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Point localisation in patients with unilateral brain
damage
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SUMMARY The ability to reproduce the position of points in a plane was examined by a copying
test in a control group and in unilaterally brain damaged patients. The procedure was designed to
minimise the influence of visual field defects and of spatial hemi-inattention on performance.
Accuracy of localisation and direction of errors were studied in each half of the plane. Analysis
showed a greater impairment of localisation ability in the patients with right hemisphere disease;
however, the performance of both hemispheric groups was characterised by a reduction of accuracy
in half of the plane contralateral to the side of the lesion. Both hemispheric groups showed an
abnormal direction of errors in the left half of the plane, but the two groups presented a different
pattern of errors.

Localisation of points in a bounded plane, under the
condition of free gaze, has teen repeatedly investi-
gated'-8 in order to evaluate how brain damage
affects the ability to orient in extrapersonal space.
However, although the importance of different
cortical5-1" and subcortical'2-14 structures has been
recognised, the r6le of each hemisphere with regard
to the relevant aspects of localisation has not been
settled.
Data regarding the accuracy of performance on

the side of the lesion appear quite contradictory
even when the same testing procedure5 is applied.
Some findings suggest that patients with lesions of
the right hemisphere attain a very low level of
accuracy, implying that the minor hemisphere plays
a dominant role in this performance.5 Other findings,
however, indicate that the two hemispheres are
equally relevant to the task, since the lesion of either
one affects localisation in the contralateral half of
the space.4 6 Similarly the analysis of the data
regarding the direction of mislocalisation within
each half of space leads to unexpected results. It has
been reported that both patients with left and right
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hemisphere lesions show a clear-cut tendency to
shift the localisation of points towards the side of
the lesion, suggesting the existence of contralateral
neglect.3 4 15 16 However, the shift may be more
prominent after lesion of the left hemisphere.4 This
result seems to contradict clinical observations which
relate unilateral neglect and distorted perception of
spatial relationships to lesions of the right hemi-
sphere.'7 These contradictions might be explained
in terms of the complexity of the task employed
which often calls for the localisation of several
points simultaneously.5 Undoubtedly in this case
the difficulty of the performance is increased by the
necessity to evaluate a large set of relative distances.
Furthermore, some tasks call for a judgement of the
configuration of points which is independent of the
localising performance. Under this testing condition
a derangement of performance after unilateral brain
damage probably reflects a disturbance in complex
spatial thinking, which is not necessarily involved in
the localisation of single points. Finally the inter-
action of such factors as visual field defects or
hemi-inattention might be responsible for the
variability of the findings.

This study was designed to re-examine the relation-
ships between hemispheric lesion and ability to
localise points in a bounded plane. A very simple
test was devised, to minimise the influence of the
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previously mentioned factors on the performance,
and both the accuracy of localisation and the
orientation of errors within the plane were analysed.

Materials and methods

Subjects
In a cooperative study of the Department of Neurology
of the University of Iowa (USA) and of Genova (Italy),
the test was given to 146 patients. Forty-eight control
patients (24 from Iowa and 24 from Genova) who showed
no history or evidence of brain disease, were drawn from
a large sample which we have already reported on.'8
Within each nationality subgroup 12 patients performed
with the preferred hand and 12 used the non-preferred
hand. Since a previous study of the control patients had
shown that hand and nationality do not affect the per-
formance,18 the four groups will be considered as a whole.

Fifty-three patients (22 from Iowa and 31 from Genova)
had lesions confined to the left hemisphere as determined
by the clinical findings, angiography and isotope brain
scan. Forty-five patients (16 from Iowa and 29 from
Genova) had lesions confined to the right hemisphere.
The mean ages of control, left hemisphere and right

hemisphere groups were respectively 60 years (SD = 9),
57 years (SD = 11) and 56 years (SD = 14). Differences
of age among the three groups as well as between
nationalities within the same group were not significant.
All patients were right handed. Thirty-four patient in the
left hemisphere group were clinically aphasic and nine
showed a visual field defect (VFD) at the kinetic
perimetry or the confrontation test. No patient in the
right hemispheric group was aphasic and 14 showed a
left VFD. The brain damaged groups were reasonably
matched for severity of sensory and motor disturbances.
Cerebrovascular disease was the most frequent diagnosis
(55% in the left hemisphere group; 56% in the right
hemisphere group). Neoplasm was the next most frequent
diagnosis (36% and 40% respectively in the left and in
the right hemisphere groups). In surgical cases, the test
was given before operation.

