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SUMMARY PAGE 

THE PROBLEM 

The purpose of this experiment was to study the influence of otolith and nonotolith 
information in the perception of the visual horizontal during rotation. Five normal men 
and five men with defective labyrinthine function acted as observers. All measurements 
were made in a room which could be rotated. Initial, static measurements were made 
while the men stood erect in the stationary room. Similar measurements were made during 
rotation while the observer stood on a platform set to the resultant horizontal with head 
and body aligned with resultant force. Data were also obtained with three other combina- 
tions of head and body position. This procedure was designed to produce t w  situations 
for the normal men in which otolith and nonotolith information were synergistic and three 
others in which they were antagonistic. 

FINDINGS 

The  results showed that the perception of the visual horizontal during rotation in this 
situation is quite different from that found when the observer is rigidly supported in a 
chair during rotation. Settings to the visual horizontal during rotation were not systemati- 
cally related to differences in head and body position nor were there significant differences 
between the normal and L-D men. The results show that nonotolith information predomi- 
nates in this experimental situation. Furthermore, the data suggest that the spatial 
orientation of a pilot strapped in a cockpit may be somewhat different from his spatial 
orientation when he is standing on a rotating space plaiform. 
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INTRODUCTION 

The purpose of this study WQS to investigate the role of otolith and nonotolith gavi- 
receptors in tte perception of the visual horizontal in darkness when observen stood on a 
rotating platform. It vm hoped that the results would shed some light on the c u t i o n  
of the nonotolith gravireceptors in the perception of the visual horizontal in normal and 
labyrinthine defective (L-Q men. It is well  known that normal and L-D men show signif i-  
cant differences in such phenomena as counterrolling (l), the oculogravic illusion (2,3), 
and their perception of motion on a parallel sw-hg (4). At  the same time it is  also well 
known that L-D men can ampensate for the loss of vestibular function in certain situations. 
For example, Clcrk and Graybiel (5) have shown that in a series of 30 successive settings 
to the postural vertical both normal and L-D men made systematic improvement. The 
no rma lmenwed  smaller average errors, but the differences were small, particularly 
after 15 frials, and m e  not statistically significant. Specifically, the present study 
compares the perfotmance of normal and L-D men with various head and body positions to 
determine their influence on the perception of the visual horizontal. 

PROCEDURE 

OBSERVERS 

Five nonnal and five deaf L-D observers were studied. The normal men were medical 
students who showed namal responses to caloric stimulation (6) and to an ataxia test (7). 
The L-D observers had accpired their bilateral deafness in childhood as a sequelae of 
meningitis and showed abnormal responses to the caloric and ataxia tests. A l l  of the men 
had had experience in making observations in rotating devices and with the goggle device 
used to measure the perception of the visual horizontal. 

APPARATUS 

The experiment IJK~S conducted on the Coriolis Acceleration Platform, a slow rotation 
room in which it i s  possible to rotate observers for prolonged periods. The room is  a 
circular, windowless room 20 feet in diameter and 10 feet high without central supporting 
members. It hcls a direct motor drive and the capability of controlled angular accelerations 
at rates up to 15 *ees per second either in  a clockwise or counterclockwii direction 
although in this experiment it rotuted only counterclockwise. Angular velocities up to 
35 rpm may be maintained with an accuracy of plus or minus one per cent. It i s  capable 
of carrying a payload of about 9ooo pounck, and up to ten persons may participate in an 
onbocrd experiment. It i s  well instrumented and has provision for a wide vaiety of 
laboratory equipment and living facilities. 
were well within the limits of the device. 

The operations required in this experiment 
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Al l  of the observations were made with observer's head 7.5 feet from the center of 
rotation of the room and at a velocity of approximately 11.9 rpm counterclockwise. This 
produced achange in the direction of resultant force of 20 degrees at theobserver's head. 
He stood facing the direction of rotation (and for a second series opposite the direction 
of rotation) on a platform tilted upward 20 degrees from the floor on the outboard side of 
the room. As a result, when he stood erect he encountered no difficulty in  standing, 
and the resultant force acted directly from head to feet. Thus, during rotation, he stood 
comfortably erect on the platform with his body weight slightly greater than normal. 

The observer's task was to set a collimated, red, luminous line to the perceived 
horizontal. He viewed the luminous line in a self-contained apparatus mounted in a 
goggle which he held snuggly in  position before his eyes. The apparatus consisted 
essentially of a luminous line which was viewed by the right eye only while the left eye 
was in complete darkness. The luminous line could be rotated either clockwise or counter- 
clockwise by means of a knurled knob which was easily reached by either the observer or 
the experimenter. The digital readout was in degrees deviation from the horizontal axis 
of the device itself. The goggle was easily held in  place by the observer and a flexible 
rubber fitting prevented light leaks under the operating conditions used. Three levels 
were used to monitor the alignment of the goggle apparatus, the observer's head and his 
body. The first level was located on the goggle itself, the second on a band over his 
head, and the third on his back. 

