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Abstract: 
	This study aimed to develop and validate a specific training program tailored for 18-year-old female volleyball players to enhance their shot selection and efficacy.  
The Quasi experimental was process on 22 eligible 18-year-old female volleyball players from Jiangsu Vocational Institute of Architectural Technology were selected as research subjects and randomly divided into an experimental group (n=11) and a control group (n=11) for an 8-week intervention. The experimental group adopted a specialized training program integrating physical fitness training, technical skill training, and cognitive-tactical training, while the control group received a conventional volleyball training program. Both groups trained 3 times a week, with each session lasting 60 minutes (including 5 minutes of warm-up and 5 minutes of cool-down). Three core indicators including running vertical jump reach, spike velocity, and spike accuracy were measured in the pretest, midtest and posttest. Data were analyzed using independent samples t-test and repeated-measures analysis of variance (ANOVA). 
The results showed no significant differences in all indicators between the two groups before the experiment (p>0.05). After the 8-week intervention, the experimental group significantly outperformed the control group in running vertical jump reach (288.09±7.03 cm vs. 278.09±7.46 cm), spike velocity (67.64±3.45 km/h vs. 61.82±3.58 km/h), and spike accuracy (28.18±1.56 points vs. 22.45±1.73 points), with statistically significant differences (p<0.05). Additionally, the experimental group exhibited extremely significant improvements in all indicators across different test phases (p<0.05).
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[bookmark: OLE_LINK4]Introduction 
Volleyball is a globally popular sport in which offensive actions, particularly the spike, serve as primary determinants of match outcomes. The spike is a complex, explosive motor skill requiring a synergistic integration of approach mechanics, vertical jump capacity, arm swing velocity, and precise ball placement (Palao et al., 2004; Gaits, 2017). Consistent execution of effective spiking not only contributes directly to scoring but also disrupts the opponent’s defensive organization, thereby functioning as a critical biomechanical and tactical component of a successful competitive strategy.
Despite the acknowledged importance of the spike, a significant gap exists in the availability of evidence-based, holistic training programs specifically designed for female under-18 (U-18) athletes. This developmental stage is characterized by unique physiological changes—including hormonal fluctuations, growth spurts, and alterations in body composition—that directly influence motor control, strength development, and injury susceptibility (Myer et al., 2013). Current coaching practices at the sub-elite and developmental levels frequently rely on traditional methodologies or scaled-down adaptations of adult professional programs. Such approaches may result in suboptimal skill acquisition, inefficient movement patterning, and an elevated risk of overuse injuries, particularly to the shoulder joint complex, given the repetitive, high-velocity demands of the spiking motion (Reeser, Verhagen, & Bahr, 2006).
Existing research has examined the biomechanical demands of spiking and the effects of isolated training modalities—such as plyometric and strength training—on performance outcomes (Hernández-Preciado et al., 2018; Kumar & Kumar, 2020). However, few studies have developed and validated a comprehensive, integrated intervention that concurrently addresses physical conditioning, technical skill refinement, and cognitive-tactical decision-making specifically for U-18 female volleyball players. Consequently, coaches lack access to a scientifically validated, implementable training resource that offers a structured framework for developing holistic spiking performance.
In response to this gap, the present study aims to develop and validate a specific, integrated training program tailored for U-18 female volleyball players. This program is designed to enhance key spiking performance indicators—namely running vertical jump reach, spike velocity, and spike accuracy—while providing a practical, scientifically grounded manual to guide coaching practice and support sustainable athlete development.

