the study participation of their 

children. The study was approved by ethical board of the University of Split, Faculty of Kinesiology 
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(Ethical Board Approval No: 2181-205-02-05-14-001). The testing was done during March 2019, and 

all to avoid diurnal variations, all tests were performed in the morning hours between 10:00 and 

12:00. 

2.3. Variables 

Independent variables consisted of anthropometrics (body mass, height), one generic CODS 

test, two tests of sprinting performance, and two tests of jumping performances. Dependent 

variables were two newly designed tests of football-specific CODS (FS_CODS) and football-specific 

RAG (FS_RAG). Participants were familiarized with dependent variables a day before testing, and 

performed several testing trials at submaximal intensity and 1–2 at maximum. The familiarization 

trials were not included in further analyses. Since participants were already tested on independent 

variables, the familiarization was not necessary.  

Anthropometrics were measured by an experienced technician using standardized equipment. 

Body mass (BM) was measured in 0.1 kg, and body height in cm (extrapolated at 0.5 cm). The 

countermovement jump test (CMJ) was conducted with an athlete starting from an upright position 

with hands on the hips, performing fast downward movement to approximately 90° of knee flexion 

followed by a maximum-force upward vertical motion. The height and the contact time of the jump 

were measured by the Optojump system (Microgate, Bolzano, Italy)[14]. Test was performed over 

three trials, with 1 min rests between trials, and the best performance was considered the final 

achievement for each participant. 

The reactive strength index (RSI) was calculated from the height jumped, and from the contact 

time with the ground while performing the double-leg drop (depth) jump. For the start of the drop 

jump, athletes were standing on a 40 cm high box and were instructed to step off forward between 

two photoelectric beams (Optojump system) and to jump upwards maximally while minimizing the 

contact time[14]. The test was performed over three trials, with 2 min rests in between, and the best 

performance indicator (the highest numerical value) was used as the final result for each participant.  

For the purpose of this study, we included a twenty yards test (20Y) in the test of generic CODS 

capacity[25]. The test was conducted on the 10-yard field, with one cone placed in the middle, one 

cone placed 5 yards on the left side, and one cone placed 5 yards on the right side. The athlete was 

standing in the lateral stance 50 cm from the middle cone, where the timing gate (Powertimer, 

Newtest, Oulu, Finland) was placed. The test started with an athlete rotating for 90° and triggering 

the timing gate by running 5 yards to the left, turning and sprinting 10 yards to the right, and 

turning and sprinting back to the middle line when the time recording finished. Athletes performed 

three trials with 2–3 minutes of rest between the trials, and the best attempt was included in the 

analyses.  

Sprinting was assessed by a sprint test of 10 m (S10M) and 20 m (S20M). One photoelectronic 

timing gate (Powertimer) was placed at the start line, a second gate was placed at 10 m from the 

marked starting line, and a third at 20 m, with reflectors placed at a 1 m height. From the standing 

start, the athletes had their preferred foot placed forward on the marked line 1 m before the start line 

(to avoid switching on the timing gate accidentally by arm movements) and were instructed to run 

at maximum speed along the 25 m field. The time was recorded at 10 m (S10M) and 20 m (S20M). 

Athletes performed three testing trials, with 2–3 minutes of rest between the trials, and the best 

achievements were used for the analyses. 

The FS_CODS and FS_RAG were measured using a hardware device system based on an 

ATMEL micro-controller (model AT89C51RE2; ATMEL Corp, San Jose, CA, United States), which 

has been previously used in similar studies in handball, basketball, futsal, and football [14,23,26,27]. 

A photoelectric infrared (IR) sensor (E18-D80NK) was used as the time triggering input, and LEDs 

placed in the 30-cm-high cones were used as controlled outputs. Both tests had similar patterns (see 

Figure 1) with specified distances, and after reliability analyses (see later for details), the best 

achievement was used as final result for each participant.  
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Figure 1.Football/specific reactive agility and change of direction testing polygon. 

The FS_RAG test started with the player running at maximal intensity through gate where the 

IR signal was placed (Figure 1). At that moment, the timing began, one of the cones (either “A” or 

“B”) was lit, and the player had to run at maximum speed in the direction of that cone, kick the ball 

with the inside of the foot on the goal, and turn back through the starting gate as quickly as possible. 

By passing the starting gate on the way back, the timing stopped, and the running speed was 

recorded. The attempt was repeated if the ball did not pass throughout goal line. For FS_RAG, 

players did not know which cone would be lit after passing the starting gate, so they had to react to 

an unpredictable stimulus and then perform the necessary action with the most appropriate pattern. 

All players performed five trials with no advanced knowledge of the testing scenario.  

For the FS_CODS test, players were tested on the same testing field (Figure 1), but with 

advanced knowledge about the testing scenario (i.e., they knew which cone would be lit and 

therefore did not have to react on unpredictable visual stimuli as for the FS_RAG). All players were 

tested on the same pattern and performed two trials, first running in the direction of the cone placed 

on the left side (Cone “A”) and secondly to the right side (Cone “B”). In other words, when tested on 

FS_CODS, they were able to pre-plan the running direction.  

2.4. Statistical Analysis 

All data were log-transformed to reduce the non-uniformity of error, and all statistical analyses 

were done on transformed data. Distributions of the variables was checked by Kolmogorv Smirnov’s 

test (Supplementary Figure S1), and results are presented in raw data (non-transformed) data, with 

means and standard deviations reported.  

The inter-testing reliability of the FS_CODS and FS_RAG was analyzed by the intraclass 

correlation coefficient (ICC; model 3,1) as a measure or relative reliability, and by the coefficient of 

variation (CV) as a measure of absolute reliability [28–30]. The standard error of measurement (SEM) 

was also calculated (SEM = SD −√(1 − ICC)). 

Additionally, all variables were checked for intra-testing reliability, with testing items treated 

as repeated measures for each variable. First, a repeated measures ANOVA with a corresponding 

Tukey post hoc test was calculated for each variable to assess systematic error (e.g., fatigue and 

learning) among trials, and the intra-testing ICCs and CVs were then calculated for all variables 

[31,32].  