METHOD 

A l l  measurements were made with observer standing with his head and body in  one 
of five different positions with respect to gravity. After the room had been maintained 
at a constant velocity for one minute, the position of his head and body and the goggle 
were set by means of the levels. Each trial w s  begun by an experimenter who offset the 
line from the horizontal, and observer's task was merely to set i t  to the gravitational 
horizontal . Three experimenters were required for every trial . One observed the level 
on the observer's back to monitor his body position; a second experimenter monitored 
the level on the head and on the goggle and offset the luminous line before each setting; 
and the third made and recorded the readings. N o  setting was recorded unless the 
monitors were satisfied that the proper head and body positions were maintained within a 
half degree. An attempt was made to make the readings promptly in  al l  kials because 
three of the positions were somewhat uncomfortable to maintain for prolonged periods. 
Nevertheless, observer was permitted to take as much time as he felt he needed to make 
an accurate setting. The light was turned off while the line was offset. The observers 
made five successive settings to the horizontal for each of five conditions facing forward 
and then five additional settings facing backward, with an interval of several horn be- 
tween the two series. The five combinations of head and body position were: l .  Static 
settings were made with observer standing on the floor with head and body erect and with 
the room stationary. I I .  Observer made settings to the visual horizontal with both head 
and body aligned with resultant force @F) while he skod on the platform set at 20° and 
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with the room rotating to produce a change of direction of RF from gravity of 20 degrees. 
111. This wus the same as II except thot the head and body m e  aligned with the force 
of gravity. N. This m s  the same as 11, but the body wus aligned with W while the 
head was aligned with gravity. V. This wos also the same as i l  except that the body 
wus aligned with gravity while the head wms aligned with RF. 

RESULTS 

For the putpode of analysis, a l l  of the data during rotation were computed as devia- 
tions from h e  mean of each 0bser~ds settings to gravitational horizontal under static 
conditions (Condition I ) .  The mean of these static observations yros amsidered to be his 
point-of-subjective-haizontal fa this particular experimental situation although the 
deviation of the point-of-subjective-horizontal fim the gravitational haizontal in each 
case was very small (Table I). Therefore, all of the deviations in Conditions I I  to V me 
deviations fim observer's subjective horizonto1 using the goggle device rather than from 
gravity or resultant force. 

An initial analysis of the data wms made to determine whether the mean deviations 
of the settings while the observer faced forwurd were significantly different fi.om tfrose 
when he faced b a c k r d .  Comparisons of these o h a t i o n s  for al l  five conditions tnd 
for both group of obderven revealed no significant difflerence (p>0.05 or greater fbr a l l  
comparisons) between these tm, sets of observations. Consequently, the analysis of the 
data (Tables I and I I )  is made completely on the basis of the mecm of the observations 
while observer faced f o r d  cmd backwrd. 

The combined data for the normal and L-D men and the five conditions (Table I )  
were subjected to a two-my analysis of varimce (8) for repeated measures on the same 
elements, and the results are summarized in Table II. The analysis revealed no signif i-  
cant variation between the nonnal and the L-D observers, but the F wus significant for 
the five conditions. The interaction between the )m, conditions HFC~S not significcnt, 
indicating that the profiles for the tm, group have the same shape. 

Perception of the Visual Horizontal under Static Conditions: When the data for the 
-7 first and s e d  s e r i e s o f o b s e r v ~ C 6 ~ o I ) ~ e d ,  the normal men s h o w  

ed a mean deviation of 0.70 countercIoc&wise &om the gravitational haizontal while the 
L-D's had a mean deviation of only 0.20 clockwise. Neither of these differed significant- 
l y  from zero (p >o. 10 in  each case). Thus, both the normals and L-D's can be said to set 
the line to the gravitational horizontal with this goggle device under static conditions 
with a very small, insignificant error. 
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. Table II 

Analysis of Variance Summary Table 

Source of Variation sums of squares df Mean Square F 

Between subjeci 90.9 9 

A :Norn l  - 1-D 8.6 1 8.6 1 . O F  

Subjects within groups 62.4 8 7.8 

Within groups 561.5 40 

8: Body position 317.8 4 79.5 11.w 
A B  28.1 4 7.0 1 .w 
Subjects within groups 215.6 32 6.7 

*p >0.25 
+p<o.01 

Perception of the Visual Horizontal During Rotation: During rotation the mean 
settings to the p & c e i v e m u d  horizontaMa-mtically from the resultant 
horizontal for Conditions I 1  to V. In each case (Table I )  this mean setting, which varied 
from 4.0’ to 8.5” , was between the resultant horizontal and gravitational horizontal but 
much closer to the former. This means that the outboard segment of the line was set below 
the resultant horizontal. Specifically, both the normal and the L-D observers set the 
luminous line clockwise from the rearltcnt horizontal when they faced faward and 
counterclockwise when they faced backward. Al l  of these deviations were statistically 
significant from zero (for the normals p<O.Ool, and for the L-D’s p<O.Ol for each 
comparison). It should also be noted that the L-D men showed a slightly greater 
variance flable I). 