Testing procedure
A modified version of the "copying test"5 was used,
consisting of a series of 12 white stimulus cards
(26 5 cm x 20 cm), six with one cross and six with two
crosses. The cards were consecutively presented, held
vertically, at a comfortable distance from the patients,
who had been instructed to reproduce the location of each
cross as accurately as possible on a response sheet of the
same size as the stimulus card. The brain diseased
patients used the hand ipsilateral to the side of the lesion.
No time limit was imposed. The examiner called the
patient's attention to any crosses that he had neglected
to copy. It has been found that some subjects, both among
the older controls and brain damaged patients, show a
tendency to reproduce the position of the cross in the
response card in a reverse manner with respect to that of
the test stimulus, for example, crosses near the lower
edge of the stimulus sheet may be located close to upper
border in the response card and so on. These subjects
were discarded.

Scoring technique
Each response card was superimposed on a quadriruled
mastercard, the side of each square being 5 mm. The
displacement was measured and recorded in terms of the
number of squares separating the reproduction from the
original. The accuracy of performance as well as the
direction of errors were rated for each cross.

(A) Accuracy ofperformance The number of squares
separating the centre of the copied cross from the
position of the corresponding one in the testing stimulus
was computed along each axis, yielding two measures,
one for the horizontal deviation and the other for the
vertical deviation from the original. The individual
horizontal and vertical scores in the left and in the right
half of the card were respectively summed in order to
give a horizontal deviation score (HDS) and a vertical
deviation score (VDS) for each half of the card. The sum
of these scores for each patient constituted an individual
halfpage error which was considered to be a measure of
accuracy within each half of the plane. Adding the left
and right half page errors gave an index of the patient's
accuracy in the whole plane, which will be referred to as
the overall error.

(B) Direction of errors The horizontal and vertical
scores were also regarded as vector scores by adding a
plus or minus sign according to the direction of the
displacement. In the case of errors along the horizontal
axis "plus" indicates a displacement towards the right
and "minus" a displacement towards the left. Similarly,
for the vertical error, "plus" and "minus" indicate
respectively an upward or downward displacement. The
scores of the crosses located in the same half of the card
were summed algebraically in order to give a horizontal
vector score (HVS) and a vertical vector score (VVS) for
each subject. The analysis of the direction of errors was
limited to the HVSs of each half of the card and to their
sum which will be referred to as the overall horizontal
vector.

Results

ACCURACY OF PERFORMANCE
Table 1 presents the distribution of the individual
overall errors of the control and brain damaged
groups. It is clear that the right hemisphere group
did more poorly than the left group. Nineteen of 45
patients (42%) with right hemisphere disease scored
below the cut-off level of the normal group, defined
as the poorest performance of the controls,
while only seven of 53 patients (13 %) with left
hemisphere damage performed below the cut-off.
The individual HDSs and VDSs were subjected

to a mixed multifactorial analysis of variance with
one between-subject factor (presence of lesion) and
two within-subject factors (half page and component
of error, that is HDS vs VDS).19 In order to control
for the heterogeneity of variance, the analysis was
carried out on log-transformed data and, given the
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Table 1 Distribution of individual error scores

Controls Left Right
hemisphere hemisphere

25- 29 2
30- 34 4 1
35- 39 7 7 2
40 44 8 8 1
45- 49 6 5 3
50- 54 4 6 3
55- 59 5 3 1
60- 64 4 3 2
65- 69 2 4 4
70- 74 2 6 4
75- 79 1 3 2
80- 84 3 1 3
85- 89 1 3
90- 94 2 3
95- 99 2
100-104 1 3
105-109 2
110-114 1
115-119
120-124 2
125-129 3
130 and over 1 2
Mean 5140 6183 8331
SD 17-85 25 20 34 64

different number of patients in each
unweighted mean solution was applied.1"

Table 2 presents the mean HDSs
within each half card of the three groups

Table 2 Mean horizontal (HDS) and verticc
scores (VDS)

Left halfpage Righ
HDS VDS HD1'

Controls 13-54 11*46 12 9(
Left hemisphere 14-85 13 91 17-0(
Right hemisphere 23-16 20 27 17-8

Table 3 Three factor univariate analysis of
log transformed individual deviation scores. F
A = groups (control, left hemisphere, right
hemisphere); B = position in the page (left hc
half) C = component of error (horizontal dev
score, vertical deviation score

Source of variation SS df

Between subjects
Groups(A) 3-690 2
Subjects within groups 13 654 143
Within subjects
Half-page (B) 0-064 1
A x B 0-210 2
B x Subjects w. groups 2 934 143
Component of error (C) 0 001 1
A x C 0 141 2
C x Subjects w. groups 4-617 143
B x C 0-257 1
A x B x C 0-071 2
B x C x Subjects w. groups 3 033 143

