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PREFACE
The research described in this report was performed under
Contract F 33 615 73 C 5029 between the United States Air Force
i and Miami University, Oxford, Ohio.
’ 1
This investigation was conducted in accordance with guide- i
lines established by the Miami University Human Subjects
Committee.
) We thank our colleagues who have contributed to this effort, :
particularly H. E. von Gierke and C, S. Harris. §
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SECTION I

INTRODUCTION

In previous studies, personnel at Miami University and
Wright-Patterson Air Force Base have investigated the effects
of pressure transients, infrasound, and intense audiofrequency
sound on (a) the response of the ossicular chain, (b) pressure
changes in inner ear fluids, (c) the response of the vestib-
ular nerve, (d) head and eye mcvements, and (e) perceived
visual field displacements. Guinea pigs, monkeys, and human
subjects have been examined in these investigations (refs 13-
20). These studies and others (refs 7-9) suggest that sound
and pressure stimuli activate the receptors of the semicircular
canals to produce head movements, eye movements, and perceived
displacements of the visual field.

In the study on visual field displacements evoked from
human beings by acoustical transients (ref 16), we found that
approximately one-half of the 133 subjects who were exposed to
the acoustical stimuli at 125 4B SPL reported visual field
displacements. Stimuli in the 500- to 1000-Hz fregquency range
at repetition rates of about 1/sec resilted in the largest
proportion of responses.

The present series of experiments examined the contribution
of other variables to visual field displacements evoked by
acoustical transients. The specific variables investigated
included angular acceleration (Experiment I), mastoid vibration
(Experiment II), prior exposure to a rotating visual field
(Experiment III), intensity of target illumination (Experiment
IV), and alcohol ingestion (Experiment V).

i
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EXPERIMENT I~-ANGULAR ACCELERATION
The results of previous investigations supported the hypoth-
esis that pressure transients (step and ramp functions of pressure
change) at the tympanic membre.e and intense audiofrequency
transients affect the receptors of the semicircular canals. The
obsarvations that led to this conclusion included the following:
(a) pressure transients evoke nystagmus in guinea pigs and
monkeys; (b) intense audiofrequency sound evokes nystagmus in
human beings; (¢) the nystagmus response is lost in animals
following eighth nerve section; (d) vestibular nerve responses
can be evoked by pressure transients; (e) nystagmus is retained
following damage to the otolith organs by centrifugation: (f) the
nystagmus response is lost following damage to the semicircular
canals.

Experiment I examined the hypothesis that prior exposure to
angular acceleration would alter the reports of visual field
displacement evoked by acoustical transients, After a sudden
aﬁgular deceleration, the cupulae of the semicircular canals in
the plane of rotation are initially displaced and then gradually
return to their resting position. If, as suggested by previous
research, acoustical transients result in cupula displacement,
the effects of angular deceleration should interact with the
effects of acoustical stimulation. Whether the visual field shift
is enhanced or suppressed depends on the direction of the
angular acceleration and/or the ear stimulated. Given apparatus
constraints, it was more convenient to maintain the direction of
angular deceleration constant and to vary the ear which received
the acoustical stimuli. The hypothesis was that the magnitude of
sound-evoked visual field shifts after angular deceleration would
differ for right ear and left ear stimulation.

EXPERIMENT 1I--HEAD VIBRATION

Lackner and Graybiel (ref 12) recently reported that visual
and postural illusions, nystagmus, and motion sickness were
produced by head vibration. These effects were obtained by
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stimulation at various head loci with the clearest responses
associated with stimulation around the ear. They suggest that
vibration affects the semicircular canals; however, no explana-
tions are offered for the causative biomechanical processes. We
and others (C. S. Harris, personal communication) have attempted
to repeat the observations reported by Lackner and Graybiel
without success. Although some visual field displacement may be
associated with vibration onset, this displacement appears to be
related to a "startle" reaction rather than to vestibular
stimulation. Visual illusions were not reported by our subjects
during or after head vibration.

Perhaps the behavioral techniques that we employed were not
, sufficiently sensitive to duplicate the results of Lackner and

‘ Graybiel. 1If they are correct in assuming that vibration
stimulates the semicircular canals and if we are correct in
assuming that intense acoustical transients also stimulate the %
semicircular canals, then either enhancement or suppression of
visual field shifts should be associated with simultaneous
presentation of vibration and acoustical transients, depending
upon the relationship between the ear stimulated and the vibra-
tion. Regardless of the direction of the effect obtained with
the right ear, the effect obtained with the left ear should be 1
opposite. Experiment II was designed to evaluate this sugges-

tion. ;

EXPERIMENT III~-PRIOR VISUAL FIELD ROTATION

Several investigators have examined the influence of
rotating visual environments on eye movement responses (optomotor
responses) (ref 11) as well as on subjective perception (ref 3).