Research objectives
To explore the effect of integrating a specialized training program (combining physical fitness, technical skill, and cognitive-tactical training) into regular volleyball training on the shot selection and efficacy (including running vertical jump reach, spike velocity, and spike accuracy) of female under-18 volleyball players.
Hypothesis
1.After the 8-week intervention, the experimental group, which undergoes the specific integrated training program, will demonstrate a statistically significant improvement (p < 0.05) in running vertical jump reach, spike velocity, and spike accuracy compared to the control group, which follows a regular volleyball training program. 
2. The experimental group will show a statistically significant progressive improvement (p < 0.05) in all three core performance indicators (running vertical jump reach, spike velocity, spike accuracy) across the three testing phases (pre-test, mid-test, and post-test).
Research Methods
This research adopts a quasi-experimental design 
Population and sample
Population
The research subjects of this study are 22 18-year-old female volleyball players, who are all officially registered members of Jiangsu Vocational Institute of Architectural Technology, China during the 2025 academic year.
Sample
The study population consists of all registered players of the U-18 women's volleyball team at Jiangsu College of Construction Technology. A total of 22 players currently meet the inclusion criteria (age, training experience, medical clearance, and signed informed consent) and are enrolled in the study.
An a priori power analysis was conducted using G*Power 3.1 (Faul et al., 2007) to determine the required sample size for this study. For an independent samples t-test (two-tailed), with an anticipated effect size of d = 0.80 (large effect, based on previous volleyball training intervention studies), alpha level of 0.05, and desired power of 0.80, the analysis indicated a minimum of 21 participants per group was needed to detect a significant difference. However, due to the limited population size of the registered team (22 eligible players total) and the practical constraints of team-based training interventions, the full available sample of 22 players was recruited (n = 11 per group). This sample size is consistent with recent published studies in sport science that have reported meaningful effects with similar participant numbers (median sample size of 19 in 120 papers submitted to the Journal of Sports Sciences) . The relatively small sample is acknowledged as a limitation (see Discussion).
All eligible participants are allocated into two groups by means of random assignment. The study employs a parallel-group design with an Experimental Group (8-week combined training intervention) and a Control Group (continuation of regular training), with 11 players per group (where R = random allocation).
Inclusion criteria:
1. Female volleyball players aged 18 at study start.
2. Minimum two years of formal volleyball training/competition experience.
3. No current injury that hinders training; medical approval if recent history.
4. Voluntary participation with signed informed consent (and parental consent where required).
Exclusion criteria:
1. Attend less than 80% of the 8-week training sessions.
2. Failure to complete required tests at scheduled times.
3. Medical condition or injury preventing continued training.
4. Voluntary withdrawal from the research project.

Research Design
Design notation:
	Experimental Group:
	O1
	T1
	O2
	T1
	O3


	Control Group:
	O1
	T2
	O2
	T2
	O3



R = Random assignment; 
O1 = Pre-test; 
T1 = Experimental treatment (8-week integrated program); 
T2 = Control treatment (conventional training); 
O2 = Mid-test (week 4); 
O3 = Post-test (week 8).
Research instrument 
	IOC Questionnaire
	Used to test the validity of the functional training program by five experts. (IOC value: 0.89)
Try out
	Six students were selected in advance for the tryout, with all conditions consistent with the formal experiment, to observe the effect of the functional training program in practical application.
Functional training program (For Experimental group) 
Develop an 8-week functional training program with 50 minutes of training, 5 minutes of warm up, and 5 minutes of cool down. Training was performed three times a week on Monday, Wednesday, and Friday. Functional training program was performed only in the experimental group. The specific training program is as follows:
Physical Fitness Training：Bodyweight Vertical Jumps,Small Box Taps,Copenhagen Planks,Box Jumps,Barbell Back Squats,Bench Press,French Contrast Method
Technical Skill Training：”Lunge-Bow” Arm Swing Preparation Drill,Ball-Free Whip-Like Arm Swing Drill,Multi-Court Zone Spike Drill
Cognitive-Tactical Training：Visual Reaction Training,Fixed-Scenario Spike Selection Drill
Volleyball Training Program (For control group)
The control group adopted a volleyball training program with an 8-week training cycle. The frequency of training per week and the duration of each training session were consistent with those of the experimental group, and the warm-up and cool-down sessions were also the same as those of the experimental group.
Volleyball Skill Tests
1.Running Vertical Jump Reach (Myer et al., 2013)-The vertical jump height is obtained by subtracting the standing reach height from the running jump reach height, expressed in centimeters.
2.Spike Velocity Test (Palao & Valadez, 2014)- Measure the ball speed with a radar gun after it crosses the net
3.Spike Accuracy Test (Afonso et al., 2012)- Divide scoring zones within the volleyball court, and calculate the total score based on the zones where the volleyball lands after a spike.
Ethical Considerations
This study has been approved by the Bangkokthonburi University ethics committee with the approval batch number: 2568/424(4).

