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ABSTRACT 

Nystagmic responses to a Coriolis stimulation were recorded from a human subject 
over a period of ten sessions of four stimuli each. The response can be approximated 
by simple negative exponential growth and decay functions. Repeated exposure 
results in a reduction of the subject’s sensitivity to the stimulus. At the same time 
the dynamic characteristics of the system mediating the response change so as to 
provide a more rapid recovery from the stimulus. Both of these changes are beneficial 
to a pilot, as they improve his resistance to some forms of spatial disorientation. 
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TK OUNGING PARAMETOS OF THE HABITIIATIIK VESTIBUUK SYSTBI

L INTRODUCTION

The vestibular organ in the pilot’s inner ear 
is inescapably an instrument of flight and pro­
vides an input to his central nervous system. 
This input, which is too frequently erroneous, 
and inputs from the instruments on his panel 
all undergo central processing and then are read 
out in the activity we call spatial orientation.

in order adequately to understand and 
ultimately to control the errors generated by 
the vestibular system, it is necessary to be able 
to describe its performance in the ever- 
changing dynamic environment of flight and 
to be able to account for changes in the pilot 
himself.

The decay of the response of the cupula or 
of some system under control of the cupula 
can be approximated by the equation:

R, = (1)

in which Rt = the response at t seconds after 
cessation of the acceleratory stimulus; R« = 
response at t = o; and ^8 is a dynamic factor 
related to the rate of decay.

Inferentially,

R- a S (l-e-S««)

in which o = the intensity of the acceleratory 
stimulus; S = the system’s sensitivity; and 
ta = the duration of the stimulus.

The present experiment deals with a con­
stant a and to and was undertaken to determine 
changes in the response as a result of changes 
in S and in /S as the subject experienced re­
peated stimulation over a period of days. The

acceleration was generated by a Ck>riolis stim­
ulus in which the subject was rotated at 
constant velocity about a vertical axis and was 
tilted in the frontal plane. This stimulus elicits 
a sensation of tumbling in the sagittal plane 
and a vertical nystagmus.

II. PROCEDURE

The subject used in this experiment was a 
healthy, 23-year-old male, who was selected 
because of his L telligence, motivation, and 
sophistication in the procedures of this 
experiment.

After the subject was seated in the biaxial 
stimulator, he was instructed to maintain visual 
fixation on an imaginary point in front of and 
below him. A stiff, specially constructed pil­
low was rested on his shoulders, and his head 
was placed between four stiff prongs jutting 
from the back of the pillow. The subject was 
blindfolded with a skin diver’s mask made 
opaque for the purpose, and a masking noise 
was presented to him through earphones. The 
chair was tilted 30 degrees to the subject’s 
right, and the main shaft velocity was brought 
to 18 r.p.m. One minute after constant veloc­
ity was reached, the chair was tilted through 
the vertical to 30 degrees to the subject’s left; 
the time required for this 60-degree tilt was 
3 seconds. Alternate tilts were presented at 
1-minute intervals without changing the veloc­
ity of the main shaft until a total of eight tilts 
had been presented. The chair was then 
stopped and the subject was released until the 
next training period. Two training periods, 
one in the morning and one in the afternoon, 
were given each day for five successive days.



HI. RESULTS 

ElectronystagmoKrams of the recovery 
from stimulation were analyzed for each of the 
four right-to-left tilts for all trials except for 
the fifth and ninth in which electrical noise 
artifacts rendered the tracings unintelligible. 
This stimulus caused a vertical nystagmus with 
the slow phase down. The slow phase velocity 
and time of occurrence of each nystagmic beat 
was determined; results from the four stimuli 
were lumped together, and the values of R„ and 
ß were obtained from the best fitting straight 
line d- termined by the least squares method 

(fig. 1). Values of Ru in millimeters per sec¬ 
ond were divided by the reference signal to 
provide R„ in arbitrary units per second. The 
coefficient aS was determined for each trial by 
substitution in equation 2. Values of R„ and 
«S are presented in table I and figure 2. 