The construct validity of the tests was assessed by comparing (i) age groups (i.e., U13 vs. U15) 

and (ii) performance levels (starters vs. nonstarters) in each age group. For such purposes, a 2-sided 

t-test for independent samples was calculated. Additionally, Cohen’s d effect sizes (ES) for 
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differences in studied variables between corresponding groups (e.g., U13 vs. U15; starters vs. 

non-starters) were calculated, and they were interpreted using the following qualitative descriptors: 

<0.2 = trivial, 0.21–0.49 = small, 0.50–0.79 = medium, >0.79 = strong [33].  

To establish the univariate associations between variables, Pearson’s product moment 

correlation (r) was calculated. The standard multiple regressions were calculated to identify the 

multivariate relationships between independent variables (predictors) and dependent variables 

(criteria; FS_RAG and FS_CODS). For the purpose of the interpretation of explained variance, the 

coefficient of multiple correlation, and the coefficient of determination (percentage of explained 

variance) were calculated. In order to identify partial contribution of each predictor to overall 

multiple regression calculation, the standardized- and non-standardized-regression-coefficients 

were reported. Before multiple regressions’ calculation, the predictors were checked for 

multicollinearity by calculating the variance inflation factor (VIF), and those variables with a VIF 

larger than 10 were not included as predictors in the specific multiple regression calculation [34–37].  

The p-level of 95% was applied, and Statistica v.13.0 (Dell Inc., Palo Alto, CA, USA) was used 

for all statistical analyses.  

3. Results 

The inter-testing reliability of FS_CODS and FS_RAG was appropriate (ICC: 0.79 and 0.82, CV: 

5% and 4%, for FS_RAG and FS_CODS, respectively), with better reliability of FS_CODS than of 

FS_RAG (Table 1). This was additionally confirmed when intra-testing reliability was calculated 

separately for U13 and U15 Additionally, ICC and CV showed better reliability of FS_RAG and 

FS_CODS for U15 than for U13 players (Table 2).  

Table 1.Inter-testing reliability of the newly developed tests of reactive agility and change of 

direction speed (n = 14). 

 
Test 1 Test 2 Reliability 

Variables Mean SD Mean SD ICC CV SEM 

FS_RAG (s) 2.80 0.21 2.75 0.30 0.79 0.05 0.24 

FS_CODS (s) 2.68 0.23 2.65 0.27 0.82 0.04 0.16 

LEGEND: FS_RAG—football specific reactive agility test, FS_CODS—football 

specific change of direction speed test. 

Table 2.Intra-testing reliability of the applied tests of fitness capacities in each age category with 

differences between age categories derived by independent samples t-test. 

 U13 (n = 29) U15 (n = 30) t-test 

Variables 
Mean SD 

Reliability 
Mean SD 

Reliability U13 vs. U15 

 
ICC CV ICC CV t-value p 

S10M (s) 2.00 0.14 0.81 0.07 1.88 0.14 0.83 0.06 3.57 0.001 

S20M (s) 3.57 0.23 0.84 0.07 3.39 0.18 0.80 0.05 3.13 0.001 

CMJ (cm) 24.02 3.54 0.79 0.06 25.80 5.55 0.81 0.06 −1.45 0.15 

RSI (index) 99.40 19.33 0.76 0.08 110.70 27.43 0.80 0.07 −1.83 0.07 

20Y (s) 5.41 0.20 0.80 0.06 5.10 0.28 0.79 0.06 4.89 0.001 

FS_RAG (s) 3.09 0.30 0.78 0.08 2.83 0.17 0.82 0.06 3.96 0.001 

FS_CODS (s) 2.93 0.30 0.80 0.05 2.51 0.20 0.85 0.05 6.42 0.001 

LEGEND: S10—sprint 10 meters, S20M—sprint 20 meters, CMJ—countermovement jump, 

RSI—reactive strength index, 20Y—change of direction speed 20 yards test, FS_RAG—football 

specific reactive agility test, FS_CODS—football specific change of direction speed test, U13—players 

old 11 and 12 years, U15—players old 13 and 14 years. 

The U15 players achieved significantly better results than U13 inS10M (t-test: 3.57, p< 0.001; 

large ES differences), S20M(t-test: 3.13, p< 0.001; large ES differences), 20Y (t-test: 4.89, p< 0.001; large 

ES differences), FS_RAG (t-test: 3.96, p< 0.001; large ES differences), and FS_CODS (t-test: 6.42, p< 

0.001; large ES differences) (Table 2; Figure 2).  



Int. J. Environ. Res. Public Health 2020, 17, 294 7 of 16 

 

 
Figure 2.Effect size (ES) differences in studied variables between U13 and U15 age-category. 

LEGEND: S10—sprint 10 meters, S20M—sprint 20 meters, CMJ—countermovement jump, 

RSI—reactive strength index, 20Y—change of direction speed 20 yards test, FS_RAG—football 

specific reactive agility test, FS_CODS—football specific change of direction speed test, < 0.2 trivial 

ES, 0.21–0.49 small ES, 0.50–0.79 medium ES, >0.79 strong ES. 

The differences between performance levels (starters vs. nonstarters) in the tested variables for 

each age category are presented in Table 3 and Figure 3. In the younger age group (U13), starters 

were more advanced in biological age (maturity offset), and outperformed non-starters in all 

capacities, but RSI (t-test:0.89, p> 0.05), with a large ES for maturity offset, S10M, S20M, 20Y, 

FS_RAG, and moderate ES for CMJ and FS_CODS.  

Table 3.Descriptive statistics and differences between performance groups in each age category 

derived by independent sample t-test. 