An additional analysis of the significance of the difference among the various combi- 
nations of head and body position during rotation revealed that for the normal men 
(Table I) there were no s ign i f i can txences  among Conditions II to V (pHI.05 for a l l  
comparisons). A l l  of these settings deviated significantly from the static settings, but 
head and body position did not appear to be determining factors within the limiis of this 
experiment. It should be noted in particular that the setting of the luminous line with 
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head and body aligned with resultant force (Condition II)was no different from the setting 
when the head and body were aligned with the force of gravity in Condition 111. 

Similar results were found for the L-D men with t w ~  exceptions. There were no 
significant differences between Condition II and Conditions 111 to V nor between Condition 
111 and IV (p>O.lO in every case). There were, however, significant differences be- 
tween Condition V and Conditions ll and IV (p<O.Ol in each case). l t  should also be 
noted that the low mean performance of the L-D men was predominantly a result of the 
settings of one observer who set the line in the opposite sense from the others throughout 
his irials while he faced forward. It should also be noted that he had considerable 
difficulty maintaining the appropriate body and head positions except when he stood with 
head and body aligned with resultant force (Condition 11). 

DISCUSSION 

The results of the static observations are well known (2,3,9). Both normal and L-D 
men made very small  errors which did not differ significantly from the gravitational 
horizontal. It i s  of interest to note that the L-D's actually showed a smaller constant 
error and a smaller variance than the normals. The static data also show that observa- 
tions with the goggle device produce results which are similar to those found with other 
devices used to determine the accuracy of the perception of the visual horizontal . 

The results dwing rotation are clear-cut in showing no significant differences be- 
tween normals and L-D men in setting a luminous line to the horizontal under the condi- 
tions of this experiment. The data suggest that contact information from the feet and 
kinesthetic information from the legs and body were adequate for the L-D observers to 
make the settings accurately; i.e., they were able to use the complex information avail- 
able in  this dynamic situation where they were required to stand erect (10,ll). In the 
case of the normal observers, otolith information from the tw head positions was inte- 
grated to produce a setting close to the resultant force. The particulcs role played by 
each sensory process i s  not made clear by these data. It i s  suggested, however, that 
kinesthetic cues are probably of special importance. This notion i s  supported by a study 
of the E-phenomenon under conditions of supported and unsupported tilt (12). By inter- 
polation from the data, i t  was indicated that the E-phenomenon was about 3.5' for 20- 
degree tilts with the observer supported and that this increased to about 5.6' when he 
was required to maintain his own body posit ion. 

It should be emphasized that the differences between this experiment and experiments 
in which normal and L-D men show differences in the perception of the visual horizontal 
are related to the following importances in methodology: 

1 . In this experiment the observer actively tilted his body from the waist and his 
head from the shoulders rather than being passively tilted. 

2. In the present experiment the observer was not supported in any way instead 
of being firmly supported in  position. 
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3. 

4. 

5. 

6. 

The observer's feet were firmly planted on the floor which vvus set at the 
resultcnt horizontal rather than sitting on a seat which was set at the 
gravitational horizontal . 
In the current experiment, observer viewed a collimated, luminous line of 
light, but he wus required to hold it in his hands rather than having the 
device supported independently. 

Obsewer perceived his body as being tilted awuy from the horizontal floor 
of the room by his OM effort whereas in the typical experiment on the 
oculogravic illusion, he perceived the chair, floor, and his body to be 
tilted outboard. 

In this study there was no pressure against the outboard side of his body as 
in the case of the supported, passive, apparent tilt. 

The results of this experiment may be understood as a function of the complex, 
dynamic interaction of the many inputs from iuctual receptors of the feet, kinesthetic 
receptors stimulated by the maintenance of bodily postwe, and perhaps fiom other pro- 
prioceptors. In Condition 111 f& namals, otolith infamation and the nonotolith informa- 
tion from the head and trunk were the same as in the typical experiment in  which the 
oculogravic illusion i s  observed. On the other hand, fix both groups kinesthetic infama- 
tion in maintaining bodily posture was present as were tactual cues from the feet. Trcnsient 
information wus available from the semicircular canals at the time observer tilted his head 
or body. Whereas in the situation in which the oculogravic illusion is observed there is 
apparent tilt of tt-re observer, the seat, and the floor, in the present experiment the in- 
formation i s  merely that observer has tilted his body. 
L-D men in this experiment was, therefore, quite different with a resulting difference in  
the perception of the visual horizontal. It i s  particularly wwth noting that in Condition 
ll where their head and body were aligned with resultont force, the point-of-subjective- 
horizontal ma also rotated with the ouiboard segment downwurd. It is  sugpted that this 
may be explained by the fact that in this ambiguous situation, the o u k d  shoulder had 
a somewhat greater w igh t  which ma disparate with respect to the other information re- 
garding the horizontal. 

The frame of reference for the 
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