The least squares fit showed ß to vary with 
practice according to the function: 

P = 0.193e n<04T sec.- and 

àp 
-= 0.0078e»«»«t 8ec -i/t 

FIGURE 1 

Slop? of »low phase of nystagmic beats during recovery frrm Coriolis stimulation. • • = stimulus 1; 
OO — stimulus 3; X X = stimulus 5; stimulus ?. 
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TABLE I 

Variation of parameters 
That is, ß increases as the number of 
sessions T, increases. In a similar 
K° and “S were found to vary as 

exposure 
manner, 

R0 - 2.88e -1078T arbitrary units/sec. 

dR<> 
dT --0-309e 1078T arbitrary units/sec./T 

oS _ 6.51e -1848T arbitrary unita/gec. 

adS 
j-T = ~0.873e~ 1843T arbitrary unita/sec./T 

That is, both of these functions diminish with 
repeated exposure. 

IV. DISCUSSION 

Ideally, any expression of the relationships 
between stimulus and response in the vestibular 
system would be a complex one which would 
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describe separately the roles of the end-organ 
and of many parts of the central nervous sys¬ 
tem ; changes in the response should be ascrib- 
able to changes in parameters which have well 
identified anatomic and physiologic correlates. 
Unfortunately, transfer functions of the brain 
are now beyond our grasp. 

Happily, the two-parameter transfer func¬ 
tion based upon cupular mechanics can be used 
to approximate the relations between stimulus 
and response, over a fairly wide range of con¬ 
ditions, and changes in the parameters can be 
ascribed to changes in central function, pro¬ 
vided experimental conditions do not violate 
the invariance of the end-organ (1-7). 

It was found in this experiment that 
changes in response can be ascribed to 
changes in both parameters, since neither 
dS/dT nor d/t/dT is equal to zero. Substitution 
in the equation 

dR„ _ adS 1 JR0 d/3 

dT «as dT + a« drF 

shows how changes in R(> are affected by 
changes in the two parameters (fig. 3). The 
increasing exponent augments the response 
during growth; that is, the response tends to 
become asymptotic more quickly. This effect, 
however, is more than offset by the great 
changes in sensitivity, so that R„ is progres¬ 
sively smaller. 

It also follows that the residual effect (i.e., 
the response during recovery from t Limulation) 
is diminished by the reduction in R„ and dis¬ 
sipates more rapidly as ß increases with 
exposure. 

FIGURE 3 

Eftecta of changea in S and in ß on R0. 

time, but in plane as well. The best prophy¬ 
laxis against this error is complete elimination 
of the response. The error can be quantified 
in at least three separate ways: the maximum 
instantaneous error, R„, the cumulative error 
extending from the onset of the maneuver to 
the time at which the response vanishes, which 
equals 3aS, and the cumulative residual error 
extending from the end of the maneuver to the 
end of the response (R0/ß). Figures 2 and 4 
show that these three errors diminish rapidly 
during the initial exposures and then more 
slowly with repeated exposure. This is char¬ 
acteristic of most learning functions. 

These results have some interesting impli¬ 
cations for aerospace operations. It must be 
emphasized again that even though the stim¬ 
ulus was generated by rotation in yaw and 
angular displacement in the frontal plane, the 
response occurred in the sagittal plane; hence, 
it was erroneous not only in magnitude and 

The data of this experiment deal with the 
habituation of a sensorimotor response to a 
disorienting stimulus which is closely related 
to the perceptual response which this stimulus 
elicits. As yet not much is known of general¬ 
ization of habituation to other stimuli or to 
other stimulators, including aircraft; these 
factors and others must be investigated before 
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FIGURE 4 

Reduction in total error response, 3aS, and tn total residual error 
R0/ß, by habituation. 

a program of training against spatial disorien¬ 
tation is undertaken. Nevertheless, the pro¬ 
nounced changes resulting from relatively few 
exposures to motion strongly suggest that the 

performance of simple exercises on simple and 
inexpensive equipment can provide protection 
against some of the disorienting motions en¬ 
countered in aerospace operations. 
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