 

U13 (n = 29) U15 (n = 30) 

Variables Starters Nonstarters Starters Nonstarters 

 

Mean±SD Mean±SD Mean±SD Mean±SD 

Maturity offset (years) −0.43±0.22 −0.71±0.39* 1.33±0.44 1.35±0.59 

S10M (s) 1.83±0.15 2.07±0.15** 1.86±0.13 1.88±0.14 

S20M (s) 3.32±0.24 3.68±0.23** 3.39±0.19 3.40±0.19 

CMJ (cm) 26.43±3.65 24.5±3.55* 26.06±5.55 25.80±6.11 

RSI (index) 105.37±19.91 101.4±19.33 109.59±27.34 110.7±24.61 

20Y (s) 5.09±0.21 5.63±0.21** 5.05±0.28 5.10±0.22 

FS_RAG (s) 2.81±0.32 3.19±0.31** 2.51±0.25 2.71±0.30* 

FS_CODS (s) 2.73±0.31 3.05±0.59* 2.50±0.20 2.51±0.18 

LEGEND: S10—sprint 10 meters, S20M—sprint 20 meters, CMJ—countermovement jump, 

RSI—reactive strength index, 20Y—change of direction speed 20 yards test, FS_RAG—football 

specific reactive agility test, FS_CODS—football specific change of direction speed test, U13—players 

old 11 and 12 years, U15—players old 13 and 14 years, * p< 0.05, ** p< 0.01. 
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Figure 3.Effect size (ES) differences between performance groups (Starters vs Nonstarters) in U13 (A) 

and U15 (B) category. LEGEND: MO—maturity offset, S10—sprint 10 meters, S20M—sprint 20 

meters, CMJ—countermovement jump, RSI—reactive strength index, 20Y—change of direction 

speed 20 yards test, FS_RAG—football specific reactive agility test, FS_CODS—football specific 

change of direction speed test, < 0.2 trivial ES, 0.21–0.49 small ES, 0.50–0.79 medium ES, >0.79 strong 

ES. 

The only variable that significantly differentiated performance groups in the older group (U15) 

was FS_RAG (t-test: 1.56, p< 0.05; moderate ES differences), with a better performance in starters 

than in nonstarters. Pearson’s product moment correlation coefficients did not reach statistical 

significance when correlations were calculated between independent and dependent variables in 

U13. 

Of the 12 calculated correlations, eight were statistically significant in U15. Specifically, 

performance in FS_RAG and FS_CODS was associated with performance in S20M (r = 0.48 and 0.38), 

achievement in 20Y (r = 0.63 and 0.50), and CMJ results (r = 0.57 and 0.59 for FS_RAG and FS_CODS, 

respectively) (Table 4).  

Table 4. Pearson’s product moment correlation coefficients between studied variables in each age 

category. 

 

 

S10M S20M 20Y CMJ RSI FS_CODS FS_RAG 

S10M U13 - 
      

 
U15 - 

      
S20M U13 0.97*** - 

     

 
U15 0.71* - 

     
20Y U13 0.26 0.30 - 

    

 
U15 0.48** 0.73*** - 

    
CMJ U13 −0.59*** −0.61*** −0.19 - 

   

 
U15 −0.54** −0.81*** −0.80*** - 

   
RSI U13 −0.53** −0.53** −0.27 0.33 - 

  

 
U15 −0.27 −0.43* −0.43* 0.43* - 

  
FS_CODS U13 0.20 0.23 0.35 0.04 −0.11 - 

 

 
U15 0.09 0.39* 0.59*** −0.59*** −0.17 - 

 
FS_RAG U13 −0.01 0.07 0.22 0.21 −0.27 0.42* - 

 

U15 0.36 0.49** 0.64*** −0.57** −0.33 0.58*** - 

LEGEND: S10—sprint 10 meters, S20M—sprint 20 meters, CMJ—countermovement jump, 

RSI—reactive strength index, 20Y—change of direction speed 20 yards test, FS_RAG—football 
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specific reactive agility test, FS_CODS—football specific change of direction speed test, U13—players 

old 11 and 12 years, U15—players old 13 and 14 years, * p< 0.05, ** p< 0.01, *** p< 0.001. 

Multiple regressions for FS_RAG and FS_CODS criteria were not significant when calculated 

for U13 (19% and 21% of the explained variance for FS_CODS and FS_RAG, respectively, both p> 

0.05) (Table 5). When multiple regression was calculated between predictors and criteria for U15, the 

better FS_RAG in U15 players who had better generic CODS (20Y), and superior vertical jumping 

capacities (35% of explained variance). Also, similar structure of predictors contributed significantly 

to FS_RAG in U15 players, with 33% of the explained variance (Table 6). 

Table 5.Multiple regression calculation for the football specific change of direction speed, and 

football specific reactive agility (Criteria) among U13 players. 

Criteria 
FS_CODS FS_RAG 

β SE (β) b SE (b) t p β SE (β) b SE (b) t p 

Intercept 
  

−1.88 2.18 −0.86 0.40 
  

0.67 2.17 0.31 0.76 

S20M 0.34 0.26 0.44 0.34 1.30 0.20 0.12 0.26 0.16 0.34 0.46 0.65 

20Y 0.32 0.19 0.47 0.29 1.65 0.11 0.18 0.19 0.27 0.28 0.96 0.35 

CMJ 0.29 0.23 0.02 0.02 1.25 0.22 0.42 0.23 0.04 0.02 1.83 0.08 

RSI 0.06 0.22 0.00 0.00 0.28 0.79 −0.29 0.22 0.00 0.00 −1.36 0.19 

R 0.44 
     

0.46 
     

Rsq 0.19 
     

0.21 
     

p 0.25 
     

0.19 
     

LEGEND: S20M—sprint 20 meters, CMJ—countermovement jump, RSI—reactive strength index, 

20Y—change of direction speed 20 yards test, FS_RAG—football specific reactive agility test, 

FS_CODS—football specific change of direction speed test, Intercept—interception coefficient, 

R—multiple correlation coefficient, Rsq—coefficient of determination, p—level of significance, 

β—standardized regression coefficient, b—non-standardized regression coefficient, SE—standard 

error, t—t test value, Note that S10M was not included in multiple regression calculation due to 

multicollinearity issue. 

Table 6.Multiple regression calculation for the football specific change of direction speed, and 

football specific reactive agility (Criteria) among U15 players. 

