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Abstract: Background: Although stroboscopic effects are recognized as an effective tool for 
enhancing information processing in general perceptual-cognitive tasks, research on their transfer 
to sport-specific skills is limited. This study aims to evaluate the impact of a 6-week stroboscopic 
intervention on volleyball-specific blocking reaction speed. Additionally, it analyzes the variation in 
explosive leg strength as a potential factor influencing the effectiveness of volleyball blocking. 
Material and Methods: This study included 50 young volleyball players (26 males, 24 females), 
divided into an experimental and a control group. Both groups performed the same volleyball-
specific tasks, but the experimental group did so under stroboscopic conditions. Participants were 
evaluated three times using a volleyball-specific blocking reaction task: pre-training, post-6-week 
training, and four weeks later. Additionally, a countermovement jump with arm swing (CMJA) test 
assessed its impact on blocking reaction speed. Results: The ANOVA conducted on the blocking 
reaction speed test revealed a significant effect of time (p<0.001, ηp2= 0.17). In the stroboscopic 
group, significant differences were found between pre-test and post-test (p=0.031, d=0.54) and 
between post-test and retention test (p=0.017, d=0.58). The ANCOVA analysis revealed that 
variations in CMJA did not significantly affect the improvements in blocking reaction speed 
(p=0.426, ηp2=0.01). Conclusion: Over six weeks, stroboscopic training was more effective than 
regular training in improving volleyball-specific blocking reaction speed, though these effects were 
short-term and ultimately showed no lasting differences between the groups. Furthermore, the 
enhancements in reaction speed were more likely due to adaptations in perceptual-cognitive 
performance rather than motor factors. 
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INTRODUCTION 
 
The speed of visuomotor reactions is commonly regarded as an essential aspect of 

goal-directed movements in team sports, especially those requiring agility maneuvers. 
Volleyball is a multifaceted sport that relies on a combination of technical, tactical, and 
physical skills. It involves various dynamic movements, including vertical jumps, shots, 
and quick changes of direction [1]. In volleyball, the effectiveness of movement in blocking 
is a crucial element of special agility, requiring quick, goal-directed movements in 
response to the opponent's actions in attack to prevent the opponent from scoring points. 
Effective volleyball blocking movement demands not only the synchronization of team 
actions and the recall of strategic patterns, but also a combination of anticipation and 
decision-making skills [2-5]. Additionally, it requires precise coordination of movements, 
optimal body positioning, and a thorough understanding of the biomechanical elements 
involved in the action [6].  

In the dynamic and fast-paced environment of volleyball, players are required to 
quickly process a large amount of information to make accurate motor actions. 
Specifically, in blocking scenarios, players must swiftly assess the trajectory and timing of 
the incoming attack, and adjust their blocking strategy in real-time based on these 
dynamic factors. This need for quick assessment and adaptation places an emphasis on 
perceptual-cognitive skills, adding another layer to the comprehensive skill set required 
for effective blocking in volleyball. Perceptual-cognitive skills are crutial for achieving 
proficiency in this context, particularly under the pressure of time constraints [4, 7]. These 
volleyball-specific skills and perceptual-cognitive functions not only differentiate players 
at different competitive levels [8] and positions on the court [9], but also vary across age 
groups [4] and genders [10]. This variation underscores the importance of understanding 
how perceptual-cognitive training can be adapted and applied effectively in diverse 
contexts.  

Accordingly, in recent years, there has been extensive investigation into the impact 
of perceptual-cognitive training on volleyball skills using a variety of different approaches. 
For instance, the study conducted by Fleddermann et al. [11] focused on evaluating the 
impact of an eight-week, off-court, visually oriented perceptual-cognitive training 
program, which utilized a three-dimensional multiple-object tracking task, in elite 
volleyball players. Their research confirmed positive outcomes in task-specific 
assessments and two near-transfer tests directly related to the perceptual-cognitive 
intervention. However, it did not find significant improvements in far-transfer tests, 
particularly in the volleyball-specific blocking test. In turn, Fortes et al. [12] demonstrated 
an improvement in the passing decision-making performance of young volleyball athletes 
through an eight-week imagery training protocol. The experimental group engaged in 
training that involved observing images and videos of successful competitive volleyball 
actions, aimed at enhancing imaginative capacity. The assessment of passing decision-
making was conducted using a simulation that replicated the conditions of an official 
volleyball game. In their 6-week study, Formenti et al. [13], evaluated the impact of sport 
vision training (with generic or volleyball-specific motor actions) in a non-sport-specific 
context, comparing it to traditional volleyball training in a sport-specific context among 
female volleyball players. The study found that traditional training improved the accuracy 
of volleyball-specific skills (accuracy of passing, setting, and serving skills) more than 
vision training, but the vision training groups showed greater improvement in cognitive 
performance (clinical reaction time, executive control, and perceptual speed). These 
results indicate that the training environment is crucial for enhancing sport-specific skills 
and cognitive performance, supporting an ecological approach to sports training. 

