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Effects of Visual Tilt, Kind of Images and Body Orientation on the
Perception of Gravitational Orientation

Ippei NEGISHI, Hirohiko KANEKO and Haruki MIZUSHINA
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neering, Tokyo Institute of Technology, 4259-G2-3 Nagatsuta, Midori-ku, Yokohama 226-8502

We measured human perception of gravitational vertical while manipulating tilt of visual stimuli
(scenic picture) and subject’s body to investigate the integration mechanism of multi-modal
information on gravitational vertical. Our results showed that effect of visual information
affected the perception of gravity systematically. When the orientation of visual stimuli was close
to the real gravity, perceived gravitational vertical varied with the orientation of visual informa-
tion. On the other hand, when the orientation of visual stimuli was very different from the real
gravity, the effect of visual stimuli was weaken. The effect of visual stimuli was stronger when
subject’s body was tilted than when it was upright. We also manipulated the strength of gravita-
tional information in visual stimuli by replacing a picture with poor information of gravity
(experiment 1) or by using low-pass filter (experiment 2). Stronger effect of visual stimuli was
observed with stimuli with stronger information. These results cannot be explained with
currently-proposed models (linear summation or vector summation models). We suggest that the
strength of visual and non-visual information vary with their reliability or reality, and their
contributions for the perception of gravitational vertical are determined by the strength of each
information.
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Fig. 1 The front view (left) and the side view (right) of
the apparatus. Subject was seated in a rotatable drum and
observed the visual stimuli presented on a LCD monitor in
front of the head. The drum could be rotated about the roll
axis of the subject. In the experiment, the facing direction
of subject was the same as that of rotational axis of the
drum.
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Fig. 2 (a) Visual stimuli used in the experiment 1. “Build-
ings” stimulus contained rich information regarding the
gravitational direction (left). “Berries” stimulus contained
poor information regarding the gravitational direction
(right). (b) Visual stimulus was presented with a short bar
and on a black disk (center of the figure). Subjects aligned
the bar to the direction of perceived gravity in each trial as
the task. In the control condition, the response bar was
presented without the surrounding picture to subjects.
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Fig. 3 Result of experiment 1 for subject SO. Symbol indicates the condition of visual stimulus.
The horizontal thick line shows the result of control condition in which no visual stimuli was
presented. The left and right panels show the results of upright and tilted body orientation
conditions, respectively. Error bar shows standard error of the mean.
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Fig. 4 Results of the control condition in experiment 1 and
2 for each subject. Vertical axis shows perceived gravita-
tional direction (clockwise). Signed positive when body tilt
is over-estimated. Black bar shows results for experiment 1
and hatched bar shows results for experiment 2. Error bar
shows standard deviation within each subject. Asterisk
indicates that the value is significantly different from 0.
Subject SO and NM didn’t conduct experiment 2 and AM
didn’t do experiment 1.
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Fig. 5 Averaged results of experiment 1 across all subjects. Results of visual stimuli “Berries”
(upper) and “Buildings” (bottom). Horizontal axis indicates the tilt of visual stimuli against real
gravitational direction, and vertical axis indicates the difference of subjects’ responses relative to
the control conditions (no visual stimulus presented). Error bars show standard error of the mean.
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Fig. 6 Visual stimuli used in the experiment 2. “Sharp” stimulus was identical to “Building”
stimulus used in the experiment 1 (left). “Moderate” (center) and “Blurred” (right) stimuli
were made by applying a Gaussian low-pass filter to the “Sharp” stimulus. The variances of
the Gaussian filters for “Moderate” and “Blurred” stimuli were 20 and 120 pixels, respectively.
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Fig. 7 Averaged results of experiment 2 across all subjects. The thickness of the line indicates the
condition of visual stimulus: Sharp (thick), Moderate (middle) and Blurred (thin). Horizontal axis
shows the tilt of visual stimuli relative to the real gravitational direction, and vertical axis shows
the subjects’ responses for each condition of visual tilt relative to that for the control condition.
Error bars indicate the standard error of the means among 8 subjects.
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