View metadata, citation and similar papers at ¢

‘Brant Clork and Ashton Graybnel

N66=«1356O

Hard copy (HC)

Microfiche {MF) Y

‘ ‘ # 653 July 65

UN!TED STATES NAVAL SCHOOL OF AVIATION MEDICINE

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

July 1965

Distribution of this document is unlimited,

a

-



https://core.ac.uk/display/85253525?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

Distribution of this document is unlimited.

PERCEPTION OF THE VISUAL HORIZONTAL IN
NORMAL AND LABYRINTHINE DEFECTIVE SUBJECTS
DURING PROLONGED ROTATION*

Brant Clark and Ashion Graybiel

Bureau of Medicine and Surgery
Project MR005. 13-6001
Subtask 1 Report No. 116

NASA Order No, R=93

Released k.’l

Captain H, C. Hunley, MC USN
Commanding Officer

*This research was conducted under the sponsorship of the Office of Life Science
Programs, National Aeronautics and Space Administration

8 July 1965

U. S. NAVAL SCHOOL OF AVIATION MEDICINE
U. S. NAVAL AVIATION MEDICAL CENTER

PENSACOLA, FLORIDA



SUMMARY PAGE

THE PROBLEM

This experiment was designed to compare t he effects of prolonged centripetal
acceleration on the perception of the visual horizontal in normal and labyrinthine
defective men.

FINDINGS

Following an increase in centripetal acceleration the normal men showed a rapid
change in the perception of the visual horizontal (the oculogravic illusion) for one to
two minutes and no systematic change thereafter for one hour. In contrast, the
labyrinthine defective men showed a smaller, rapid,and then gradual change in the
perception of the visual horizontal throughout one hour of constant rotation, At the
end of one hour there was no statistically significant difference between the two
groups.
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INTRODUCTION

It is well known that both normal and labyrinthine defective (L-D) subjects can set a
luminous line to the horizontal in darkness with small error when they are seated erect
and stationary (5). It is also well known that when normal subjects are quickly accelera-
ted to a constant angular velocity ot some distance from the center of rotation of a rotat-
ing room, two effects occur: 1) There is a slow change in the perceived visual horizontal
so that it tends to become close to the horizontal which is established by the resultant of
gravity and centripetal force, This gradual change in visual orientation has been termed
the lag effect of the oculogravic illusion, and its duration is between one and two
minutes (7); 2) ofter the lag effect terminates, there is little or no systematic change in
the perceived visual horizontal, at least up to four hours (1), The lag effect has also
been reported for L-D subjects, but it was less clearly defined (7). No data are available
on the perception of the visual horizontal over a prolonged period of constant rotation in
L-D subjects. Furthermore, the observations of the perception of the visual horizontal
by normal subjects made during the four-hour exposure to constant centripetal accelera-
tion were made only every ten minutes,

It was the purpose of the present study to make frequent observations of the perceived
visual horizontal (oculogravic illusion) in normal and L-D men over a period of one hour
of constant rotation, including both the two-minute period of the lag effect and sub-
sequent period of constant rotation to determine any systematic changes in the lag effect
under these conditions.

PROCEDURE

SUBJECTS

Five normal men including one of the authors were studied. All had normal nystagmus
responses to caloric stimulation, normal responses fo rotation, and had experienced the
oculogravic illusion in other experiments. Nine labyrinthine defective men were also
studied. All of them were deaf and had acquired their deafness in childhood as a
sequela of meningitis. All of them had abnormal vestibular responses to caloric stimula~
tion and rotation,

APPARATUS

All of the observations were made in the Pensacola Slow Rotation Room which has been
described in detail elsewhere (8). The velocity used in this experiment was 14,0 RPM
in a counterclockwise direction, which could be produced in from three to four seconds
and maintained within an error of 4 per cent. The subject was seated in a special chair
located within a light=proof compartment at the periphery of the room so that his head
was 5.5 feet from the center of rotation which produced a change in the direction of
resultant force (phi) of 20° at the subject's head., A Fiberglas head holder bolted to the
chair, a seat belF, and other supports maintained him in a fixed though comfortable
position, facing the direction of rotation. The subject observed a luminous line broken



in the center with a spot, The luminous line was within a collimator mounted rigidly
directly in front of the subject. Either he or the experimenter could control the position
of the luminous line by turning a knob, and its position was recorded on a large dial in
a second compartment, The experimenter reported the readings to a recorder in the
control room through a special communication system so the subject could not hear them.
Thus, the subject could indicate his perception of the visual horizontal as a function of
time following a ropid change in resultant force and subsequent constant rotation.

METHOD

Each series of observations began with the room stationary. The luminous line was
offset from horizontal in a clockwise direction, and then it was set to horizontal. Five
such offset readings were made while the room was stationary. The room was then
accelerated quickly to produce a change in phi of 20°, The line was offset and the
subject immediately set it to horizontal and maintained it in this position. At fifteen
seconds following the beginning of rotation and at every subsequent fifteen seconds up
to two minutes, the experimenter made a reading and offset the line as before, The
luminous line was turned off after the two-minute reading and remained off for forty-five
seconds. During this period it was offset to a prearranged position, and when the lumin-
ous line was turned on, the subject set it to horizontal. The experimenter made a reading
at three minutes and turned it off again for forty-five seconds. Subsequently, readings
were made every minute for sixty minutes, The offsets were prearranged to make the
subject's task fairly difficult. The reference point was always his last setting. For the
two-minute setting it was offset from the previous setting clockwise (+) 10°; at three
minutes it was offset counterclockwise (=) 10°, Suceeding offsets were +20°, -20°,
+30°, and -30°, This sequence was then repeated until the 58 additional settings were
made. The oculogravic illusion was measured by determining the deviation of the sub-
ject's settings from his static settings. This procedure obtained a record of the subject's
perception of the horizontal as a function of time following a change in the magnitude
and direction of resultant force acting on him, or in other words gave a measure of the
oculogravic illusion (5).

