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Judgment of spatial orientation in patients with
focal brain damage'
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SUMMARY Thirty control and 121 brain-damaged patients with injury restricted to one hemisphere
were presented with a test requiring the placing of a rod, fixed on a support by a hinged joint, in
the same position as a model. Two versions of the test were given, one to be performed with the aid
of vision and the other only by touch. The brain-damaged patients were subdivided into the follow-
ing groups: right hemisphere patients without visual field defect (VFD): 30; right hemisphere patients
with VFD: 20; left hemisphere patients without VFD: 46; left hemisphere patients with VFD: 25.
The test modality did not differentially affect the performance of the groups. Both on the visually
and on the tactually guided version of the test the right hemisphere group with VFD did signi-
ficantly worse not only with respect to controls but also with respect to the three other brain-
damaged groups. The latter, in turn, were not significantly inferior to patients without cerebral
damage. It appears, therefore, that when spatial perception is tested at a very basic and simple level,
such as the detection of orientation in space of a rod, there is an almost complete dominance of the
posterior region of the so-called minor hemisphere. This result must be contrasted with the less
striking asymmetry of functions shown in more complex spatial tasks-for example, route finding,
copying drawings, block designs-that are failed also by patients with damage to the left posterior
area. Normal subjects reproduced the orientation of the rod on the horizontal plane with a constant
error which was found to be dependent on the position of the model. Clockwise deviations were
made when the model was on the left and counterclockwise deviations when the model was on the
right. The constant error was present in left brain-damaged patients too, while it was not signi-
ficantly different from zero in right brain-damaged patients. A systematic error was also found on
the vertical plane and it consisted in the tendency to stop the rod below the level of the standard.

Findings derived from clinical case study and
experimental research support the view that there is
both a regional and a hemispheric specialization
of the cerebral cortex for spatial functions in the
sense that impairment in these functions is associated
more closely with damage to posterior than to
anterior areas of the brain and of the right more
than of the left hemisphere. The evidence, however,
is not entirely consistent. Some studies have sub-
stantiated the relevance of anteroposterior dimen-
sion, but not the hemispheric asymmetry (Semmes,
Weinstein, Ghent, and Teuber, 1955; Colonna and
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Faglioni, 1966; Butters and Barton, 1970), while
other researches have confirmed the crucial role of
the right hemisphere but not the relevance of the
left posterior region (Milner, 1965; Corkin, 1965;
Newcombe and Russell, 1969). These apparent dis-
crepancies are likely to be task dependent and they
emphasize the need for analysing more carefully the
nature of the performances, which have been defined
as spatial. As a matter of fact, most of the tests used
in neuropsychological investigation for assessing
spatial abilities have been derived from intelligence
tests or have been devised with specific neurological
symptoms, such as constructional apraxia, topo-
graphical disorientation, or unilateral inattention
in mind. Consequently, space perception has been
studied at a rather complex level, one at which it is
difficult to disentangle the influence on performance
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of spatial as compared with praxic, intelligence, and
memory factors. It seems reasonable to expect that
a more definite answer to the issue concerning the
relationship between locus of lesion and the break-
down of space functions might be obtained by em-
ploying elementary tasks, which tap the basic
mechanisms underlying spatial perception. The
appreciation of the direction in space of a segment
can be assumed to be one of these mechanisms, in
that it represents a basic step in building up several
spatial performances, such as the reproduction of a
drawing, which is carried out copying line after line,
or the tactile recognition of shapes, which is achieved
by reconstructing the successive changes of orienta-
tion made by the exploring hand (Semmes, 1965;
De Renzi and Scotti, 1969). Impairment of this
ability has been occasionally observed in the neuro-
logical literature and referred to as deformation of
visual coordinates. In 1944 Lenz required 56 patients
with missile injury to the brain to represent the
horizontal, the vertical, and the sagittal coordinates
with a stick held in their hands, while blindfolded.
He singled out six 'positive' cases who, when
required to place the stick in the horizontal or
vertical position, showed rather consistent errors,
because they tended to incline the top end of the
vertical stick toward the right and the right end of
the horizontal stick toward the top, thus forming an
oblique angle. Two patients had right parieto-
occipital damage and four biparietal damage; in
two of the latter cases the damage was more ex-
tensive in the right hemisphere. These findings,
taken together with the lack of errors found in three
patients with left parieto-occipital injury, lead Lenz
to stress 'the great importance of the right parieto-
occipital cortical area for all directional operations
in visual and sensorimotor space'.