PR RSSOy e S NI NIV FIPIS YRS S DR

The purpose of Experiment III was to determine whether prior 3
exposure to a rotating visual field comprised of alternating :
black and white stripes would influence the incidence and magni- 4
tude of visual field displacements evoked by acoustical transients. . g
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EXPERIMENT IV~-~TARGET ILLUMINATION

Change in visual responses evoked by vestibular stimulation
as a function of the illumination intensity of the visual target
has keen examined in several laboratories (refs 1, 2, 5, 6).
Experiment IV was performed to examine the hypothesis that the
magnitude of the visual field shift elicited by intense
acoustical transients would be reduced when tne target was
brightly illuminated. This hypcthesis was derived from the

observation that nystagmus is suppressed by visual field illumi-
nation (ref 6).

EXPERIMENT V--ALCOHOL INGESTION

' Nunerous investigators have examined the influence of
alcohol ingestion on .responses evoked by vestibular stimulation
(e.g., refs 2, 5, 10, 21). Heifer (ref 10) and Schroeder (ref
21) have reported that alcohol depresses vestibular nystagmus
‘when the observations are obtained ip-darknéss,»whereas nystagmus
respor.s@s are enhanced if the recdrdiﬁgs are obtained in light.
The:former observation has been aécbhnted for by the general
depr-:~.ion of vestibular responses produced by alcohol and the
latter observation has been related to the déﬁresSive action of
alcohol on the visual fixation mechanism. ‘

Following the results of Schroeder (ref 21} and previous
experiments undertaken at Miami'University employing guinea
pigs and monkeys (ref 17), it was hypothesized that smaller
visual field shifts would be reported by human subjects following
ingestion of alcchol. Experiment V was designed to évaluate this
hypothesis.
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SECTION II
METHOD

A. EXPERIMENT I--ANGULAR ACCELERATION

TWO experiments were performed on the interaction between
acoustical stimulation and angular acceleration., In Experiment
I-A changes in the magnitudes of perceived visual field
displacements were examined following angular deceleration at
three levels, and in Experiment I-B both magnitude and direction
effects were studied.

Experiment I-A
Twelve graduate students were paid to participate in

Experiment I-A. These twelve were selected from a larger group

of volunteers because they exhibited hearing losses less than 20
dB (500~ to 8000-Hz) in an audiometric examination and initially
reported visual field displacements upon exposure to the
acoustical transients presented during the first part of the
experiment, All subjects were given a second audiometric examina-
tion after completing the experiment to ensure that no permanent
threshold shifts were produced by the sound exposures at any of
the audiometric test frequencies. Audiometry was performed with

a Grason-Stadler tracking audiometer (model 1703).

Tone bursts (pulses) were formed by passing an oscillator
(Hewlett-Packard model 200 CD) signal through an electronic
switch (Grason-Stadler model 1287), controlled by two timers
(Grason-Stadler model 1216), to an attenuator set (Hewlett-
Packard 350D) and a 40-W McIntosh amplifier. The signal from the
amplifier activated a TDH 49 earphone which was attached to an
MX-41/AR cushion. Sound-level calibrations were made using a
General Radio octave-band noise analyser (model 1558BP) and a
General Radio coupler (model 1560-P83). Absolute sound-pressure-
level calibration was obtained with a General Radio piston

10
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phone (model 1562-A).

The visual target was a black cross formed by a horizontal
line and a vertical line (both 7,6 x 7,6 cm) drawn on a piece of
white paper (21.6 x 27.9 cm). The target was placed, at approxi-
mately eye level, 150 cm directly in front of the seated subject, !

%; whose head was positioned in a U-shaped chin rest. A Naren ;
spotlight (model N-103) illuminated the target, and the bright-
ness at the subjects' eye was 100 mL,

3 Angular acceleration was obtained with a centrifuge. The
centrifuge consisted of a 122-cm radius circular platform which

i Tk 0 i e Simaein wA e

was driven through a reduction gear by a l0-horsepower, variable-
speed DC motor. A servo regulator maintained the centrifuge ?-é

rotation rate at the level determined by the experimenter. The
subject was restrained in a padded aircraft chair during

centrifugation.

After the audiometric examination all of the subjects were

K
ki
3
3

shown the basic apparatus and told that the experiment involved

exposure to loud sounds and rotation for a brief period. The

o ki e S A BROTE AU et st a0 48 e & 2 b g o ackne

subjects were then read the following instructions.

"I would like you to look at the cross on the wall while
I present a series of loud beeps through the earphone. I
would like to know if you see any changes in the cross
while the sound is on. Other subjects have reported a
variety of changes; some subjects report no changes at :
all. I would like to have you tell me about anything that §

you see,"

In the first part of the experiment, the subjects were
exposed to six stimulus trains (10 tone bursts in each train)
presented to either the left or right ear and following rotation
at 30, 60, or 90 deg/sec. Acoustical stimulus characteristics
were held constant: frequency--500 Hz, intensity--125 4B SPL,

11
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repetition rate--0.9/sec, duration--100 msec, and onset/offset
time-~1 msec.

