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DEVELOPING A COMPREHENSIVE TRAINING PROGRAM TO IMPROVE THE DIRECT FREE KICK ABILITY FOR GUANGZHOU CITY U18 FOOTBALL TEAM
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Abstract
This study aimed to: 1) Develop a comprehensive training program synthesizing physical conditioning, biomechanical refinement, and cognitive decision-making for Guangzhou City U18 football players. 2) Validate its effectiveness compared to traditional training methodologies. 3).Assess specific improvements in direct free kick accuracy, ball velocity, lower-limb explosive power, core stability, and tactical decision-making capability.
This study was quasi experimental research that the participants were 40 male U18 football players from Guangzhou City, selected via simple random sampling and divided equally into an experimental group (n=20) and a control group (n=20). A quasi-experimental research design with repeated measures (Pre-test, Mid-test, Post-test) was employed. The research instruments included an 8-week comprehensive training program, a standardized goal target, a speed radar gun, the Perceptual-Cognitive Free Kick Decision-Making Test (PC-FKDT), the Vertical Jump Test, and the Plank Test. The instruments were validated by experts, yielding an IOC between 0.89–0.93 and a reliability coefficient of 0.84. Data were analyzed using descriptive statistics, independent samples t-tests, and one-way repeated measures ANOVA.
The results revealed that: 1) The experimental group demonstrated significantly higher post-test performance compared to the control group across accuracy, ball velocity, football IQ, muscular power, and core endurance at the .05 level. 2) The experimental group showed a continuous, statistically significant progression across all testing phases at the .05 level.These findings indicate that integrating physical, biomechanical, and cognitive training elements effectively maximizes the acquisition and execution of advanced direct free kick abilities.
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Introduction
The highly competitive and tactically complex landscape of modern football, characterized by meticulously organized defensive structures, has made scoring from open play increasingly difficult. Consequently, capitalizing on set-pieces, particularly the "direct free kick," has evolved into a crucial determinant of match outcomes. A single, effectively executed direct free kick can dismantle the most impenetrable defense, alter the momentum of the game, and potentially lead to championship victories. However, the direct free kick is a complex motor skill requiring a sophisticated integration of technical precision, explosive muscular power, and high-level cognitive ability to process information and make decisions under pressure.
Analyzing the context of youth football development at the Under-18 (U18) level a critical transitional phase for skill consolidation and physical conditioning reveals significant gaps in current training paradigms. Traditional coaching methodologies employed in Guangzhou's youth football teams often compartmentalize the training of free kick components. Technical drills are frequently isolated from physical conditioning, while cognitive aspects, which are pivotal for decision-making under pressure, are largely overlooked or absent from systematic training plans. This fragmented training approach contradicts the principles of Ecological Dynamics Theory and Motor Learning Theory, which posit that skill acquisition should emerge from the dynamic interaction between the athlete, the task, and the environment (Renshaw et al., 2019).
Previous research highlights the importance of an integrated training approach. Biomechanical studies indicate that an athlete's mechanical efficiency is directly influenced by their physical power and core stability (Asadi et al., 2016). Simultaneously, sport psychology and cognitive sciences emphasize that "Free Kick IQ" the ability to read the situation, anticipate the goalkeeper's positioning, and select the optimal shooting angle serves as the cognitive "software" distinguishing technically sound players from genuine set-piece specialists (Roca & Williams, 2016). Nevertheless, these cognitive skills cannot be cultivated in a vacuum; a player's decision-making is inherently constrained by their technical proficiency and physical capacity. Therefore, the lack of a scientifically validated framework that systematically integrates pressure simulation, decision-making, physical conditioning, and biomechanics remains a primary issue in youth football development.
For these reasons, this research aims to bridge the theoretical and practical gap by developing, implementing, and validating a "Comprehensive Training Program." This program systematically integrates three core pillars: physical power development, biomechanical technique refinement, and the enhancement of "Free Kick IQ." This study will generate empirical evidence to elevate the potential of Guangzhou City U18 football players, enabling them to effectively transfer their skills to real competitive scenarios and bridging the gap between sports science theory and on-field practice.

