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[Purpose]

In dynamic, interactive sports, such as soccer, the ability to extract task-relevant information from rapidly
changing environments and to make fast and appropriate decisions through perceptual—cognitive—decision
processes is essential for successful performance. This study examined how differences in expertise level affect
decision-making performance, gaze behavior, and visual search behavior in soccer using a 360°real-world
virtual reality (VR) environment.

[Methods]

Thirty-two healthy female university students were classified into three groups based on their level of soccer
expertise: expert (n = 12), non-expert (n = 10), and novice (n = 10). Participants performed a pass decision task
in a 2-versus-1 attacking scenario within a 360°real-world VR environment while wearing an eye tracking-
integrated head-mounted display (HTC Vive Pro Eye). At a self-selected time before visual occlusion,
participants indicated via button press which forward teammate was farther from the defender. Decision-
making performance was assessed using accuracy, reaction time, and an integrated speed—accuracy score (-
reaction time X accuracy). Gaze behavior was quantified using a deep learning-based object detection
algorithm (YOLO) to estimate the probability of detecting defenders within the visual field. Correlation
analyses were conducted to examine the relationships among expertise level, performance, and gaze-related
variables.

[Results]

Expertise level was not significantly correlated with accuracy (r = 0.23, p = 0.19) or reaction time (r =-0.34, p =
0.05). In contrast, expertise level exhibited significant positive correlations with the integrated speed—
accuracy score (r = 0.54, p = 0.015) and defender detection probability reflecting forward gaze shifting (r =
0.57, p <0.001).

[Conclusion]

Although neither accuracy nor reaction time alone displayed a clear association with expertise level, the
integrated speed—accuracy score revealed that participants with higher expertise tended to make more
accurate and faster decisions. Furthermore, more expert soccer players might employ a visual search strategy
that involves shifting their gaze toward task-relevant information sources prior to decision execution.
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