Before the sound presentation, the centrifuge was slowly
accelerated until a constant angular velocity of 30, 60, or 90
deg/sec was reached. The angular velocity was maintained for a
period of 2 min after which the centrifuge was stopped as
rapidly as possible (0.3 sec for 30 deg/sec, 0.85 for 60 deg/sec,
and 1.3 for 90 deg/sec). The subject was then oriented toward
the target and the earphone was placed over the right or left
ear, After the subject's head was in the head holder, a series
of 10 tone bursts was presented. A period of 0.7-0.9 sec
elapsed between termination of rotation and the start of the
tone burst presentation. '

A trial consisted of exposure to the series of ten tone
bursts to either the right or left ear following rotation at a
particular rate. One trial was completed for each of the six
experimental conditions (two ears by three rotation rates). The
order of trials was counterbalanced and varied across subjects,
A 2-min rest interval intervened between trials.

At the end of each trial the subject was asked to report
any changes in the target associated with the acoustical
stimuli., Only reports of target motion constituted a positive
response; other reports (e.g., changes in color, line width,
shadowing, and so on) were recorded as negative responses for

the purposes of this experiment.

Those subjects who reported target motion on at least one
of the six trials during the first part of the experiment
proceeded to the second part. In this second part, the subjects
were asked to estimate the amount of perceived target motion
correlated with each of the six conditions. The subjects were
read the following instructions.

S——
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"You have reported motion of the cross associated with the
beeps. Now I would like you to estimate the amount of
motion associated with beeps after rotation at different
rates. I will present a series of beeps. Use any number
you wish to indicate the amount of motion produced by the
beeps. Then I will present another series of beeps after
rotation at a different rate. If the amount of motion that
you see is twice as large for the second series of beeps

as for the first series, use a number twice as large as you
used for the first series. If the amount of motion is half
as great, use a number half as large. You may use any
numbers that you wish--whole numbers, decimals, fractions--
to indicate the amount of motion that you see. We ask only
that you try to be consistent in the way you use the
numbers."

The subjects assigned positive numbers based on their perception
of target motion magnitude produced by the various stimuli. A
modulus was not employed. As in the first part of the session,
the subjects were exposed to six trains of tone bursts; the ten
tone bursts that comprised a train were essentially identical
(phase was not controlled).

Experiment I-B
Four Miami University graduate students were paid to

complete Experiment I-B. All had participated in previous
experiments and were highly practiced on the task.

The subjects were selected because they reported lateral
visual shifts in one direction when stimulated in the left ear
and shifts in the opposite direction when stimulated in the
right ear. Two subjects reported maximum displacements at 500
Hz and the remaining two reported maximum displacements at 1000
Hz. Other acoustical stimulus characteristics were the same as
in Experiment I-A,

13
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The subjects completed four trials per day on eight conse-
.ative days. A trial proceeded in the following manner: (a) four
tone bursts were delivered to either the right or left ear
(pretest): (b) the subject was centrifuged for 2 min at 30 or 60
deg/sec in the clockwise direction; (c) the centrifuge was
abruptly stopped; and (d) four tone bursts were immediately
presented (posttest). After the tone burst presentation the
subject reported the magnitude of visual field shift, as
previously, and the direction of the displacement,

The trials were divided into two blocks according to the
rotation rate; that is, two trials were completed at one of the
rotation rates during which the right (left) and then the left
(right) ear was stimulated. After a 15-min rest, two more trials
were completed employing the second centrifugation rate. A 5-min
rest interval was allowed ?etween trials. Each day the subject
received pretest and posttest tone bursts presented to each ear
coupled with each centrifugation rate. The order in which the
trials were presented was counterbalanced across subjects,

B. EXPERIMENT II--HEAD VIBRATION

Seven Miami University graduate and undergraduate students
served as subjects for pay. The subjects met the audiometric
criteria employed in Experiment I. All seven subjects were pre-
tested and reported lateral visual field displacements when
exposed to acoustical stimuli of 125 dB at either 500 or 1000 Hz.

The apparatus employed for acoustical stimulation and the

visual target was the same as previously.

Head vibration was obtained with a Sears Vibrator Massage
unit {model 753-2259B). The vibrator exhibited spectral peaks
at 120 Hz (reference—O0 dB), 60 Hz (-9 4B), 180 Hz (-8 dB), 240
Hz (-9 dB), and 300 Hz (-12 dB). The plastic vibrator tip was
held against the subject's right mastoid bone with a force of
300 gr. The force at the subject's skull was determined with a

14
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Grass force/displacement transducer (model FT10), a Grass
oscillograph (model 7), and a Tektronik storage oscilloscope
(type 564).

The subjects were asked to estimate the magnitude of target
motion produced by acoustical transients under each of eight
conditions (with or without vibration, left or right ear, 500 or
1000 Hz). The instructions to the subjects were similar to those
used in the second part of Experiment I.

