Behavioral/Systems/Cognitive
Reference Frame of the Ventriloquism Aftereffect
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Seeing the image of a newscaster on a television set causes us to think that the sound coming from the loudspeaker is actually coming from
the screen. How images capture sounds is mysterious because the brain uses differentemethods for determining the locations of visual
versus auditory stimuli. The retina senses the locations of visual objects with respectto the eyes, whereas differences in sound charac-
teristics across the ears indicate the locations of sound sources referenced to the head. Here, we tested which reference frame (RF) is used
when vision recalibrates perceived sound locations. Visually guided biases in sound localization were induced in seven humans and two
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1B, bottom, which summarizes the poten-
tial effect as the difference between the in-
duced bias on trials involving the training
fixation and the induced bias on trials in-
volving the nontraining fixation point (FP).
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General methods. Subjects made eye move-
ments from a visual fixation point to a broad-
band noise delivered from loudspeakers in
darkness. On training trials (Fig. 1A, top), vi-
sual stimuli were presented simultaneously
with the sounds, using light-emitting diodes
(LEDs) displaced from the locations of the
speakers. On randomly interleaved probe trials
(Fig. 1A, bottom), only the auditory stimuli
were presented (50% of all trials).

Subjects. Seven human subjects (four fe-



keys) stimuli were presented in random order from different tar-
get locations. Performance on these control trials provided
baseline data on the performance of both the monkeys and the
humans on the auditory localization task (supplemental Fig. S2,
available at www.jneurosci.org as supplemental material). The
average SD of the A-only responses was 3.0° for the humans and
4.3 and 5.0°, respectively, for monkeys F and W.
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An almost-complete ventriloquism effect was observed in the AV
training trials in both the humans and the monkeys. A connected
triplet of green symbols at the top of each panel of Figure 2 rep-
resents the responses to the AV training stimuli with a single
target speaker and the three different visual adaptor locations
(the actual target speaker location is not explicitly shown in the
figure but can be easily determined by finding, for each circle, the
nearest tick mark along the x-axis). For clarity, the symbols are
offset vertically, so that the visually induced shift appears as a tilt
in the triplet of symbols for each target location. In both species
and all conditions, the triangles are displaced toward the visual
adaptor, with the magnitude of the displacement at least 80% of

the imposed offset of the visual adaptor
relative to the auditory stimulus.
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Experience with spatially mismatched AV
stimuli caused both humans and monkeys
to mislocalize sounds in the direction of
the previously presented visual stimuli.
The red and blue symbols in Figure 2 show
responses to A-only targets starting at the
training and nontraining FPs, respec-
tively. As for the AV responses, the re-
sponses to the same A-only targets form
triplets in which the triangles are vertically
displaced from the corresponding circles
for clarity. In the training region and with
eyes at the training fixation, the effect of
interleaved, mismatched AV stimuli was
to shift the saccade endpoints to auditory-
only stimuli by up to 2.7° (or 54% of the
AV displacement) in humans and 1.4° (or
23%) in monkeys. Graphically, this can be









tional behavioral and neurophysiological studies (e.g., looking at
the temporal profile of the ventriloquism aftereffect) are neces-
sary to fully understand the mechanism and brain areas underly-
ing the recalibration.
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