Visual orientation during and after lateral
head, body, and trunk tilt'

Visual judgments of orientation were investigated during
(effect) and after (aftereffect) different body postures. In
Experiment 1 four trained Ss made apparent verticality (AV)
judgments before and after 2 min in each of seven orienta-
tions: head tilt left and right, body tilt left and right, trunk
tilt left and right and a control condition with head ‘and body
upright. The aftereffect was significant for all postures ex-
cepting trunk tilt left and the control. The aftereffect from
head tilt was greater than that from the same degree of body
tilt, and that in the trunk tilt condition was in the same
direction as predicted from neck stimulation. In Experiment
2, 30 Ss made AV judgments during tilt in the same seven
postures. The E-phenomenon resulted from both head and
body tilts, and an effect was found for trunk tilt in the direc-
tion predicted from neck stimulation. The results are dis-
cussed in terms of the otolith, neck, and trunk receptor
Systems.

With the body upright a line of light in an otherwise
dark or featureless environment can be accurately
adjusted to the vertical (Mann, Berthelot-Berry, &
Dauterive, 1949; Neal, 1926), Tilting the body laterally
relative to gravity displaces the apparent vertical
(Aubert, 1861; Miiller, 1916). The extent and direc-
tion of displacement is a function of the extent and
direction of body tilt (Bauermeister, 1964; Fischer,
1927, 1930; Miller, Fregly, van den Brink, & Graybiel,
1965; Schone, 1964), For body tilts less than about
60° the apparent vertical (AV) is located on the
opposite side of the gravitational vertical (GV) to
that of tilt so that a GV line appears tilted in the
same direction as tilt, an effect called the E-phe-
nomenon. Greater degrees of lateral body tilt result
in displacement of the AV to the same side of GV
as tilt so that a GV line appears tilted in the oppo-~
site direction to tilt, an effect referred to as the
A-phenomenon.

Displacement of AV also occurs with the head
upright immediately following a period of 2 or 3
min head tilt with eyes closed (Day & Wade, 1966).
Posttilt AV is shifted in the direction of prior tilt
relative to pretilt judgments. For lateral head tilt
within the range of 40° of GV this visual spatial
aftereffect is in the opposite direction to the visual
effect during tilt.

The E-~ and A-phenomena can be interpreted as
instances of perceptual constancy. When the body
is tilted 30° right then, allowing for about 5° of
ocular countertorsion (Miller, 1962; Miller &
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Graybiel, 1963; Schone, 1962), the retinal image of
a GV object is tilted about 25° counterclockwise
(CCW) relative to the normal retinal meridian of
the eye. Despite this CCW displacement of the im~
age, the GV object is judged to be tilted about 4°
clockwise (CW). Therefore AV would be located
about 4° CCW, an instance of overconstancy of visual
orientation, Similarly, the A-phenomenon can be
considered as underconstancy of object orientation.
The visual projection is equivocal since its orien=-
tation is jointly determined by both object tilt and
body tilt. To resolve perceptually this ambiguity,
information for body tilt is necessary. It is con-
sidered that this information is provided by stimu-
lation of the otolith structures of the utricle and
by joini:, muscle, tactile, and visceral receptors.

The visual aftereffect following head and body tilt
can be interpreted as a change in visual orientation
constancy mediated by stimulation~-induced modifi~
cations of the sensory systems providing informa-
tion about body position.

The purpose of the experiments reported here
was to investigate the relative contributions of the
otolith, neck, and trunk receptor systems to the
visual effect and aftereffect consequent on lateral
tilt. This has been achieved by using different tiit
postures designed to involve these systems in dif-
ferent combinations.

EXPERIMENT 1

It is possible, using certain body orientations,
to stimulate the three receptor systems providing
postural information in pairs. Head tilt (HT) alone
results in stimulation of the otolith and neck recep-
tors. Body tilt (BT) to the same degree stimulates
the otolith system similarly but with the involvement
of the trunk receptors. Maintaining the head upright
and tilting the trunk (TT) produces neck and trunk
stimulation. Visual aftereffects following prolonged
stimulation in these postures should yield data sug-
gestive of the mechanisms involved in both the
aftereffect and orientation generally. In the following
experiment AV judgments were made before and
after 2 min in the above postures together with a
control condition in which the body remained upright.

Method

Apparatus. Body orientations were effected by
means of a rectangular box, open on one side, 196
cm high, 51 cm wide, and 60 cm deep, which could
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be rotated about a horizontal axis approximately
through its center of gravity and locked into position
at any angle. Adjustable leg, hip, and shoulder sup-
ports minimized any body movement during lateral
tilt, Head position was controlled by individual
dental-composition bite boards, which could be ro-
tated independently of the box in the same (frontal)
plane and locked at any angle. The bite board sys-
tem was fixed to a crossbar attached by nuis to
two tubes projecting from a heavy adjustable steel
plate inside and at the back of the box. The orien~
tation of the bite board and box could be measured
to the nearest 0.25° by means of protractor scales.
As the steel plate and the base of the box were ad-
justable in height, S was so positioned that the axis
of rotation was approximately through his center of
gravity, Thus by rotating the box and bite board
independently, the body postures BT, HT, and TT
could be achieved.