Six of the seven subjects completed at least eight experi-
mental sessions and one subject completed eix sessions, Each
session consisted of eight trials under each of the eight condi-
tions indicated above. A trial consisted of presentation of four
tone bursts (repetition rate--0.,9/sec, duration--100 msec,
onset/offset time--1 msec, intensity--125 dB SPL, freque.acy--500
or 1000 Hz)., At the end of each group of four tone bursts, the
subjects estimated the magnitude of visual field displacement.
The order of presentation of the eight conditions within a

session was counterbalanced within subjects across the eight | E
sessions. At least 2 hr elapsed between sessions. '

C. EXPERIMENT III--PRIOR VISUAL FIELD ROTATION

LAV T e idid e 2T

Experiment III-2A
Six graduate students who received payment for their parti-

cipation served as subjects in this experiment. The subjects ;
were selected from a larger group of volunteers by means of a 14

screening procedure. This screening was essentially the same as
used in the first part of Experiment I-A except that rotation was
not employed. Only subjects who reported visual field displace-
ments to either 500 or 1000 Hz stimuli presented to either the
left or the right ear participated in Experiment III. As before,
all subjects were audiometrically tested to insure that their
hearing did not deviate from audiometric zero by more than 20

dB and were retested after the experiment to ensure that no
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permanent damage had occurred.

The acoustical stimulation apparatus was the same as that
used in Experiment I. The visual target was also the same with
the exception that the viewing distance was 122 cm rather than
150 com.

Visual field rotation was produced by a drum 92 cm high and
92 cm in diameter, 1Its interior was lined with white illustra-
tion board with black vertical stripes 2 cm wide separated by
5 cm., The subjects' heads were restrained in a U-shaped chin
rest with their eyes 33 cm below the top of the drum interior
and at a viewing distance of 36 cm from the drum walls. The
interior of the drum was illuminated by a 65-W incandescent bulb
mounted overhead. For the fixation condition, the subjects
fixated upon a l-cm black paper disk, mounted at eye level 33 cm
from the eyes on an L-shaped wire arm extending from the chin
rest. For the scanning condition, the subjects tracked four
l-cm copper rivet heads mounted at eye level every 90 deg on
the interior surface of the drum.

Those subjects who consistently reported target motion
during screening were then assigned to one of two groups: left
ear or right ear. Selection was determined by which ear when
stimulated produced the most consistent reports of target motion.
If no preference existed, subjects were randomly assigned to
groups.

The subjects' instructions were essentially the same as
those used in the second part of Experiment I.

Each subject participated in 16 sessions held on consecu-
tive weekdays. For each session the subject received two
acoustic stimulus trains, a 5-min exposure to the rotating
drum, and then two more acoustic stimulus trains. Each
stimulus train consisted of 20 tone bursts, initially at an

16
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intensity of 80 dB and rising in steps until reaching 125 4B
on the tenth and all succeeding tone bursts. The tone bursts
had a duration of 100 msec, an onset/offset time of 1 msec,
and an interstimulus interval of 0.9 sec.

During each session each subject received one 1000-Hz
stimulus train and one 500-Hz train before drum exposure. Train
frequency order was counterbalanced within and across sessions.
Subjects were then immediately seated in the drum with their
heads in the chin rest, They were then read the following
instructions.

"I would like you to fixate upon the black dot in front
of you" (fixation condition) or "without moving your

head, follow with your eyes the copper rivets as they pass
through your visual field. The drum will spin for 5 min
after which I would like you to return to the target
viewing chair as quickly as possible. Close your eyes
please."

The subjects' eyes remained closed for 15 sec to allow the
drum to reach a rotational speed of 12 rpm either toward the
ear which received auditory stimulation (homolateral spin) or
away from the stimulated ear (contralateral spin). Spin direc-
tion was counterbalanced across sessions. After 5 min of drum
viewing, the subjects returned to the visual target-viewing
chair where they again received auditory stimulus trains of
1000 and 500 Hz and gave magnitude estimates of perceived motion.

Experiment III-B
Four subjects from Experiment III-A participated in

Experiment III-B. Experiment III-B was identical in methodology
to III-A except on the following points, During drum stimula-
tion subjects always followed the :rivets with their eyes and
received either homolateral spin or a control condition of no
spin. Under the control condition subjects were still required

17
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to close their eyes for 15 sec before drum exposure, Also, in
an attempt to equate attentional states, subjects were required
to mentally calculate and orally respond to multiplication
problems presented auditorily for 60 sec before and after drum
exposure, During those calculations the target sheet was
covered by a plain sheet of white paper of the same size,

D. EXPERIMENT IV-~TARGET ILLUMINATION

A total of 50 students enrolled in introductory psychology
courses participated in Experiment IV either to satisfy an
experiment participation course requirement or for pay. All
subjects received an audiometric examination as in the previous
experiments.

