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SUMMARY PAGE
THE PROBLEM

When the direction of the gravitoinertial vertical is changed relative to a man
riding on a centrifuge, there is a lag in his perception of this change. Previous
workers have distinguished two components of the perceptual lag, a visual and a non-
visual one. The present experiment was undertaken to test the hypothesis that the
nonvisual component can be attributed largely to discordance between information
received from the semicircular conals and from the otolith organs.

FINDINGS

A device was used to tilt seated subjects laterally 30 deg relative to gravity.
Under these circumstances, information about angular velocity received from the
semicircular canals is consistent with information about the axis of reorientation
received from the otolith and somatosensory systems. Immediately after tilt, esti-
mates of verticality were approximately accurate and there was no significant shift
in subsequent estimates made throughout a 140-sec judgment period. The absence of
a perceptual lag in the present situation supports the hypothesis. An understanding of
the factors which control the presence or absence of perceptual lags of this kind is
essential to the prediction of perceived attitude in almost every aircraft maneuver
involving a change in the state of motion during conditions of poor visibility.
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than in the situation used by Clark and Graybiel (1). Since it was desired to com~
pare the present results with those of Clark and Graybiel, the entire experiment was
repeated with the chair well padded and the subjects wearing an orthopedic neck brace
to minimize head movements. Six subjects were tilted quickly and six subjects were
tilted slowly under this condition. Some of these subjects were the same ones used
" previously.

The expetimental procedure, the same for all subjects regardless of the group to
which they were assigned, was as follows: The subject was secured in the chair and
positioned so that his z-axis was aligned with gravity. He waos instructed to keep his
eyes closed af all times except when making a judgment. Then the experimenter offset
the lighted column and instructed the subject to align it with Earth~vertical. This pro-
cedure was repeated three more times. The mean of these four judgments was defined
as the "visual vertical™ and was used as a reference in calculating accuracy of all sub-
sequent judgments. The subject was then tilted 30 deg fo his left side and immediately
instructed to align the lighted column with Earth-vertical. When he completed his
judgment, he signaled the experimenter and closed his eyes; whereupon the experi-
menter offset the line for the next trial. (Magnitude and direction of the offset occurred
in a quasirandom sequence.) This procedure was repeated at 20 -sec intervals until the
subject had made eight judgments. Then he was rotated until he achieved a 30-deg tilt
to his right side and the procedure was repeated. In total, each subject made eight
judgments at each of six successive 30-deg tilts, three to his left side and three to his
right, in alternating sequence.

RESULTS AND DISCUSSION

Under all conditions of the experiment, subjects were able to accurately estimate
the visual vertical immediately upon being tilted and continued to make accurate esti-
mates throughout the judgment period. Subjects who received 6 deg/sec2 angular
acceleration while being tilted (Figure 1) appeared to show an Aubert effect, whereas
subjects tilted at 1 deg/sec? (Figure 2) displayed a slight Miller effect. The difference
between judgments made under these two conditions was significant at p = .05 but did
not reach significance at p = .01. Thus it appears that the faster tilt caused subjects
to displace visual vertical farther from their own z-axis, but this effect was a weak
one, amounting to an average of about 3.7 deg.

For subjects who received a 6 deg/sec2 angular acceleration while being tilted,
stimulation of the semicircular canals provided information about the axis of tilt that
supplemented information received from the otolith organs. Visual vertical estimates
by these subjects can be compared in Figure 1 with estimates of the visual vertical
made by subjects who rapidly underwent a 30-deg change in the direction of the
gravitoinertial force on a centrifuge (1). The latter subjects displayed the familiar lag
effect.

