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Abstract

:

The main aim of this research was to evaluate the impact of the implementation of Fitlight technology in the process of sports training and motor assessment on the improvement in agility and reactive agility of junior basketball players. The age groups studied were under-14 (U14) and under-16 (U16). This study included 70 male basketball athletes, structured in two experimental groups: U14 (18 subjects) and U16 (17 subjects); two control groups: U14 (18 subjects) and U16 (17 subjects). Arithmetic averages of the anthropometric characteristics of the subject groups: experimental group U14: height 172.89 cm, weight 58.22 kg, BMI 19.56; control group U14: height 165.44 cm, weight 50.17 kg, BMI 18.53; experimental group U16: height 179.94 cm, weight 70.82 kg, BMI 20.35; control group U16: height 183.88 cm, weight 73.41 kg, BMI 20.83. An 18-week experimental program that integrates Fitlight technology in order to develop coordination and agility skills and corrective agility was implemented in the experimental groups. This study included six tests: T agility test, T agility test with ball, reactive T agility test, reactive T agility test with ball, Illinois agility test, and Illinois agility test with ball. The results of this study showed statistically significant progress between the initial and final testing for the experimental group, p < 0.05. The Cohen’s values of the experimental groups were above 0.8, which denotes a large effect size; for the control group, these sizes were small and medium. The comparative analysis of the experimental and control groups, U14 and U16, highlights significant statistical differences in favor of the experimental groups, for all the agility tests of this study. This study highlights the effectiveness of incorporating advanced training tools like Fitlight in sports training, particularly for young basketball players. This approach surpasses traditional methods in enhancing agility, suggesting a paradigm shift towards technology-integrated training in sports.






Keywords:


agility; reactive agility; Fitlight technology; basketball; sport training program; adapted motor assessment












1. Introduction


The technique of the basketball game is in a continuous dynamic, being dependent on the level of physical training, the technical level of the players, and the sports experience. Current basketball is influenced by the contribution of information technology, the diversification of technological equipment adapted to the specifics of sports training, and the monitoring and evaluation process. Basketball is characterized by rapid and forceful motion in various directions, swift decelerations and directional shifts, along with leaps and intricate techniques in handling the ball [1,2,3]. During every phase of the game, athletes execute diverse technical and tactical plays that are significantly impacted by a range of physical abilities, including speed, agility, strength, and power [4,5]. Skill-related physical fitness consists of six parts: agility, balance, coordination, strength, speed, and reaction time [6,7,8]. Prior research indicates a substantial influence of physical skills on game performance [9]. The newest studies have highlighted the critical role of agility in actions with or without ball in basketball [10,11].



Agility is defined by a prolonged initiation of bodily movement and an alteration in direction, along with swift acceleration or rapid slowing down of physical responsiveness [1]. In basketball, agility stands as a crucial motor skill, with both offensive and defensive maneuvers primarily involving diverse and multidirectional movements [12]. Research has highlighted that the notion of agility is extensively debated among sports researchers [13,14,15]. Agility is an important component of psychomotricity, being the ability that is made up of motor coordination, mobility, and balance; agility consists of the ability to quickly change the direction of movement of the body or limbs according to different stimuli (visual, tactile, etc.) [1,13,14,15,16,17]. Understanding the concept of agility requires understanding its complexity and practical implications depending on the specifics of the sport practiced. [8,16,17,18]. The initiation of actions that require a change in direction of movement or execution must be correlated with the rapid and continuous changes of the game, determining a distinct form of agility that has been called reactive agility, as identified in numerous studies [18,19,20,21,22,23,24].



The concept “reactive agility” was coined to distinctly differentiate between the pre-planned speed of direction change and agility, which incorporates elements of perception and decision-making [25]. The distinction between agility and reactive agility lies in that agility relies on altering direction within a predetermined movement, while reactive agility pertains to the athlete’s capacity to respond to a visual stimulus without a fixed or preset movement pattern [20]. Reactive agility is characterized as sprints involving directional shifts triggered by a specific stimulus [25,26,27]. Hassan [8] further notes that reactive agility is a vital attribute for players in all positions within basketball.



Building on these insights into the critical role of reactive agility in basketball, we encounter the emergence of advanced training technologies like Fitlight technology [28]. These innovative tools are designed to enhance players’ responsiveness, aligning perfectly with the demands of the sport. Fitlight technology, for instance, introduces a unique approach to training, focusing on improving reaction times and decision-making under dynamic conditions [28,29,30,31]. The implementation of technologies in the sports training process by adapting exercises can determine the optimization of sports performance with a focus on improving reaction time, coordination, and ability to transform movements in relation to the technical requirements and dynamics of the basketball game [32,33,34]. In the last decade, light technologies and specialized intelligent sensors have appeared with applicability in basketball aimed at monitoring the physical and technical parameters of the players, among which we identify the following: Fitlight, BlazePod, and XLiGHT [35,36,37]. Comparing Fitlight technology with the other BlazePod and XLiGHT simulation technologies with applicability in basketball, we consider that the advantages would be ergonomics; reliability of the software; the irreplaceability and duration of the batteries; functional capabilities of the sensor (signal response); uploading, storing and synchronizing data; the availability of spot packages in sets of 4, 8, and 24 (the other systems have a maximum of eight sports); and the colorful variety of spot lighting (eight colors) compared to the other systems that only have two colors [34,37,38,39]. Compared to Fitlight, the use of BlazePod and XLiGHT technology in the process of evaluating physical abilities presents an instability in the interaction response time; Fitlight sensors have the fastest data auto-download time, etc. [35,39]. As for the limitations of Fitlight technology, the high price and greater weight of the sensors compared to other technologies have been identified [35,39]. Based on the previously mentioned considerations, we opted for the use of Fitlight technology in this study. The novel aspects of this study consist of the adaptation of the training methodology and the tools for evaluating the agility and reactive agility of the U14 and U16 junior basketball players through the implementation of Fitlight technology. Based on the previously mentioned arguments, we established the following aim of this study to evaluate the impact of the implementation of Fitlight technology in the process of sports training and motor assessment on the improvement in agility and reactive agility of junior basketball players. The hypothesis of this study started from the assumption that by implementing an experimental program of 18 weeks including exercises adapted to the game of basketball in which Fitlight technology is used, the agility and reactive agility of U14 and U16 basketball players can be improved.