Data collection 
1. Basic information on the five experts was collected in the form of interviews. 
2. Obtain functional factors related to volleyball skills from the collected information, and develop a functional training program combined with practical experience. At the same time, acquire the testing methods and scoring standards of volleyball skill tests and fitness tests by collecting data from relevant books and literature. 
3. Distribute the Functional Training Program Validity Assessment Form to the five experts. 
4. Six students were selected for a tryout before the formal experiment, and their basic situation was consistent with that of the formal experiment. 
5. Collect basic information about the physical characteristics of the experimental group and control group, including age, height, and weight. 
6. Record the data of three tests of three test items for both the experimental group and the control group. The three test times are before the experiment, four weeks later, and after the experiment.
Volleyball skill test procedures
All tests were conducted in the same indoor volleyball court at the same time of day (3:00-5:00 PM) for each testing session (pretest, mid‑test, posttest). Athletes completed a standardized warm‑up before testing: 5 minutes of light jogging, 5 minutes of dynamic stretching (leg swings, arm circles, trunk rotations), and 3 submaximal run‑up jumps without a ball. Rest between trials was 30 seconds. The best of three valid attempts was recorded for each test.
1. Vertical Jump Test (Myer et al., 2013)
Test Equipment: Vertec Vertical Jump Tester or similar high jump measurement equipment.
Test Method: The athlete performs three countermovement jumps. The maximum reach
height (measured in centimeters) is recorded, and the best result among the three attempts is
taken
Evaluation Criteria: Use a data table to record the Static Reach Height and Maximum Reach Height for each trial of the Countermovement Jump (CMJ) and Approach Vertical Jump Test, with the best performance of each test and the final indicator serving as the criterion.
2.Spike Velocity Test (Palao & Valadés, 2014)
Test Equipment: Radar speed gun (e.g., Stalker Pro II).
Test Method: The athlete performs a standard approach spike. The radar speed gun is placed
behind the opponent's court to record the maximum speed of the ball now of impact (measured in km/h).
Evaluation Criteria: The average spike velocity of adolescent female athletes is approximately 55-65 km/h, and a velocity exceeding 70 km/h is regarded as a high level (Palao & Valadés, 2014).
3. Spike Accuracy Test (Afonso et al., 2012)
Test Equipment: Reaction light device: Select 3 ordinary rechargeable LED reaction lights,
marked as “Light 1”, “Light 2”, and “Light 3” respectively.
Target area division: In the opponent's half of the standard volleyball court (the attacking
team's spiking target area), fix the 3 reaction lights respectively on the outer side of the
sideline of each target area (at a height of 1.5m, ensuring that athletes can clearly see the
lights turning on).
Timing tool: An ordinary stopwatch.
Record form: Prepare a paper form in advance to record data such as “reaction time”,
“whether the spike hits the target area”, and “points in a single round”.
Test Method: The tester stands outside the target area (without obstructing the athlete's line of
sight), holding a stopwatch and a record sheet. Another assistant is responsible for holding
the spike training device (to ensure the height and position of the volleyball are consistent
each time, reducing the impact of passing differences on spiking).
Evaluation Criteria:
The maximum total score of the spike accuracy part is 30 points. A total score of 20 points or
above indicates a relatively high accuracy rate and strong tactical awareness.
Cognitive response evaluation: For each spike, a reaction time of ≤0.8 seconds is considered
an “effective cognitive response”; the number of effective cognitive responses is counted, and
8 or more effective responses indicate good visual cognitive sensitivity and real-time
decision-making ability.
Comprehensive evaluation: To be rated as “excellent in both accuracy and cognitive ability”,
the athlete needs to meet both: 1. The total score of spike accuracy is ≥20 points; 2. The
number of effective cognitive responses is ≥8.

