
Vol 8, No 2 (2025): Stadium – Hungarian Journal of Sport Sciences 

https://doi.org/ 10.36439/shjs/2025/2/16535 

 
 

 
 

EXAMINING THE CORRELATION BETWEEN SPEED AND CHANGE OF 

DIRECTION RUNNING SPEED (CODS) IN FOOTBALL 

 
Tamás Horváth 1 , Anetta Müller 2 , Bálint Karap 1  , Melinda Biró 1   

 

1 University of Debrecen, Institute of Sport Sciences, Debrecen, Hungary  

2University of Debrecen, Institute of Sport Economics and Sport Management, Debrecen, Hungary 

 

Abstract 

 

The correlation between speed and change-of-direction speed (CODS) remains unclear, as indicated by the 
results of previous research. One reason may be that researchers have used different tests to investigate the 
speed of running with a change of direction (CODS), where the number of direction changes, the angle, the 
total length of the running test, and the time required to complete the test vary. The researchers agree that 
agility differs from straight-line running speed, but suggest that further studies are needed to determine 
the relationship. Our study examined young athletes aged 10-13 years, measuring speed over distances of 
5, 10, 20, and 30 meters, as well as agility (CODS), using a T-test with and without a ball. Results 
demonstrated a significant change in measured abilities. There was a highly significant improvement in 
speed at 5, 10, 20, and 30 meters, and the same was true for agility scores, both with and without the ball. 

Regarding the relationship between speed and agility, the results showed a consistent trend that faster 
players tend to perform better on the agility test. Still, we could only statistically confirm this at 20 and 30 
meters. Only for the agility test to the right was there a significant correlation between 20 and 30 meters 
alone. Our results indicate that both agility and CODS require different developmental stages. 
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INTRODUCTION 

 
Football is a dynamic and ever-changing sport that demands ever-greater physical exertion and 

increasingly precise technical and tactical knowledge from players. To play effectively, athletes 

must consistently demonstrate outstanding abilities (CSÁKI et al., 2013). Players mostly 

perform short movements in soccer, alternating every 4 seconds (STØLEN et al., 2005). During 

a match, the distance covered by high-intensity runs ranges from 400 to 700 meters, while fast 

sprints cover approximately 500 meters (DI SALVO et al., 2007; BRADLEY et al., 2010). 

However, distances covered at high speed are significant for the match's outcome (WRAGG et 

al., 2000). According to Di Salvo et al. (2007, 2010), a player sprints every 4 minutes during a 

match, while the number of sprints ranges from 3 to 40, depending on the position and level. 

Fast, dynamic sprints are usually 10-20 meters long, but sprints under ten meters are more 

common than those between 10 and 20 meters. In terms of duration, sprints are short, lasting 

2-4 seconds. It is therefore no coincidence that the most used measure of speed in this sport is 

the 5-10-20-30-meter sprint. In addition to the quantity and intensity of running, changes of 

direction and turns are also important. The dynamics and changing conditions of the game 

require players to react quickly to events around them, allowing them to change direction 
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suddenly and make turns. A player makes an average of 727±203 direction changes and turns 

during a match (BLOOMFIELD et al., 2007). 

The ability to react quickly to stimuli during a match (ball, opponent, teammate's movement, 
change of game situation, etc.) is called agility. This ability is linked to several factors. The speed 
of decision-making and the ability to adapt to a direction change are among the most crucial 
factors (MATLÁK et al., 2014) (see Figure 1). For agility, it is necessary to distinguish between 
perception and decision-making factors, as well as the speed of running with direction changes. 
For the latter, we refer to maximum running speed involving a change of direction in response 
to a non-external stimulus, hence the term "change of direction speed" (hereafter CODS). 
 