2. Materials and Methods


2.1. Participants


This study focused on young, active basketball players who were part of the country’s junior men’s competition, more specifically, in the National Junior Championships in Romania. The age groups studied were under-14 (U14) and under-16 (U16). This study included a total of 70 male basketball athletes, structured in 2 experimental groups: U14 (18 subjects) and U16 (17 subjects); 2 control groups: U14 (18 subjects) and U16 (17 subjects). Arithmetic averages of the anthropometric characteristics of the subject groups: experimental group U14: height 172.89 cm, weight 58.22 kg, BMI 19.56; control group U14: height 165.44 cm, weight 50.17 kg, BMI 18.53; experimental group U16: height 179.94 cm, weight 70.82 kg, BMI 20.35; control group U16: height 183.88 cm, weight 73.41 kg, BMI 20.83. Inclusion criteria in this study: active athletes; clinically healthy; additional experience of at least 2 years for U14 and at least 4 years for U16; practicing the entire sports training program for the entire duration of this study; performing all the evaluation tests of the study, at the initial and final testing; during this study, each group (experiment and control) performed 4 training sessions per week; all study groups performed 3 physical and technical training sessions per week in which agility was an important objective; the content of the training was adapted to the particularities of age and level of sports training for U14 and U16. Participants in this study voluntarily engaged, having in adherence to the principles outlined in the Declaration of Helsinki.




2.2. Testing Procedure


Six tests were applied in this study to evaluate the agility of basketball players: T agility test, T agility test with ball, reactive T agility test, reactive T agility test with ball, Illinois agility test, and Illinois agility test with ball. All study groups—experiment and control (U14 and U16)—were evaluated through all 6 tests and under the same test conditions regarding the order of their performance, the number of trials (two trials were performed for each test and the best result was quantified), and the test period. The Fitlight technology was set the same for testing all groups.



	—

	
T Agility Test (standardized): This test required participants to perform a series of quick movements in a ‘T’-shaped pattern as described in Figure 1a. It was designed to evaluate their agility and speed without the use of any additional equipment and the tests validity for determining agility was approved by scientific research [40]. The athletes were timed (s) according to their ability to quickly perform the test in relation to the speed of foot execution and coordination ability. This agility test is very effective for basketball athletes due to the similarity between the test design and fundamental basketball movements [41,42].




	—

	
T Agility Test with Ball: Similar to the T agility test, this variation added the complexity of dribbling a ball. Participants were required to maneuver through the ‘T’ pattern while maintaining control of the ball, testing their coordination between movement and ball-handling skills. This test is especially important since lateral dribble and dribbling the ball while moving backwards are important parts of basketball. The athletes were timed (s) according to their ability to quickly perform the test.




	—

	
Reactive Agility T Test: This test incorporated the use of a Fitlight system placed on cones, like seen in Figure 1b. Athletes had to quickly react to light signals, rapidly changing direction in response. This version of the T agility test focused on the participants’ reaction time and agility, assessing their ability to respond to visual cues under time pressure. The Fitlight technology was set so that when the second spot (in the middle) is touched, randomly, one of the two spots arranged at the ends of the T, which indicates the direction of further travel, automatically lights up. Many researchers have studied reactive agility and developed new tests to measure it [14,43,44]; however, our distinctive way of modifying a standardized test by integrating Fitlight technology adds significant value to the field of research of reactive agility. The athletes were timed (s) according to their ability to quickly perform the test.




	—

	
Reactive Agility T Test with Dribbling: Building upon the reactive agility T test, this test added the element of dribbling. Athletes were tasked with responding to the Fitlight signals while controlling the ball. The Fitlight technology was set so that when the second spot (in the middle) is touched, randomly, one of the two spots arranged at the ends of the T, which indicates the direction of further travel, automatically lights up. This test challenged their ability to combine agility, reaction time, and ball-handling skills under dynamic conditions. The athletes were timed (s) according to their ability to quickly perform the test.




	—

	
Illinois Agility Test (standardized): This is a classic assessment that involves a series of quick turns and sprints around a rectangular formation. It measures the participants’ agility, speed, and flexibility, requiring them to perform the course in the shortest possible time. Research has demonstrated the effectiveness of this test in determining the agility levels of male team sport players [45]. The athletes were timed (s) according to their ability to quickly perform the test.




	—

	
Illinois Agility Test with Ball (standardized): Athletes performed the Illinois Agility Test while dribbling the basketball (Figure 2). This addition tested their ability to maintain ball control under physically demanding conditions, blending agility and precision in ball handling, providing a comprehensive assessment of their skills while being agile [46]. The athletes were timed (s) according to their ability to quickly perform the test.
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Figure 1. (a) T agility test; (b) T reactive agility test. 
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Figure 2. Illinois agility test. 






Figure 2. Illinois agility test.
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2.3. Research Design


This study was structured as follows: initial testing was conducted from 7 to 11 August 2023; an experimental program was implemented to improve agility for 18 weeks; the final testing took place from 18 to 22 December 2023. The experimental program included exercises adapted for the use of Fitlight technology [28], in order to improve the agility of the players from the U14 and U16 experimental groups. The subjects from the U14 and U16 control groups practiced the classic sports training program without the use of equipment or other information technologies. The experimental program using Fitlight technology to improve the agility of the players in the U14 and U16 experimental groups was practiced 3 times/week for a duration of 60 min (after a specific 20 min warm-up). During this study, each group (experiment and control) performed 4 training sessions per week, of which 3 physical and technical training sessions per week out of the 4 training sessions per week were focused on improving agility under technical conditions specific to basketball. The content of the training was adapted to the particularities of age and level of sports preparation for U14 and U16.




2.4. Statistical Analysis


The statistical analysis was performed with the help of IBM-SPSS Statistics 26 and it includes descriptive statistics like the number of participants (N), minimum (Min), maximum (Max), mean, standard deviation (St. Dev.), variance, skewness, and coefficient of variation (CV); 95% confidence intervals, t-values, degrees of freedom (df), significance levels (Sig. 2-tailed), and Cohen’s effect size (r) were assessed for each test. These statistics were calculated, indicating the performance metrics in initial testing (It) and final testing (Ft). The statistical analysis also included paired t-tests (Student’s t-test), comparing the (It) and (Ft) in terms of their performance improvements in the same agility tests. Cohen’s was calculated to measure the effect size of the training program on the performance improvements in agility tests. The independent samples test tables provide additional insights. We calculated the Levene’s test for equality of variances and t-tests for equality of means, which were used to compare the initial and final performances between the experimental and control groups across our agility tests. For this study, the level of statistical probability was p < 0.05.




2.5. Training Procedure


The training program under discussion, which incorporated Fitlight technology, represents a comprehensive approach to enhancing both the specific basketball skills and the agility and coordination elements critical for player development. During each week, players engaged in three practices, wherein each session included the execution of five distinct drills drawn from the larger set of exercises as described in Figure 3. This design ensured consistent exposure and practice of various techniques, thereby allowing for the reinforcement of skills and the assimilation of coordination capabilities over the duration of the program. The categorization of exercises was dual-faceted, targeting both the enhancement of basketball skills and the development of coordinative elements.