Criteria 
FS_CODS FS_RAG 

β SE (β) b SE (b) t p β SE (β) b SE (b) t p 

Intercept 
  

2.59 1.45 1.79 0.09 
  

1.75 1.24 1.41 0.17 

S20M −0.35 0.27 −0.38 0.28 −1.32 0.20 −0.09 0.27 −0.08 0.24 −0.31 0.76 

20Y 0.45 0.26 0.32 0.18 1.75 0.09 0.51 0.26 0.30 0.16 1.94 0.06 

CMJ −0.56 0.30 −0.02 0.01 −1.89 0.07 −0.21 0.30 −0.01 0.01 −0.70 0.49 

RSI 0.11 0.17 0.00 0.00 0.64 0.53 −0.06 0.17 0.00 0.00 −0.36 0.73 

R 0.66 
     

0.65 
     

Rsq 0.35 
     

0.33 
     

p 0.01 
     

0.01 
     

LEGEND: S20M—sprint 20 meters, CMJ—countermovement jump, RSI—reactive strength index, 

20Y—change of direction speed 20 yards test, FS_RAG—football specific reactive agility test, 

FS_CODS—football specific change of direction speed test, Intercept—interception coefficient, 

R—multiple correlation coefficient, Rsq—coefficient of determination, p—level of significance, 

β—standardized regression coefficient, b—non-standardized regression coefficient, SE—standard 

error, t—t test value, Note that S10M was not included in multiple regression calculation due to 

multicollinearity issue. 
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4. Discussion 

There are several important findings of this study. First, the reliability of the newly developed 

tests of football-specific CODS and RAG is appropriate, with better reliability of FS_CODS in both 

age groups. Next, the discriminative validity (construct validity) of the newly developed tests differs 

across the studied age groups. Additionally, conditioning capacities are significantly correlated to 

FS_CODS and FS_RAG in U15 but not in U13. Collectively, we may accept our first study hypothesis 

(that FS_CODS and FS_RAG have appropriate reliability and validity). Because of the week 

correlations between studied conditioning capacities with FS_CODS and FS_RAG, the second study 

hypothesis is denied. 

4.1. Reliability 

Inter-testing and intra-testing reliability of the FS_RAG and FS_CODS is comparable to tests of 

similar capacities in other sports, and football-specific RAG and CODS in older male and female 

players [22,23,27]. In brief, when studied professional basketball players on basketball-specific 

CODS and RAG, Pehar et al. reported values of 0.80 for intra-testing reliability [14]. Further, the 

reliability of FS_RAG and FS_CODS in our study was similar to reliability of tests aimed to 

determine same type of capacities in older male and female football players [22,23].  

Specifically, Benvenuti et al. observed Italian female players and reported ICC of 0.80 for 

specific football RAG test, while Pojskic et al. recently presented results of the study with U17 and 

U19 male players from Sweden and reported 0.70–0.90 for inter- and intra-testing reliability [22,23]. 

It must be mentioned that in here presented investigation, authors intentionally simplified the 

testing sequence proposed in cited study of Pojskic et al. (which included four directional 

possibilities), and included only two directional possibilities (see Figure 1) [23]. Such difference in 

testing design reduced the possibility of making mistake during testing in here tested younger 

players, increased the correlation between testing trials (both, intra- and inter-testing), which 

altogether positively influenced the reliability despite the participants’ younger age. Additionally, 

we must not ignore the fact that several familiarization trials which were applied testing (see 

Methods for details), almost certainly assured identification of the most proper movement pattern 

for each tested player, and assured stability of testing results. 

The fact that the reliability of the FS_CODS is better than the reliability of the FS_RAG is 

consistent with previous reports where authors simultaneously observed different types of CODS 

and RAG tests [26,38]. In brief, in the study done with professional basketball players, the reliability 

of the basketball-specific CODS was higher than reliability of RAG test performer on the same 

course and with corresponding movement template [39]. Next, similar results (i.e., better reliability 

of CODS than of the RAG test) are presented in handball study, both in male and female players [26], 

male futsal [27] and male football players [23]. The findings are regularly explained by higher 

complexity of RAG than of CODS tests. In brief, while both CODS and RAG performances depend 

on similar conditioning capacities (i.e., speed, power, balance), the perceptual and cognitive 

capacities are important determinants of RAG only [15]. While each determinant (i.e., factor of 

influence) of the RAG and CODS presents the theoretical source of measurement error, the relatively 

lower reliability of RAG tests is understandable. Supportively, even studies which examined 

exclusively CODS tests reported lower reliability of tests which consisted of more changes of 

direction, when compared to tests consisting of fewer changes of direction, and/or less complex 

scenarios [25].  

4.2. Validity 

The newly developed FS_CODS and FS_RAG are found to be applicable in defining the 

differences between U13 and U15. Therefore, we may accentuate the construct validity of the tests in 

defining performance levels in youth age football players. However, age groups significantly 

differed in sprinting, and generic CODS as well (for details, see Table 2). Therefore, when it comes to 

differentiation between the age groups observed here (U13 and U15), the construct validity of the 
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newly developed FS_RAG and FS_CODS is similar to the validity of sprinting and generic CODS 

tests.  

CODS and RAG of youth age football players are most likely not fully differentiated from other 

conditioning capacities. Indeed, it is well documented that clear differentiation between various 

motor capacities occurs later in puberty [40]. Therefore, it is probable that the level of general 

conditioning status is even translated to a status of CODS and RAG in studied players. The previous 

discussion is supported even in established differences between starters and nonstarters in U13, 

where starters achieved better results in most of the studied fitness capacities and were advanced in 

biological maturity. However, only FS_RAG significantly distinguished starters from non-starters in 

U15. In explaining such a finding, we must shortly overview the problem of biological maturity 

status and its influence on conditioning capacities in youth [41,42].  