In 1950 McFie, Piercy, and Zangwill described
eight right brain-damaged patients with a pre-
dominant involvement of the occipito-parietal
region, selected because they showed clear evidence
of visual-spatial agnosia. In five cases the deforma-
tion of visual coordinates was tested by requiring
the patient to represent the horizontal and the
vertical with a stick held in one hand. Errors
analogous to those reported by Lenz were found in
three patients, displacement in a clockwise direction
but without approximation of the axes was present
in the fourth patient, while the performance was
correct in the fifth case. These findings must be con-
trasted with those reported successively by McFie
and Zangwill (1960) in eight patients with damage to
the left posterior parietal region, who showed visual-
constructive impairment. The deformation of co-
ordinates was tested in five of these patients and
found to be absent in all of them.

The ability of patients to perceive the direction
of tactile stimulation on their bodies has been inves-
tigated by Carmon and Benton (1969). Patients with
lesions of the right hemisphere showed a high
incidence of defective performance, while left brain-
damaged patients performed at an essentially
normal level. No distinction was made in this study
between anterior vs. posterior locus of the lesion.
There is, therefore, evidence suggesting a relation

between right-sided damage and impairment of the
sense of direction in space, even when this is studied
at its most elementary level. In the present investiga-
tion it was hoped to gain more definite information
on this topic by refining assessment of performance
and by collecting data on an unselected series of
patients. Visually and tactually guided versions of
the same test were given with the purpose of deter-
mining whether performance was dependent upon
visuoperceptual and oculomotor mechanisms or
whether it was supramodally organized.

METHODS

PATIENTS The patients examined in the present research
were the same as those described in a previous paper
(De Renzi and Scotti, 1969), to which the reader is
referred for information regarding criteria adopted for
diagnosing the side of the lesion and the presence of
visual field defects (VFD). One-hundred-and-twenty one
patients with damage restricted to one hemisphere were
assigned to one of the following subgroups: (1) left
hemisphere patients without VFD (46); (2) left hemi-
sphere patients with VFD (25); (3) right hemisphere
patients without VFD (30); (4) right hemisphere patients
with VFD (20). The proportion of patients suffering
from quadrantanopia and hemianopia was not found to
be different in the two hemispheric groups.
The aetiology and the length of illness were determined

and found not to differ significantly in the four sub-
groups. No effort was made to equate the groups with
respect to age and years of schooling, since the effect of
these two variables was partialled out by covariance
analysis.

Thirty patients hospitalized in the wards for disease
not involving the brain made up the control group.

TESTING PROCEDURE Both the visual and the tactile
tests were carried out by the brain-damaged patients
using only the hand homolateral to the cerebral side of
the lesion-that is, the hand subserved by the supposedly
healthy hemisphere. Fifteen control patients performed
the tests with the right hand and 15 with the left hand.

Figure 1 shows the apparatus that was designed for and
used in the study as a test of perception of spatial co-
ordinates. Two pairs of rods, 38 cm apart, were fixed on
a board, 55 cm x 15 cm. Each pair was made up of a
vertical rod, which could rotate 3600 round its axis, and
of a second rod, which was fixed to the first by a hinged
joint in such a way that it could pivot up and down in the
sagittal plane. By appropriate rotation of the two rods,

490

P
rotected by copyright.

 on M
ay 22, 2023 by guest.

http://jnnp.bm
j.com

/
J N

eurol N
eurosurg P

sychiatry: first published as 10.1136/jnnp.34.5.489 on 1 O
ctober 1971. D

ow
nloaded from

 

http://jnnp.bmj.com/


Judgment of spatial orientation in patients with focal brain damage

7,"

FIG. 1. The rod orientation test. Model to the right, copy

to the left.