Correspondingly, the coordinative elements fortified through the exercises comprised the following:




	—

	
Hand–eye coordination (48 exercises): improving the synchrony between visual input and hand movement, crucial for all aspects of basketball;




	—

	
Reaction time (58 exercises): focusing on decreasing latency between stimulus and response, an essential aspect for competitive play;




	—

	
Balance (25 exercises): developing stability and control of body movements during gameplay;




	—

	
Spatial orientation (20 exercises): enhancing the player’s awareness of their position relative to the court, opponents, and teammates;




	—

	
Agility (24 exercises): increasing the ability to move quickly and easily, essential for both offensive and defensive strategies;




	—

	
Capacity to combine movements (41 exercises): fostering the ability to perform multiple movements fluidly and effectively during training and basketball game.









The use of Fitlight technology across all exercises signified an innovative approach, providing real-time feedback and measurable data that could fine-tune player reactions, speed, and decision-making processes. This technology-driven methodology potentially allowed for a more engaging and quantifiable improvement in the players’ skill set. In summary, the program’s structured and multi-dimensional design aimed to elevate the athletes’ performance by intensively targeting the enhancement of fundamental basketball skills and by systematically improving their physical and coordinative abilities, thereby preparing them for the dynamic and demanding nature of competitive basketball.





3. Results


3.1. Descriptive Statistics


The descriptive statistics for the U14 experimental group in the (It) and (Ft) (Table 1) show that in the T agility test, initially, the mean time was 12.35 s with a standard deviation of 1.22 s, showing a moderate variability in performance. The final mean improved to 10.98 s, with a reduced standard deviation of 0.49 s, indicating more consistent performances post-training. The coefficient of variation (CV), which represents the ratio of the standard deviation to the mean, decreased from 9.88% to 4.46%, further evidencing improved consistency. In the T agility test with ball, the initial mean time was 17.13 s and the final mean was 13.61 s. The standard deviation decreased from 2.12 to 0.90, and the CV reduced from 12.38% to 6.61%, indicating enhanced performance and consistency in the final test. The trend of improved mean scores and reduced variability is also evident in other tests for the U14 experimental group, such as the T reactive agility test (initial mean: 14.28 s; final mean: 12.23 s); T reactive agility test with ball (initial mean: 19.61 s; final mean: 15.79 s); the Illinois agility test (initial mean: 17.83 s; final mean: 16.02 s); and the Illinois agility test with ball (initial mean: 20.41 s; final mean: 17.08 s). For the U14 control group, similar agility tests show less pronounced improvements. For the T agility test, the initial mean was 13.32 s, and the final mean was 13.09 s, with a slight increase in the CV from 7.36% to 8.10%. The Illinois agility test shows a similar pattern, with a modest decrease in mean time from 19.00 to 18.68 s, and a slight reduction in CV. Overall, the U14 experimental group shows more significant improvements in mean times and consistency (lower standard deviation and CV) across all agility tests compared to the U14 control group. This suggests that the training program of the experimental group was effective in enhancing agility and reactive agility (Table 1).



In Table 2, descriptive statistics for the U16 experimental and control groups in both initial (It) and final (Ft) phases of different agility tests are detailed. For the U16 Experimental group, improvements are seen in agility test performances from the initial to the final phase. In the T agility test, the initial mean time was 12.41 s with a standard deviation of 1.35, and this improved to a final mean of 11.08 s with a standard deviation of 0.76. The coefficient of variation (CV) also decreased from 10.88% to 6.86%, indicating increased consistency in performances. In the T agility test with a ball, the initial mean was 14.02 s, which improved to 12.25 s in the final test, with a decrease in standard deviation from 2.23 to 1.23 and a reduction in CV from 15.91% to 10.04%. Similar patterns of improvement are observed in the other tests like the T reactive agility test (initial mean: 13.77 s; final mean: 12.03 s), T reactive agility test with ball (initial mean: 15.99 s; final mean: 13.01 s), Illinois agility test (initial mean: 19.66 s; final mean: 18.45 s), and the Illinois agility test with ball (initial mean: 20.82 s; final mean: 18.87 s). These results indicate effective training, leading to better performance and consistency. For the U16 control group, the changes are less pronounced. In the T agility test, the initial mean time was 10.98 s and the final mean was 10.91 s, with a slight increase in CV from 3.28% to 3.39%. The Illinois agility test shows a similar pattern, with a small increase in mean time from 16.22 to 16.12 s and a slight rise in CV. Overall, the U16 experimental group shows more substantial improvements in performance and consistency across the agility tests compared to the U16 control group, as evidenced by reduced mean times and lower standard deviations and CVs.




3.2. T-Paired Student Test


As seen in Table 3, in the T agility test, the experimental group showed a significant mean improvement of 1.37 s, with a standard deviation of 0.86 s. The confidence interval ranged from 0.95 to 1.80 s, and the t-value was 6.79, indicating statistical significance with a p-value of 0.00. The effect size, measured by Cohen’s d, was large at 1.47. In contrast, the control group had a smaller mean improvement of 0.23 s, a standard deviation of 0.26 s, and a lower Cohen’s d of 0.23, reflecting a more modest effect. For the T agility test with a ball, the experimental group showed an even greater mean improvement of 2.05 s, with a standard deviation of 0.92 s and a Cohen’s d of 1.61, indicating a large effect size. The control group, however, had a mean improvement of 0.34 s and a Cohen’s d of 0.33, which is substantially smaller compared to the experimental group. In the T reactive agility test, the experimental group’s improvement was striking, with a mean difference of 3.52 s, a high Cohen’s d of 2.16, signifying a very large effect size. The control group had a modest improvement with a mean difference of 0.53 s and a Cohen’s d of 0.26. Similarly, in the T reactive agility test with a ball, the experimental group showed a substantial mean improvement of 3.82 s and a very high Cohen’s d of 2.51. The control group’s improvement was less significant, with a mean difference of 0.45 s and a lower Cohen’s d of 0.17. The Illinois agility test results followed a similar pattern. The experimental group improved by a mean of 1.81 s, with a Cohen’s d of 1.56, while the control group showed a smaller mean improvement of 0.32 s and a Cohen’s d of 0.25. Finally, in the Illinois agility test with a ball, the experimental group had a significant mean improvement of 3.32 s and a high Cohen’s d of 1.85. The control group’s improvement was 0.39 s on average, with a Cohen’s d of 0.27. Overall, these results demonstrate that the experimental group exhibited significantly greater improvements in agility test performances compared to the control group. This is indicated by the larger mean differences, lower p-values, and higher effect sizes in the experimental group for all the agility tests. The substantial differences in Cohen’s d values between the experimental and control groups across all tests highlight the effectiveness of the training or intervention provided to the experimental group.