In brief, it is well documented that maturity status in puberty is one of the most important 

determinants of physical, but also psycho-social development [43]. This is particularly evident in 

boys, since early maturing boys tend to experience a more intense adolescent growth spurt, resulting 

in greater pubertal gains in body mass, height, and lean body mass [41,42]. For these reasons, early 

maturing boys may even expect (potential) athletic advantages. Specifically, the intensive 

development of body size may contribute to improved power, strength, and speed. This is 

particularly possible in the early pubertal period (i.e., between the ages of 11 and 14 years), since in 

this period of life the differences in bodily size and function are the most evident [44]. Therefore, for 

those sports where speed, power, and strength are important determinants of competitive 

achievement, maturity status plays an important role, particularly between 11 and 14 years of age. 

Therefore, it is not surprising that starters in the younger age group (12–13 years of age) were 

biologically advanced in maturation status (please see differences in maturity offset), and 

outperformed the non-starters in all studied capacities, including FS_RAG and FS_CODS. The 

previous discussion may be additional supported by the fact that correlation between FS_CODS and 

FS_RAG is stronger in U15 than in U13 (Pearson’s r =0.42 and 0.58, respectively), which is altogether 

at least partially related to maturation process.  

While maturation level is an important determinant of overall conditioning status in the 

younger age group (U13) and consequently is directly translated to their performance level, our 

results highlight that skill level becomes more important in the older age group (14–15 years of age). 

The RAG performance is generally considered as being more influenced by the level of expertise in 

specific motor skills than the corresponding CODS [14]. Specifically, while achievement in the 

majority of CODS tests was related to sprinting and power capacities, the achievement in the 

corresponding RAG tests was regularly connected to perceptual and cognitive capacities, as well as 

the skill level of the tested athletes [15,25]. The fact that only FS_RAG differentiated 

performance-level groups in the older age group is a logical consequence of the fact that, in U15, 

participants do not differ in maturity status as much as their younger peers in U13.  

4.3. Correlates of Reactive Agility and Change of Direction Speed  

The FS_RAG and FS_CODS shared 16% of the common variance in younger players and 35% of 

the common variance in older players, and we may highlight the relative independence of these 

qualities in youth football players. This is supportive of previous studies where authors have 

confirmed similar correlations between corresponding CODS and RAG tests in college-level athletes 

(up to 36% of the common variance) [38,45], handball players (20% of the common variance) [26], 

and basketball players (up to 25% of the common variance) [39]. Although CODS and RAG tests 

have some similar background, the vast majority of its variance depends on independent qualities, 

even when both performances are tested using the same movement template [45]. This is 

additionally supported by the fact that, in this study, numerical values of correlation coefficients 

between FS_RAG and FS_CODS are very similar to the correlation that was evidenced between the 

generic CODS test (20Y) and FS_RAG.  

The implicit goal of the CODS and RAG tasks is to redirect total body momentum in a new 

direction as quickly as possible, so it is expected that, despite the purported importance of decision 
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making, the physical actions constitute a great proportion of time necessary to complete CODS and 

RAG tasks [16]. However, running speed and jumping performances are generally considered 

stronger determinants of CODS than of the corresponding RAG capacities, and this is mostly 

explained by the fact that RAG performances regularly include perceptual and cognitive processing, 

so the influence of “fitness” variables is not so pronounced [46]. However, in our study, there is no 

evident difference in the percentage of explained variance when predictors were correlated to 

FS_CODS (35% of the common variance) and to FS_RAG (33% of the common variance). This is 

almost certainly the consequence of testing design and the sport-specific movement template 

included in the testing sequences of FS_RAG and FS_CODS. Supportively, when Pehar et al. 

examined correlates of basketball-specific CODS and RAG, the studied predictors showed similar 

percentages of variance in the RAG and CODS tests (35% and 40%, respectively) [14]. On the other 

hand, linear sprint and jumping performances were much better correlated with CODS than with 

RAG when investigators observed generic tests (i.e., not sport-specific tests) [15] and/or tested 

athletes involved in different sports (i.e., college athletes) [46].  

To the best of our knowledge, only one study so far has examined the factors associated with 

RAG in football players. Specifically, Lloyd et al. observed young football players and examined the 

relationships between functional movement screen (FMS) scores, maturation, and various physical 

performances (including reactive agility) in young football players [47]. Since in this study authors 

did not report correlates of reactive agility other than the variables derived from FMS, their results 

are unfortunately incomparable to those presented here. Meanwhile, f et al. reported a stronger 

correlation between RSI and reactive agility (30% of the common variance) in senior basketball 

players than found herein, but this may be attributed to differences in the age of participants (12–15 

years and 21±3 years of age for football players and basketball players) and the consequent stronger 

influence of physical capacities on reactive agility performance in older age.  

Indeed, the observed predictors explained a larger percentage of variance of criteria (FS_RAG 

and FS_CODS) in the older group than in the younger group, and this is consistent with the recent 

report of Hammami et al., where authors investigated predictors of CODS performances in youth 

handball players [48]. Most likely, the younger group lacked the specific skills necessary to perform 

CODS and RAG maneuvers effectively, and therefore were not able to incorporate their sprinting 

and jumping capacities in FS_RAG and FS_CODS. As a direct consequence of longer involvement in 

football and systematic training, the older group has a higher level of skills, which directly allows 

them to perform FS_RAG and FS_CODS effectively while incorporating the necessary conditioning 

capacities. In other words, the older players were able to perform FS_RAG and FS_CODS at 

maximum intensity and to use their sprinting and jumping potential to a greater extent than their 

younger peers.  

The previous discussion can be translated into strength and conditioning processes in youth 

football. In short, the stronger association between the studied conditioning qualities and FS_RAG 

and FS_CODS in older boys indicates that the training process in younger players should be mostly 

focused on the development of specific motor skills, techniques, and corresponding neural 

parameters. While this is important for the long-term development of young players, it will probably 

also facilitate an improvement in technical competency and assist in coping with anthropometric 

changes that occur in this period of life [49]. For this purpose, we may suggest the usage of different 

forms of speed–agility–quickness (SAQ) training, as well as small-sided games. On the other hand, 

our results suggest that, in the older group, the focus on strength and conditioning should instead be 

placed on the development of sprinting and jumping capacities, which have been found as 

important determinants of both FS_RAG and FS_CODS in 14–15-year-old football players.  