the second rod could be placed in any position in space

that corresponded to the radii of an ideal sphere, having
its centre in the joint between the two rods.
The patient was seated in front of the apparatus and

was permitted to move his head and eyes but not his
trunk. One pair of rods represented the model and the
patient was asked to set the rods of the other pair to
correspond to the standard.
There were two versions of the test, given through the

visual and the tactile modalities, respectively. In the
visual test, the patient was not permitted to touch
the rods of the model and was requested to set those of
the other pair using the hand homolateral to the side
of the cerebral lesion. In the tactile test the apparatus
was hidden behind a curtain and the patient had to esti-
mate the spatial position of the rods of the model and of
those of the copy by palpating them with the hand homo-
lateral to the side of the lesion. No time limit was set
and the patient was permitted to go from the model to
the copy and vice versa as many times as he wished. The
order of presentation of the two tests was alternated from
patient to patient.
Both in the visual and in the tactile version of the test,

brain-damaged patients were first given five trials with
the model placed on the side ipsilateral to the damaged
hemisphere and then five trials with the model on the
contralateral side. Half of the control subjects began
with the model to their left while the other half began
with the model to their right. In each trial the spatial
orientation of the model was determined by measuring
with a goniometer: (1) the vertical angle of the two rods.
It was agreed that the maximum width of this angle
corresponded to the position in which the two rods were
on the same vertical axis-that is, the angle could not
exceed 180°; (2) the horizontal angle made by the second
rod with respect to the sagittal plane, the zero point
being just in front of the patient's midline. This angle
could range, therefore, from 0° to 360° (see Fig. 1).
The spatial parameters of the model in the five trials
were as follows: 1st trial = v(ertical) a(ngle): 90°;
h(orizontal) a(ngle): 180°. 2nd trial = v.a.: 450; h.a.:
90°. 3rd trial = v.a.: 130°; h.a.: 320°. 4th trial = v.a.:

60°; h.a.: 160°. 5th trial = v.a.: 150°; h.a.: 2300. At the

beginning of each trial the position of the rods to be
adjusted was always the same-namely, with the second
rod pivoted down on the first rod and facing the patient
(see Fig. 1).

RESULTS

Each copying performance was evaluated by measur-
ing with a goniometer the deviations from the model
in either directions of the vertical angle and the
horizontal angle. Since the maximum possible
width of the horizontal angle was twice that of the
vertical angle, horizontal scores were divided by two.
The scores obtained when the model was on the left
side were treated separately from those obtained
when the model was on the right. Thus there were
four mean scores (horizontal and vertical angle with
the model on the left and on the right) for both the
visual and the tactile test.

These eight mean scores were submitted to a
multivariate analysis of co-variance (Anderson,
1958), concomitant variables being age and years of
schooling. A split-plot design was adopted. There
were two groups, the control and the brain-damaged
groups, which were further subdivided, the first into
two subgroups (subjects using the left hand and the
right hand, respectively) and the second into four
subgroups (left and right hemisphere patients with
and without VFD). In this experimental design three
hypotheses, orthogonal to each other, could be
tested, using Wilks's criterion (1932) and Rao's
approximation (1951) to the F distribution. These
hypotheses were concerned with the question of
whether the set of the eight scores differentiated the
performance of: (a) the control and the brain-
damaged group (hypothesis 1); (b) the two control
subgroups (hypothesis 2); and (c) the four brain-
damaged subgroups (hypothesis 3).

Table 1 presents the mean error scores (in degrees)
obtained by the two control and four brain-damaged
subgroups in the eight experimental conditions and
Table 2 shows the results of the multivariate analysis.
Let us consider first the second hypothesis,
which deals with the question whether the perform-
ance of control subjects was affected by the hand
used in carrying out the test. Since the correspond-
ing P fell short of the 0-05 significance level, the con-
clusion seems safe that any difference to be found in
subsequent comparisons cannot be attributed to the
hand effect.
By the first multivariate hypothesis the set of the

eight means was found to differentiate the control
and the brain-damaged group beyond the 0-05 level
of significance (one-tailed test). With the multiple
compaiison method of Roy and Bose (1953) it was
found that neither the test modality, the position
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TABLE 1
MEAN ERRORS (IN DEGREES) OF THE TWO CONTROL AND THE FOUR BRAIN-DAMAGED SUBGROUPS IN THE EIGHT EXPERI-

MENTAL CONDITIONS

Visual test Tactile test

Horizontal Vertical Horizontal Vertical

M. on M. on M. on M. on M. on M. on M. on M. on
left right left right left right left right

Controls
Left hand 7 6 4 4 6 6 8 8
Right hand 4 6 4 5 7 7 6 8

Hemisphere
Left, VFD- 5 5 5 5 7 7 9 9
Left, VFD+ 6 6 5 7 8 9 9 8
Right, VFD- 6 6 5 6 7 8 8 9
Right, VFD+ 8 9 9 9 10 12 13 18