In Table 4, for the U16 experimental group, significant improvements were noted across all tests. In the T agility test, the mean difference between It and Ft was 1.33 s, with a Cohen’s D of 1.21, indicating a substantial effect. The T agility test with a ball also showed a notable mean difference of 1.74 s and a Cohen’s D of 1.28. In the T reactive agility test, the experimental group improved by 1.77 s, while the improvement in the test with a ball was even greater, at 2.98 s. These changes correspond to Cohen’s D values of 0.98 and 1.13, respectively. The Illinois agility test and the version with a ball also showed significant improvements, with mean differences of 1.21 and 1.95 s and Cohen’s D values of 1.18 and 1.54, respectively. Comparatively, the U16 control group exhibited minimal improvements. The T agility test and its variation with a ball showed mean improvements of only 0.07 and 0.04 s, and Cohen’s D values of 0.19 and 0.11, respectively. The T reactive agility test and its ball variation had mean differences of 0.10 s each, with Cohen’s D values of 0.17 and 0.14. Similarly, the Illinois agility test and its ball variant showed slight improvements with mean differences of 0.10 s and corresponding Cohen’s D values of 0.10 and 0.11. These results underscore the significantly greater improvements in agility and coordination for the U16 experimental group compared to the control group, as evidenced by the higher mean differences and Cohen’s D values in the experimental group. The control group’s minimal improvements suggest a lower impact of the training or natural development over the same period.




3.3. Independent Samples T test


In Table 5, the independent samples T test for the U14 age group compares the performance of the experimental (GE) and control (GC) groups in both initial (It) and final (Ft) phases across various agility tests. For the T agility test at the initial phase, Levene’s test shows no significant difference in variances between groups (F = 0.68; p = 0.42), allowing for a standard t-test. The t-test indicates a significant mean difference of −0.97 s (t = −2.64; p = 0.01) favoring the experimental group. The final phase of the T agility test shows a larger mean difference of −2.12 s (t = −7.67; p < 0.001), suggesting more pronounced improvements in the experimental group. In the T agility test with ball, both initial and final phases show significant mean differences between the groups. The initial mean difference is −1.48 s (t = −2.15; p = 0.04), while the final mean difference is −4.48 s (t = −8.56; p < 0.001), again indicating a larger impact of the training in the experimental group. For the T reactive agility test, the initial phase shows a mean difference of −0.89 s (t = −1.99; p = 0.06), and the final phase a mean difference of −2.61 s (t = −8.39; p < 0.001). The T reactive agility test with a ball has initial and final mean differences of −1.88 s (t = −2.51; p = 0.02) and −5.26 s (t = −7.87; p < 0.001), respectively. The Illinois agility test also shows significant differences. The initial mean difference is −1.17 s (t = −2.46; p = 0.02), and the final difference is −2.65 s (t = −8.41; p < 0.001). In the Illinois agility test with a ball, the final phase shows a substantial mean difference of −3.62 s (t = −9.44; p < 0.001), while the initial phase difference is not statistically significant. These results indicate that for most agility tests, the U14 experimental group significantly outperformed the control group, both in initial capabilities and improvements over time. The differences in final performances are particularly pronounced, highlighting the effectiveness of the training or interventions experienced by the experimental group.



Table 6, the interpretation, considering the initial better preparation of the control group and the subsequent catch-up by the experimental group, reveals significant insights. Initially, in the T agility test, the experimental group was significantly outperformed by the control group, as indicated by a mean difference of 1.43 s and a significant t-value of 4.22. However, by the final phase, this gap narrowed considerably, with a non-significant mean difference of only 0.17 s, suggesting that the experimental group caught up effectively. A similar trend is observed in the T agility test with a ball. Initially, the control group led by a significant 1.99 s, but this difference was reduced to a non-significant 0.33 s in the final phase, again illustrating the substantial improvements made by the experimental group. In the T reactive agility test and its ball variant, the initial performance gaps were 2.01 and 3.56 s, respectively, favoring the control group. By the final phase, these differences decreased to 0.31 and 0.69 s. Although these final phase differences were still significant, the reduced gaps indicate considerable progress by the experimental group. The Illinois agility test results reinforce this pattern. The initial phase showed the control group leading by 3.44 and 3.98 s in the standard and ball variants, respectively. By the final phase, these differences reduced to 2.33 and 2.14 s. Although the experimental group did not completely close the gap, the significantly reduced differences in the final phase demonstrate their marked improvement.



Overall, these results highlight two key points: the control group’s initial superior performance, likely due to their better preparation, and the experimental group’s notable catch-up by the final testing. The experimental group’s significant improvements across all agility tests suggest the effectiveness of their training program in enhancing agility skills to a level comparable with a initially more prepared control group.



For the U14 category, the experimental group consistently showed significant improvements over the control group in both initial and final phases of the agility tests (Table 6). This trend was evident across various tests, such as the T agility test and the Illinois agility test, with the experimental group not only starting with better performances but also gaining more from the training or interventions. The results suggest a uniform and effective impact of the training program on the U14 experimental group, leading to significant improvements in agility and performance. In contrast, the U16 category presented a different scenario. Initially, the control group was significantly better prepared, as evidenced by their higher qualifications in the national championship. This initial superiority was reflected in the agility tests, where the control group had better performances in the initial phases. However, as the training progressed, the experimental group made substantial gains, effectively catching up to the control group by the final testing. For example, in the T agility test with a ball, the experimental group initially lagged behind but demonstrated significant improvements, reducing the performance gap by the final phase. This catch-up indicates the effectiveness of the training program in enhancing the agility skills of the U16 experimental group, despite the control group’s initial advantage. Both age groups illustrate the positive impact of targeted training programs on agility and performance. While the U14 experimental group showed consistent superiority over the control group, the U16 experimental group’s ability to catch up despite an initially better-prepared control group highlights the effectiveness of the training in leveling the playing field and enhancing performance competencies (Table 6).