4.4. Limitations and Strengths 

The main limitation of this study is its cross-sectional design. Therefore, in order to clearly 

identify the cause–effect relationships between studied variables, intervention studies are needed. 

Further, participants were selected from two football teams; therefore, we cannot ignore the 

possibility that differential training program influenced our findings to some extent. However, in 
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both groups (older and younger) we included a similar number of participants from two teams, 

which probably reduced the possibility of a previously noted bias. Also, all tests were performed on 

artificial turf (artificial grass), and since players perform on natural turf, there is a certain possibility 

that they did not perform at maximal level due to non-familiarity. However, usage of the artificial 

turf was necessary to assure standardized (i.e., similar) testing conditions for all participants. Finally, 

players were not observed according to playing position, which will almost certainly contribute to 

better applicability of the results. However, U13 players were not strictly defined with regard to 

their playing-position in football game, which consequently did not allow us to apply such grouping 

into experimental design.  

This is likely one of the first studies to examine the reliability and validity of football-specific 

tests of RAG and CODS, specifically in youth age, and likely the first in which two age categories 

were separately observed. A very narrow age span in each of the studied groups is also a substantial 

strength of this research. Finally, tests were based on previous research in the field and on 

experiences in the development of similar tests for other sports and for other age groups in football. 

Therefore, we believe that, although this investigation is not the final word on the problem, it will 

improve the knowledge in the field and that further research will be initiated.  

5. Conclusions 

The football-specific tests applied in this study showed appropriate reliability and therefore 

may be used as appropriate and consistent testing procedures in evaluation of RAG and CODS in 

youth football players. However, it must be stressed that the study consisted of familiarization and 

testing trials, so we may accentuate the necessity of familiarization with the testing sequence before 

testing both capacities.  

When it comes to the validity of the tests in distinguishing the age groups studied herein (U13 

vs. U15), the validity of the FS_RAG and FS_CODS is comparable to the validity of the tests 

evaluating sprinting, jumping, and generic CODS. However, the high validity and consequent 

applicability of the FS_RAG is evidenced in distinguishing performance levels in U15. Therefore, it 

can be concluded that, while physical and maturity-related variables are more important 

determinants of success in younger age, with the advancement of the maturity process, the 

importance of skill-related variables increases.  

From the practical aspect it is important to note that that our results point that improvement in 

sprint and jumping could be theoretically beneficial in improvement of sport-specific RAG and 

CODS in U15 players. Meanwhile, the RAG and CODS in U13 players are more influenced by 

various neurological factors, including technique and quality of the execution of the specific 

movement templates that occur in the applied testing sequence. As a result, training programs 

aimed at the improvement of RAG and CODS in early pubescent football players should be more 

oriented toward achieving an accurate and effective movement technique, and not toward the 

development of conditioning capacities, which (theoretically) contribute to RAG and CODS due to 

physiological background (i.e., the necessity of the fast development of force).  
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Figure S1: Distributions of the fitness variables. 

Author Contributions: Conceptualization, A.K., D.S., R.H., and M.S.; methodology, D.S., N.F., and R.H.; 

software, A.K.; validation, A.K., N.F., and H.P.; formal analysis, B.G., S.V., and H.P.; investigation, B.G., S.V., 

N.F., and H.P.; resources, A.K., O.U., D.S.; data curation, O.U., B.G., N.F., S.V.; writing—original draft 

preparation, A.K., D.S., R.H., and H.P.; writing—review and editing, A.K., D.S., R.H., and H.P.; project 

administration, D.S. All authors have read and agreed to the published version of the manuscript. 

Funding: This research was funded by Croatian Science Foundation (IP-2018-01-8330). 

Acknowledgments: Authors are particularly grateful to all players who volunteered to participate in the 

research. The support of Croatian Science Foundation is gratefully acknowledged. 



Int. J. Environ. Res. Public Health 2020, 17, 294 14 of 16 

 

Conflicts of Interest: The authors declare no conflicts of interest. The funders had no role in the design of 

thestudy; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or in the decision 

topublish the results. 

References 

1. Sheppard, J.M.; Young, W.B. Agility literature review: Classifications, training and testing. J. Sports 

Sci.2006, 24, 919–932. 

2. Tabacchi, G.; Faigenbaum, A.; Jemni, M.; Thomas, E.; Capranica, L.; Palma, A.; Breda, J.; Bianco, A. 

Profiles of physical fitness risk behaviours in school adolescents from the ASSO project: A latent class 

analysis. Int. J. Environ.Res. Public Health 2018, 15, 1933,doi:10.3390/ijerph15091933. 

3. Joseph, A.; Wiley, A.; Orr, R.; Schram, B.; Dawes, J.J. The impact of load carriage on measures of power 

and agility in tactical occupations: A critical review. Int. J. Environ. Res. Public Health 2018, 15, 88, 

doi:10.3390/ijerph15010088. 

4. Orr, R.; Schram, B.; Pope, R. A comparison of military and law enforcement body armour. Int. J. 

Environ.Res. Public Health 2018, 15, 339, doi:10.3390/ijerph15020339. 

5. Lockie, R.G.; Jeffriess, M.D.; McGann, T.S.; Callaghan, S.J.; Schultz, A.B. Planned and reactive agility 

performance in semiprofessional and amateur basketball players. Int.J. Sports Physiol.Perform.2014, 9, 

766–771. 

6. Gabbett, T.J.; Kelly, J.N.; Sheppard, J.M. Speed, change of direction speed, and reactive agility of rugby 

league players. J. Strength Cond. Res.2008, 22, 174–181. 

7. Trecroci, A.; Longo, S.; Perri, E.; Iaia, F.M.; Alberti, G. Field-based physical performance of elite and 

sub-elite middle-adolescent soccer players. Res. Sports Med.2019, 27, 60–71. 