**p <0025
***p < 0-01

****p < 0-001

controls vs left
controls vs right
left vs right

group, an
9
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Fig 1 Mean halfpage errors of the three groups. Each
error score corresponds to the average sum of individual
HDS and VDSfor either halfpage and is expressed in
conventional units. Triangles = controls; closed circles =
left hemisphere group: open circles = right hemisphere
group.
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and Table 3 is the summary of the analysis ofof patients, variance. As will be seen, presence of lesion was
characterised by an increase of error scores both in

al deviation the left and in the right hemisphere groups. In
addition, the right hemisphere group made more

it halfpage errors than the left hemisphere group.
S VDS The interaction between presence of lesion and
6 13 44 half card is shown in fig 1, where the mean half page
6 16 57 errors for each group are reported. In both the
7 2202 control and the left hemisphere groups there were

more errors in the right half of the card and the
variance on performance of the latter group was worse than that
actors: of controls (F = 8-7; df:1,202; p < 0005). Con-

versely, in the right hemisphere group the difference
alf, right between the left and right halves was reversed and
iation the size of error was larger in the left half of the

card (F = 4-8; df: 1,143: p < 0 05). The interaction
F between component of error (that is HDS vs VDS)

and half card was statistically significant. The
gradient of errors between the two halves of the

v932**** card was determined more by a difference between
the VDSs (F = 13-9; df: 1,286; p < 0-001) than by
a variation of the HDSs (F = 1-5; df: 1,286; ns).

Five (36%) of the patients with right hemisphere
2°1° lesion and visual field defects performed below the

cut-off, while none of the nine patients in the left
12 13**** hemisphere group with visual field defects performed
1-67 defectively. However, in a separate analysis, neither

field defect (F = 1-3; df: 1,94; ns) nor its inter-
6 38 ** actions with other variables reached the level of

36 57****
13-7**** statistical significance.
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Left half page
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Fig 2 Polar plot of the mean directional error of three groups ofpatients in each halfpage, referred to the
original position indicated by the central cross. Vectors relate to the performance of brain damaged patients and
result from the mean HVS and VVS of each hemisphere group. Dashed vector left hemisphere group; continuous
vector = right hemisphere group. The mean directional error of controls is indicated by the peripheral crosses

inscribed in the 95% bivariate ellipse of confidence of mean.

DIRECTION OF ERRORS

Control as well as brain damaged patients showed
a consistent tendency to deviate downwards, but the
trend was enhanced in brain damaged patients
(see fig 2). Table 4 presents the mean HVSs of the
three groups for each half card. In view of the
possibility that directional errors might be related
to the accuracy of performance, the brain damaged
patients was subdivided according to whether their
level of accuracy was within normal limits or below.
A factorial design of analysis of variance with a

single control group19 was used, which permitted
a comparison of the HVSs obtained by controls in
each half of the card with the corresponding per-
formances of the four groups of brain damaged
patients, that is left and right hemisphere groups
with normal or poor accuracy. The analysis was

performed on individual HVSs after a log transform
of their absolute values and an unweighted solution
was applied. The summary of analysis of variance is
shown in Table 5.

Table 4 Mean horizontal vector scores (HVS)

Left halfpage Right halfpage

Controls -7 21 +3 94

Left hemisphere cut-off - 596

phee-~..,~ cut-off + 114 + 10-00

Right hemisphere- cut-off + 1026 +3011
.~~~~~~u-of

The analysis indicates that presence of lesion, half
card and the interaction between the two factors affect
the direction of errors. The interaction indicates that
the comparison between the HVSs of controls and
those of brain damaged patients led to different
outcomes in the two halves of the card. A difference
between the performance of control and brain
damaged groups was found only in the left half of
the card (F = 12 5; df: 1,246; p < 0-001). Figure 2

Table 5 Three factor univariate analysis of variance
on log transformed individual horizontal vector scores.
Factors: A = side of lesion (left hemisphere, right
hemisphere); B = accuracy (above or below the cut-off);
C = position in the page (left half, right half)

Source of variation SS df F

Between subjects
Controls vs. others 7-801 1 7-08 ***
Side of lesion (A) 0 345 1 0-31
Accuracy (B) 1-450 1 1-32
A x B 0-851 1 0-77
subjects within cells 155-305 141
Within subjects
Half pace (C) 31-869 1 64-86****
(controls/others) x C 2-781 1 5-66 **
A x C 0-213 1 0-43
B x C 2-201 1 4-48 *
A x B x C 0-622 1 1-27
C x subjects within groups 69-280 141

*p <005
**p < 0-025

***p < 0 01
****p < 0-001
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illustrates such a result in polar coordinates. The
vectors resulting from the mean HVSs and VVSs of
the control and brain damaged groups are presented,
showing the mean value of the mislocalisation with
respect to the position of the cross in the test card
(central crosses). The performance of controls
(peripheral crosses) is inscribed in the 95% bivariate
ellipse of confidence of the mean. It is apparent that
in the right half of the card all the patients showed

Left half page

90
I

101

5

5
180-

I

I

-0

270

90

10j
lo..