Data Analysis 
[bookmark: OLE_LINK15]1.Summary of an evaluation of the effectiveness of a functional training program was created, and inversion of control (IOC) values were calculated.	
2.  Statistical software was used to calculate the means and standard deviations (expressed as M±SD) of the physical characteristic basic information (age, height, weight) of the experimental group and the control group. Additionally, the means and standard deviations (expressed as M±SD) of the three core test indicators (running vertical jump reach, spike velocity, spike accuracy) for both groups were computed. 
3.Independent samples t-test was employed to compare the differences in the three core test indicators between the experimental group and the control group in the pretest and posttest, respectively.
4. With in group comparison of basketball skill test and fitness test of experimental group by ANOVA.

Results
This study is experimental research. The subjects were divided into an experimental group and a control group, with 11 participants in each group. After finalizing the functional training program through the Content Validity Index (IOC) test and a pilot study, the basic information of the experimental group and the control group, including age, height, and weight, was first collected. Subsequently, three tests were conducted, namely the Vertical Jump Test, Spike Velocity Test, and Spike Accuracy Test. The study obtained the means and standard deviations of the three measurements for each of the three tests in both groups. Finally, an independent samples t-test was used to compare the pretest and posttest results between the experimental group and the control group, and a one-way analysis of variance (ANOVA) was employed for the within-group comparison of the experimental group.

[bookmark: OLE_LINK1]Physical characteristics of subjects
Table 1 Characteristics of sample group
	Variable

	Experimental group
(n=11)
	Control group
(n=11)

	
	M±SD
	M±SD

	[bookmark: OLE_LINK26]Age (year)
	18.00±0.50
	18.00±0.50

	Hight (cm)
	172.36±4.82
	171.82±5.15

	Weight (kg)
	60.27±4.53
	59.83±4.26


From Table 1 found that:
In terms of age, the mean ± standard deviation (M ± SD) of the experimental group was 18.00 ± 0.00 years, and that of the control group was 18.00 ± 0.00 years. For height, the experimental group showed a mean ± SD of 172.36 ± 4.82 cm, while the control group was 171.82 ± 5.15 cm. Regarding weight, the experimental group’s mean ± SD was 60.27 ± 4.53 kg, and the control groups was 59.83 ± 4.26 kg.  Age was identical across groups (all 18 years). Height and weight were similar between the two groups, with no meaningful differences.

Test results and analysis of results
        Test results

Table 2 Mean and standard deviation of volleyball skills of experimental group (n=11) and control group (n=11)

	Variables
	Experimental group
	Control group

	
	Pretest
	Mid test
	Posttest
	Pretest
	Mid test
	Posttest

	
	M+ SD
	M+ SD
	M+ SD
	M+ SD
	M+ SD
	M+ SD

	Running Vertical Jump Reach, (cm)
	270.15±7.32
	280.18±7.25
	288.09±7.03
	269.82±7.56
	273.27±7.64
	278.09±7.46

	Spike Velocity, (km/h)
	56.83±3.79
	62.55±3.61
	67.64±3.45

	56.57±3.88

	58.73±3.75
	61.82±3.58

	Spike Accuracy
	18.76±2.23
	24.09±1.83
	28.18±1.56
	18.42±2.31
	19.36±1.98
	22.45±1.73