8. Dugdale, J.H.; Arthur, C.A.; Sanders, D.; Hunter, A.M. Reliability and validity of field-based fitness tests 

in youth soccer players. Eur.J. Sport Sci.2019, 19, 745–756. 

9. Clemente, F.M.; Rabbani, A.; Conte, D.; Castillo, D.; Afonso, J.; Truman Clark, C.C.; Nikolaidis, P.T.; 

Rosemann, T.; Knechtle, B. Training/match external load ratios in professional soccer players: A 

full-season study. Int J.Environ.Res. Public Health 2019, 16, doi:10.3390/ijerph16173057. 

10. Asian Clemente, J.A.; Requena, B.; Jukic, I.; Nayler, J.; Hernández, A.S.; Carling, C. Is physical 

performance a differentiating element between more or less successful football teams? Sports 2019, 7, 216, 

doi:10.3390/sports7100216. 

11. Faude, O.; Koch, T.; Meyer, T. Straight sprinting is the most frequent action in goal situations in 

professional football. J. Sports Sci.2012, 30, 625–631, doi:10.1080/02640414.2012.665940. 

12. Kutlu, M.; Yapıcı, H.; Yoncalık, O.; Çelik, S. Comparison of a new test for agility and skill in soccer with 

other agility tests. J. Hum. Kinet. 2012, 33, 143–150. 

13. Green, B.S.; Blake, C.; Caulfield, B.M. A valid field test protocol of linear speed and agility in rugby 

union. J. Strength Cond. Res.2011, 25, 1256–1262. 

14. Pehar, M.; Sisic, N.; Sekulic, D.; Coh, M.; Uljevic, O.; Spasic, M.; Krolo, A.; Idrizovic, K. Analyzing the 

relationship between anthropometric and motor indices with basketball specific pre-planned and 

non-planned agility performances. J. Sports Med.Phys. Fitness 2018, 58, 1037–1044, 

doi:10.23736/S0022-4707.17.07346-7. 

15. Scanlan, A.; Humphries, B.; Tucker, P.S.; Dalbo, V. The influence of physical and cognitive factors on 

reactive agility performance in men basketball players. J. Sports Sci.2014, 32, 367–374, 

doi:10.1080/02640414.2013.825730. 

16. Paul, D.J.; Gabbett, T.J.; Nassis, G.P. Agility in team sports: Testing, training and factors affecting 

performance. Sports Med.2016, 46, 421–442, doi:10.1007/s40279-015-0428-2. 

17. Jakovljevic, S.T.; Karalejic, M.S.; Pajic, Z.B.; Macura, M.M.; Erculj, F.F. Speed and agility of 12- and 

14-year-old elite male basketball players. J. Strength Cond. Res.2012, 26, 2453–2459, 

doi:10.1519/JSC.0b013e31823f2b22. 

18. Delextrat, A.; Grosgeorge, B.; Bieuzen, F. Determinants of performance in a new test of planned agility for 

young elite basketball players. Int.J. Sports Physiol.Perform.2015, 10, 160–165, doi:10.1123/ijspp.2014-0097. 

19. Bidaurrazaga-Letona, I.; Carvalho, H.M.; Lekue, J.A.; Badiola, A.; Figueiredo, A.J.; Gil, S.M. Applicability 

of an agility test in young players in the soccer field. Rev. Bras. Med. Esporte 2015, 21, 133–138. 



Int. J. Environ. Res. Public Health 2020, 17, 294 15 of 16 

 

20. Dardouri, W.; Selmi, M.A.; Sassi, R.H.; Gharbi, Z.; Rebhi, A.; Moalla, W. Reliability and discriminative 

power of soccer-specific field tests and skill index in young soccer players. Sci. Sport 2014, 29, 88–94, 

doi:10.1016/j.scispo.2013.06.004. 

21. Kutlu, M.; Yapici, H.; Demirkan, E.; Yilmaz, A. Reliability and validity on new tests on agility and skill 

for children soccer players. Cent. Eur. J. Sport Sci. Med.2014, 2, 5–11. 

22. Benvenuti, C.; Minganti, C.; Condello, G.; Capranica, L.; Tessitore, A. Agility assessment in female futsal 

and soccer players. Medicina 2010, 46, 415–420. 

23. Pojskic, H.; Aslin, E.; Krolo, A.; Jukic, I.; Uljevic, O.; Spasic, M.; Sekulic, D. Importance of reactive agility 

and change of direction speed in differentiating performance levels in junior soccer players: Reliability 

and validity of newly developed soccer-specific tests. Front. Physiol.2018, 9, 

506,doi:10.3389/fphys.2018.00506. 

24. 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, 

doi:10.1249/MSS.0000000000000588. 

25. Sekulic, D.; Spasic, M.; Mirkov, D.; Cavar, M.; Sattler, T. Gender-specific influences of balance, speed, and 

power on agility performance. J. Strength Cond.Res.2013, 27, 802–811, doi:10.1519/JSC.0b013e31825c2cb0. 

26. Spasic, M.; Krolo, A.; Zenic, N.; Delextrat, A.; Sekulic, D. Reactive agility performance in handball; 

development and evaluation of a sport-specific measurement protocol. J. Sports Sci.Med.2015, 14, 501–506. 

27. Sekulic, D.; Foretic, N.; Gilic, B.; Esco, M.R.; Hammami, R.; Uljevic, O.; Versic, S.; Spasic, M. Importance of 

agility performance in professional futsal players; Reliability and applicability of newly developed testing 

protocols. Int.J.Environ.Res. Public Health 2019, 16, doi:10.3390/ijerph16183246. 

28. Hopkins. Hopkins W. Reliability from Consecutive Pairs of Trials (Excel Spreadsheet). A New View of 

Statistics. 2000. Sportsci.org: Internet Society for Sport Science. Available online: 

https://www.sportsci.org/resource/stats/xrely.xls (accessed on 12 May 2019). 

29. Hopkins, W.; Marshall, S.; Batterham, A.; Hanin, J. Progressive statistics for studies in sports medicine 

and exercise science. Med. Sci. Sports Exerc.2009, 41, 3, doi:10.1249/MSS.0b013e31818cb278. 