Research Objectives
1. To develop a comprehensive training program integrating physical conditioning, biomechanical refinement, and Free Kick IQ for U18 football players in Guangzhou City.
2. To compare the effectiveness of the comprehensive training program on direct free kick ability between the experimental group and the control group.
3. To compare the direct free kick ability, physical fitness, and football IQ of the experimental group across three phases: pre-training, mid-training, and post-training.

Hypotheses
1.  The experimental group will demonstrate significantly higher direct free kick ability scores (accuracy and velocity) compared to those following standard training (control group) at the .05 level of significance.
2. the comprehensive training program will show a significant and continuous improvement in relevant physical fitness components (lower-limb explosive power, core stability) and cognitive skills (decision-making) within experimental group in the post-test compared to the pre-test at the .05 level of significance.

Research Methodology
This study utilized a quasi-experimental research design, specifically a two-group pre-test, mid-test, post-test design, to investigate the effect of the independent variable on dependent variables in a real-world training environment.

Population and Sample
Population: 139 male U18 football players undergoing systematic training in youth football academies in Guangzhou, China, during the 2025 academic year.
Sample: 40 male U18 football players. The sample size was calculated using G*Power 3.1 software (Effect size f = 0.25, Alpha = .05, Power = .80, yielding a minimum requirement of 36 participants).
1. Participants were selected using simple random sampling, ranked by their baseline direct free kick scores, and matched into groups using systematic assignment to ensure baseline skill equivalence.
2. The sample was divided equally into an experimental group (n=20) and a control group (n=20).
Inclusion criteria: Male, aged 16-18 years, possessing at least 1 year of systematic football training experience, and having passed health screenings with no severe injuries.
Exclusion criteria: Sustained lower-limb injuries within the past 3 months, or an inability to complete the entire 8-week training program.

Research Instruments
1. Experimental Instrument: An 8-week Comprehensive Training Program (4 days/week, 90 mins/session), structured into 3 phases: Foundation Phase (Weeks 1-2), Development Phase (Weeks 3-5), and Integration Phase (Weeks 6-8). The training components encompassed with Specific physical conditioning (Resistance & Plyometrics), Kicking biomechanics (Kinetic chain & Follow-through) and Cognitive training (Perceptual-cognitive & Quiet Eye training)
2. Data Collection Instruments: To accurately measure the physical, technical, and cognitive development of the players, the following standardized instruments were utilized:
2.1 Direct Free Kick Accuracy Test: To evaluate shooting precision, players took free kicks from a 25-meter distance aiming at a goal net divided into specific scoring zones. Points (ranging from 0 to 5) were awarded based on the ball's placement, with higher points indicating greater accuracy in targeting difficult-to-save areas (Ali et al., 2021).
2.2 Speed Radar Gun: A sports radar gun was utilized to measure the maximum velocity of the football immediately upon impact. Ball speed, recorded in kilometers per hour (km/h), served as a direct and reliable indicator of the athlete's kicking power (Kellis & Katis, 2017).
2.3 Perceptual-Cognitive Free Kick Decision-Making Test (PC-FKDT): Designed to measure "Football IQ" and tactical decision-making. Players viewed first-person perspective video clips of real-game free kick scenarios. The video was paused just before the ball was struck (temporal occlusion), requiring players to quickly select the best tactical action (e.g., shoot near, chip, or pass). This visual search method is a validated approach for assessing cognitive readiness in sports (Roca & Williams, 2016).
2.4 Vertical Jump Test: This test assessed the explosive power of the players' lower limbs. Participants performed a maximum vertical jump, which correlates strongly with the muscular leg strength required to generate high kicking velocity and force (Ramirez-Campillo et al., 2018).
2.5 Plank Test: To measure core stability and muscular endurance, players held a static forearm plank position for a maximum duration. A strong core is essential for maintaining postural balance and efficiently transferring kinetic energy from the body to the ball during the kick (Mackenzie, 2005; Prieske et al., 2016).