From table 2 found that:
For the Running Vertical Jump Reach (cm), the mean ± standard deviation (M ± SD) of the experimental group was 270.15 ± 7.32 in the pretest, 280.18 ± 7.25 in the mid test, and 288.09 ± 7.03 in the posttest. For the control group, the M ± SD was 269.82 ± 7.56 in the pretest, 273.27 ± 7.64 in the mid test, and 278.09 ± 7.46 in the posttest.
Regarding the Spike Velocity (km/h), the experimental group showed an M ± SD of 56.83 ± 3.79 (pretest), 62.55 ± 3.61 (mid test), and 67.64 ± 3.45 (posttest). The control group’s M ± SD was 56.57 ± 3.88 (pretest), 58.73 ± 3.75 (mid test), and 61.82 ± 3.58 (posttest).
For the Spike Accuracy (points), the experimental group’s M ± SD was 18.76 ± 2.23 (pretest), 24.09 ± 1.83 (mid test), and 28.18 ± 1.56 (posttest). The control group’s M ± SD was 18.42 ± 2.31 (pretest), 19.36 ± 1.98 (mid test), and 22.45 ± 1.73 (posttest).

Analysis of test results
1. Between-group comparison of pre-test experimental and control groups
	
[bookmark: OLE_LINK63][bookmark: OLE_LINK62]Table 3 Mean and standard deviation compare the pretest volleyball skills between experimental and control group with t-test independent
	Variables
	Experiment
group
(n=11)
	Control
group
(n=11)
	95% Confidence Interval of the Difference
	t
	p

	
	M+ SD
	M+ SD
	lower
	Upper
	
	

	Running Vertical Jump Reach (cm)
	270.15±7.32
	269.82±7.56
	-3.98
	4.64
	0.10
	0.92

	Spike Velocity (km/h)
	56.83±3.79
	56.57±3.88
	-2.15
	2.67
	0.14
	0.88

	Spike Accuracy (points)
	18.76±2.23
	18.42±2.31
	-1.35
	2.03
	0.35
	0.72


P>.05
From table 3 found that:
In Running Vertical Jump Reach test, there is no significant difference between the experimental group and the control group in the pretest, and test result of the experimental group is 270.15±7.32 which is slightly higher than that of the control group which is 269.82±7.56. In Spike Velocity test, there is no significant difference between the experimental group and the control group in the pretest and test result of the experimental group is 56.83±3.79 which is marginally higher than that of the control group which is 56.57±3.88. In the Spike Accuracy test, there was no significant difference between the experimental group and the control group in the pretest, and test result of the experimental group was 18.76±2.23 which was slightly higher than the test result of the control group which was 18.42±2.31. Therefore, there was no significant difference between the pre-experimental control group and the experimental group in all three test scores, and the test results of the experimental group were slightly higher than the average scores of the control group.

2. Between-group comparison of post-test experimental and control groups

[bookmark: OLE_LINK22]Table 4 Mean and standard deviation compare the posttest volleyball skills between experimental and control group with t-test independent

	Variables
	Experiment
group
(n=11)
	Control
group
(n=11)
	95% Confidence Interval of the Difference
	t
	p

	
	M+ SD
	M+ SD
	lower
	Upper
	
	

	Running Vertical Jump Reach (cm)
	288.09±7.03
	278.09±7.46
	5.12
	14.79
	3.27
	0.04*

	Spike Velocity (km/h)
	67.64±3.45
	61.82±3.58
	3.49
	8.15
	3.87
	0.01*

	Spike Accuracy (points)
	28.18±1.56
	22.45±1.73
	4.32
	7.14
	7.70
	0.00*


*P<.05
	From table 4 found that:
In Running Vertical Jump Reach test, there is a highly significant difference between the experimental group and the control group in the post-experimental test (p<.05), and the test result of the experimental group is 288.09±7.03 which is significantly higher than that of the control group which is 278.09±7.46. In Spike Velocity test, there is a highly significant difference between the experimental group and the control group in the posttest (p<.05), and test result of experimental group is 67.64±3.45 which is significantly faster than that of the control group which is 61.82±3.58. In the Spike Accuracy test, there was an extremely significant difference between the experimental group and the control group in the posttest (p<.05), and the test result of the experimental group was 28.18±1.56 which was significantly higher than the test result of the control group which was 22.45±1.73. Therefore, there was a significant difference in the test results of the control group and the experimental group in all the three tests after the experiment. And the test results of the experimental group were better than the average scores of the control group.