Nineteen subjects reported lateral visual field displace-
ments during a screening procedure that was analogous to the
first part of Experiment I-A,

The auditory stimulus apparatus and characteristics as
well as the visual target were the same as those used in the
previous experiments., The visual target was illuminated with
the Naren spotlight which was powered through a variac. Light
intensity was modified by varying the variac settings. Five
light intensity settings (0.8, 2.3, 8.4, 36, and 110 mL at the
subject's eye), which were found to produce approximately equal
steps of perceived illumination change during preliminary
testing, were employed in this experiment.

The subjects were asked to estimate the magnitude of visual
field displacement during exposure to acoustical stimulation
(10 tone bursts) under each of the five target illumination
levels, following instructions analogous to those employed in
Experiment I-B. Only one frequency (the one which yielded the
most consistent responses during screening) was used. The
subjects reported visual displacements of the target at each of
the five illumination levels., Order of illumination levels was

18
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randomly varied across subjects.

E. EXPERIMENT V--ALCOHOL INGESTION
Six Miami University students who had participated in an
earlier experiment were paid to serve as subjects. All subjects

reported target motion upon presentation of acoustical transients,
They were given an audiometric examination to ensure that their
hearing thresholds did not deviate more than 20 4B from audio-
metric zero at all frequencies examined. Also, a second audio-
metric examination was given either immediately or one week

following exposure to ensure that their ears had not suffered
any permanent damage.

: At the onset of the experiment the subjects were weighed to

-y determine alcohol dosage. Weights ranged from 50.9 kg to 103.6
kg. One c¢ of 100-proof Vodka was given for each kg of body
weight. Each alcohol dose was mixed with 480 cc of orange juice.

et
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Subjects were run on four consecutive days. On two of the

days subjects received the Vodka-orange juice drink and on the
other two they were given plain orange juice. The order in
which subjects received the two types of drink was counter-
balanced. Three subjects received the alcoholic drink on their
first and last session and the other three on their second and

tsa et Rl vn s

g

third session.

e
<1l i AR 7

Subjects were tested four times each day. The first test
session was performed hefore ingesting either the alcoholic or
nonalcoholic drink. Following this session, the subjects were i
allowed 30 min to drink either type of beverage and were subse-
quently tested. Subjects were tested again 30 and 90 min later.
[ Therefore, on each day the subjects were given a pretest and
: three posttests extended over a two-hr session,
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During each testing sesasion, subjects were exposed to four

stimulus trains comprised of four tone bursts in each train.
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Two tone bursts were delivered to each ear at 500 and 1000 Hz2
at an intensity of 125 dB. Each testing session began with the
tone bursts being presented to the left ear at 500 Hz and 1000
Hz respectively. The subjects assigned positive numbers based
on their perception of target motion magnitude. A modulus was
not employed.

.
3
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SECTION III

RESULTS

A. EXPERIMENT I--ANGULAR ACCELERATION

SR, e sl 5 bl

Experiment I-A

No differences between ears in the incidence or magnitude of
visual field shifts evoked by acoustical transients were found
after -u, (right yaw) angular acceleration/deceleration., The
results that lead to this conclusion are illustrated in Tables
1 and 2 and Fig. 1. Table 1 summarizes the percentage of reports
of target motion following rotation at various rates when the
acoustical transients were presented to either the left or right
ears. No clear pattern emerged from the results for the first
part of the experiment. Table 2 presents the magnitude estima-
tion data obtained from the twelve subjects who completed the
experiment. The geometric means of the magnitude estimations,
calculated across subjects, as a function of ear stimulated and
rotation rate are illustrated in Fig. 1. The data from the
experiment were analyzed by an analysis of variance (after log
or z-score transformation). Two-group differences were eval-
uated employing the Wilcoxon matched-pairs signed-ranks test. 1In
no case, including the difference between ears following 5 rpm
rotation, did the results of the various statistical tests
approach significance.

TABLE 1

REPORTS CF TARGET MOTION EVOKED BY ACOUSTICAL
TRANSIENTS FOLLOWING ROTATION AT 5, 10, AND {3
15 rpm (%) i
rpm ,j
5 10 15 ii

Left ear 67 83 75

Right ear 67 50 83
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_ TABLE . 2
MAGNITUDE ESTIMATIONS--EXPERIMENT I-A

5 rpm 10 rpm 15 rpm

Left Right Left Right Left Right

Subject ear ear ear ear 2ar ear
1 0 0 10 10 20 25
2 25 17 20 10 25 10
3 2 2.3 2 3 1.5 3
4 10 3 10 7 5
5 2 2 8 1 5 3
6 6 4 4 2 1 4
7 0.5 0 0.5 0 1 0
8 70 20 25 100 10 15
9 0 1 3 5 4
10 40 60 10 9 15 10
11 10 15 15 20 5 20
12 3 25 0 1 0.5 0

Experiment I-~-B

Two subjects reported visual field displacements in the
direction of the stimulated ear, and the remaining two subjects
reported displacements away from the stimulated ear.