4. Discussion


In our study, we focused on evaluating the impact of the implementation of Fitlight technology in the process of sports training and motor assessment on the improvement in agility and reactive agility of junior basketball players. The results of this study reflect significant progress in the experimental group between the final and initial testing. Likewise, the progress in the experimental group was statistically significantly superior to that of the control group, which proves that the implementation of the experimental program in which we used Fitlight technology was effective for both categories of U14 and U16 basketball players. The results of our study confirm the hypotheses of previous studies and contribute to the expansion of knowledge regarding the impact of Fitlight technology on improving agility by implementing an experimental program in which specific basketball exercises were adapted to this technology [30,31,32,33,34]. Analyzing recent research, we identified a series of studies with aligning our study and its relevant results [8,47,48]. Hassan [8] delves into the efficacy of the Fitlight Training System in improving agility and performance in young basketball players. The common thread is their focus on the innovative use of technology—specifically, the Fitlight system—to enhance agility and overall athletic performance, underscoring a burgeoning interest in incorporating technological tools in sports training regimes. We provide a broader view of agility’s role in basketball, examining the impact of Fitlight training on overall agility and comparing it with traditional training methods. This comparative approach gives a comprehensive understanding of how traditional training measures up against more technologically advanced methods. In our study, we approached the development of agility through the use of information technologies on different age groups, U14 and U16. In contrast, Hassan [8] narrows its focus, concentrating on the specific impacts of reactive agility exercises on visual reaction time and dribbling skills, adding depth to our understanding of how Fitlight training can target and enhance specific skills crucial for basketball. In our study, the development of agility is approached through the use of information technologies for different age groups. In comparison, Hassan [8] focuses on a single group’s improvement in specific skills, providing a detailed look at the system’s potential to enhance particular aspects of a player’s performance. In summary, while both underscore the beneficial role of Fitlight training in improving agility and performance among young basketball players, we bring additional value by comparing the new method with traditional training techniques and offering a more diversified analysis across age groups. This comparative and comprehensive approach not only affirms the advantages of using advanced technology in sports training but also broadens our understanding of its application and effectiveness in developing young athletes.



While our study offers a broad analysis of the Fitlight system across various age groups in basketball, Hadzovic [49] zooms in on a specific segment of athletes, highlighting a targeted approach in agility training for professional female basketball players. It introduces innovative protocols for evaluating non-reactive agility, a component crucial in basketball but often less highlighted; in contrast, our contribution lies in our comparative analysis of traditional and modern training methods across various age groups, offering a broader perspective on agility training efficacy in youth basketball.



While Bekris [50] lays the theoretical groundwork for understanding and measuring agility across different sports, we take it a step further by applying this understanding in a practical training context, using Fitlight technology. Our exploration of Fitlight training provides evidence of the potential benefits of embracing technological advancements in sports training regimes, particularly for the youth. This aligns with the agility demands identified by Bektris [50] and suggests a progressive approach to enhancing agility, which could be beneficial across various sports beyond basketball. Building on the theoretical underpinnings and practical applications of agility training, the study by Silvestri [51] complements our findings by delving into the cognitive aspects and training complexities, offering a holistic view of athlete development. Silvestri [51] highlights the multifaceted benefits of Fitlight training, but also draws attention to the complexities involved in effectively integrating technology into sports training exploring the cognitive dimensions and the intricacies of training duration and its effectiveness. This combined knowledge can guide coaches and sports scientists in designing training programs that are not only physically demanding but also cognitively stimulating, thereby preparing young athletes more holistically. Incorporating both physical and cognitive training elements, as highlighted by Silvestri [51], our study resonates with Lucia’s [52] research, which explores a multifaceted training approach in elite basketball, while we distinctly focus on the impact of Fitlight training on younger athletes. Lucia [52] explores a multicomponent training approach in elite basketball players, emphasizing sprinting, agility, and decision-making while we distinctively contribute to the field by specifically evaluating the effects of Fitlight training on the agility of junior basketball players, compared directly to traditional methods. This emphasis on the younger demographic is crucial, offering insights into the developmental aspects of sports training. Furthermore, our detailed statistical analysis of various agility tests before and after the training regimen not only underlines the efficacy of modern training tools but also provides a nuanced understanding of their impact on young athletes, making it a valuable resource for those working in youth sports coaching and training.



Our comprehensive analysis across multiple studies reveals a significant trend towards the integration of advanced technology, like the Fitlight Training System, in sports training, particularly for youth basketball. While studies like Hassan’s [8] focus on specific skill enhancements and Hadzovic’s [49] on professional female athletes, our research broadens the spectrum by comparing traditional and modern methods across various age groups. This holistic approach, enriched by theoretical insights from Bekris [50] and cognitive perspectives from Silvestri [51], underscores the multifaceted benefits of such training. The integration of physical agility improvements with cognitive development, as seen in our study and Lucia’s [52], not only demonstrates the efficacy of these modern training tools but also opens new avenues for developing more comprehensive training programs.



This evolution in training methodologies has the potential to significantly impact the development of young athletes, preparing them more effectively for the demands of competitive sports [53,54,55,56,57]. In accordance with the trends of modernization and technology of sports training, we consider that in order to identify the theoretical and practical methodological aspects, an interdisciplinary approach is necessary in order to improve sports performances [58,59,60,61,62].



As practical implications, we consider that the use of Fitlight technologies represents an attractive and reliable alternative to classic exercises with only the ball, both in the preparation process and in the assessment of physical and technical skills specific to basketball. The implementation of Fitlight technology facilitates the improvement of physical and technical skills based on the development of the athletes’ visual skills to bright and colorful stimuli. The implementation of Fitlight technology, which uses bright spots in the training program for basketball athletes, facilitates the versatility and dynamics of training, contributing to improving agility based on the development of stimulus receptivity, hand–eye and foot–eye coordination, and motor control, which are essential for the formation of a athlets. The workouts that use Fitlight technology benefit from real-time feedback regarding the monitoring of reaction time parameters, agility, coordination, etc. The reliability and diversified ways of using Fitlight technology allow for its use depending on the training requirements and the characteristics of the practiced sport, with the technology being adaptable to most sports. Based on the results of our study, we believe that the use of Fitlight technology contributes to the efficiency of agility training and to increasing the attractiveness of basketball training, which can be adapted to most sports.



Strengths of this study: adaptation of an experimental program by implementing Fitlight technology; adaptation of motor assessment tests by implementing Fitlight technology; designing 24 exercises using Fitlight technology and incorporating them into the experimental sports training program; the inclusion in the study and the comparative analysis of the results of the agility tests for two categories of subjects depending on the age characteristics of U14 and U16 players.



Limitations of this study: the inclusion of only groups of boys; limiting the study only to the analysis of agility tests, without including other coordinating components; relatively small number of subjects; implementation of the training program only for a duration of 18 weeks; female samples were not included in this study; agility was not tested under competitive conditions, in official games; only Fitlight was used in this study and no other smart technologies or sensors were used; training methodologies should implement diversified and specialized technologies on the development of physical and technical training components in basketball.




