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ตู้ จุน¹* ยุรสินธ์ วัฒนพยุงกุล² และ วิสูตร ทองดีเจริญ³ 
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การวิจัยครั้งนี้มีวัตถุประสงค์เพื่อ: (1) ออกแบบและพัฒนาโปรแกรมการฝึกซ้อมที่บูรณาการความสามารถทางร่างกาย เทคนิค และการรับรู้-รู้คิด (2) เปรียบเทียบผลการปฏิบัติระหว่างกลุ่มทดลองและกลุ่มควบคุม และ (3) วิเคราะห์การเปลี่ยนแปลงของผลการปฏิบัติภายในกลุ่มทดลอง
การวิจัยครั้งนี้เป็นการวิจัยกึ่งทดลอง (Quasi-experimental design) โดยมีการวัดผลก่อนการฝึก (Pre-test) ระหว่างการฝึก (Mid-test) และหลังการฝึก (Post-test) ประชากรคือนักกีฬาบาสเกตบอลชายจากมหาวิทยาลัยการกีฬาแห่งกวางโจว (Guangzhou Sports University) กลุ่มตัวอย่างจำนวน 30 คน ได้รับการคัดเลือกและจับคู่เข้ากลุ่มทดลอง (n=15) และกลุ่มควบคุม (n=15) โดยพิจารณาจากความสามารถพื้นฐาน กลุ่มทดลองเข้าร่วมโปรแกรมการฝึกพิเศษระยะเวลา 8 สัปดาห์ ซึ่งบูรณาการการฝึกความแข็งแรงของแกนกลางลำตัว (Core strength) พลัยโอเมตริก (Plyometrics) แบบฝึกทักษะเทคนิค และการฝึกการจ้องมองเป้าหมาย (Quiet Eye training) ในขณะที่กลุ่มควบคุมทำการฝึกแบบดั้งเดิม เครื่องมือที่ใช้ในการวิจัยประกอบด้วย แบบทดสอบมาตรฐานการยิงประตู 3 คะแนน แบบทดสอบกระโดดในแนวดิ่ง (Vertical Jump) แบบทดสอบความอดทนของกล้ามเนื้อแกนกลางลำตัว (Plank Hold) และการวิเคราะห์ระยะเวลาการจ้องมองเป้าหมาย (Quiet Eye duration) ด้วยกล้องความเร็วสูง วิเคราะห์ข้อมูลโดยใช้สถิติ Independent Samples t-tests และ One-Way Repeated Measures ANOVA และเปรียบเทียบความแตกต่างรายคู่ด้วยวิธี Bonferroni ที่ระดับนัยสำคัญทางสถิติ .05
 	ผลการวิจัยพบว่า โปรแกรมการฝึกมีความตรงตามเนื้อหาสูง (IOC = 0.91) ผลการทดสอบหลังการทดลองแสดงให้เห็นว่า กลุ่มทดลองมีผลการปฏิบัติสูงกว่ากลุ่มควบคุมอย่างมีนัยสำคัญทางสถิติ (p < .05) ในด้านความแม่นยำในการยิงประตู (52.93% เทียบกับ 42.07%) การกระโดดสูง (62.33 ซม. เทียบกับ 57.13 ซม.) การทำแพลงก์ (101.73 วินาที เทียบกับ 88.20 วินาที) และระยะเวลา Quiet Eye (421.00 ms เทียบกับ 333.00 ms) การวิเคราะห์ความแปรปรวนแบบวัดซ้ำยังแสดงให้เห็นถึงการพัฒนาอย่างต่อเนื่องภายในกลุ่มทดลอง สรุปได้ว่า การฝึกซ้อมแบบบูรณาการที่ผสมผสานสภาพร่างกาย เทคนิค และการรับรู้-รู้คิด มีประสิทธิภาพเหนือกว่าวิธีแบบดั้งเดิมในการพัฒนาการยิงประตูแบบ 3 คะแนนสำหรับนักกีฬาบาสเกตบอลระดับมหาวิทยาลัย
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Abstract
This study aimed to design and evaluated an integrated training program to improve three-point shooting performance. The objectives were to: (1) develop a program targeting physical, technical, and perceptual-cognitive abilities; (2) compare performance between experimental and control groups; and (3) examine performance changes within the experimental group over eight weeks. 
A quasi-experimental design with pre-test, mid-test, and post-test measurements was used. Thirty male basketball players from Guangzhou Sports University were divided into an experimental group (n = 15) and a control group (n = 15). The experimental group completed an eight-week integrated program including core strength, plyometric training, shooting drills, and Quiet Eye training, while the control group followed conventional training. Measurements included a three-point shooting test, vertical jump, plank hold, and Quiet Eye analysis. Data were analyzed using independent samples t-tests and repeated measures ANOVA at the .05 significance level. 
The training program showed high content validity (IOC = 0.91). Post-test results indicated that the experimental group significantly outperformed the control group (p < .05) in shooting accuracy (52.93% vs 42.07%), vertical jump (62.33 cm vs 57.13 cm), plank hold (101.73 s vs 88.20 s), and Quiet Eye duration (421.00 ms vs 333.00 ms). Repeated measures analysis also showed continuous improvement within the experimental group. Integrated training combining physical conditioning, technical drills, and perceptual-cognitive training is more effective than traditional methods for improving three-point shooting performance in university basketball players.
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Introduction
niversity Basketball has evolved considerably in recent decades, with three-point shooting becoming a decisive offensive strategy in modern competition. Teams with higher three-point shooting efficiency often achieve greater competitive success, highlighting the strategic importance of long-range shooting. However, many university basketball players demonstrate inconsistent three-point performance, with shooting percentages typically lower than those of professional athletes. This gap is often linked to technical limitations, insufficient physical conditioning, and inadequate cognitive preparation during shooting execution.Basketball is characterized by high-intensity intermittent activity, placing significant physiological and technical demands on players (Scanlan et al., 2014). In addition, game-related performance indicators, including shooting efficiency, have been shown to differentiate winning and losing teams (Conte et al., 2018).
Traditional basketball training frequently focuses on isolated skill development. Technical drills emphasize shooting mechanics, while conditioning programs target strength and endurance. Such approaches often overlook the interaction between physical capacity, motor control, and cognitive regulation (Zhai, 2023). In actual games, players must perform complex movements while coping with fatigue, perceptual processing, and attentional control.
Recent studies highlight the importance of perceptual-cognitive factors in shooting performance. The concept of the Quiet Eye the final visual fixation on a target before movement initiation has been identified as a critical mechanism related to shooting accuracy. Skilled shooters typically demonstrate longer and more stable Quiet Eye durations than less experienced players (Ito et al., 2021). In addition, physical attributes such as lower-body explosive power and core stability contribute to effective shooting by supporting higher release points and efficient force transfer.
Although previous research has examined individual factors affecting shooting performance, relatively few studies have explored integrated training models that simultaneously address physical, technical, and cognitive components. Therefore, this study aimed to design and evaluate an integrated training program combining strength and power development, technical shooting practice, and perceptual-cognitive training to improve three-point shooting performance among ubasketball players.
Research Objectives
1. To design an integrated training program to improve three-point shooting performance among university basketball players.
2. To compare three-point shooting accuracy and performance variables between players participating in the integrated training program and those following traditional training.
3. To analyze the progression of three-point shooting performance within the experimental group across pre-test, mid-test, and post-test measurements.
Research Hypothesis
1. Basketball players who receive the integrated training program will demonstrate a statistically significant continuous improvement in three-point shooting performance and physical/cognitive variables across pre-test, mid-test, and post-test measurements at the .05 level.
2. Basketball players who receive the integrated training program will have significantly higher post-test scores in shooting accuracy, vertical jump, core strength, and Quiet Eye duration compared to those receiving traditional training at the .05 level.
Research Methodology
This study employed a quasi-experimental research design using a pre-test, mid-test, and post-test framework. The design allowed for the evaluation of changes in performance variables over time and comparison between the experimental and control groups.
Population and Sample
The population consisted of 39 eligible male basketball players from Guangzhou Sports University. A sample of 30 participants was randomly selected using a computer-generated random sampling procedure. Based on baseline performance tests, participants were matched and assigned to two equal groups:
1. Experimental group: (n = 15) participating in the integrated training program.
2. Control group: (n = 15) following conventional basketball training routines. Both groups were comparable in baseline performance levels prior to the intervention.