Quality Assessment of Instruments
The training program and all testing instruments underwent Content Validity evaluation by 10 experts (UEFA A-License coaches and sports scientists), yielding an Index of Item-Objective Congruence (IOC) between 0.89 and 0.93. The instruments were piloted (Try-out) on 5 non-sample athletes to determine process reliability, resulting in a Cronbach’s Alpha coefficient of 0.84.

Ethical Considerations
This research was approved by the Institutional Review Board (IRB) for Human Subject Research, Social Sciences and Behavioral Sciences, Bangkokthonburi University (Approval No. 2568/363(4)). The researcher clarified the objectives, procedures, and potential risks to the participants and their guardians. Participants signed an Informed Consent form prior to the study and retained the right to withdraw at any time without negative consequences.

Data Collection
Field data collection was conducted at a Guangzhou football training center over a total of 10 weeks:
1. Pre-test Phase (Week 1): Baseline measurements of all dependent variables (accuracy, ball velocity, PC-FKDT, vertical jump, plank) were obtained for both groups.
2. Intervention Phase (Weeks 2-9): The experimental group underwent the comprehensive training program, while the control group continued with their standard club training (Standard training).
3. Mid-test Phase (Week 5): Mid-intervention testing of all variables was conducted to assess short-term progress.
4. Post-test Phase (Week 10): Final testing of all variables was conducted under controlled and standardized conditions identical to the pre-test.

Data Analysis
Data were analyzed using statistical software packgates as follows:
1. Descriptive Statistics: Calculation of Mean (M) and Standard Deviation (SD).
2. Inferential Statistics:
2.1 Independent samples t-test was utilized to compare the mean differences between the experimental and control groups. Effect sizes were determined using Cohen's d (where 0.2 = small, 0.5 = medium, and >0.8 = large effect).
2.2  One-way repeated measures ANOVA was employed to assess mean differences within the experimental group across the three time points (pre, mid, and post-intervention), followed by Bonferroni post-hoc pairwise comparisons. Effect sizes were determined using Partial Eta Squared (np2).
3. The level of statistical significance was set at .05.

Results
Part 1: General Information of the Sample
Baseline characteristics revealed that the two groups were highly comparable. The experimental group had an average age of 17.05 years, height of 173.40 cm, weight of 62.85 kg, and 5.10 years of training experience. The control group had an average age of 17.00 years, height of 174.10 cm, weight of 63.10 kg, and 5.05 years of training experience. Statistical analysis confirmed no significant differences between the groups at the pre-test stage.

Part 2: Comparison between Experimental and Control Groups (Post-test)
Upon completion of the 8-week program, the independent samples t-test demonstrated the superior efficacy of the comprehensive training program over the traditional methodology, as detailed in Table 1.

Table 1: Comparison of mean test scores and effect sizes between the experimental and control groups at Post-test 

	Variables
	Experimental Group(n=20)
	Control Group (n=20)
	t-value
	p-value
	Cohen's d

	
	(M ± SD)
	(M ± SD)
	
	
	

	Direct Free Kick Accuracy (Points)
	47.50 ± 4.50
	36.05 ± 4.40
	8.14
	0.05*
	2.57

	Ball Velocity (km/h)
	96.20 ± 6.10
	85.70 ± 6.11
	5.44
	0.05*
	1.72

	Football IQ 
(Free Kick IQ)
	8.60 ± 0.65
	6.90 ± 0.71
	7.90
	0.05*
	2.50

	Vertical Jump (cm)
	101.40 ± 9.15
	83.30 ± 8.91
	6.34
	0.05*
	2.00

	Plank Test (Minutes)
	8.10 ± 1.35
	5.40 ± 1.25
	6.56
	0.05*
	2.08


* Significant at the .05 level. Note: Cohen's d > 0.80 indicates a large effect size.

As shown in Table 1, at the post-test phase, the experimental group exhibited significantly higher means compared to the control group across all variables (p < .05). Additionally, the calculated Cohen's d values (ranging from 1.72 to 2.57) strongly signify a very large practical effect size of the intervention.

Part 3: Repeated Measures ANOVA within the Experimental Group
To evaluate the continuity of skill development, a repeated measures ANOVA was conducted across the three testing phases within the experimental group, as presented in Table 2.