The visual stimulus object was a line 78 mm
long and 0.3 mm wide corresponding to an aperture
in an otherwise light-tight lamp housing, 120 cm
from S's eyes and with an intensity of 0.04 mL.
The line rotated frontoparallel to S with its center
in the median plane and adjustable to eye level, The
orientation of the line, which could be measured
to the nearest 0.19, was controlled either by S using
a switch activating a synchronous 1 rpm reversible
motor or manually by E. The whole light-motor
arrangement was fixed to the box so that its posi-
tion relative to S remained unchanged during tilt.
The apparatus was housed in a darkroom,

Subjects. TFour Ss, three male and one female,
well trained in making verticality judgments, took
part in this experiment.

Procedure. A trial consisted of four adjustments
of the line to AV, two each from starting positions
of 10° CW (+) and 10° ccw (-} of GV, with body
upright. The box and bite board were then adjusted
to the appropriate orientation, and S remained in
that position for 2 min, after which he was returned
to the normal upright posture and required to adjust
the line to AV from the first of the pretilt starting
positions. Fine adjustment of the line (bracketing)
was permitted. Eyes were closed at all times other
than when making an adjustment. The difference be-
tween the posttilt adjustment and the mean of the
pretilt adjustments was the measure of the visual
aftereffect. The seven body orientations studied
were HT 30° right (R) and 30° left (L), BT 30° R
and 30° L, TT 30° R and 30° L, and the control
condition with body upright. A block consisted of
one trial in each orientation presented in a differ-
ent random order for each S, The intertrial interval
was 3 min to ensure dissipation of the aftereffect (Wade
& Day, in press). Four bjocks were given to each
S, the order of postures varying from block to block
with at ledast one day hetween each.
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Table 1 Means (degrees) and Variances of Aftereffect (Experiment
1) and Effect (Experiment 2) for Head, Body, and Trunk Tilt.

Body Orientation

Experiment LHT RHT L BT RBT L TT RTT Contro!
Exp. 1. X =210 +1.46 -1.37 +0.76 +0.66 -0.96 +0.08
Aftereffect S2  0.63 0.16 0.60 0.06 0.13 0.12 0.04
Exp. 2. X 1471 -4.08 +3.40 -3.73 -0.94 +1.37 +0.28
Effect SZ 19.38 14.78 21.00 1536 4.96 569 2.54

Note: + denotes CW deviation from GV, - denotes CCW deviation.

Design. The contrasts (comparisons) between the
means were planned before collection of the data.
Pre- and posttest measures were obtained for each
of the seven postures, making 14 means in all. Nine
contrasts were planned from the 14 means. Seven
contrasts concerned pre- and posttest differences
(aftereffects) for each posture, and two concerned
the interrelations of the aftereffects from HT, BT,
and TT. The contrasts can be expressed in the fol-
lowing ways:

Contrast 1—- L HT pre- and posttests do not differ;
Contrast 2— R HT pre- and posttests do not differ;
Contrast 3— L BT pre- and posttests do not differ;
Contrast 4— R BT pre~ and posttests do not differ;
Contrast 5— L TT pre- and posttests do not differ;
Contrast 6— R TT pre- and posttests do not differ;

Contrast 7— pre- and posttests for the control do
not differ;

Contrast 8— the aftereffect from the L HT plus that
from R BT will not differ from the after-
effect following R TT;

Contrast 9— the aftereffect from R HT plus that from
L BT will not differ from the aftereffect
following L TT.

Results

Means (degrees) and variances for the aftereffect
are given in Table 1. Aftereffects generated by pro-
longed HT are greater than those from the corre-
sponding BT, and TT-produced aftereffects are in
the direction opposite to previous tilt.

The summary of the statistical analysis is given
in Table 2. The predictions were tested by the
method of planned contrasts (Hays, 1964; Rodger,
1965). The error term was the subject-orientation
interaction. The null hypothesis was rejected for
Contrasts 1, 2, 3, 4, and 6, and accepted for Con-
trasts 5, 7, 8, and 9; i.e., pretests differed signifi~
cantly from posttests for all conditions other than
L TT and the control (body upright), and the after-
effect combinations of L. HT +R BT and R HT +
L. BT were not significantly different from R TT
and L TT, respectively.