5. Conclusions


The relevant results of this study demonstrate that in all tests of agility and reactive agility, the experimental groups U14 and U16 recorded superior and statistically significant progress compared to the control groups U14 and U16. Our study revealed significant improvements in the dribbling skills of the players in the experimental groups on the support provided by agility development, thus contributing to the optimization of the basketball players’ performance. Our study emphasizes the impact of the Fitlight technology implemented in the training methodology of basketball players. The implementation of information technologies adapted to the characteristics of training and competition in basketball will contribute to the improvement of the physical and technical performance potential of players and to the achievement of sports mastery. Future studies may be aimed at identifying the way in which the implementation of information technologies adapted to the particularities of different sports will contribute to the improvement of the motor capacity and technical skills of different categories of athletes, depending on the level of training and the specifics of the sports practiced.
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Figure 3. Gant chart about experimental training program. 
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Table 1. Descriptive statistics of agility tests for U14 experimental and control groups in the (It) and (Ft).
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Group

	
Agility Test

	
Test

	
N

	
Min

	
Max

	
Mean

	
SD

	
Variance

	
Skewness

	
CV




	
Statistic

	
SE






	
U14

experiment

	
T agility test

	
It

	
18

	
10.59

	
14.94

	
12.35

	
1.22

	
1.49

	
0.51

	
0.54

	
9.88%




	
Ft

	
18

	
10.22

	
12.11

	
10.98

	
0.49

	
0.24

	
0.53

	
0.54

	
4.46%




	
T agility test with ball

	
It

	
18

	
13.83

	
22.70

	
17.13

	
2.12

	
4.49

	
1.00

	
0.54

	
12.38%




	
Ft

	
18

	
11.31

	
15.25

	
13.61

	
0.90

	
0.81

	
−0.33

	
0.54

	
6.61%




	
T reactive agility test

	
It

	
18

	
11.45

	
16.31

	
14.28

	
1.59

	
2.52

	
−0.31

	
0.54

	
11.13%




	
Ft

	
18

	
11.04

	
13.77

	
12.23

	
0.84

	
0.70

	
−0.01

	
0.54

	
6.87%




	
T reactive agility test with ball

	
It

	
18

	
16.89

	
23.44

	
19.61

	
1.83

	
3.35

	
0.55

	
0.54

	
9.33%




	
Ft

	
18

	
12.98

	
17.24

	
15.79

	
1.13

	
1.27

	
−0.72

	
0.54

	
7.16%




	
Illinois agility test

	
It

	
18

	
15.74

	
21.49

	
17.83

	
1.52

	
2.30

	
0.74

	
0.54

	
8.52%




	
Ft

	
18

	
14.98

	
17.12

	
16.02

	
0.63

	
0.40

	
0.24

	
0.54

	
3.93%




	
Illinois agility test with ball

	
It

	
18

	
17.41

	
26.30

	
20.41

	
2.45

	
5.99

	
0.94

	
0.54

	
12.00%




	
Ft

	
18

	
15.99

	
18.22

	
17.08

	
0.67

	
0.45

	
0.11

	
0.54

	
3.92%




	
U14

control

	
T agility test

	
It

	
18

	
11.51

	
15.12

	
13.32

	
0.98

	
0.95

	
0.24

	
0.54

	
7.36%




	
Ft

	
18

	
10.66

	
14.92

	
13.09

	
1.06

	
1.13

	
−0.19

	
0.54

	
8.10%




	
T agility test with ball

	
It

	
18

	
13.55

	
22.06

	
18.61

	
2.03

	
4.14

	
−0.49

	
0.54

	
10.91%




	
Ft

	
18

	
12.88

	
21.94

	
18.09

	
2.03

	
4.11

	
−0.49

	
0.54

	
11.22%




	
T reactive agility test

	
It

	
18

	
13.08

	
16.89

	
15.17

	
1.04

	
1.09

	
−0.10

	
0.54

	
6.86%




	
Ft

	
18

	
12.99

	
16.73

	
14.83

	
1.02

	
1.04

	
−0.05

	
0.54

	
6.88%




	
T reactive agility test with ball

	
It

	
18

	
13.98

	
24.88

	
21.49

	
2.60

	
6.79

	
−1.22

	
0.54

	
12.10%




	
Ft

	
18

	
13.33

	
24.79

	
21.04

	
2.60

	
6.76

	
−1.30

	
0.54

	
12.36%




	
Illinois agility test

	
It

	
18

	
16.79

	
21.60

	
19.00

	
1.33

	
1.76

	
0.18

	
0.54

	
7.00%




	
Ft

	
18

	
16.62

	
20.69

	
18.68

	
1.18

	
1.40

	
−0.01

	
0.54

	
6.32%




	
Illinois agility test with ball

	
It

	
18

	
18.68

	
23.45

	
21.09

	
1.44

	
2.08

	
−0.17

	
0.54

	
6.83%




	
Ft

	
18

	
17.95

	
23.09

	
20.70

	
1.48

	
2.20

	
−0.32

	
0.54

	
7.15%








It—initial test; Ft—final test; SD—standard deviation; SE—standard error; N—number of subjects; U—under; CV—coefficient of variation.













 





Table 2. Descriptive statistics of agility tests for the U16 experimental and control groups in the (It) and (Ft).






Table 2. Descriptive statistics of agility tests for the U16 experimental and control groups in the (It) and (Ft).