Table 2: Comparison of progressive improvements and effect sizes within the experimental group across Pre-test, Mid-test, and Post-test using One-way repeated measures ANOVA

	Variables
	Pre-test
(M ± SD)
	Mid-test
(M ± SD)
	Post-test
(M ± SD)
	F-value
	p-value
	Partial (np2).


	Direct Free Kick Accuracy 
(Points)
	32.10 ± 4.21
	41.55 ± 4.33
	47.50 ± 4.50
	134.33
	0.05*
	0.88

	Ball Velocity
(km/h)
	82.50 ± 5.80
	89.10 ± 6.00
	96.20 ± 6.10
	52.82
	0.05*
	0.74

	Football IQ 
(Free Kick IQ)
	5.80 ± 0.72
	7.10 ± 0.68
	8.60 ± 0.65
	249.49
	0.05*
	0.93

	Vertical Jump 
(cm)
	78.60 ± 8.80
	90.10 ± 9.02
	101.40 ± 9.15
	63.73
	0.05*
	0.77

	Plank Test 
(Minutes)
	4.80 ± 1.12
	6.50 ± 1.20
	8.10 ± 1.35
	81.28
	0.05*
	0.81


* Significant at the .05 level. Note: Partial np2 > 0.14 indicates a large effect size.

As detailed in Table 2, the experimental group demonstrated a significant time effect, with progressive improvements across all variables (p < .05). The Partial Eta Squared (np2) values demonstrate that an extremely large proportion of the variance in the scores (between 74% and 93%) can be accounted for by the training program. To identify the specific differences between the testing phases, Bonferroni post-hoc tests were conducted, as shown in Table 3.

Table 3: Bonferroni post-hoc pairwise comparisons for variables within the experimental group

	Variables
	Pairwise Comparison
	Mean Difference (I-J)
	Std. Error
	p-value

	Direct Free Kick Accuracy
	Pre-test vs. Mid-test
	-9.45
	0.85
	0.05*

	
	Pre-test vs. Post-test
	-15.40
	0.87
	0.05*

	
	Mid-test vs. Post-test
	-5.95
	0.88
	0.05*

	Ball Velocity
	Pre-test vs. Mid-test
	-6.60
	1.18
	0.05*

	
	Pre-test vs. Post-test
	-13.70
	1.19
	0.05*

	
	Mid-test vs. Post-test
	-7.10
	1.21
	0.05*

	Football IQ
	Pre-test vs. Mid-test
	-1.30
	0.14
	0.05*

	
	Pre-test vs. Post-test
	-2.80
	0.14
	0.05*

	
	Mid-test vs. Post-test
	-1.50
	0.13
	0.05*

	Vertical Jump
	Pre-test vs. Mid-test
	-11.50
	1.78
	0.05*

	
	Pre-test vs. Post-test
	-22.80
	1.80
	0.05*

	
	Mid-test vs. Post-test
	-11.30
	1.82
	0.05*

	Plank Test
	Pre-test vs. Mid-test
	-1.70
	0.23
	0.05*

	
	Pre-test vs. Post-test
	-3.30
	0.25
	0.05*

	
	Mid-test vs. Post-test
	-1.60
	0.26
	0.05*


* Significant at the .05 level

Table 3 presents the Bonferroni post-hoc pairwise comparisons, revealing that the performance at the Mid-test was significantly higher than the Pre-test, and the Post-test performance was significantly higher than both the Pre-test and the Mid-test across all variables. This reflects the successful structuring of the training program, which fostered continuous, stepwise learning and physical adaptation.