 

Figure 1: The model of agility 

Source: YOUNG et al., 2002 

 

Since agility is a combination of the player's "balancing, spatial orientation, reactivity, rhythmic 

and kinesthetic differentiation, speed, explosive and reactive power" (KATICS 2015, p. 259), the 

question arises how these interact. When developing a player's speed, there should be 

demonstrable improvements in agility. Research, however, gives different results when 

examining this. Matlák et al. (2014) suggest that the differing results on the relationship 

between the two abilities may be due to the fact that agility is investigated using various 

methods. Among the most commonly used tests are the Illinois agility test, the T-test, and the 

Zigzag test (KOLTAI, 2021). In addition to these tests, modifications of these and other tests are 

also commonly used by researchers. For this reason, the number of direction changes, the angle, 

the length of the run test, and the time interval required to complete the test are different. In 

the case of minor changes of direction and a similar length or duration of the run test to the 

agility test, a correlation between speed and CODS is more frequent. The researchers agree that 

this ability is different from straight-line running speed and suggest specific testing and 

development are needed, with further investigation. 
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While speed is measured by running different distances in a straight line, agility is also 

measured, but here the player must change direction. As mentioned earlier, a common question 

is the relationship between speed and agility when assessing these abilities. Several studies 

(YOUNG et al., 1996; BUTTIFANT et al., 2002; GABBETT et al., 2008) have shown that there is 

no or little correlation between the two abilities, suggesting that they should be considered two 

separate abilities. This is important because if agility test scores and speed test scores do not 

show a correlation, or in some respects show a less close correlation. Agility is separate from 

speed and not the same ability. 

 

THE PURPOSE OF THE STUDY 
 
This study investigates the relationship between speed and CODS in 10- to 13-year-old athletes. 
The aim is to explore the development of players' speed and agility, as well as the correlations 
between the measurement results. The results will be used to make recommendations for 
improving the effectiveness of training methods.  
 

RESEARCH QUESTIONS AND HYPOTHESES 
 

Our research questions were. To what extent do players' scores improve between the two 

measurements? What is the relationship between speed and CODS? As hypotheses, we 

formulated the following. It is hypothesized that the effect of training methods and maturation 

will improve the players' results after two measurement dates, i.e., after one year. Based on 

previous research, we hypothesize that there will be no correlation between speed and CODS. 

The explanation for this is as follows. Since some research indicates a correlation, while others 

do not show a significant relationship between the two abilities, either hypothesis is possible 

based on the literature. However, given that the results depend on the test used, and that in the 

case of minor changes of direction and short test lengths or durations, a correlation between 

speed and running with direction changes is more likely to occur. 

 

In the present study, since the T-test exhibits significant directional changes, CODS and speed 

are unlikely to show a significant correlation. Based on this, the literature emphasizes that 

speed and CODS also require different development. Thus, it is hypothesized that speed and 

CODS results will improve due to the training program used, but no correlation is observed. 

 

METHODS 
 

One of the most crucial skills for football is speed and its various expressions (reaction, change 

of direction, acceleration, maximum running speed). Tests designed to measure speed look at 

different distances run in a straight line. We used the most commonly used method for 

measuring speed in football (ZALAI 2016; CSÁKI 2020). For the speed track, we monitored four 

skills: the 5-meter sprint, the 10-meter sprint, the 20-meter sprint, and the 30-meter sprint. 

Agility was evaluated with two tests, the T-test with a ball (test 5) and without a ball (test 6). 

The survey was conducted twice, one year apart. The survey was conducted on an artificial turf 
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pitch. Each measurement was performed twice by the players as recommended in the 

literature. The tests were averaged over the time taken to complete the measurements.  

 

MEASURING THE ABILITY TO ACCELERATE  

In this test, the speed in seconds of the athlete's strong, dynamic acceleration from rest was 

measured. The OXA starter and infrared timing device were used for the measurement. The 

player was positioned 80 centimeters from the first measurement point, according to the 

measurement protocol. The track section was constructed to accommodate the following three 

measurements, so photocell timers were placed opposite each other, five pairs of 5, 10, 20, and 

30 m in a straight line (Figure 2). To measure the acceleration ability, a 5 m track section was 

measured. Hence, the result was the distance travelled between the first and second sensors. 

Players were allowed two trials, and we took the average of the results of the two 

measurements for statistical analysis.  

 

 

Figure 2: Track layout and dimensions for measuring speed 

source: own edit 

 

MEASURING THE ABILITY TO ACCELERATE (10 M DISTANCE) 

 

The OXA Starter+ infra-red timing device was also used to measure the acceleration rate. In this 

test, the player starts from a standing start with an individual start. The time it took to cover 

the distance between photocells 1 and 3 was recorded (Figure 2). 

