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[Purposel

This study aimed to clarify the effects of nature exposure through virtual reality (VR) using a head-mounted
display (HMD) on the decision-making performance of soccer players whose performance had declined because
of mental fatigue.

[Methods]

Forty male university soccer players were assigned to one of three groups: VR nature exposure, monitor
nature exposure, or seated rest. Mental fatigue was induced via a 30-minute Stroop task, followed by an
intervention lasting 12 minutes and 30 seconds. The following were measured both before and after the
intervention: decision-making task (accuracy rate, reaction time), subjective fatigue, emotional state, and
heart rate variability indices (RR interval, SDNN, RMSSD, LF, HF, LF/HF). Statistical analysis involved two-
way ANOVA followed by post-hoc comparisons using the Bonferroni method.

[Results]

The accuracy rate of decision-making decreased across all groups after the mental fatigue task, but only the
VR nature exposure group showed a significant recovery after the intervention. Subjective fatigue decreased
in both the VR nature exposure and

monitor nature exposure groups before and after the intervention, with the VR nature exposure group
showing significantly lower values than the seated-rest group. Furthermore, all groups experienced increased
positive emotions and decreased negative emotions. A recovery trend in stability and arousal was observed in
both the VR and monitor groups. The LF/HF ratio decreased in both the VR and monitor groups, confirming
the existence of a physiological recovery response dominated by parasympathetic activity. Notably, the VR
nature exposure group showed lower values than the monitor nature exposure group immediately after the
nature exposure intervention.

[Conclusion]

VR nature exposure via HMD improved decision-making performance among soccer players whose abilities
had declined because of mental fatigue. It likely provided greater immersion than monitor-based imagery,
promoting emotional improvement and autonomic nervous system recovery. This study demonstrates that VR
nature exposure can rapidly restore psychological and physiological loads, contributing to the maintenance of
cognitive performance during competition. VR nature exposure, therefore, shows potential as a practical and
reproducible mental fatigue recovery strategy, particularly in soccer environments where players are prone to
fatigue.
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