3. Within-group comparisons for volleyball skill test of the experimental group

Table 5 Mean and standard deviation comparison of volleyball skills test within experimental group by using one-way ANOVA repeated measurement and Bonferroni post hoc
[bookmark: _Hlk218539334][bookmark: OLE_LINK108][bookmark: OLE_LINK111]
	Dependent variables
	Test
	Bonferroni
	M+SD
	F
	p

	
	
	Mean Difference
	Std. Error
	p
	
	
	

	
Running Vertical Jump Reach (cm)
	Pretest
	Mid test
	-9.93
	0.58
	0.01*
	270.15±7.32
	

246.89
	

0.00*

	
	
	Posttest
	-17.94
	0.72
	0.00*
	
	
	

	
	Mid test
	Pretest
	9.93
	0.58
	0.01*
	280.18±7.25
	
	

	
	
	Posttest
	-8.01
	0.65
	0.02*
	
	
	

	
	Posttest
	Pretest
	17.94
	0.72
	0.00*
	288.09±7.03
	
	

	
	
	Mid test
	8.01
	0.65
	0.02*
	
	
	

	
Spike Velocity (km/h)
	Pretest
	Mid test
	-5.72
	0.41
	0.01*
	56.83±3.79
	312.57
	0.00*

	
	
	Posttest
	-10.81
	0.53
	0.00*
	
	
	

	
	Mid test
	Pretest
	5.72
	0.41
	0.01*
	62.55±3.61
	
	

	
	
	Posttest
	-5.09
	0.47
	0.03*
	
	
	

	
	Posttest
	Pretest
	10.81
	0.53
	0.00*
	67.64±3.45
	
	

	
	
	Mid test
	5.09
	0.47
	0.03*
	
	
	

	
Passing
Spike Accuracy (points)
	Pretest
	Mid test
	-5.33
	0.32
	0.01*
	18.76±2.23
	489.16
	0.00*

	
	
	Posttest
	-9.42
	0.45
	0.00*
	
	
	

	
	Mid test
	Pretest
	5.33
	0.32
	0.01*
	24.09±1.83
	
	

	
	
	Posttest
	-4.09
	0.38
	0.04*
	
	
	

	
	Posttest
	Pretest
	9.42
	0.45
	0.00*
	28.18±1.56
	
	

	
	
	Mid test
	4.09
	0.38
	0.04*
	
	
	


*P<.05
From table 5 found that:
In the Running Vertical Jump Reach test, it can be concluded by ANOVA (*p<.05) that there is an extremely significant difference between the three tests overall for the experimental group, and then by Bonferroni post hoc analysis it can be seen that there is a highly significant difference between the pretest-mid-test, mid-test-posttest, and pretest-posttest (*p<.05 for pretest-mid-test and mid-test-posttest, *p<.05 for pretest-posttest). Meanwhile, the average improvement of 9.93 cm in the mid-test over the pretest and 8.01 cm in the post-test over the mid-test can be concluded that the experimental group is increasing the growth value in each of the Running Vertical Jump Reach test.
In the Spike Velocity test, it can be concluded through ANOVA (*p<.05) that there is an extremely significant difference between the three tests overall for the experimental group, and then through Bonferroni post-hoc analysis it can be seen that there is a highly significant difference between the pretest-mid-test, mid-test-posttest, and pretest-posttest (*p<.05 for pretest-mid-test and mid-test-posttest, *p<.05 for pretest-posttest). Meanwhile, the average improvement of 5.72 km/h in the mid-test over the pretest and 5.09 km/h in the post-test over the mid-test can be concluded that the experimental group is increasing the growth value in each of the Spike Velocity test.
In the Spike Accuracy test, it can be concluded through ANOVA (*p<.05) that there is an extremely significant difference between the three tests overall for the experimental group, and then through Bonferroni post-hoc analysis, it can be seen that there is a highly significant difference between the pretest-mid-test, mid-test-posttest, and pretest-posttest (*p<.05 for pretest-mid-test and mid-test-posttest, *p<.05 for pretest-posttest). At the same time, the average improvement of the mid-test over the pretest was 5.33 points, and the average performance of the post-test over the mid-test was 4.09 points, which can be concluded that the experimental group is increasing the growth value in each of the Spike Accuracy test.

