17

Winning visual strategies of professional baseball players

Seeing the essence of baseball batting

Abstract

We conducted the first large-scale study on gaze behavior in 39 professional baseball batters to investigate how visual strategies
differ across individuals and relate to batting performance. We assessed each player's ability to acquire critical visual information
for predicting ball trajectory by measuring eye and head movements during actual hitting situations. Our findings revealed
distinctive characteristics of skilled batters—beyond what conventional physical metrics can capture—and highlighted diverse,
individually optimized gaze strategies. These results underscore the refined and varied visuomotor processing mechanisms among
top athletes. By clarifying elite athletes' highly optimized visual processing diversity, we aim to develop practical training and
coaching methods tailored to each individual. These insights have broader applications in enhancing athletic performance,
rehabilitation, and motor skill acquisition, ultimately contributing to improved quality of life (QOL) for individuals with diverse

physical and cognitive abilities.

Gaze Strategy and Visual Constraints in Baseball Batting

@ Early phase (ball is far)
« Low angular velocity; easy to

= track.
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Participants

* 39 professional baseball players
(1st team to developmental )

Pitching conditions

+ Pitching machine

» Fastball only

+ Average speed: 116 km/h

+ Ball arrival time: ~510 m

Trials: 20 pitches
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» The batter obtains visual
information (e.g., pitch
type, location) necessary
for trajectory prediction.

First-

+ Eye tracker (gaze position, eye movements)

Two strategies for predicting

ball trajectory

+ Perfect tracking is impossible;
final position must be predicted

(@ High visual acquisition ability
> Prioritizes current visual
input; predicts trajectory from
direct observation.
@ Low visual acquisition ability
> Relies on prior knowledge
(e.g., pitcher’s form, past
encounters) for prediction.

input.

@ Mid- phase (ball approaches)

« Angular velocity increases rapidly.

+ The batter makes a saccade (rapid eye
movement) to the predicted location.

» Visual inputs is briefly suppressed
during the saccade, limiting visual

ball and gaze position)

Measuring Visual Acquisition Ability via Saccade Timing

@) Late phase (just before contact)

« Angular velocity is extremely high.

« The batter fixates at a specific
location and awaits contact.

+ Swing adjustment is no longer
p055|ble due to a visuomotor
delay (>100 ms).

Batters who saccade later may see the ball longer and obtain more accurate visual information.
This study uses saccade timing to index a batter’s visual information acquisition ability.
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We captured the visual acquisition ability of a top
player like A, whose excellence is not reflected in
conventional physical performance metrics.
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Prediction Strategies via Head Movement

Identifying prediction types from head movement
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acquisition ability.

Top batters may adopt ball trajectory prediction
strategies that reflect their visual information
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