EXPERIMENT 2
Constancy of visual orientation judgments was
affected by proilonged stimulation in the above pos-
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tures. Obtaining AV judgments during tilt in the
same seven postures should provide further evidence
concerning the relative importance of the otolith,
neck, and trunk systems in mediating this visual
orientation constancy.

Method

Apparatus. The apparatus was the same as that
used in Experiment 1.

Subjects. Thirty Ss," 13 males and 17 females
from an introductory course in psychology, partici-
pated.

Procedure. The same seven body orientations

were studied as in Experiment 1. A trial involved

S adjusting the line to AV during tilt while in one

of the seven postures. Sfarting positions of the line

were +10° and -10° of GV. The S underwent 14 trials,
one from each of the starting positions while tilted
in each of the seven postures, in random order.

The intertrial interval was 30 sec, during which S

was in the normal upright posture. The S's eyes

were closed at all times other than when making
an adjustment.

Design. Six contrasts were planned concerning
the seven treatment means;

Contrast 1— AV judgments made with L HT do not
differ from those with body upright (con~
trol);

Contrast 2~ AV judgments with R HT do not differ
from control;

Contrast 3— AV judgments with L BT do not differ
from control;

Contrast 4— AV judgments with R BT do not differ
from control;

Contrast 5— AV judgments with L TT do not differ
from control;

Contrast 6— AV judgments with R TT do not differ
from control.

Resuits
The mean AV judgments (in degrees relative to
GV) are shown in Table 1 together with the vari-

Table 2. Analysis of the Aftereffect Data by
the Method of Planned Contrasts.

Source df MS F
Contrast
1 LHT 1 8.820 32.189+
2 R HT 1 4.246 15.496*
3 L BT 1 3.428 12.511+
4 R BT 1 1.146 4.182+
5 LTT 1 0.871 3.17%
6 RTT 1 1.866 6.810+
7 Control | 0.010 0.036
8 LHT+RBT=RTT ] 0.099 0.361
9 RHT+LBT=LTT 1 0.174 0.635
Remainder 4 4.074 14.869+
Error 39 0.274
*p <05
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Table 3. Z-Scores Derived from the Wilcoxon Matched-Pairs
Signed-Ranks Test for the Six Comparisons and the Decisions.

Comparison

with control L HT RHT LBT RBT LTT RTT
z -5.531 -5.142 -4.733 -4.469 -4.165 -3.434
Decision Reject Reject Reject Reject Reject Reject

ances. AV judgments with HT are displaced further
in the direction opposite to tilt than those with the
corresponding BT. Judgments during TT were in
the same direction as tilt. Variances for the con-
ditions in which the head was nonvertical were
greater than those with the head vertical (L. TT,
R TT, and control)., The hypothesis of homogeneity
of variance was rejected using Hartley's test (Winer,
1962) which gave F max=8.728 (df=7/29, p< .01).
Therefore the nonparametric Wilcoxon matched-pairs
signed-ranks test was applied (Siegel, 1956) yielding
z-scores for all contrasts. The null hypothesis is
rejected for z>1.96 with a type I error rate of .05.
Table 3 gives the results of the analysis; AVs for
all tilt conditions differed significantly from the AV
with head upright (p< .05).

DISCUSSION

The method of adjustment with bracketing was
used in both experiments since bracketing reduces
starting  position effects (O'Connell, Lathrop,
Weintraub, & McHale, 1967). However, in Experi-
ment 1 this increased the time lapse between initia-
tion and completion of the posttest, and as dissipation
of the aftereffect is most rapid immediately following
stimulation (Wade & Day, in press), the magnitudes
of the aftereffects would be slightly reduced. This
dissipation may explain the nonsignificant L TT
aftereffect.

Considering postural orientation mechanisms in
terms of otolith (o), neck (n), and trunk (t) systems
and stimulating these in pairs provides data sug-
gestive of the relative contributions of each system
to the visual effect during tilt and the aftereffect
which follows it. A similar approach was used by
Mittelstaedt (1964) in studying the gravitational orien-
tation responses of the pigeon.

The postures employed in the present experiments
can be considered as stimulating the o, n, and t sys-
tems in the following manner:

RHT=+0+n

L HT =-0-n
R BT =40 +t
LBT=-0-t
RTT=-n+t
LTT=+n-t

Since all conditions involve 30° tilt, R TT involves
an n component equivalent to L HT and a t compo-
nent as in R BT, Similarly L TT hasnasin R HT
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and t as in L BT. An aftereffect was produced by
stimulation in TT, and this was most probably due
to adaptation of the n or t systems, or both. Although
HT and BT in the same direction stimulate the o
system by the same amount, the magnitudes of the
aftereffects following them differ. Therefore the n
and t systems are adapted together with, or in place
of, the o system to produce the aftereffect from
HT and BT. The aftereffect from HT is larger than
that from BT so that the contribution of the n sys-
tem is greater than that of the t system. For a
condition where n and t are put into opposition
an aftereffect in the direction produced by n stimu-
lation would be expected, with magnitude approxi-
mately equal to the algebraic sum (or arithmetic
difference) of those from HT and BT. The TT con-
dition fulfills these requirements since the n and
t components are in opposition. Further, the alge-
braic sum of HT and the opposite BT results in
similar stimulation:

RTT=~-n+t
LHT+RBT=-0-n+0+t
=-n+t
LHT+RBT=RTT

Each TT=-produced aftereffect was in the direction
expected from n stimulation and was not significantly
different from the algebraic sum of the appropriate
HT and BT aftereffects.

It is probable that the aftereffects produced by
all tilt conditions result from n and t adaptation
since there is no adaptive change in the oculogravic
illusion with prolonged rotation (Clark & Graybiel,
1962, 1966b). The oculogravic illusion is believed
to be an index of otolith function (Graybiel, 1952,
1956; Graybiel & Clark, 1965).

Adjustments to AV during HT and BT resulted
in the E-phenomenon (AV on the opposite side of
GV to tilt), Means and variances for these condi-
tions were larger than for conditions with head
upright. The otolith system is involved in the E-
phenomenon (Correia, Hixon, & Niven, 1965; Miller
& Graybiel, 1966a, b; Schone, 1964; Schone, Parker,
& Mortag, 1967) but not to the exclusion of other
systems as has been intimated (Schone, 1964). With
the head in the same position relative to gravity
the E-phenomenon produced by HT is greater than
that with BT, suggesting participation of proprio-
ceptive systems in the neck and trunk,

Considering the neck system, receptors in the
joint capsules of the cervical vertebrae have been
shown to play an important role in maintaining spa-
tial orientation (Cohen, 1961; McCouch, Deering, &
Ling, 1951). Malfunction of the sternomastoid muscle
has also been associated with vertigo (Gray, 1956;
Weeks & Travell, 1955). Pressure receptors in the
skin and viscera (Cohen, 1964; Gray & Malcolm,
1950; Gray & Matthews, 1951) can provide infor-
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mation for the orientation of the trunk relative to
gravity. Mittelstaedt (1964) found normal leg and
wing reflexes when tilting labyrinthless pigeons, in-
dicating gravity receptors within the trunk. Further-
more, Clark and Graybiel (1966a) found no differences
in apparent horizontality judgments by normal and
labyrinthine defective Ss with head and trunk tilt
relative to the resultant force direction during cen-
trifugation. It is to be expected that these systems
operate together with the otolith organs since the
latter provide information for the.position of the
head in relation to gravity only, the neck system
signals the relation of the head to the trunk which
has its independent sources of orientation information.

Adjustments made with TT differ significantly
from those with body upright. Under both conditions
the head is in the normal vertical orientation, and
therefore the otolith organs are equivalently stimu-
lated. This effect must result from stimulation of
proprioceptive systems in the neck and trunk. As
with the aftereffect, the neck and trunk stimulation
in TT produce effects in opposite directions, but
the resultant is in the direction expected from the
neck stimulation (since the effect from HT is greater
than that from the opposite BT).

Visual effect and aftereffect from all tilt condi-
tions are opposite in direction. It is probable,
therefore, that the same mechanisms are involved
in both. As the aftereffect following HT and BT is
in the same direction as prior tilt a similar adap-
tation effect during tilt would be predicted, i.e.,
a decrease in the E-phenomenon. McFarland and
Clarkson (1966) found such a decrease for 30° BT
although they used considerably longer delays in
tilt than in the present investigation. In view of the
aftereffect data it is probable that the adaptation
occurs mainly in the trunk proprioceptive system.

Ocular countertorsion may be involved in both
the effect and aftereffect. Although countertorsion
has been considered as a specific indicator of otolith
function (Miller & Graybiel, 1963) it has been found
to occur with TT (Fischer, 1927), Little is known
about the recovery of ocular posture following pro-
longed lateral tilt, and therefore its involvement
in the aftereffect is speculative.

The shift in orientation constancy was greatest
following prolonged HT and smallest after TT. It
is suggested that this shift is induced by adaptation
of the neck and trunk systems working singly or
in opposition. The overconstancy that occurs during
HT is greater than that during BT. It is further
suggested that this is due to a greater contribution
by the neck than the trunk system with, however,
the otolith system playing the major role in main-
taining constancy.

A general conclusion which can be drawn from
these data is that orientation constancy cannot be
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considered solely in terms of the otolith receptors.
Information provided by the neck and trunk systems
is also involved. When the systems mediating this
information undergo change with prolonged stimu~
lation, visual orientation is affected.
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