30. Weir, J.P. Quantifying test-retest reliability using the intraclass correlation coefficient and the sem. J. 

Strength Cond.Res.2005, 19, 231–240, doi:10.1519/15184.1. 

31. Nuzzo, J.L.; Anning, J.H.; Scharfenberg, J.M. The reliability of three devices used for measuring vertical 

jump height. J. Strength Cond. Res.2011, 25, 2580–2590, doi:10.1519/JSC.0b013e3181fee650. 

32. Atkinson, G.; Nevill, A.M. Statistical methods for assessing measurement error (reliability) in variables 

relevant to sports medicine. Sports Med.1998, 26, 217–238, doi:10.2165/00007256-199826040-00002. 

33. Cohen, J. Statistical Power Analysis for the Behavioral Sciences; Routledge: Abingdon upon Thames, UK,2013. 

34. Sekulic, D.; Kontic, D.; Esco, M.R.; Zenic, N.; Milanovic, Z.; Zvan, M. Sport-specific conditioning variables 

predict offensive and defensive performance in high level youth water polo athletes. J. Strength Cond. 

Res.2016,30, 1316–1324, doi:10.1519/JSC.0000000000001213. 

35. Allison, P.D. Multiple Regression: A Primer; Pine Forge Press: California, CA, USA,1999. 

36. Hwang, W.J.; Kim, J.A.; Rankin, S.H. Depressive symptom and related factors: A cross-sectional study of 

korean female workers working at traditional markets. Int. J. Environ. Res. Public Health 2017, 14, 

1465,doi:10.3390/ijerph14121465. 

37. Darchia, N.; Oniani, N.; Sakhelashvili, I.; Supatashvili, M.; Basishvili, T.; Eliozishvili, M.; Maisuradze, L.; 

Cervena, K. Relationship between sleep disorders and health related quality of life-results from the 

georgia somnus study. Int. J. Environ. Res. Public Health 2018, 15, 1588,doi:10.3390/ijerph15081588. 

38. Uljevic, O.; Esco, M.R.; Sekulic, D. Reliability, validity, and applicability of isolated and combined 

sport-specific tests of conditioning capacities in top-level junior water polo athletes. J. Strength 

Cond.Res.2014, 28, 1595–1605, doi:10.1519/JSC.0000000000000308. 

39. Sekulic, D.; Pehar, M.; Krolo, A.; Spasic, M.; Uljevic, O.; Calleja-Gonzalez, J.; Sattler, T. Evaluation of 

basketball-specific agility: Applicability of preplanned and nonplanned agility performances for 

differentiating playing positions and playing levels. J. Strength Cond.Res.2017, 31, 2278–2288, 

doi:10.1519/JSC.0000000000001646. 

40. Katic, R.; Pavic, R.; Cavala, M. Quantitative sex differentations of motor abilities in children aged 11–14. 

Coll. Antropol.2013, 37, 81–86. 

41. Rogol, A.D.; Cumming, S.P.; Malina, R.M. Biobanding: A new paradigm for youth sports and training. 

Pediatrics 2018, 142, e201080423, doi:10.1542/peds.2018-0423. 



Int. J. Environ. Res. Public Health 2020, 17, 294 16 of 16 

 

42. Malina, R.M.; Bouchard, C.; Bar-Or, O. Growth, Maturation, and Physical Activity; Human Kinetics: 

Champaign,IL, USA, 2004. 

43. Malina, R.M.; Cumming, S.P.; Rogol, A.D.; Coelho, E.S.M.J.; Figueiredo, A.J.; Konarski, J.M.; Koziel, S.M. 

Bio-banding in youth sports: Background, concept, and application. Sports Med.2019, 49, 1671–1685, 

doi:10.1007/s40279-019-01166-x. 

44. Cumming, S.P.; Lloyd, R.S.; Oliver, J.L.; Eisenmann, J.C.; Malina, R.M. Bio-banding in sport: Applications 

to competition, talent identification, and strength and conditioning of youth athletes. Strength Cond. 

J.2017, 39, 34–47. 

45. Coh, M.; Vodicar, J.; Zvan, M.; Simenko, J.; Stodolka, J.; Rauter, S.; Mackala, K. Are change-of-direction 

speed and reactive agility independent skills even when using the same movement pattern? J. Strength 

Cond.Res.2018, 32, 1929–1936, doi:10.1519/JSC.0000000000002553. 

46. Sattler, T.; Sekulic, D.; Spasic, M.; Peric, M.; Krolo, A.; Uljevic, O.; Kondric, M. Analysis of the association 

between motor and anthropometric variables with change of direction speed and reactive agility 

performance. J.Hum. Kinet.2015, 47, 137–145, doi:10.1515/hukin-2015-0069. 

47. Lloyd, R.S.; Oliver, J.L.; Radnor, J.M.; Rhodes, B.C.; Faigenbaum, A.D.; Myer, G.D. Relationships between 

functional movement screen scores, maturation and physical performance in young soccer players. J. 

Sports Sci.2015, 33, 11–19, doi:10.1080/02640414.2014.918642. 

48. Hammami, R.; Sekulic, D.; Selmi, M.A.; Fadhloun, M.; Spasic, M.; Uljevic, O.; Chaouachi, A. Maturity 

status as a determinant of the relationships between conditioning qualities and preplanned agility in 

young handball athletes. J. Strength Cond.Res.2018, 32, 2302–2313, doi:10.1519/JSC.0000000000002390. 

49. Mendez Perez, B.; Marrodan Serrano, M.D.; Prado Martinez, C.; Arechiga Viramontes, J.; Cabanas 

armesillas, M.D. Assessment of somatic maturation of venezuelan adolescents. Nutr. Hosp. 2015, 32, 

2216–2222, doi:10.3305/nh.2015.32.5.9566. 

 

©  2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access 

article distributed under the terms and conditions of the Creative Commons Attribution 

(CC BY) license (http://creativecommons.org/licenses/by/4.0/). 

 