Research Instruments 
The experimental group participated in an eight-week integrated training program designed to enhance three-point shooting performance. The training program consisted of four key components:
1. Core Strength Training: Exercises targeting trunk stability and force transmission (e.g., planks, anti-rotation drills).
2. Plyometric Training: Jump-based exercises to improve lower-body explosive power (e.g., box jumps, squat jumps).
3. Technical Shooting Drills: Structured shooting practice focusing on mechanics and consistency.
4. Quiet Eye Training: Visual fixation training to improve attentional control during shooting (gaze fixation on the front rim ≥ 400 ms before ball release).
Performance Assessment Tools utilized in this study included:
1. Three-Point Shooting Test: Standardized shooting accuracy assessment.
2. Vertical Jump Test: Measurement of lower-body explosive power.
3. Plank Hold Test: Assessment of core muscular endurance.
4. Quiet Eye Duration Analysis: High-speed camera analysis of gaze fixation duration during shooting.
Quality of Instruments 
The integrated training program was evaluated for content validity by three experts specializing in basketball coaching, strength and conditioning, and sport psychology. The Item-Objective Congruence (IOC) index was calculated at 0.91, indicating high content validity and appropriateness for implementation.
 	Data Collection 
The intervention lasted for eight weeks, with training sessions conducted two to three times per week. The control group continued with their conventional routine during this exact period. To monitor progression, measurements were recorded systematically at three distinct phases: Pre-test (Week 0), Mid-test (Week 4), and Post-test (Week 8).
Data Analysis 
Statistical analysis was conducted utilizing descriptive statistics (Means and Standard Deviations) and inferential statistics:
1. Independent Samples t-tests to compare group differences at baseline and post-test.
2. One-Way Repeated Measures ANOVA to examine within-group performance changes across the three testing phases.
3. Bonferroni post hoc tests for pairwise comparisons. Statistical significance was established at p < .05.