TABLE 2
MULTIVARIATE ANALYSIS OF COVARIANCE

Comparison D.F. F P

Control vs. brain-damaged patients 8/136 1 715 <0.05*
(hypothesis 1)

Subgroups within controls 8/136 1-346 n.s.
(hypothesis 2)

Subgroups within brain-damaged patients 241395 2 884 <0-OOlt
(hypothesis 3)

*= one-tailed test.
t = two-tailed test.

of the model, the two angular scores, nor any inter-
action among these factors significantly affected the
intergroup difference.
The outcome of the third multivariate hypothesis

showed that there was a highly significant difference
(P < 0f0001) among the performance of the four
brain-damaged subgroups, a finding that inspection
of the means of Table 1 suggests to be due mainly
to the elective impairment of the right hemisphere
subgroup with VFD. In order to verify this point,
the scores of the four brain-damaged subgroups and
the combined score of the control group were com-
pared with each other by the multiple comparison
method of Roy and Bose (1953). Since, at the level
of the third multivariate hypothesis, no interaction
of a first or higher order with testing modality, the
position of the model and the angular score were
found significantly to affect the intergroup differ-
ence, the multiple comparisons were carried out on
the means and not on the set of the eight scores ob-
tained by each group. These means are represented
in Fig. 2. The multiple comparison method yields
theta values, which must be compared with the
upper percentage points of the generalized beta dis-

tributions (theta points). The theta values obtained
for each comparison and the theta points corre-
sponding to the 005 and 0 01 probability level are
given in Table 3. It is apparent that right hemisphere
patients with VFD were significantly inferior to the
other groups, while the performance of the other
brain-damaged subgroups did not significantly
differ from each other and also with respect to the
controls' performance.

Since the primary interest of this study was in
precision of spatial orientation with respect to a
standard, the statistic used was the mean of the un-
signed deviations from the position of the model.
However, in the course of the research, it was noted

C LH LH RH RH
VFD- VFD+ VFD- VFD+

FIG. 2. Columns represent the combined mean scores of
controls (C), left hemisphere patients without VFD (LH,
VFD-), left hemisphere patients with VFD (LH, VFD+),
right hemisphere patients without VFD (RH, VFD- ),
right hemisphere patients with VFD (RH. VFD+).
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TABLE 3
THETA VALUES OF THE MULTIPLE COMPARISONS

LH, VFD - LH, VFD + RH, VFD - RH, VFD+

Controls -0-0028 -0 0162 -0 114 -0 2305t
LH, VFD- -0-0089 -0-0042 -0 2384t
LH, VFD + -0 0010 -0 1438*
RH, VFD- -0 1790t

Theta points with parameters 1, 144, 4: po, = 0 0979; p,j = 0-1592.
*P < 0.05. tP < 0 01.

that there was a tendency for many patients to
make a constant error in the horizontal plane,
depending on the side of presentation of the model.
It was decided, therefore, to verify this impression
by measuring the algebraical mean of the deviations
of the rod with respect to the standard. Two sep-
arate analyses were carried out, one on the hori-
zontal scores and the other on the vertical scores.
Table 4 presents the mean signed deviations of the
horizontal scores of the control group and of the
four brain-damaged subgroups for the two versions
of the test and for the left and the right position
of the model. Clockwise deviations are designed
as positive (+) and counterclockwise deviations
as negative (-). It is apparent that the deviations
were clockwise when the model was on the left and
counterclockwise when the model was on the right.
A four-variate analysis of covariance (age and
years of schooling being the independent variables)
showed that the five sets of the four scores were sig-
nificantly different from zero (F = 9 92; P <
0-0001 with DF 20 and 468). Multiple com-
parisons confirmed that the left-right gradient-that
is, the difference between the sum of the signed
deviations with the model on the left and the sum
of the signed deviations with the model on the right-
was highly significant for the total sample of patients
(P < 0-01). When tested in each of the five groups,
the gradient proved to be significantly different from
zero in the control group and in the two left brain-
damaged subgroups, but not in the two right brain-
damaged subgroups, suggesting that lesions of the