Discussion
 	The findings of this study provide robust empirical evidence confirming that the "Comprehensive Training Program" significantly elevates the direct free kick capabilities of U18 football players, outperforming traditional training methodologies. These results can be discussed through the lens of sports science principles as follows:
Physiological Adaptations and Increased Ball Velocity
The study found a significant increase in the ball velocity of the experimental group (averaging 96.20 km/h), which can be explained by the positive correlation with the enhancement of lower-limb explosive power (evaluated via the vertical jump) and core strength (evaluated via the plank test). The integration of plyometric training into the program served as a primary catalyst for optimizing the Stretch-Shortening Cycle (SSC). This aligns with the research of Ramirez-Campillo et al. (2018), which confirmed that plyometric training increases the Rate of Force Development (RFD) in the quadriceps and hip flexors, consequently resulting in higher kicking velocity. Furthermore, increased core endurance functions as a stable foundation for force transmission. Prieske et al. (2016) emphasized that a robust core minimizes energy leaks during the kinetic chain transfer, ensuring that the momentum generated from the approach run and leg swing is seamlessly transferred to the football.
Biomechanical Efficiency and Kicking Accuracy
The significantly higher accuracy score (47.50 points) of the experimental group indicates that the training program successfully refined biomechanical execution. This success is attributed to the implementation of the Constraints-Led Approach, requiring athletes to adapt their kicking mechanics to diverse target zones and defensive wall configurations. Ali et al. (2021) noted that consistent ball placement relies heavily on the stability of the support leg and the pelvic orientation at the moment of impact. The synthesis of core stability training with systematic technical repetition allowed the experimental group to achieve superior postural control, producing a highly consistent leg swing trajectory. This corroborates the findings of Zemková (2017), who demonstrated that trunk stability directly correlates with the accuracy of the instep kick.
Cognitive Adaptation and "Football IQ" (Free Kick IQ)
A highly significant and novel finding of this study is the substantial increase in the "Free Kick IQ" score (8.60 points). The experimental group's ability to make faster and more accurate tactical decisions stems from the perceptual-cognitive training modules embedded within the program. Utilizing temporal occlusion video simulations significantly developed the players' anticipatory skills. Roca and Williams (2016) explained that set-piece experts possess superior visual search strategies, enabling them to identify critical environmental cues (e.g., goalkeeper positioning, gaps in the wall) far quicker than average players. Moreover, integrating attention-focusing strategies, such as Vickers' (2017) "Quiet Eye" technique, equipped players with the cognitive tools to filter out distractions and maintain focus under pressure (Beilock, 2015).
Synergistic Effect of Comprehensive Training
Analyzed holistically, these results validate the efficacy of the comprehensive training model. The simultaneous development of physical power, biomechanical precision, and cognitive decision-making generated a profound synergistic effect, where advancement in one domain facilitated progress in others. Increased physical power expanded the available technical options, while rapid cognitive processing ensured the timely selection of the optimal technique. This finding aligns with the academic paradigm shift towards "integrated periodization," which views skill acquisition as an emergent property resulting from the interaction between physical, technical, and tactical constraints.

Conclusions
This research concludes that the application of the "Comprehensive Training Program" enables U18 football players to develop direct free kick abilities that are markedly superior to those achieved through traditional training across all dimensions: Goal-scoring accuracy
,Ball velocity and power, Foundational physical fitness (explosive power and core stability)
and tactical decision-making intelligence (Free Kick IQ) .The participants exhibited continuous and sustained development throughout the entire 8-week training period.

Recommendations
Practical Recommendations
1. Integrated Training: Sports coaches and academy managers should integrate the comprehensive training model into their weekly training schedules. Isolated free-kick practice should be avoided; instead, it must be combined with plyometrics and pressure simulation drills.
2. Technological Integration: Football clubs should invest in or utilize technologies such as video analysis and speed radar guns in conjunction with training to create a concrete, feedback-based learning system for athletes.
3. Periodized Set-Piece Training: Periodization should be applied to set-piece training. Athletes must first master foundational biomechanics before coaches introduce disruptors (e.g., walls, goalkeepers, and time limits) to build pressure resilience in youth players.
Recommendations for Future Research
1. Retention Testing: Retention tests should be conducted to determine how long athletes can maintain their enhanced skill capacity and ball velocity after the specialized training program has ceased.
2. Demographic Expansion: The scope of the study should be expanded to other demographics, such as professional female football players or top-tier club athletes, to compare differing mechanical adaptations.
3. Advanced Kinematic Analysis: In future in-depth analyses, 3D Motion Capture technology or full-scale kinematic analysis systems should be employed to precisely evaluate variables such as knee flexion angles and hip rotation, which influence the spin and swerve of the football.
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