Results
The results aim to evaluate the effectiveness of the 8-week integrating training program. The data are organized into the comparison between groups and the progression within the experimental group.

Part 1: Demographic Characteristics 
Analysis of demographic characteristics showed no significant differences between the experimental group (Age: 20.13 ± 1.21 years; Height: 180.87 ± 6.12 cm; Weight: 74.60 ± 6.93 kg; BMI: 22.80) and the control group (Age: 20.40 ± 1.18 years; Height: 181.33 ± 6.47 cm; Weight: 75.13 ± 6.71 kg; BMI: 22.85) prior to the intervention (p > .05).
Table 1. Independent t-Test of Pre-Test Scores between Groups
	Variables
	Experimental Group (n=15)
	Control Group 
(n=15)

	Age (years)
	20.13 ± 1.21
	20.40 ± 1.18

	Height (cm)
	180.87 ± 6.12
	181.33 ± 6.47

	Weight (kg)
	74.60 ± 6.93
	75.13 ± 6.71

	BMI
	22.80
	22.85



Part 2: Comparison of Pre-Test Scores between Groups 
An independent samples t-test comparing pre-test scores revealed no significant differences across all variables at baseline (p > .05). Three-point shooting accuracy (38.40% vs. 38.00%; t = 0.28, p = .78), Vertical jump height (54.73 cm vs. 55.00 cm; t = -0.18, p = .86), Plank hold time (83.47 s vs. 84.00 s; t = -0.18, p = .86), and Quiet Eye duration (310.00 ms vs. 308.00 ms; t = 0.12, p = .91) were entirely comparable, confirming equivalent baseline performance.
Table 2. Independent t-Test of Pre-Test Scores between Groups
	Variables
	Experim. G

	Cont. G

	95% Confidence Interval of the Difference
	t
	p

	
	M ± SD.
	M ± SD.
	Lower
	Upper
	
	

	3-Point Shooting Accuracy (%)
	38.40 ± 4.11
	38.00 ± 4.00
	-2.63
	3.43
	0.28
	.78

	Vertical Jump  (cm)
	54.73 ± 4.20
	55.00 ± 4.33
	-3.46
	2.92
	-0.18
	.86

	Plank (sec)
	83.47 ± 7.91
	84.00 ± 7.88
	-6.43
	5.37
	-0.18
	.86

	Quiet Eye Duration (ms)
	310.00 ± 45.00
	308.00 ± 43.00
	-30.91
	34.91
	0.12
	.91


p> .05
Part 3: Comparison of Post-Test Scores between Groups
Table 3. Independent t-Test of Post-Test Scores between Experimental and Control Groups
	Variables
	Experim. Group (M ± SD)
	Control Group (M ± SD)
	t
	p-value

	3-Point Shooting Accuracy (%)
	52.93 ± 4.08
	42.07 ± 4.30
	7.16
	.001*

	Vertical Jump Height (cm)
	62.33 ± 4.11
	57.13 ± 4.35
	3.48
	.002*

	Plank (sec)
	101.73 ± 8.15
	88.20 ± 8.00
	4.68
	.001*

	Quiet Eye Duration (ms)
	421.00 ± 50.00
	333.00 ± 47.00
	5.18
	.001*

	*p < .05
	
	
	
	


Table 3 presents the results comparing post-test scores. Significant differences were found across all variables (p < .05), with the experimental group largely outperforming the control group. For three-point shooting accuracy, the experimental group scored 52.93 ± 4.08%, significantly higher than the control group’s 42.07 ± 4.30% (t = 7.16, p = .001).

Part 4: Within-Group Comparison (Repeated Measures)
Table 4. One-Way Repeated Measures ANOVA for the Experimental Group (n=15)
	Variables
	Test Phase
	M ± SD
	F
	p-value
	Post Hoc (Bonferroni) Sig.