TABLE 4
MEANS IN DEGREES OF CONSTANT ERROR MADE BY FIVE

GROUPS IN HORIZONTAL PLANE

Model on left Model on right

Visual Tactile Visual Tactile

Controls + 5 + 3 -4 -2
LH,VFD- +-4 +4 -2 -3
LH, VFD+-- +-5 +4 -4 -2
RH, VFD- +3 +2 -1 -1
RH, VFD+ + 2 +0 -3 -1

right hemisphere tend to lower the constant error.
No significant difference in the size of the gradient
was found, however, in any inter-group comparison
carried out. Neither the test modality nor the
modality x model position interaction affected the
constant error.
With respect to the vertical score, Table 5 shows

that in both test modalities and model positions
there was a tendency to stop the rod below the level
of the standard. When tested with the same analysis
used for the horizontal score this error was highly
significant (P < 0 0001) in the total sample of patients
and its size did not change significantly from one
group to the other.

TABLE 5
MEANS (IN DEGREES) OF CONSTANT ERROR MADE BY FIVE

GROUPS IN VERTICAL PLANE

Model on left Model on right

Visual Tactile Visual Tactile

Controls -1 -3 -2 -3
LH, VFD- -1 -2 -2 0
LH, VFD + -2 -2 -2 0
RH, VFD- 0 -2 -4 -4
RH, VFD+ -1 -4 0 -4

DISCUSSION

In the present as well as in previous researches
carried out in our laboratory the hemispheric
samples have been subdivided according to the
absence or presence of VFD, because it was thought
that this easily detectable symptom could provide
useful information regarding the intra-hemispheric
locus of lesion. The central optic pathways run in
the white matter underlying the border between the
temporal and the parietal lobe and end in the
calcarine fissure of the occipital lobe; therefore, any
lesion localized in front of the Rolandic fissure
should spare the optic radiations, while retro-
Rolandic injuries are likely to produce hemi- or
quadrantanopia. It must be recognized that this
dichotomy is rough and imprecise, since, for
example, superior parietal lesions do not involve
optic pathways and, consequently, the correspond-
ing patients would be considered together with those
suffering from pre-Rolandic damage. This draw-
back can, however, be overlooked whenever signi-
ficant differences are found between the performance
of groups with and without VFD, because mutual
overlap of their lesions with respect to the Rolandic
sulcus would diminish rather than enhance the
probability of finding differential results.

Before accepting the conclusion that impairment
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associated with VFD indicates the detrimental effect
on performance produced by damage to retro-
Rolandic areas, the possibility must be ruled out
that the impairment simply reflects the deficit of
visual functions. In the results of our experiment
there are at least two pieces of evidence that argue
against this possibility. Firstly, the group that fails
on the visual test also fails on the tactile test, which
is carried out without the aid of vision. Secondly,
apparently the presence of VFD does not impair
performance when it is associated with left hemi-
sphere lesions, but only when it is associated with
right hemisphere lesions, a finding which points to
the importance of the locus of brain injury. On the
basis of these considerations, we deem it justified to
assume that damage to the retro-Rolandic region of
the right hemisphere plays a unique role in derang-
ing such an elementary ability as that implied by
the evaluation of the spatial direction of a rod. The
fact that none of the other brain-damaged sub-
groups, including that with retro-Rolandic injury
to the left hemisphere, was found to be impaired
with respect to control patients is worth emphasizing,
because some previous researches have indicated a
decrement in spatial performance after injury to
either of the two posterior areas of the brain,
although more severely when the right one was
involved.

It is noteworthy that lack of impairment in left
posterior brain-damaged patients has been reported,
to the best of our knowledge, only for the learning
of maze tests. Whether given visually (Milner, 1965;
Newcombe and Russell, 1969) or tactually (Corkin,
1965), they have demonstrated disruption of the
performance in comparison with normals after
right, but not after left hemispheric injury. Appre-
ciation of spatial orientation is a prominent feature
of these tests, although there has been discussion to
what extent the critical variable in determining the
patient's failure is learning or spatial perception.
The first hypothesis is supported by the finding that
in right temporal lobectomized patients the ablation
of a major part of the hippocampus appeared to be
decisive in lowering performance (Milner, 1965;
Corkin, 1965). On the other hand, Newcombe and
Russell (1969) presented evidence that poor scores
on the maze test were associated with right parietal
but not with right temporal lobe damage and that
they correlated positively with the scores of other
spatial perceptual tests. While it is possible that
patients with differently localized lesions fail for
different reasons, our results parallel those of
Newcombe and Russell in showing the existence of
a true right hemisphere dominance in the perceptual
processing of spatial clues. These findings must be
contrasted with those obtained from other maze