One of the emerging trends in perceptual-cognitive training within sports 
scenarios involves integrating stroboscopic stimulation into on-field tasks. Stroboscopic 
training is a technique that intensifies the requirements on the visuomotor system by 
providing intermittent visual input during motor activities, leading to improved 
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performance in standard visual situations [14]. Our recent study [15] demonstrated the 
positive impact of stroboscopic training, especially in terms of improvements in 
laboratory tasks measuring simple motor reaction time, complex reaction speed, and 
saccade velocity. In addition, we noted significant gains in reactive agility during field tests 
post-intervention in the stroboscopic group. However, the final training effects did not 
show a significant difference between the stroboscopic and control groups. While both 
groups exhibited improvements in reactive agility, the results clearly highlighted the 
beneficial effects of stroboscopic training on this skill. It is important to acknowledge that 
reactive agility is closely linked to motor and biomechanical factors, including running 
speed, technique, balance, and the strength and muscle power of the lower limbs [16-20]. 
Consequently, this study aimed to assess the efficacy of stroboscopic intervention in 
specific agility tasks. This included evaluating reaction speed in a volleyball-specific 
blocking task, while controlling for the motor factor, specifically the variation in explosive 
leg strength. 

Current research into the effects of stroboscopic training on athletes' sport-specific 
skills, also known as far transfer, remains limited and has yielded mixed results. For 
example, an experimental study in badminton found that stroboscopic training appeared 
to enhance on-field performance [21], though these improvements weren't statistically 
significant when compared to a control group. In contrast, ice hockey research involving 
on-ice tests such as shooting accuracy, reaction time, and puck handling demonstrated 
that participants who underwent stroboscopic training improved their on-ice skills by an 
average of 18%, a significant contrast to the non-improving control group [22]. Despite 
this, the comprehensive effectiveness of far transfer through various perceptual and 
cognitive training methods, including stroboscopic training, remains underexplored [11, 
23-26].  

Therefore, this study aims to assess the impact of a 6-week stroboscopic 
intervention on specific volleyball skills, particularly in the speed of movement in 
responding to visual cues during blocking. Additionally, to understand post-training 
effects, we evaluated the variability in explosive leg strength as a potential influencing 
factor on the effectiveness of volleyball blocking [27, 28]. 

 
MATERIAL AND METHODS 

 
Participants 

The study involved a group of 50 athletes, comprising 26 males and 24 females, 
with an average age of 16.5 years (±0.6 years standard deviation). Participants were 
randomly assigned to either a stroboscopic or non-stroboscopic group, ensuring an equal 
gender distribution in both groups. The stroboscopic group had an average height of 180.2 
cm (± 8.2 cm) and weight of 74.3 kg (± 10.4 kg), while the non-stroboscopic group had an 
average height of 181.9 cm (± 8.1 cm) and weight of 71.6 kg (± 8.9 kg). Both groups had 
similar sports experience, averaging around 6.6-6.7 years. Inclusion criteria required 
regular volleyball training and participation in official competitions. Exclusion criteria 
included specific health conditions, such as epilepsy, migraine, or injuries that would 
impede the completion of the designated tests. Written consent was obtained from all 
participants and their guardians. 

 
Protocol 

Volleyball-specific blocking reaction task 
The Fitlight® system (FITLIGHT Corp., Ontario, Canada) was used to analyze the 

reaction speed in a specific blocking task in volleyball. This protocol, adapted from the one 
initially outlined by Piasecki et al. [29], was first implemented in a study with a group of 
young volleyball players (n=97). It demonstrated good reliability, evidenced by ICC of 
0.81, CV of 2.53%, and TE of 0.89 seconds. 
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Figure 1. Volleyball-specific blocking reaction test protocol. The graphic illustrations were prepared 
using Easy Sports-Graphics software. Abbreviation: M - Male, F - Female. 