Figure 2 shows the estimates of groups which were tilted at a rate near the
threshold of canal stimulation. [t appears from these data that the lack of adequate
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Figure 1

Mean estimates of visual vertical for subjects tilted at the rate of 6 deg/sec2. Data were combined for both right and left
directions of tilt. On the ordinate, angular displacements are expressed in degrees from the subject’s z-axis. The solid

line represents opproximate angular displacement from the subject’s z-axis of the gravitational vertical in the present experi-
ment and of the gravitoinertial vertical in Clark and Graybiel (1). Plotted circles (open, closed, or dotted) represent angu-
lar displacement from the subject's z~axis of the lighted column used to indicate the visual vertical .
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Figure 2

Mean estimates of visual vertical for subjects tilted at o rate of 1 deg/sec. Data were combined for both right and left directions
of tilt. On the ordinate, angular displacements are expressed in degrees from the subject's z-axis. The solid line represents
approximate angular displacement of gravitational vertical from the subject's z-axis in the present experiment. The dotted line
represents approximate angular displacement of gravitoinertial vertical from subject's z-axis in Clark and Graybiel (1). Plotted
circles (open, closed, or dotted) represent angular displacement from subject’s z=axis of the lighted column used to indicate the

visual vertical.




canal information does not in itself impair the accuracy of estimating verticality. How-
ever, in this case the tilt was accomplished very slowly; over 30 sec were required to
achieve the full 30-deg tilt. In previous studies when subjects were oscillated on a
parallel swing (7, 12) or on a horizontal track (10), the resultant linear force changed
direction relative to the body more quickly and little or no tilt was perceived. In

other words, in the absence of supplementary canal information, the more rapid tilts
were not perceived. Thus it appears that subjects are able to accurately estimate

visual vertical soon after being tilted without supplementary canal information, but
only when the tilt is sufficiently slow.

A comparison is made in Figure 2 between estimates of visual vertical following
slow tilt in the present study and those made by subjects tilted relative to the gravito-
inertial vertical on o cenfrifuge (1). It can be seen that, whereas subjects in the
present study made accurate estimates of visual vertical immediately after achieving
full tilt, subjects on the centrifuge made estimates that amounted to only about 80 per
cent of the true change in gravitoinertial vertical after 30 sec of constant rotation.
This difference, while it is not a large one, may indicate that discordant canal infor=-
mation retards the accurate perception of the vertical more than does the absence of a
canal input.

Graybiel and his associates have thoroughly investigated the perception of
gravitoinertial vertical; they succeeded in separating two interacting components of
the effect, a visual and a nonvisual one. Clark and Graybiel (1) suggested that the
interaction of the visual and nonvisual factors is responsible for the lag in perception
of gravitoinertial vertical . To explain the nature of the interaction, they used
Helson's concept of "cross modality interaction," according to which incoming infor-
mation from the various sense organs is weighted to form immediate percepts. They
assumed that visual factors, which inform the subject that he is aligned with gravity,
receive less weight as rotation continues, while nonvisual factors, telling him that he
is tilted, receive increasingly greater weight. The shift in weighting between these
two factors is presumed to lag behind the change in direction of the resultant force, so
a lag appears in perception of the gravitoinertial vertical .

The results of the present study complement those of Clark and Graybiel by sug-
gesting a reason why the nonvisual factor should receive increased weight during
constant velocity rotation. At the beginning of rotation, semicircular canals produce
discordant information which impairs perception of the direction of the gravitoinertial
force. The canals signal rotation about the subject's z-axis, whereas the change in
direction of the gravitoinertial force implies rotation primarily about the subject’s
x-axis. After constant velocity is reached, canal response slowly subsides, the con-
flict diminishes, and veridical perception is attained.

Support for this interpretation comes from the striking similarity between the rise
in the nonvisual component and the decay of semicircular canal stimulation, as shown
in Figure 3. The solid line represents the nonvisual component of the perception of
gravitoinertial vertical, described by Clark and Graybiel (1). The dotted line represents
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Figure 3

Comparison of theoretical values of cupula displacement with the nonvisual component of gravitoinertial vertical perception
reported by Clark and Graybiel (1). Cupula displacement derived according to van Egmond (14) assuming a time constant of

15 sec.
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the theoretical function for cupula return following an angular acceleration, assuming
a time constant of 15 sec (14). The close relationship shown here is what one would

expect if discordant canal signals contribute to the lag in perception of the gravito-
inertial vertical on the centrifuge.
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