	3-Point Shooting (%)
	Pre-test 
Mid-test 
Post-test
	38.40 ± 4.11 
45.47 ± 4.22 
52.93 ± 4.08
	68.42
	.001*
	Pre-Mid (.001*)
Mid-Post (.002*)
Pre-Post (.001*)

	Vertical Jump (cm)
	Pre-test 
Mid-test 
Post-test
	54.73 ± 4.20 
58.40 ± 4.37 
62.33 ± 4.11
	51.18
	.001*
	Pre-Mid (.001*)
Mid-Post (.003*)
Pre-Post (.001*)

	Plank (sec)
	Pre-test 
Mid-test 
Post-test
	83.47 ± 7.91 
92.27 ± 8.03 
101.73 ± 8.15
	43.91
	.001*
	Pre-Mid (.001*)
Mid-Post (.002*)
Pre-Post (.001*)

	Quiet Eye (ms)
	Pre-test 
Mid-test 
Post-test
	310.00 ± 45.00 
368.00 ± 48.00 
421.00 ± 50.00
	49.07
	.001*
	Pre-Mid (.001*)
Mid-Post (.003*)
Pre-Post (.001*)


*p < .05
Table 4 presents the changes within the experimental group across the pre-test, mid-test, and post-test. The analysis showed a highly significant time effect for all variables (p < .001), indicating continuous and progressive improvement during the intervention period. Three-point shooting accuracy improved significantly over time (F = 68.42, p = .001). Similar sequential improvements were observed for vertical jump height, plank hold time, and Quiet Eye duration.

Discussion
The results of this study indicate that the integrated training program significantly improved three-point shooting accuracy, vertical jump height, core endurance, and Quiet Eye duration among university basketball players. These findings support the view that basketball shooting performance is influenced by the combined interaction of physical, technical, and perceptual-cognitive factors rather than isolated skill practice (Abernethy, 2001). The experimental group demonstrated significantly better post-test results than the control group, suggesting that training approaches integrating multiple performance components are more effective than traditional methods (Bompa & Buzzichelli, 2019).
The improvement in three-point shooting accuracy may be explained from a biomechanical perspective through enhanced efficiency of the kinetic chain. Basketball shooting is a coordinated, proximal-to-distal sequence. Plyometric exercises likely increased the rate of force development and lower-body power, enabling more effective energy transfer and reducing reliance on upper-body compensation. This contributes to a higher and more consistent release point. Similar findings have been reported demonstrating that lower-body explosive strength enhances jump shooting performance (Struzik et al., 2016; Zhai, 2023). Improvements in vertical jump height are associated with enhanced utilization of the stretch-shortening cycle (SSC) and more efficient neuromuscular coordination (Markovic & Mikulic, 2010).
Core endurance also improved significantly, indicating that trunk stability plays a critical role in maintaining kinetic chain integrity. The trunk acts as a force transmission hub, and insufficient core stability may lead to energy dissipation (Willardson, 2007). Enhanced core endurance improved postural control, reducing unnecessary trunk motion and allowing for more efficient transfer of force from the lower to the upper body, consistent with previous findings (Ito et al., 2021).
Furthermore, the increase in Quiet Eye duration highlights the role of perceptual-cognitive mechanisms. Quiet Eye facilitates motor planning and movement parameterization (Vickers, 2007). Longer fixation durations allow for more accurate calibration of force and trajectory, thereby improving release consistency. This is supported by evidence showing that expert performers exhibit more stable gaze behavior and superior motor control in precision tasks (Wilson et al., 2009; Vine et al., 2014; Klostermann & Kredel, 2022).

Conclusion
This study concluded that the integrated training program significantly improved three-point shooting performance among university basketball players. By combining core strength training, plyometric exercises, technical shooting drills, and perceptual-cognitive training (Quiet Eye), the program effectively enhanced both physical and cognitive factors related to shooting accuracy. The experimental group demonstrated significantly greater improvements in three-point shooting accuracy, vertical jump height, core endurance, and Quiet Eye duration compared with the control group after the eight-week intervention. These findings indicate that an integrated training approach is superior to traditional methods and provides a practical framework for basketball coaches at the university level.

Recommendations
Practical Recommendations
1. Basketball training programs should adopt integrated training models that combine physical conditioning, technical practice, and cognitive training, as they more accurately reflect the demands of real competitive environments.
2. Coaches should incorporate perceptual-cognitive training techniques, such as Quiet Eye training, into routine shooting practice to enhance attentional control and visual-motor coordination under pressure.
3. Strength and conditioning programs must explicitly include plyometric exercises and core stability training to support the biomechanical efficiency of the kinetic chain during shooting movements.
Recommendations for Future Research
1. Future research should explore the long-term retention effects of integrated training programs to determine if the performance gains are sustained beyond the eight-week intervention.
2. The framework should be tested across different demographics, including female athletes, youth development programs, and professional levels.
3. Incorporating in-game analytics and live-competition shooting percentages could provide a deeper understanding of how these training adaptations transfer directly to actual game scenarios.
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