	
Group

	
Agility Test

	
Test

	
N

	
Min

	
Max

	
Mean

	
SD

	
Variance

	
Skewness

	
CV




	
Statistic

	
SE






	
U16

experiment

	
T agility test

	
It

	
17

	
10.89

	
16.66

	
12.41

	
1.35

	
1.83

	
2.12

	
0.55

	
10.88%




	
Ft

	
17

	
10.22

	
13.66

	
11.08

	
0.76

	
0.58

	
2.59

	
0.55

	
6.86%




	
T agility test with ball

	
It

	
17

	
12.07

	
20.29

	
14.02

	
2.23

	
4.96

	
1.81

	
0.55

	
15.91%




	
Ft

	
17

	
10.99

	
14.88

	
12.25

	
1.23

	
1.52

	
1.14

	
0.55

	
10.04%




	
T reactive agility test

	
It

	
17

	
12.04

	
18.21

	
13.77

	
1.64

	
2.69

	
1.47

	
0.55

	
11.91%




	
Ft

	
17

	
10.98

	
15.08

	
12.03

	
1.01

	
1.02

	
1.86

	
0.55

	
8.40%




	
T reactive agility test with ball

	
It

	
17

	
12.67

	
25.89

	
15.99

	
3.49

	
12.15

	
1.87

	
0.55

	
21.83%




	
Ft

	
17

	
11.88

	
15.88

	
13.01

	
1.31

	
1.70

	
1.48

	
0.55

	
10.07%




	
Illinois agility test

	
It

	
17

	
18.09

	
23.37

	
19.66

	
1.34

	
1.79

	
1.59

	
0.55

	
6.82%




	
Ft

	
17

	
17.87

	
19.89

	
18.45

	
0.57

	
0.32

	
1.15

	
0.55

	
3.09%




	
Illinois agility test with ball

	
It

	
17

	
18.91

	
25.21

	
20.82

	
1.61

	
2.60

	
1.39

	
0.55

	
7.73%




	
Ft

	
17

	
18.01

	
21.22

	
18.87

	
0.78

	
0.61

	
1.85

	
0.55

	
4.13%




	
U16

control

	
T agility test

	
It

	
17

	
10.27

	
11.56

	
10.98

	
0.36

	
0.13

	
−0.13

	
0.55

	
3.28%




	
Ft

	
17

	
10.21

	
11.48

	
10.91

	
0.37

	
0.14

	
−0.38

	
0.55

	
3.39%




	
T agility test with ball

	
It

	
17

	
11.14

	
13.74

	
12.03

	
0.67

	
0.45

	
0.89

	
0.55

	
5.57%




	
Ft

	
17

	
10.78

	
12.88

	
11.92

	
0.59

	
0.35

	
−0.22

	
0.55

	
4.95%




	
T reactive agility test

	
It

	
17

	
11.02

	
12.80

	
11.77

	
0.48

	
0.23

	
0.42

	
0.55

	
4.08%




	
Ft

	
17

	
10.98

	
12.45

	
11.72

	
0.45

	
0.20

	
0.01

	
0.55

	
3.84%




	
T reactive agility test with ball

	
It

	
17

	
11.56

	
14.80

	
12.43

	
0.74

	
0.54

	
2.17

	
0.55

	
5.95%




	
Ft

	
17

	
11.22

	
14.20

	
12.33

	
0.66

	
0.44

	
1.19

	
0.55

	
5.35%




	
Illinois agility test

	
It

	
17

	
14.97

	
19.02

	
16.22

	
0.95

	
0.91

	
1.60

	
0.55

	
5.86%




	
Ft

	
17

	
14.80

	
18.91

	
16.12

	
0.99

	
0.98

	
1.31

	
0.55

	
6.14%




	
Illinois agility test with ball

	
It

	
17

	
15.60

	
19.46

	
16.84

	
0.97

	
0.94

	
1.20

	
0.55

	
5.76%




	
Ft

	
17

	
15.58

	
18.99

	
16.74

	
0.89

	
0.79

	
1.05

	
0.55

	
5.32%








It—initial test; Ft—final test; SD—standard deviation; SE—standard error; N—number of subjects; U—under; CV—coefficient of variation.













 





Table 3. Statistical analysis of agility tests for the U14 experimental and control groups between the (It) and (Ft).






Table 3. Statistical analysis of agility tests for the U14 experimental and control groups between the (It) and (Ft).





	
Agility Test

	
Group

	
Tests

	
Mean

	
SD

	
SEM

	
95% CI

	
t

	
p

	
d




	
Lower

	
Upper






	
T agility test

	
Experimental

	
Ft–It

	
1.37

	
0.86

	
0.20

	
0.95

	
1.80

	
6.79

	
0.00

	
1.47




	
Control

	
Ft–It

	
0.23

	
0.26

	
0.06

	
0.10

	
0.36

	
3.67

	
0.00

	
0.23




	
T agility test with ball

	
Experimental

	
Ft–It

	
2.05

	
0.92

	
0.22

	
1.60

	
2.51

	
9.48

	
0.00

	
1.61




	
Control

	
Ft–It

	
0.34

	
0.29

	
0.07

	
0.19

	
0.48

	
4.90

	
0.00

	
0.33




	
T reactive agility test

	
Experimental

	
Ft–It

	
3.52

	
1.49

	
0.35

	
2.78

	
4.26

	
10.01

	
0.00

	
2.16




	
Control

	
Ft–It

	
0.53

	
0.42

	
0.10

	
0.32

	
0.74

	
5.29

	
0.00

	
0.26




	
T reactive agility test with ball

	
Experimental

	
Ft–It

	
3.82

	
1.11

	
0.26

	
3.27

	
4.38

	
14.59

	
0.00

	
2.51




	
Control

	
Ft–It

	
0.45

	
0.41

	
0.10

	
0.25

	
0.65

	
4.70

	
0.00

	
0.17




	
Illinois agility test

	
Experimental

	
Ft–It

	
1.81

	
1.01

	
0.24

	
1.31

	
2.31

	
7.58

	
0.00

	
1.56




	
Control

	
Ft–It

	
0.32

	
0.25

	
0.06

	
0.20

	
0.45

	
5.42

	
0.00

	
0.25




	
Illinois agility test with ball

	
Experimental

	
Ft–It

	
3.32

	
2.15

	
0.51

	
2.25

	
4.39

	
6.57

	
0.00

	
1.85




	
Control

	
Ft–It

	
0.39

	
0.24

	
0.06

	
0.27

	
0.51

	
6.81

	
0.00

	
0.27








It—initial test; Ft—final test; t—Student T value; SD—standard deviation; SEM—standard error mean; CI—confidence interval of the difference; p—statistically significant value; d—effect size.













 





Table 4. Statistical analysis of agility tests for the U14 experiment and control groups between the (It) and (Ft).






Table 4. Statistical analysis of agility tests for the U14 experiment and control groups between the (It) and (Ft).





	
Agility Test

	
Group

	
Tests

	
Mean

	
SD

	
SEM

	
95% CI

	
t

	
p

	
d




	
Lower

	
Upper






	
T agility test

	
Experimental

	
Ft–It

	
1.33

	
0.68

	
0.17

	
0.97

	
1.68

	
8.01

	
0.00

	
1.21




	
Control

	
Ft–It

	
0.07

	
0.12

	
0.03

	
0.00

	
0.13

	
2.26

	
0.04

	
0.19




	
T agility test with ball

	
Experimental

	
Ft–It

	
1.74

	
0.87

	
0.21

	
1.30

	
2.19

	
8.29

	
0.00

	
1.28




	
Control

	
Ft–It

	
0.04

	
0.08

	
0.02

	
0.00

	
0.09

	
2.20

	
0.04

	
0.11




	
T reactive agility test

	
Experimental

	
Ft–It

	
1.77

	
1.22

	
0.29

	
1.14

	
2.39

	
5.99

	
0.00

	
0.98




	
Control

	
Ft–It

	
0.10

	
0.22

	
0.05

	
−0.01

	
0.22

	
2.00

	
0.05

	
0.17




	
T reactive agility test with ball

	
Experimental

	
Ft–It

	
2.98

	
2.47

	
0.60

	
1.71

	
4.25

	
4.97

	
0.00

	
1.13




	
Control

	
Ft–It

	
0.10

	
0.19

	
0.05

	
0.01

	
0.20

	
2.24

	
0.04

	
0.14




	
Illinois agility test

	
Experimental

	
Ft–It

	
1.21

	
0.96

	
0.23

	
0.72

	
1.70

	
5.22

	
0.00

	
1.18




	
Control

	
Ft–It

	
0.10

	
0.19

	
0.05

	
0.00

	
0.20

	
2.07

	
0.05

	
0.10




	
Illinois agility test with ball

	
Experimental

	
Ft–It

	
1.95

	
1.10

	
0.27

	
1.39

	
2.51

	
7.33

	
0.00

	
1.54




	
Control

	
Ft–It

	
0.10

	
0.14

	
0.03

	
0.03

	
0.18

	
3.04

	
0.01

	
0.11








It—initial test; Ft—final test; t—Student T value; SD—standard deviation; SEM—standard error mean; CI—confidence interval of the difference; p—statistically significant value; d—effect size.