 
In the study, participants assumed a ready position at the court's center, 450 cm 

from the sideline, as shown in Figure 1. The initial light discs (1 and 4) were positioned 50 
cm from this starting point. Discs 1, 2, 4, and 5 were set at a height of 120 cm to mimic 
typical match conditions, ensuring the player's initial posture and reaction to visual 
stimuli were realistic. Considering FIVB net hight regulations for youth players (243 cm 
for males, 224 cm for females), the final light discs (3 and 6) were placed 6 cm above the 
upper net band (249 cm for males, 230 cm for females). A total of six light discs were used, 
arranged in sequence 3 for left side and 3 for right side in randomized order. The task 
required participants to quickly react to a blue light signal shown either on the right side 
(discs 1, 2, 3) or the left side (discs 4, 5, 6). Athletes were allowed to use any blocking 
technique of their choice. Deactivating the last light disc (3 or 6) had to be done following 
a jump with both hands, simulating a volleyball block. Deactivation of all light discs was 
configured in a "distance deactivation mode" of 60 cm. The delay in activating the next 
trial, varying from 3 to 5 seconds, occurred immediately after deactivating the last disc (3 
or 6). The test began with a standard 15-minute warm-up, after which the participant 
received test instructions and performed one adaptation test module. All participants 
performed the test twice with a 5-minute break. The best overall time (s) taken to 
complete the trial was included in further analysis. 

 
Explosive leg strength  

A countermovement jump with an arm swing (CMJA) (ICC = 0.95; CV = 4.88%; TE = 
1.79 cm) was performed to assess explosive leg strength, following the protocol by 
Bosquet et al. [30]. The jumps were measured using the Optojump Next system (Microgate 
Next, Bolzano, Italy). Participants performed three jumps, with no specific instructions 
given regarding the depth or speed of the countermovement or the arm swing. A minimum 
30-second recovery period was allowed between jumps. The highest jump for CMJA was 
selected for further analysis. Jump height [cm] was the primary metric analyzed. 

 
Procedure 

The study included a six-week training period with sessions conducted three times 
weekly, alongside regular training. Assessments were performed pre-, post-, and at 
retention stages, evaluating volleyball-specific blocking reaction speed test and 
countermovement jumps with arm swing (CMJA). Both stroboscopic and non-stroboscopic 
groups engaged in identical sport-specific exercises, differing only in visual conditions. 
Each group followed three volleyball-specific training protocols: 'wall passing drills' (three  
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Figure 2. Overview of the experimental protocol for the study. Note: CMJA - countermovement jump 
with an arm swing. 

 
tasks), 'partner passing drills' (five tasks), and 'passing rotation drill' (two forms of 
passing with directional changes) [15]. All protocols included reactive exercises based on 
various forms of reaction time training, lasting 25-30 minutes. The experimental group 
wore stroboscopic eyewear (Senaptec Strobe, Beaverton, USA) during training, controlled 
via Bluetooth and the Senaptec Strobe App. The stroboscopic sessions lasted 2.5 minutes 
each, followed by a 2.5-minute break. To progressively challenge visual processing, the 
flicker frequency and duty cycle were adjusted weekly: week 1 at 15 Hz, 50%; week 2 at 
13 Hz, 50%; and so on, culminating in week 6 at 9 Hz, 70%. The weekly training duration 
averaged 45.0 ± 1.4 minutes for the stroboscopic group and 46.1 ± 2.0 minutes for the 
non-stroboscopic group. Figure 2 provides an overview of the experimental protocol. 

 
Statistical analysis 

Descriptive statistics were utilized to present means and standard deviations. The 
normality of data was assessed using the Shapiro-Wilk test, while the homogeneity of 
variances was verified using the Levene test (p > 0.05). To examine the impact of 
stroboscopic training on volleyball-specific blocking reaction speed, ANOVAs were 
conducted with 'GROUP' as the between-subjects factor and 'TIME' as the within-subjects 
factor. Additional analyses of covariance (ANCOVA) were performed to analyze changes in 
volleyball-specific blocking reaction speed, with post-training changes as the dependent 
variable. In this analysis, 'group' was treated as a categorical factor, and the explosive leg 
strength (CMJA) post-training changes were considered as a covariate. The Holm-
Bonferroni procedure was applied for post-hoc comparisons, setting the significance level 
at p < 0.05. Effect sizes were reported using Cohen's d [31] for t-tests and partial eta 
squared (ηp²) for F-tests. According to Cohen's criteria, effect size values of 0.2, 0.5, and 
0.8 were interpreted as small, medium, and large, respectively, for Cohen's d. For partial 
eta squared, values of 0.01, 0.06, and 0.14 represented small, medium, and large effects, 
respectively. Pearson product moment correlation analysis determined whether training-
induced changes in explosive leg strength were related to changes in volleyball-specific 
blocking reaction speed performance. All statistical analyses were performed using JASP 
software (version 16.1). 
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Ethics committee 
The investigations were conducted in accordance with the principles of the 

Declaration of Helsinki. The study adhered to ethical standards and received approval 
from the Research Ethics Committee of the University School of Physical Education in 
Wrocław, under protocol number 8/2021. 