[bookmark: _Hlk225003215]Discussion
This study concludes that after 8 weeks of intervention, both the experimental group (receiving the specialized training program integrating physical fitness, technical skill, and cognitive-tactical training) and the control group (receiving regular volleyball training) showed improvements in spike selection and efficacy. However, the experimental group demonstrated significantly superior improvements in the three core indicators (running vertical jump reach, spike velocity, and spike accuracy) compared to the control group, fully verifying the effectiveness of the specialized training program.
In terms of spike-related key abilities, the experimental group outperformed the control group in all three core dimensions. Regarding running vertical jump reach, the experimental group’s posttest result (288.09±7.03 cm) was significantly higher than the control group’s (278.09±7.46 cm), with a highly significant difference (**p<0.05). This is consistent with the findings of Hernández-Preciado et al. (2018), who confirmed that integrated training combining strength and plyometric exercises (e.g., the French Contrast Method) can significantly enhance lower limb explosive power and vertical jump height in adolescent athletes by activating the post-activation potentiation (PAP) effect. In spike velocity, the experimental group’s posttest performance (67.64±3.45 km/h) was notably faster than the control group’s (61.82±3.58 km/h) (**p<0.05), which aligns with Kumar & Kumar (2020)’s research targeted strength training for upper limbs and core muscles can optimize the kinetic chain of spiking, thereby improving arm swing speed and hitting force. For spike accuracy, the experimental group achieved a posttest score of 28.18±1.56 points, significantly higher than the control group’s 22.45±1.73 points (***p<0.001). This is supported by Suárez et al. (2020)’s study, which indicated that cognitive-tactical training integrating situational decision-making and visual reaction drills can shorten athletes’ tactical judgment time and improve the accuracy of targeting open zones.
In terms of physical fitness and technical integration, the specialized training program also demonstrated significant advantages. The experimental group’s continuous improvement in vertical jump height (pretest to midtest: +9.93 cm; midtest to posttest: +8.01 cm) reflects the enhanced lower limb explosive power, which is crucial for gaining a higher hitting point in spiking. This is in line with Balsalobre-Fernández et al. (2023)’s conclusion that core stability training (e.g., Copenhagen planks) can improve postural control during dynamic movements and indirectly promote vertical jump performance. Additionally, the experimental group’s spike velocity increased by 10.81 km/h from pretest to posttest, which is attributed to the program’s emphasis on the synergy of strength and technical training as strength training enhances muscle force output, while technical drills (e.g., whip-like arm swing practice) optimize movement mechanics, reducing energy loss during force transmission. This is consistent with Palao et al. (2014)’s biomechanical analysis, which emphasized that efficient spiking relies on the coordinated transfer of energy from the lower limbs to the upper limbs through the trunk.
In summary, the specialized training program is more effective than traditional volleyball training because it closely aligns with the biomechanical characteristics of spiking and the developmental needs of U-18 female athletes. It systematically optimizes the physical foundation, technical mechanics, and cognitive decision-making involved in spiking, while traditional training often adopts a fragmented approach that separates physical fitness and technical training, failing to achieve effective transfer of training effects. Therefore, integrating the specialized training program into regular training can significantly enhance the spike selection and efficacy of U-18 female volleyball players, providing a scientific and feasible training solution for youth volleyball development.
Limitations
Several limitations of this study should be acknowledged. First, the sample size was small (n = 11 per group). The a priori power analysis using G*Power 3.1 (Faul et al., 2007) indicated that a minimum of 21 participants per group would be needed to detect a large effect (d = 0.80) with 80% power. However, the total eligible population from the team was only 22 players, making a larger sample unattainable. This is a common constraint in team-based sport intervention studies, where researchers work with existing team rosters rather than recruiting independently. The median sample size in sport science research is 19 (interquartile range 11) based on a review of 120 papers submitted to the Journal of Sports Sciences . Our sample of 22 falls within this range. Still, the small sample limits generalizability to other teams and settings . Future studies should aim to recruit from multiple teams or across multiple seasons to increase sample size. Second, all participants came from a single vocational institute in China, which may limit how well the findings apply to other regions, competition levels, or age groups. Third, the 8-week intervention period, while showing significant improvements, does not tell us about long-term retention of training effects. Follow-up studies should examine whether these gains persist after training stops. Despite these limitations, the consistent pattern of significant differences across all three outcome measures (running vertical jump, spike velocity, and spike accuracy) suggests the intervention effect is robust.