tests, or similar tests, which assess extrapersonal
orientation at a level involving intelligence, as in the
Elithorn's maze test (Elithorn, 1955) or the transla-
tion of perceptual informations into complex
locomotor behaviour, as in the route finding test de-
scribed by Semmes et al. (1955). In these cases right
hemisphere dominance shifts towards asymmetry of
functions (Benton, Elithorn, Fogel, and Kerr, 1963),
or equipotentiality of the two posterior regions
(Semmes et al., 1955). The close association between
poor scores and language disorders found both in
the Elithorn test (Colonna and Faglioni, 1966) and
in the route finding test (Semmes, Weinstein, Ghent,
and Teuber, 1963) may be interpreted as evidence
that the impairment shown by left brain-damaged
patients is due to the lack of the aid provided to the
performance by verbal mediation. The alternative
and broader view may be advanced that the con-
tribution of the left hemisphere to 'pure' spatial
perception is minimal or nil, whereas it increases
more and more as the task increasingly requires
the elaborate integration of spatial data or the grasp-
ing of their mutual relationships.
The lack of impairment of space perception found

in the present research after brain damage not
involving the right posterior region is all the more
remarkable as most of our patients were suffering
from recent and considerably incapacitating disease,
so that it seems unlikely that good performance
may be attributed to restoration of function. On the
other hand, it must be recognized that the vascular
aetiology prevailing in our case material does not
often produce damage to the prefrontal areas and it
is, therefore, open to question to what extent the
negative results found in patients without VFD are
valid also for the involvement of this area of the
brain. This issue deserves further investigation. For
the time being, it seems safe to stress the point that,
while complex tasks may be more sensitive in
disclosing mild disorders of spatial orientation, as
suggested by Milner (1965) in comparing her results
with those of Semmes et al. (1955), elementary
perceptual tasks provide a more suitable method
for bringing out hemispherical differences in
function.
The lack of differential impairment found in the

visual and the tactile version of the test confirms
previous findings (Semmes et al., 1955; Corkin,
1965; Faglioni, Scotti, and Spir,nler, 1969; De Renzi,
Faglioni, and Scotti, 1970) that extrapersonal dis-
orientation is not restricted to vision and that the
processing of spatial clues is supramodally organ-
ized. The available evidence points to the right
parietal lobe as the crucial area involved in this
function.
The constant error related to the position of the
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model that control subjects made in reproducing
the orientation of the rod on the horizontal plane is
not comparable with the error reported in orienta-
tion tasks, involving the setting of a luminous line
to the apparent vertical (Aubert phenomenon). In
that experimental situation the constant error was
found only while the body was tilted and was
minimal or nil while the body was upright (Teuber
and Liebert, 1958; Wapner and Werner, 1965),
whereas the constant error we observed does not
need conditions of abnormal body posture to be
brought out. Neither does it depend on visual
factors, since the magnitude of the error is not
significantly different in the visual and in the tactile
modality of the test. Furthes investigation is needed
to clarify the nature of this error, all the more so as
the experimental conditions of the present research
were not favourable to its analysis: in the five trials,
the horizontal angles of the model were not alike
when the second rod was to the left and when it
was to the right of the sagittal plane and they were
made even more difficult to compare by the various
orientations of the rod in the vertical field.

Nevertheless, the fact that lesions of the right
hemisphere-that is, of the hemisphere specialized
in processing spatial clues-lower the constant error
to the point that it is no more significantly different
from zero deserves consideration. Although the
difference with respect to either the left brain-
damaged patients or the controls falls short of the
accepted level of confidence, it is worth contrasting
this finding with changes in the size of the constant
error reported by researches on the judgment of the
vertical line. With body upright-that is, in the
experimental condition more alike to the one
examined in the present investigation-the magni-
tude of the constant error of brain-damaged patients
was found significantly increased with respect to
controls (Bender and Jung, 1948), or practically
unchanged (Teuber and Mishkin, 1954; Birch,
Belmont, Reilly, and Belmont, 1961), but never
decreased. It must be remembered, however, that
with the body upright, the constant error is very
mild or absent in control subjects required to set a
luminous line to the vertical, while it is a distinctive
feature of the normals' performance in our experi-
mental condition. It is, therefore, not surprising
that it may be depressed by damage to the cerebral
hemispherewhichis specialized in spatial orientation.
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