  
RESULTS 

 
The descriptive statistics of the sample in pre-, post-, and retention conditions for 

stroboscopic and non-stroboscopic groups are presented in Table 1. 
 

Table 1. Descriptive statistics of the volleyball-specific blocking reaction speed and explosive leg 
strength in the stroboscopic and non-stroboscopic groups in pre-tests, post-tests, and retention tests. 

Variable Group 
Pre-test 

mean±SD 
(min-max) 

Post-test 
mean±SD 

(min-max) 

Retention-test 
mean±SD 

(min-max) 

Volleyball-specific 
blocking reaction 
speed [s] 

stroboscopic 33.96±1.82 
(30.27-36.86) 

32.84±1.48 
(29.93-35.01) 

34.03±1.19 
(31.00-35.45) 

non-stroboscopic 34.21±2.51 
(29.28-39.13) 

33.50±2.83 
(29.45-39.43) 

34.35±2.17 
(29.85-38.16) 

Explosive leg 
strength [cm] 

stroboscopic 38.71±10.13 
(25.10-66.80) 

39.39±11.51 
(21.20-65.70) 

38.64±11.29 
(24.80-63.80) 

non-stroboscopic 36.41±7.69  
(25.90-53.40) 

37.02±7.44 
(24.20-50.50) 

35.98±7.23 
(25.10-49.50) 

 

 
 

Figure 3. Interaction plots of volleyball-specific blocking reaction speed by TIME and GROUP: 
stroboscopic (black dots) vs non-stroboscopic (white dots) groups in a pre-post-retention design. Pre-, 
post-, and retention test values are presented as means and 95% CIs. Significant changes (p < 0.05) are 
observed for the stroboscopic group. 
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The ANOVA on the volleyball-specific blocking reaction speed test revealed a 
significant main effect for TIME (F2,96 = 10.03, p < 0.001, ηp2 = 0.17) and no effect for 
GROUP (F1,48 = 0.65, p = 0.424, ηp2 = 0.01). Further, the interaction between TIME and 
GROUP factors also had no significant effect (F2,96 = 0.39, p = 0.679, ηp2 = 0.01). In the 
stroboscopic group, post-hoc tests showed significant differences between the pre-test 
and post-test (p = 0.031, d = 0.54) as well as between the post-test and retention test (p = 
0.017, d = 0.58), indicating a significantly faster volleyball-specific blocking reaction speed 
dependent on the stroboscopic training (Figure 3). 

The ANCOVA, regardless of the group (F1,47 = 0.36, p = 0.551, ηp2 = 0.01), did not 
reveal the impact of post-test explosive leg strength changes on post-test volleyball-
specific blocking reaction speed changes (F1,47 = 0.64, p = 0.426, ηp2 = 0.01). Pearson 
product moment correlation analyses revealed a lack of relationship between training-
induced changes in volleyball-specific blocking reaction speed and the explosive leg 
strength changes (r = 0.188, p = 0.414). 

 
DISCUSSION 

 
This study evaluated the effects of stroboscopic intervention on volleyball-specific 

blocking reaction speed in young volleyball players. The results indicated that 
stroboscopic training was more effective than regular training, with participants in the 
stroboscopic group demonstrating significant improvement in volleyball-specific blocking 
reaction tasks after 6 weeks of intervention. However, it was noted that this effect was 
short-term, and ultimately, no lasting difference in performance achievements between 
the stroboscopic and control groups could be confirmed. Furthermore, it was determined 
that volleyball-specific blocking reaction speed improvements were independent of any 
changes in the athletes' explosive leg strength levels, suggesting that the observed 
enhancement was not influenced by analyzed motor factor. 