 

MEASURING RUNNING SPEED, RUNNING ACCELERATION (20 METERS) 

 

We applied a photocell timer to measure the athlete's maximum running speed. The player 

starts from a standing position with an individual start and runs to the finish at maximum 

speed. Thus, the time it took to cover the distance between photocells 1 and 4 was recorded 

(Figure 2). 

 

https://doi.org/10.36439/shjs/2023/2/13704


Vol 8, No 2 (2025): Stadium – Hungarian Journal of Sport Sciences 

https://doi.org/ 10.36439/shjs/2025/2/16535 

 
 

 
 

MAXIMUM SPEED, MAXIMUM RUNNING SPEED MEASUREMENT (30 METERS) 

 

The player runs 30 meters from the start. Thus, the time it takes to cover the distance between 

photocells 1 and 5 is recorded (Figure 2).  

 

CODS WITHOUT BALL 

 

The field design for the exercises was planned, and the necessary equipment was prepared as 

suggested in the literature. The test was conducted in two ways: without and with a ball. The 

measurement area was a 20x20 m track section, which (Figure 3) was marked out using three 

cones based on Semenick's (1990) test track. The starting point was determined 80 centimeters 

in front of the measurement point. The measurement point was a photocell gate, through which 

the player passed and then ran to the first buoy, 5 m away, in a straight line. Here, the athlete 

bypassed the buoy, changed direction, and ran to buoy two, 5 meters away. After a complete 

turnaround, buoy two had another 10-meter run in a straight line to buoy 3. Once around buoy 

three again, the player turned to buoy one, where he ran to the finish line after a change of 

direction. Results were recorded in seconds using the OXA Starter+ infrared timing device.  

 

CODS WITH BALL 

 

The ball agility test differed because the athlete performed the same task as in the previous test, 

but with a ball. Due to the ball execution, the player's agility is also related to their level of sport-

specific technical ability. Thus, in this study, the execution time is influenced by the player's 

current technical level.  

 

 

 

Figure 3: Track layout and dimensions for measuring agility, and measurement protocol 

source: own edit 
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SAMPLE 

Fifteen participants took part in the test and signed up with the boys' junior teams. Most of 

them started playing football at the ages of 3-4, so they played it for an average of 5 years. The 

mean age of the participants is 11.67 years (SD = 0.90), indicating a homogeneous sample, as 

the range between the minimum and maximum age is narrow (10-13 years). This provides a 

reasonable basis for comparing agility tests while minimizing age differences. 

 

STATISTICAL ANALYSIS 

We conducted fundamental statistical and correlation analysis. Means and standard deviations 

were calculated for the measured variables. First, a normality test was performed. Since the 

normality test showed that the sample was normally distributed, we used a 2-sample t-test. We 

used a significant level of p ≤ 0.05 for the correlation calculation. A significant correlation (p ≤ 

0.05) is marked in the tables with an asterisk. We used SPSS-27 statistical software to evaluate 

the results. 

 

RESULTS 

 

One of the research questions was the extent to which skills develop between the two 

measurements. The results indicate a significant improvement in the measured skills. 

Significant results were found for each of the skills. The rate of improvement is highly 

significant for speeds of 5, 10, 20, and 30 meters per second. The same applies to the CODS 

agility results, both with and without the ball (Table 1). 
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Table 1: Variation in Speed and CODS Results Between the Two Time Points Measured  

  

Measurement: SD 

(sec) Asymp. Sig. (2-tailed) 

5 meters 1. 1,21  

  2. 1,18 0,000*** 

10 meters 1. 2,12  

                  2.    2,09 0,000*** 

20 meters 1. 3,75  

  2. 3,69 0,000*** 

30 meters 1. 5,35  

  2. 5,28 0,000*** 
 

1. 
9,86  

CODS right 
  

2. 
9,24 0,000*** 

 
1. 

10,06  

 CODS left 2. 
9,45 0,000*** 

    
 

1. 12,62  

 CODS (right) 2. 12,00 0,000*** 
 

1. 12,49  

CODS (left) 
  

2. 
11,88 0,001*** 

Wilkoxon test  *p<0.05; ** p<0.01; ***p<0.001 Source: own edit 

 

The second research question was whether there is a correlation between speed and CODS. Our 

results showed a trend across the board that faster individuals tend to perform better in agility 

tests; however, we could only statistically prove this at distances of 20 and 30 meters. Only for 

the CODS test in the right direction was a significant correlation observed at 20 and 30 meters. 

