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Abstract---This study evaluates the impact of stroboscopic visual training using Quatro
glasses on cognitive abilities (reaction time, rapid decision-making, and visuospatial
memory) in adult goalkeepers aged 20-40 years from Club Sportif Constantinois. An
experimental pre-post test design compared an experimental group (n=>5) using Quatro
glasses (100 ms clear / 100 ms opaque) for 8 weeks (3 sessions per week, 45 minutes per
session) with a control group (n=5) following standard training. Results demonstrated
significant improvements in the experimental group: reaction time decreased from 350
ms to 285 ms (p=0.003), decision-making accuracy increased from 62% to 78%
(p=0.021), and Cortsi Block-Tapping score improved from 14 to 17/20 (p=0.015). No
significant changes occurred in the control group. These findings validate the efficacy of
stroboscopic training for cognitive enhancement in experienced adult athletes,
supporting neuroplasticity principles and performance transfer to match conditions.
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1. Introduction

Vision represents the dominant sensory system in football, processing critical information for detection,
interpretation, and motor response (Brian Ariel, 2004). Goalkeepers face unique demands requiring
rapid reaction times, decision-making under pressure, and visuospatial memory to anticipate play
actions.

Stroboscopic visual training, using intermittent vision via Quatro glasses (100 ms clear / 100 ms
opaque), forces neural adaptation by alternating clear and dark phases, accelerating visual processing
and predictive abilities (Appelbaum et al., 2011). This innovative technique enables the brain to
compensate for absent visual information by activating predictive filling mechanisms, thereby
enhancing detection and rapid processing capabilities.

Research Problem

The following questions guide this investigation:
e Can Quatro glasses improve cognitive aspects in experienced adult goalkeepers (20-40 years)?
e What is the specific impact on reaction time, rapid decision-making, and visuospatial memory?
e Are cognitive capacities still developable in confirmed adult athletes?

Research Objectives
This study pursues the following objectives:
e Assess the impact of Quatro glasses training on reaction time, decision-making, and
visuospatial memory;
e Analyze effects in goalkeepers from Club Sportif Constantinois (20-40 years);
e  Compare changes between experimental and control groups;
e  Validate the innovative approach for cognitive optimization in professional adult athletes.

Research Hypotheses

H1: Stroboscopic training significantly improves reaction speed in adult goalkeepers (Appelbaum et al.,
2011).

H2: This training enhances rapid decision-making and technical mastery under pressure (Williams et al.,
1999).

H3: Observed improvements are specific to stroboscopic training and do not occur under standard
training conditions.

2. Methodology

2.1 Research Design
An experimental protocol with pre-post test measures and control group was adopted to evaluate
intervention impact.

e Total Duration: 8 weeks

e Training Frequency: 3 sessions per week

e Session Duration: 45 minutes

e Location: Club Sportif Constantinois training facility, Constantine, Algeria

2.2 Participants

The sample comprised 10 adult goalkeepers from Club Sportif Constantinois:
e  Experimental Group (n=5): Goalkeepers following stroboscopic training
e  Control Group (n=5): Goalkeepers following standard training
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e Inclusion Criteria: Age 20-40 years, minimum 3 years experience as professional or semi-
professional goalkeeper
e Characteristics: All participants were healthy, with no history of ocular or neurological injury

2.3 Variables and Measures
Independent Variable (IV): Stroboscopic training with Quatro glasses (100 ms clear / 100 ms opaque
alternation).
Dependent Variables (DV):
e  Visual Reaction Time (ms): Measured via standardized simple reaction test to visual stimuli
e  Decision-Making Accuracy (%): Evaluated through rapid decision tests in simulated game
situations
e  Visuospatial Memory: Measured by Corsi Block-Tapping test (score out of 20)

2.4 Instruments and Tools

Quatro Glasses: Professional stroboscopic device with intermittent lenses (certified for sports
applications) allowing programmed alternation of vision and darkness phases.

Visual Reaction Test: Computerized protocol measuring elapsed time between visual stimulus
presentation and motor reaction with millisecond precision.

Rapid Decision Test: Game situation simulation where participant must make tactical decisions under
temporal pressure. Accuracy is evaluated as percentage of correct decisions.

Corsi Block-Tapping Test: Recognized assessment of visuospatial memory and spatial memorization
capacities (maximum score = 20).

Statistical Analysis: SPSS version 24. Non-parametric Wilcoxon and Mann-Whitney tests for intra-
group and inter-group comparisons, significance threshold p < 0.05.

2.5 Validity and Reliability

Instruments used were validated according to international scientific standards and established sports
science protocols. Tests were administered by trained evaluators following standardized protocol to
ensure measurement reproducibility and reliability.

3. Results

3.1 Visual Reaction Time

Group Pre-test (ms) | Post-test (ms) | Difference (ms) | p-value
Experimental (n=5) | 350 285 -65 0.003*
Control (n=5) 348 340 -8 0.550

*p = 0.05: *statistically significant difference

The experimental group demonstrated significant improvement in reaction time with a 65-millisecond
reduction (p=0.003). The control group showed only a non-significant 8-millisecond decrease,

confirming that improvements resulted from the specific intervention.