Our findings lend additional support to the notion that stroboscopic training can 
effectively enhance visuomotor abilities in sports training [14, 32]. Specifically, the study 
results corroborated our earlier observations [15] where stroboscopic intervention 
improved reactive agility, with more pronounced performance gains observed in the 
short-term as opposed to long-term changes. Furthermore, our findings suggest that the 
enhanced performance in the stroboscopic group was not determined by motor aspects. 
The results show that variability in explosive leg strength during the intervention did not 
influence the variability in outcomes for volleyball-specific blocking reaction speed. This 
leads to the assumption that the stroboscopic intervention positively affected the 
perceptual-cognitive factor, which plays a key role in movements requiring directional 
changes in response to a signal. Recent studies highlight the importance of perceptual-
cognitive expertise in the context of agility movements [10, 33]. This involves an athlete's 
ability to scan and process the environment, integrating relevant information into their 
actions and coordinating this with the execution of adequate motor responses 

Furthermore, our research results can be related to the findings from the studies 
by Hülsdünker et al. [34], which revealed that in young elite badminton players, the 
improvements in visuomotor reaction times post-stroboscopic training were 
predominantly linked to advancements in visual processing, rather than to motor process 
enhancements. Other studies conducted among elite handball players [35] also indicated 
that the stroboscopic training program significantly impacts early visual processing. This 
is evidenced by a decrease in the P100 implicit time for both the dominant eye and 
binocular vision, especially in extra-foveal vision. Contrary to this, our previous study [15] 
demonstrated that stroboscopic training led to significant improvements in the majority of 
measures (three out of five) related to visual and visuomotor functions in laboratory tasks, 
with a more noticeable enhancement in visuomotor as opposed to sensory processing. It 
seems that the impact of the intervention, which disrupted the visual process during 
exercises, can affect various levels of information processing and largely depends on the 
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specifics of the exercises performed. A recent study in this field by Kroll et al. [36] 
showcased the efficacy of stroboscopic training in improving jumping performance, 
highlighting its potential as a supplementary method to plyometric training for volleyball. 
In our exercise protocols, we concentrated on reactive exercises incorporating various 
forms of reaction time training. These exercises demanded enhanced alertness, 
heightened attention, faster eye movements, and more rapid body movements. In our 
view, the results suggest a significant utility of the training method involving stroboscopic 
glasses for both near and far transfer, as evidenced in both previous [15] and current 
studies. 

The findings of our study indicate that stroboscopic training enhances the 
effectiveness of a task that simulates volleyball blocking, thereby emphasizing the 
importance of the perceptual-cognitive factor. Fleddermann and Zentgraf [37] 
demonstrated that elite athletes experience disruptions between their motor skills and 
cognitive functions in a dual-task scenario, as observed through a simulated blocking task 
in a lab setting designed to replicate a game situation. Specifically, they observed that 
athletes achieved greater jumping height in self-initiated block jumps without any 
additional cognitive load, as opposed to when they were faced with a perceptual-cognitive 
task (dual-task). This suggests that cognitive demands can significantly affect motor 
performance, as evidenced by the decreased jumping height when athletes engaged in a 
perceptual-cognitive task simultaneously. In this context, our research requires further 
continuation. 

Exploring the effectiveness of stroboscopic training, our study offers new insights 
on its utility concerning specific volleyball skills. However, our research is not without 
limitations. Since we have tested only a single specific far-transfer task, we cannot dismiss 
the possibility of other benefits from stroboscopic intervention, such as improved 
reactions during practice and games. Additionally, our task did not require players to 
differentiate their reactions, a crucial aspect for effective blocking. Decision-making in a 
sports context is a complex process. It relies on athletes' abilities to identify the correct 
information in their environment, plan future actions, and choose the most suitable 
response tailored to the specific play situation [38]. It should also be considered that 
sports situations are highly variable, and it's difficult to precisely determine which 
variables might be affected [39]. Consequently, the perceptual-cognitive factor is one of 
many influencing the effectiveness of actions, in this case, the reaction speed associated 
with movement in blocking. Future research should focus on examining perceptual-
cognitive strategies and evaluating an athlete's ability to effectively integrate perception 
and action under dynamic and ecologically valid conditions. Finally, in our studies, we did 
not analyze the influence of players' positions as a variable that could affect the study 
results. From previous research, it is known that anthropometric characteristics, muscular 
strength and power test scores, and perceptual-cognitive skills of players vary in relation 
to their playing positions on the field [9, 40,41]. 

  
CONCLUSION 

 
In conclusion, our study's findings reveal that a 6-week volleyball-specific training 

program using stroboscopic eyewear significantly outperformed traditional training 
methods. The athletes in the stroboscopic group exhibited considerable improvement in 
volleyball-specific blocking reaction tasks following the intervention, which may be 
associated with adaptations in the perceptual-cognitive gains of performance. However, 
it's important to note that these enhancements were observed in the short term. 
Therefore, the continuation of exercises that enhance visuomotor efficiency appears to be 
justified in the context of training young volleyball players. 
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