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[Purpose]
It is generally accepted that the oculomotor system uses the retinctopic {gaze—centered) coding of
targets to control saccades, but several recent studies have revealed that nop—retinotopic representation
is also used. This new idea raises a gquestion about whether non—retinotopic coding is still egocentric
(head or body-centered) or goes further to be allocentric (environment—centered). Some studies have
actually reported that allocentric target coding could be used, but only with a delay longer than 500
ms. In contrast to the literature about saccade contrel, Uchimura and Kitazawa (2013) have shown that a
target location for reaching is represented rapidly {(within 300 ms) and automatically in an allocentric
coordinate. This finding in reaching led us to hypothesize that allocentric coding plavs a crucial role
in immediate saccade control as well. In the present study we aimed to test this hypothesis

[Methods/Results)
To test the hypothesis, we employed an immediate double step saccade task toward two sequentially flashed
targets with a behaviorally irrelevant, rectangular visual frame in the background which served as the
allocentric landmark., A key factor was the position of the background: it was either randomly shifted
up, down or remained constant while the second target was presented (83 ms). We examined whether the
gaze end point of the second saccade was affTected by an unexpected and transient shift of the backeround
that participants were told to ignore. If the brain depends solely on egocentric coordinates (whether
retinotopic or non-retinotopic) for guiding saccades, the final saccade should land at the actual second
target position regardless of the shift of the background frame. However, if the brain uses allocentiric
coordinates, the gaze landing position should shift away from the actual target position and toward the
direction opposite to that of the frame displacement. Eve gaze positions were measured using a near-—
infrared eye tracking system while healthy human participants (age: 20-23 vyears) performed the
experimental tasks.
When the background was shifted transiently upward {or downward} during the flash of the second target
the second saccade generally erred the target downward (or upward), which was in the direction opposite
to the shift of the background. The effect on the second saccade became significant within 150 ms after
the frame was presented for decoding and was built up for 200 ms thereafter. When the second saccade
was not adjusted, a small corrective saccade followed within 300 ms. The effect scaled linearly with
the shift size up to 3 degrees for a non—corrective {direct) second saccade and up to 6 degrees for a
corrective saccade. Thus, the final gaze landing position was significantly shifted as expected from
the allocentric hypothesis, even when the saccade latency was smaller than 200 ms.

[Conclusion]
We found that the saccade endpoint was shifted from the actual target position toward the direction
expected from allocentric coding, when & large frame in the background was transiently shifted during
the period of target presentation. The effect occurred within 150 ms. From the results, we conclude that

an allocentric location of a target is rapidly represented by the brain and used for controlling

saccades.
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