RESULTS

The results showing the change in setting to the horizontal as a function of time for
the five normal and the nine L=D subjects are presented in Figure 1. The same data
combined into blocks of five one-minute settings are to be found in Table |. The lag
effect was clearly present for both groups (Figure 1). There was a sharp increase in the
oculogravic illusion for about sixty seconds and then a slight reduction with a leveling
off thereafter, On the other hand, the normal and L-D subjects differed from each other
in two significant ways: First, at the termination of the lag effect, the normal group
made settings to the horizontal which were closely in accord with the change in the
direction of the resultant force; i.e. the oculogravic illusion was approximately 20°
(Figure 1, Table I) while the illusion was only about 12° for the L-D group. Second,
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the settings of the normals did not show a systematic change following the lag effect
whereas the L-D subjects showed a continuous increase in the illusion throughout the
one-hour period of the observations. These differences are clear from an examination
of the data (Figure 1, Table I).

A trend analysis (10) was performed for the two groups independently, combining the
data in blocks of five one-minute trials. The test for trend for the normals was not
significant (p > 0.10), while the L-D subjects exhibited a significant trend in the direc-
tion of an increase in the oculogravic illusion throughout the hour of testing (p < 0.01).
Over the first block of five settings (Table 1) the median test (13) showed that the normal
group had a significantly greater illusion ( p = 0,03), but over the settings from 56 to 60
minutes the difference between the two groups was not significant (p =0.37). Thus,
although the normals showed a consistently larger mean oculogravic illusion throughout
the hour of settings to the horizontal during constant rotation, at the end of the period
the difference was only 1.4° and not statistically significant, It should be noted that
nonparametric analyses have been used here because the variance in performance was
substantially greater for the L=D than for the normal group. This very large variance
of the L-D group was a crucial factor in the failure to find a statistically significant
difference between the two groups during the final trials ( cf ref. 7).

DISCUSSION

The results of this experiment support the results of earlier experiments (2, 6) for
normal subjects in that a lag effect was present and also in that, for frequent measure-
ments following this initial period, there was no systematic change in the effect, The
data showing a greater oculogravic illusion in normal than in L-D subjects for short
periods of observation have also been reported (7). On the other hand, the finding that,
after prolonged exposure to a change in magnitude and direction of resultant force, the
L-D subjects closely approximated the settings of the normals has not been found else-
where in the literature, Consequently, this prolonged lag effect requires special comment
with regard to the possible sensory processes involved,

It has been widely assumed that the otolith organs play a crucial role in the perception
of the postural vertical in normals, but the experimental evidence shows that although
L-D subjects make greater errors, the differences between their average settings and
those of normals are small, particularly after practice (2), This makes it clear that other
gravitational receptors are involved in this task., It has also been shown that L-=D subjects
are more affected by prolonged bodily tilt than are normals (3). There is extensive
evidence that the ofolith organs play a key role in the perception of the oculogravic
illusion (7). The L-D subjects differ significantly from normals in both the static and the
dynamic phases of the illusion for observations made over a period of two or three minutes,
The fact that the magnitude of the oculogravic illusion increases throughout the one hour
of constant rotation for the L=D subjects suggests that information from other sensory
mechanisms becomes crucial in the perception of the visual horizontal,



In normals the lag effect appears to be due to a gradual change in the relative
weighting of visual and vestibular information over time (9). It is suggested that in
normals the information from the otoliths is more heavily weighted than data from tactile
and proprioceptive receptors, On the other hand, in subjects with defective labyrinthine
function, the information from the tactite and proprioceptive receptors must predominate.
It is further suggested that for L-D subjects the rapid change followed by a gradual change
in the oculogravic illusion may be associated with differential weighting of information
from the highly complex sensory mechanisms involved in tactile and proprioceptive per-
ception (12). It has been shown that for both of these sensory processes there are indivi-
dual fibers which adapt slowly and others which adapt rapidly. For example, Lowenstein
(11) has found that fibers from certain stretch mechanoreceptors in the skin of the frog
"~==show no signs of adapting to zero over the period of 40 minutes of observation, "
whereas Gray and Matthews (4) reported that fibers from the Pacinian corpuscles in the
cat's foe adapt in about two minutes. Thus, it would appear that immediately following
a change in the direction and magnitude of resultant force acting on an L-D subject,
there would be a relatively large amount of synergistic information from several tactile
and proprioceptive receptors in support of a new spatial orientation and opposed to the
visual information. This would be expected to produce an initial, rather rapid change
in orientation, but as the adaptation process progressed (e.g., in Pacinian corpuscles),
information from the slowly adapting receptors would become more heavily weighted and,
over time, would lead to an orientation to the resultant force similar to that of normals.
It should be kept in mind that for subjects with normal vestibular information available,
the ofolith information receives the heavier weighting, and the lag effect is relatively
short. Thus, it would appear that adaptation processes associated with differential
weighting of sensory information (9) over time will lead to the lag effect in both normal
and L=D subjects but with different sensory processes involved in the two groups.
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