3.2 Decision-Making Accuracy

Group Pre-test (%) | Post-test (%) | Improvement | p-value
Experimental (n=5) | 62 78 +16 0.021*
Control (n=5) 62 64 +2 0.780

*p < 0.05: *statistically significant difference
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Decision-making accuracy increased significantly in the experimental group (+16%, p=0.021), while the
control group showed minor non-significant improvement (+2%), illustrating the specific impact of

stroboscopic training on rapid decision-making.

3.3 Visuospatial Memory (Corsi Test)

Group Pre-test (/20) | Post-test (/20) | Improvement | p-value
Experimental (n=5) | 14 17 +3 0.015*
Control (n=5) 13 14 +1 0.490

*p < 0.05: *statistically significant difference

Visuospatial memory scote improved significantly in the experimental group (+3 points, p=0.015),
demonstrating stroboscopic training efficacy for developing spatial capacities. The control group
showed minor improvement (+1 point), likely attributable to test learning effect.

4. Discussion

Results Interpretation

Results confirm hypotheses H1, H2, and H3. The 65-millisecond reaction time reduction (p=0.003)
aligns with neural processing acceleration mechanisms under intermittent vision conditions (Appelbaum
& Erickson, 2018). This improvement is consistent with predictive brain filling theory, where vision and
darkness phase alternation forces the central nervous system to predict and anticipate missing
information, optimizing motor responses.

Decision-making accuracy gains (+16%, p=0.021) reflect increased adaptation to temporal pressure and
game cognitive demands (Mitroff et al., 2013). This improvement suggests that stroboscopic training
strengthens not only visual processing speed but also complex decision-making processes under stress.
Visuospatial memory improvement (+3 points, p=0.015) demonstrates neural plasticity in adult athletes
(Clark et al., 2012). Although often associated with youth, this study shows that cerebral plasticity
remains significant in 25-32 year-old adults (sample average age), allowing important cognitive
adaptations through innovative training.

Control Group Stability

Performance stability in the control group (without significant improvement) underscores stroboscopic
intervention specificity. This finding is crucial as it indicates observed improvements are not due to
confounding factors (time effect, general test learning, or maturation) but directly attributable to Quatro
glasses use.

Neurophysiological Mechanisms
Several mechanisms explain stroboscopic training efficacy:
e  Visual Processing Acceleration: Visual discontinuity forces the nervous system to process
information more rapidly during clear phases.
e Predictive Filling: The brain learns to predict movements during darkness phases,
reinforcing anticipation capacities.
e Synaptic Reinforcement: Training repetition creates strengthened neural connections
between visual and motor areas.
e Performance Transfer: These cognitive improvements transfer to real match conditions,
where decision speed is determinative.

Implications for Adult Athletes
Contrary to the common assumption that cerebral plasticity decreases with age, this study confirms that
experienced adult athletes retain remarkable cognitive adaptation capacity (Zwierko et al., 2024). This
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finding opens new perspectives for performance optimization in professional and semi-professional
footballers in career maintenance or improvement phases.

5. Conclusions
This study demonstrated that stroboscopic visual training with Quatro glasses significantly improves
cognitive performance in adult goalkeepers:

Reaction Time: 65-millisecond reduction (p=0.003)
Decision-Making Accuracy: 16 percentage point improvement (p=0.021)
Visuospatial Memory: 3-point gain on Corsi test (p=0.015)

These results validate the hypothesis that adult athletes remain cognitively trainable through innovative,
scientifically-grounded methods.

Practical Implications
For professional and semi-professional clubs:

Programmed Integration: Incorporate stroboscopic training sessions into regular training
routines with minimum 8-week duration for significant effects.

Recommended Frequency: 3 sessions per week of 45 minutes provides optimal balance
between efficacy and practicability.

Longitudinal Monitoring: Implement long-term follow-up to evaluate improvement
retention and consolidation session necessity.

Target Population: This approach proves particularly effective for experienced goalkeepers
(3+ years practice) seeking to maintain or enhance cognitive capacities.

Future Research Perspectives
Further investigations should explore:

Expanded Samples: Increase participant numbers to confirm results and generalize
conclusions to broader populations.

e Game Transferability: Explicitly evaluate correlation between laboratory cognitive
improvements and real match performance (save statistics, positioning, anticipation).

e  Multi-Sport Validation: Test this method's efficacy in other athletes (basketball players,
handball players, visually-demanding discipline athletes).

e Comparative Studies: Compare Quatro glasses relative efficacy with other visual or
stroboscopic training devices.

e Qualitative Analysis: Collect athlete perceptions regarding acceptability, motivation, and
training sensations.

e Effects Durability: Assess cognitive gains persistence after intervention interruption to
determine maintenance protocols.
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