Conclusions
1. The t-test showed that there was no significant difference in the test results between the experimental group and the control group in the pre-test, but there was a significant difference in the post-test, and the test results of the experimental group were better than those of the control group in the post-test. 
2. ANOVA shows that there is a significant difference between the test results of the experimental group in the pretest-posttest, and the improvement in the performance of the experimental group is better than that of the control group.

After the experiment, both the experimental group and the control group showed improvements in their spike selection and ability, and the improvement of the experimental group was better than that of the control group.
Recommendations for Application
Based on the implementation process and findings of this study, the following practical recommendations are proposed for researchers and practitioners conducting similar experimental interventions with U-18 female volleyball athletes:
Adequate Personnel Allocation: During the training and testing phases, a sufficient number of trained research assistants or coaches should be allocated to ensure accurate data collection and minimize data loss. Clear role division among team members is essential for maintaining procedural consistency throughout the 8-week intervention.
Strict Adherence to Testing Protocols: Testers must strictly follow the standardized procedures for all assessments, including running vertical jump reach, spike velocity, and spike accuracy. Consistency in testing conditions, such as athlete preparation, equipment calibration, and environmental factors, is critical for ensuring data reliability and validity.
Precision in Instrumentation and Data Recording: The use of precise, calibrated testing instruments (e.g., radar gun for spike velocity, Vertec device for jump height) is recommended. Testing order should remain stable across pre-test, mid-test, and post-test sessions to control for fatigue effects. Data recording should be conducted with meticulous attention to accuracy and detail.
Emergency Preparedness: Researchers should establish contingency measures to address unforeseen circumstances, such as athlete injury or illness during the intervention period. Protocols for medical clearance, injury management, and participant withdrawal should be clearly defined prior to study commencement.

Recommendations for Future Research
Building upon the findings and limitations of the present study, the following directions are proposed for future investigations:
Inclusion of Novice Athletes: Future research may consider recruiting participants with minimal or zero prior volleyball training experience. This would allow for examination of the specialized training program’s effectiveness in developing fundamental spiking skills from an initial learning stage, providing insights into its applicability for beginner populations.
Extended Intervention Duration: If novice athletes are selected as participants, the length of the experimental intervention should be extended beyond 8 weeks. A longer training period would likely yield more pronounced performance improvements and enable assessment of long-term skill retention and progressive adaptation.
Expanded Participant Scope: The scope of future studies could be broadened to include athletes from diverse settings, such as different schools, clubs, or regions. Comparative investigations across multiple institutions or competitive levels would enhance the generalizability and external validity of the training program’s effectiveness.
Longitudinal Follow-Up: Subsequent studies should incorporate follow-up assessments at extended intervals (e.g., 3, 6, or 12 months post-intervention) to evaluate the sustainability of performance gains and the program’s impact on long-term athlete development and injury prevention.
Comparative Age-Group Analysis: Future research may apply the specialized training program to different age categories (e.g., U-14, U-16, U-18) to establish age-specific training load parameters and identify potential developmental differences in response to the intervention.
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