The results from Experiment I-B are illustrated in Fig. 2.
The data were normalized within subjects and averaged across
subjects. The ordinate of Fig. 2 indicates the average normal-
ized perceived visual field displacement prior to rotation minus
the average normalized displacement following rotation. The
figure indicates that the reports of visual field displacement
were diminished following rotation at 60 deg/sec (relative to
30 deg/sec) when the subjects reported that the pretest
acoustical stimuius produced a leftward displacement of the
visual field. The opposite pattern of results was obtained when
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PERCEIVED VISUAL FIELD DISPLACEMENT —
Z BEFORE ROTATION - Z AFTER ROTATION:)

(

Figure 2.

0.7 1
0."6:- - T
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-
]

0.1

0-

-0.1 p
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\Rightward

Visual Field
Displacement

Leftward —7
Visual Field
Displacement

-0.8 —
30

60

ROTATION RATE - deg/sec

Means of Z-score transformed perceived visual field displace-
ment reports as a function of centrifuge rotation rate. Each

data point represents tle

difference between the reports

before and after centrifugation. When the acoustical stimuli
produced a leftward visual field shift, centrifugation reduced

the apparent visual field

displacement; when acoustical stimuli

produced a rightward visual field shift, centrifugation
enhanced the apparent visual field displacement.
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the subjects reported rightward displacement following acoustical
stimulation during the pretest.

An analysis of variance calculated from the data illustrated
in Fig. 2 yielded an interaction term (rotation rate by direc-
tion of displacement during the pretest) which approached
significance (F = 3.88; df = 1, 3; p = 0.14). The fact that this
F ratio did not reach the normal statistical significance level
can be attributed primarily to the limited number of degrees of
freedom. If more subjects who exhibited the appropriate pretest
pattern of visual field displacements could have been located, we
are confident that statistically significant results would have
been obtained. However, less than 10 percent of the population
appears to exhibit the required response pattern.

B. EXPERIMENT II--HEAD VIBRATION

Subjects reported that the magnitudes of the visual field
shifts evoked by the acoustical transients were reduced by nearly
50% when the transients were presented with simultaneous head
vibration (see Fig. 3). A three-way analysis of variance cal-
culated from the log-transformed magnitude estimation reports
and averaged across subjects indicated a statistically significant
difference between the magnitude estimations with the vibration
present and the vibration absent (F = 11.94; df = 1, 6; p =
0.01). The interaction between ear stimulated and vibration was
not significant (F = 0.06; 4f = 1, 6; p = 0.82), indicating that
the effects of vibration were the same whether the acoustical

stimulus was applied to the contralateral (left) or homolateral
(right) ear.

C. EXPERIMENT III--PRIOR VISUAL FIELD ROTATION

The results of Experiment III are summarized in Table 3,
which contains the geometric means of the magnitude estimation
observations. A repeated measure analysis of variance is
summarized in Table 4. As indicated in Table 3, the magnitude
estimations were lower after exposure to the rotating visual

25

SRRt

ey

R atd i L
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Figure 3,

LEFT RIGHT
EAR STIMULATED

Geometric means of reported visual field
displacements as a function of ear stimulated.
Simultaneous presentation of vibration and
acoustical stimulation reduced the apparent
visual field displacement.

e

e e s e i e e i s eyl L e - Py
L N ot
: : B - TR R TR T
- . B T P < ¥ ST L U L
2t e A S TSGIAIR A LS R, a3 e TR 4 s 1




spin) reached statistical significance.

TABLE 3

GEOMETRIC MEANS-~-EXPERIMENT III

TSRS

field in Experiment III-A:; the difference between magnitude
estimations before and after drum exposure was significant at
the 0,05 probability level (see Table 4).
two main effects (drum rotation direction and scan pattern
during rotation) reached statistical significance.
the resulrs from Experiment III-B indicated that neither the
magnitude estimation differences before and after drum exposure
nor the differences associated with drum rotation (spin vs. no

Neither of the other

Analysis of

Experiment III-A
Before condition

After condition

Homo Contra

direction direction

Homo
direction direction

Contra

1000 Hz

Fix eye movement 5.00 4.47 4.19 2.86
Scanh eye movement 3.98 4,15 2.17 2.55
500 Bz
Fix eye movement 5.71 3.47 3.56 2.89
Scan eye movement 3.54 3.70 1.93 2.88
Experiment III-B
Before condition After condition

1000 Hz

Spin stimulation 3.72

No spin stimulation 3.78
500 Hz

Spin stimulation 2.29

No spin stimulation 3.15

2.
3.

2.