 





Table 5. Independent samples t-test of agility tests for the U14 control and experimental groups in the (It) and (Ft).






Table 5. Independent samples t-test of agility tests for the U14 control and experimental groups in the (It) and (Ft).





	
Agility Test

	
Groups

	
Test

	
Levene’s Test

	
t-Test for Equality of Means




	
F

	
p

	
t

	
df

	
p

	
Mean Diff.

	
SED

	
95% CI




	
Lower

	
Upper






	
T agility test

	
GE–GC

	
It

	
0.68

	
0.42

	
−2.64

	
34.00

	
0.01

	
−0.97

	
0.37

	
−1.72

	
−0.22




	
GE–GC

	
Ft

	
8.10

	
0.01

	
−7.67

	
34.00

	
0.00

	
−2.12

	
0.28

	
−2.68

	
−1.56




	
T agility test with ball

	
GE–GC

	
It

	
0.01

	
0.92

	
−2.15

	
34.00

	
0.04

	
−1.48

	
0.69

	
−2.89

	
−0.08




	
GE–GC

	
Ft

	
4.48

	
0.04

	
−8.56

	
34.00

	
0.00

	
−4.48

	
0.52

	
−5.54

	
−3.41




	
T reactive agility test

	
GE–GC

	
It

	
5.07

	
0.03

	
−1.99

	
34.00

	
0.06

	
−0.89

	
0.45

	
−1.80

	
0.02




	
GE–GC

	
Ft

	
0.40

	
0.53

	
−8.39

	
34.00

	
0.00

	
−2.61

	
0.31

	
−3.24

	
−1.98




	
T reactive agility test with ball

	
GE–GC

	
It

	
0.68

	
0.41

	
−2.51

	
34.00

	
0.02

	
−1.88

	
0.75

	
−3.41

	
−0.36




	
GE–GC

	
Ft

	
4.22

	
0.05

	
−7.87

	
34.00

	
0.00

	
−5.26

	
0.67

	
−6.62

	
−3.90




	
Illinois agility test

	
GE–GC

	
It

	
0.80

	
0.38

	
−2.46

	
34.00

	
0.02

	
−1.17

	
0.48

	
−2.13

	
−0.20




	
GE–GC

	
Ft

	
5.24

	
0.03

	
−8.41

	
34.00

	
0.00

	
−2.65

	
0.32

	
−3.30

	
−2.01




	
Illinois agility test with ball

	
GE–GC

	
It

	
2.99

	
0.09

	
−1.02

	
34.00

	
0.31

	
−0.68

	
0.67

	
−2.04

	
0.68




	
GE–GC

	
Ft

	
8.80

	
0.01

	
−9.44

	
34.00

	
0.00

	
−3.62

	
0.38

	
−4.39

	
−2.84








GE—experimental group; GC—control group; SED—standard error of difference; It—initial test; Ft—final test; t—Student T value; CI—confidence interval of the difference; p—statistically significant value.













 





Table 6. Independent samples T test for the U16 control and experimental groups in the (It) and (Ft).






Table 6. Independent samples T test for the U16 control and experimental groups in the (It) and (Ft).





	
Agility Test

	

	

	
Levene’s Test

	
t-Test for Equality of Means




	
Groups

	
Test

	
F

	
Sig.

	
t

	
df

	
p

	
Mean Diff.

	
SED

	
95% CI




	
Lower

	
Upper






	
T agility test

	
GE–GC

	
It

	
7.08

	
0.01

	
4.22

	
32.00

	
0.00

	
1.43

	
0.34

	
0.74

	
2.12




	
GE–GC

	
Ft

	
0.93

	
0.34

	
0.83

	
32.00

	
0.41

	
0.17

	
0.21

	
−0.25

	
0.59




	
T agility test with ball

	
GE–GC

	
It

	
9.43

	
0.00

	
3.53

	
32.00

	
0.00

	
1.99

	
0.56

	
0.84

	
3.14




	
GE–GC

	
Ft

	
6.23

	
0.02

	
1.00

	
32.00

	
0.32

	
0.33

	
0.33

	
−0.34

	
1.01




	
T reactive agility test

	
GE–GC

	
It

	
11.16

	
0.00

	
4.84

	
32.00

	
0.00

	
2.01

	
0.41

	
1.16

	
2.85




	
GE–GC

	
Ft

	
2.85

	
0.10

	
1.15

	
32.00

	
0.26

	
0.31

	
0.27

	
−0.24

	
0.85




	
T reactive agility test with ball

	
GE–GC

	
It

	
12.39

	
0.00

	
4.13

	
32.00

	
0.00

	
3.56

	
0.86

	
1.80

	
5.32




	
GE–GC

	
Ft

	
4.36

	
0.04

	
1.94

	
32.00

	
0.06

	
0.69

	
0.35

	
−0.04

	
1.41




	
Illinois agility test

	
GE–GC

	
It

	
1.37

	
0.25

	
8.64

	
32.00

	
0.00

	
3.44

	
0.40

	
2.63

	
4.25




	
GE–GC

	
Ft

	
2.14

	
0.15

	
8.40

	
32.00

	
0.00

	
2.33

	
0.28

	
1.76

	
2.89




	
Illinois agility test with ball

	
GE–GC

	
It

	
4.24

	
0.05

	
8.74

	
32.00

	
0.00

	
3.98

	
0.46

	
3.06

	
4.91




	
GE–GC

	
Ft

	
0.57

	
0.46

	
7.45

	
32.00

	
0.00

	
2.14

	
0.29

	
1.55

	
2.72








GE—experimental group; GC—control group; SED—standard error of difference; It—initial test; Ft—final test; t—Student T value; CI—confidence interval of the difference; p—statistically significant value.
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