As the T-test is longer, it only showed a significant relationship with the 20-30 m run, but only 

when performed in the right direction, not with the ball (Table 2). This indicates that we used 

a test to measure agility (CODS), where the result is only shown over a longer time span. There 

could be several reasons for the lack of a significant result; one is that the T-test is inadequate, 

and the other is that the response is more important at 5 m and 10 m. 
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Table 2: Results for Speed and CODS 

 CODS right CODS left 

5 m ,349 ,192 

10 m ,406 ,356 

20 m ,036* ,194 

30m ,026* ,198 

Spearman rank correlation  p<0.05; ** p<0.01; ***p<0.001 source: own edit 

 

The data were also evaluated using Spearman's correlation coefficient and the significance level 

in this case. Correlation coefficient (ρ): The correlation coefficient is 0.511 for 20 m and 0.537 

for 30 m, indicating a moderate positive relationship between the second measurement of 

CODS and 20 m. The positive value suggests that as one measurement increases, the other tends 

to increase (or vice versa). Significance (Sig. 2-tailed): the significance level is p=0.036 (20 

meters) and p=0.026 (30 meters), which is considered significant at the 5% level (as p<0.05p < 

0.05p<0.05). There is a statistically significant relationship between the two variables based on 

the sample. So, there is a high probability of a higher correlation between CODS and running 

20m and 30m (see Table 3). 

The sample size here is also 13 (N = 13), which is a small sample; however, the significant result 

gives us confidence that this correlation may be important. The two measurements show a 

moderate, positive, and statistically significant relationship between the right CODS and the 20- 

and 30-m runs. We found a significant relationship between CODS performance and 20- and 

30-meter run performance, which may be interesting for performance measures. 
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Table 3: Results of the Correlation Test Between CODS (right) and speed (20m, 30m)  

 

2. measurement 

agility right 

2. measurement 

20 m 

Spearman's rho 2. measurement 

agility right 

Correlation Coefficient 1,000 ,511* 

Sig. (2-tailed) . ,036 

N 17 17 

2. measurement 20 

meters 

Correlation Coefficient ,511* 1,000 

Sig. (2-tailed) ,036 . 

N 17 17 

*. Correlation is significant at the 0.05 level (2-tailed). 

 

2. measurement 

agility right 

2. measurement 

30 m 

Spearman's rho 2. measurement 

agility right 

Correlation Coefficient 1,000 ,537* 

Sig. (2-tailed) . ,026 

N 17 17 

2. measurement 30 

meters 

Correlation Coefficient ,537* 1,000 

Sig. (2-tailed) ,026 . 

N 17 17 

*. Correlation is significant at the 0.05 level (2-tailed).  
Spearman rank correlation *p<0.05; ** p<0.01; ***p<0.001 source: own source 
 

 

CONCLUSION 

 

The results indicated a significant change in the measured ability. There was a highly significant 

improvement in speed at 5, 10, 20, and 30 meters, but the same was true for the CODS results, 

both with and without the ball. The correlation between speed and change of direction running 

speed (CODS) is unclear from the results. One reason may be that different authors have used 

different tests (number of changes of direction, angle, total length of the running test, time 

required to complete the test) to investigate the speed of running with change of direction 

(CODS). However, our study aimed to find any correlation between CODS and speed. Our 

investigation was a pilot study. 

Regarding the correlation between the two abilities, the results indicated that the player 

performed better on the CODS test when running at a faster pace. However, we could only 

statistically prove this at 20 and 30 meters. Only for the CODS test performed at 20 and 30 

meters was a significant correlation observed. Since the T-test is longer, it only showed a 

significant relationship with the 20-30 m run when performed to the right, without the ball. 

Therefore, our results suggest that agility and CODS require different areas for improvement. 
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It would be worthwhile examining the relationship between ball technical skills and agility. It 

would also be beneficial to measure reactionary (reactive) agility and compare it with skill to 

measure players' decision-making ability and cognitive factors. 
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