79
85

30

3,47
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: TABLE 4
REPEATED MEASURES ANALYSES OF VARIANCE FOR EXPERIMENT III

Source F daf P
Experiment III-A--1000 Hz data
Before/after 6.41 1, 5§ 0.05
Homolateral/contralateral spin 0.03 1, 5 0.87
Fixation/scan 3.46 1, 5 0.12

Experiment III-A--500 Hz data

Before/after 6.56 1, 5 0.05
Homolateral/contralateral spin 0.03 1, 5 0.86
Fixation/scan 0.97 1, 5 0.37

Experiment III-B—1000 Hz data
Before/after 0.65 1, 3 0.48
Spin/no spin 0.81 1, 3 0.43

Experiment III-B--500 Hz data .
Before/after 0.36 1, 3 0.59 1
Spin/no spin 3.08 1, 3 0.18 ]

D. EXPERIMENT IV--TARGET ILLUMINATION

Of the 19 subjects who completed the observations in
Experiment IV, five subjects received stimulation at 1000 Hz and
14 subjects were exposed to the acoustical transients at 500 Hz.
The magnitude estimation responses from the 19 subjects were

combined and the geometric means are presented in Fig. 4. The #
trend of the data suggests that the higher the level of illumina-
tion, the larger the magnitude estimation response; however, the

results of a randomized blocks analysis of variance on normalized
(within subjects) data failed to provide statistical support for U
the trend (F = 1.06; 4f = 4, 68; p = 0.38).

; E. EXPERIMENT V--ALCOHOL INGESTION
Alcohol ingestion resulted in diminished magnitude estima-
tion reports. Fig. 5 illustrates that the geometric means for
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the magnitude estimations following alcohol consumption were
approximately one-half as large as those obtained when the
subjects drank orange juice alone, The magnitude esgtimations
following alcohol consumption reached a minimum immediately
following ingestion and then gradually returned toward the no-
alcohol level, whereas magnitude estimations obtained during the
no-alcohol tests exhibited a gradual decline across time within
a session. An analysis of variance on subject means (collapsed
across days, ears, and frequencies) revealed statistically
significant effects associated with the presentation of alcohol
(f = 8.68; gf = 1, 5 p < 0.05), time of observation (g = 3,61;
4af = 3, 15; p < 0.05), and the interaction between alcohol and
time (E = 7.31; df = 3, 15; p < 0.05).
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SECTION IV
DISCUSSION

A. EXPERIMENT I--ANGULAR ACCELERATION

The results of Experiment I-A failed to support the hypoth-
esis that the incidence and magnitude of visual field shifts
would differ following -o0, angular acceleration/deceleration
when the acoustical stimuli were presented to the left or right
ear, This result was also contrary to the impressions reported

o

el ol -

by several subjects who participated in the experiment.

The direction of the visual field Gisplacements reported '
by the subjects in Experiment I-A differed across subjects. i
This observation provided an interpretation of the failure to '
obtain statistically significant results in Experiment I-A and
the hypothesis for Experiment I-B. While the angular accelera-
tion stimuli in Experiment I-A may have had strong effects in
particular individual:i, these effects varied across subjects and
disappeared when the group data were evaluated. This variability
may be due to the spevific pattern of inner ear fluid displace-
ment produced by the acoustical transients in particular
individuals. In order to reliably predict the effect of angular
acceleration, we would have to know the specific pattern of
inner ear displacement produced by the acoustical transients in
different persons, as indicated by the direction of perceived
cross motion elicited by stimulation of a particular ear.

The observations obtained in Experiment I-B (Fig. 2)
support the view that angular deceleration can modify reports of
visual field displacements. These observations can be described
in teims of the reafference interpretation of the visual field
displacement phenomenon described previously (ref., 16). Because
the spin table rotated in the counterclockwise direction, the
initial direction of angular deceleration-induced eye motion was
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toward the subject's left. According to the reafference inter-
pretation, visual field displacement is reported when there is

a mismatch between the eye movement expected on the basis of

the vestibular signal and the actually received signal concerning
the eye movement, To the extent that this mismatch is large,

the reported visval field shift would be large. Figure 2 illus-
trates that the magnitudes of visual field displacement following
angular deceleration were reduced when subjects reported left-
ward visual field displacement prior to rotation. This would be
expected from the reafference interpretation because the angular
deceleration-induced tendency of the eye to move to the subject's
left would reduce the mismatch between the expected and actually
received eye movement signals. On the other hand, when the
subjects reported a rightward visual field displacement prior to
rotation, the angular deceleration resulted in slightly larger
reports of visual field displacement. Following the reafference
interpretation, the deceleration-induced tendency of the eye to
drift toward the subject's left would increase the mismatch
between the expected rightward movement from the vestibular
receptors and the actually received eye movement signals.

The observation that angular deceleration resulted in
alteration of visual field displacement reports supports the
hypothesis that the acoustical stimuli acted by displacement of
semicircular canal structures.

Following the reafference interpretation, it can be
suggested that environmental conditions that enhance visual
fixation or that result in a real tendency of the eye to move
in a direction opposite to that signaled by the vestibular
receptors would enhance reports of sound-evoked visual field
displacement.

B. EXPERIMENT II--HEAD VIBRATION

The results of Experiment II indicate that vibration acts
to attenuate visuval field shifts associated with acoustical
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stimulation, The mechanism of this attenuation is probably the

middle ear reflex. Informal observations indicate that mastoid
vibration elicits a middle ear reflex, which would limit the ;
sound energy entering the labyrinth for a given intensity of

, sound at the tympanic membrane. This interpretation is supported
ﬁ f by the observation that the vibration-induced response reduction :
was equally effective for the homolateral or contralateral ear 5 ﬂ

because the middle ear reflex is bilateral,

In the introduction it was suggested that vibration might
enhance or suppress the sound-evoked visual field displacements

v P TR A SHET RS R e,

depending on whether the vibration was homolateral or contralateral
to the sound. Clearly, this suggestion was not supported by
Experiment II; rather, the suppression, which was apparently
mediated by the middle ear reflex, was sufficient to mask any
interaction between the two types of stimulation at the semi-

circular canals.

An alternative mechanism for the vibration-induced reduction

LA A e Lunil

in the visual displacements reported by the subjects can be

proposed. The head vibration may have been sufficient to reduce

visual acuity by blurring the image of the target cross on the
retina. However, previous research on the effects of vibratory
frequencies in the range employed in Experiment II suggests that
acuity decrements are negligible (ref 4).

C. EXPERIMENT III--PRIOR VISUAL FIELD EXPOSURE -
Experiment III-A resulted in a significant reduction in the

magnitude of the visual field shifts evoked by acoustical
transients after exposure to the rotating visual field. One
interpretation of this result was that visual field rotation

; exposure produced a central "depression" of visual/vestibular
g reflexes. Alternatively, the observed differences might have
§ resulted from fatigue, loss of attention, or some other "“order

O A L ot it o AN A p bt oA v a5 A

effect." In order to evaluate the second interpretation,
Experiment IIiI-B was performed. If the depression in magnitude
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eatimation reports were due to drum rotation, a difference
between the spin and no spin groups should have been ocbserved.
This was not the case. Further, if the drum exposure produced

a decrement in the visual field shift response, a before/after
difference should have been observed. The fact that the before/
after difference was lost in Experiment III-B suggests that the
difference found in Experiment III-A was due tc loss of arousal
because the major procedural difference between Experiments
I1I-A and III-B was the use of mental arithmetic problems.
Mental arithmetic has been used in several previous investiga-
tions to maintain eye movement reflexes mediated by the vestib-
ular syscem and apparently this procedure helps to maintain the
amplitude of sound-evoked visual field shifts.

D. EXPERIMENT IV--TARGET ILLUMINATION

The hypothesis that target illumination intensity would be
inversely related to visual field shift magnitude was not
supported. 1In view of these results, an alternative proposal
can be advanced. This alternative is based on the suggestions
advanced previously to account for the failure to correlate eye
movements with reports of visual field shift (ref 16). As noted
in the discussion of Experiment I-B, it was suggested that the
perception of visual field shifts following exposure to
acoustical transients resulted from a discrepancy between
expected and actually received information regarding changes of
stimulation to the retina, following a reafference model.
Intense target illumination might serve to increase stability

of visual fixation, exacerbating the discrepancy, thus resulting

in the perception of increased motion.

E. EXPERIMENT V--ALCOHOL INGESTION

The results of Experiment V support the hypothesis that
alcohol ingestion would result in smaller reports of perceived
visual field displacements following stimulation with high

intensity acoustical transients, At least three interpretations

can be advanced to account for the results of Experiment V.
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First, the reduction in perceived visual fieid displacement may
reflect a general suppression of the neural pathway between the
visual and vestibular systems, as suggested by Schroeder (ref
21). Second, the alcohol may have decressed the precision of
the eye position control system. If the eye is spontaneously
"wandering" it would be difficult for the subjects to detect
souﬁa-evoked visual field shifts. This interpretation is

: congruent with the difficulties in target fixation reported by
; the subjects following angular deceleration and noted previously.
Third, the alcohol may have impaired the subjects' arousal or
attention. The results of Experiment II-B support the view that
lowered arousal or attention might be associated with lower : 3
reports of sound-~evoked visual field displacenents. ]
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. % . SECTION.V

~ . CONCLUSIONS

displacement in human subjects. The nature of the displacement

reported varies across subjects and as a functi .on of stimulus

characteristics (par*icularly intensity and frequency). Experi-
mental manipulations that increase the ability of subjects to
maintain visual fixation or that tend to evoke eye movements in
a direction OppOSLte to that expected on the basis of the

‘acoustical stimulation increase the magnitudes of the visual

field displacements reported. Disruption of the visual fixation
mechanism (e.g., by alcohol ingestion) er4reduction of the
effective acoustical stimulus at the labyrinth by vibration tend
to reduce the magnitudes ot the visuai field displacenents
reported by the subjects. A
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