5 1

180- i i -0

p

27()

Fig 3 Polar plot of the mean directional errors

(vectors) referred to the original position (central cross)
produced in the left halfpage by brain damaged groups

performing at different level of accuracy. A = left
hemisphere group; B = right hemisphere group.
Dashed line = normal accuracy group; continuous
line = low accuracy group.

the normal rightward shift. In contrast, in the left
half of the card the leftward shift of the control
group was replaced by a quasi-zero mean HVS.

The interaction between accuracy and half card
(see table 3) was statistically significant. The HVSs
of patients who performed at a low accuracy level
differed from those of other patients only in the
left page (F = 4.5; df: 1,246; p < 0 05).

Figure 3 presents the mean vectors obtained in the
left half page by the two hemispheric groups at each
level of accuracy. It is apparent that in the right
hemisphere group a low level of accuracy was related
to a large rightward shift, whereas normal accuracy
was characterised by a leftward shift, as shown by
the controls. The same patterns occurred in the
left hemisphere patients. In this case the leftward and
rightward sllifts were very weak.

Discussion

The analysis of accuracy scores generated two main
results to be considered. First, patients from each
hemispheric group achieve a very low level of
performance in the half space contralateral to the
side of the lesion. This outcome indicates the
importance of each hemisphere in the control of the
crossed half of space. Furthermore, this pattern of
errors is the only noticeable effect of a lesion of left
hemisphere on the performance, since patients in
this group do not differ from control as far as the
performance in the half space ipsilateral to the
lesion is considered.

Earlier results indicate that lesions of each hemi-
sphere give rise to contralateral neglect. The latter
can involve extrapersonal6 20-23 or intrapersonal24 25
space and it is particularly prominent in tasks
making demands on capacity for visual search.22
Thus the present results might be related to
a weaker control of contralateral half space, as one
would expect in case of neglect. However, considering
that none of our patients presented overt signs of
hemi-inattention, it is more likely that our results
were determined by a distorted perception of the
spatial framework, as some authors have suggested.10
The second result has to do with the performances

of the patients with disease of the right hemisphere
who showed a low level of accuracy in both the
halves of space. This supports the specific relevance
of the right hemisphere in the evaluation of spatial
relationship, as it has been demonstrated by a large
body of evidences referring to point localisation5 7 8
as well as to other performances.23 26 27
The existence of a right hemisphere "dominance"

for tasks such as point localisation is a controversial
issue. Many researchers contend that processes
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through which objects are localised visually are

organised in each hemisphere independently in
respect to the crossed half space and are not related
to the dominance of a single hemisphere.9-1 28 29

Our results combine this point of view with the right
hemisphere dominance hypothesis.5 7 8 They suggest
that localisation of points, as assessed by a copying
performance, calls on two different abilities, each
one depending on a different functional organisation
of the hemisphere. One is related to the specific
control of each half space and depends upon the
integrity of both hemispheres, each one controlling
the crossed half-space. The other is related to the
ability to evaluate spatial relationships as distances
or relative positions23 26 and depends upon the
integrity of the right hemisphere.

Visual field defects were not relevant to the
performance either with respect to half page or

overall errors. However, it is probable that our

procedure, in which the examiner called the attention
of the patients to skipped crosses, attenuated any

effect of visual field defect.
With regard to the direction of error the perform-

ance of normal controls was mainly characterised by
a large leftward shift in the left half of the card as

opposed to a weaker rightward shift in the right
half.'8 30

From these results it is apparent that both
hemispheric groups differ most sharply from the
orienting behaviour of controls in the left half of the
card. Specifically, left hemisphere patients show an

average horizontal vector closely approaching zero,
the individual performances being randomly directed
and thus cancelling out in the algebraic sum.

Conversely, the right hemisphere group shows an

excessive rightward shift.
It has been suggested that directional deviations in

locating points in the extrapersonal space might
depend upon the existence of unilateral neglect. This
would be responsible for a misplacement to occur

away from the neglected side, that is, the half space
contralateral to the lesion.4 15 16 Our result failed to
show a consistent pattern of errors except for
a group of patients with right hemisphere lesion and
this is in partial agreement with other data.3 In
addition it is clear that orientation defects do not
necessarily occur in the half space opposite to the
lesion as it would be expected in case of unilateral
neglect.
Our findings suggest that different mechanisms

are probably involved in determining the direction
of the shift in the two groups of brain damaged
patients. In the right hemisphere group, the relation-
ship between accuracy and directional shift suggests
that the disruption of the same spatial mechanism
may be responsible for both phenomena. Since the

Tartaglione, Benton, Cocito, Bino, Favale

directional shift takes place in the same half space
where the lowest level of accuracy is attained, that is
the left half, it is conceivable that contralateral
neglect plays a r6le in this case. In contrast, in the
left hemisphere group, where the directional errors
are not related to accuracy, other mechanisms have
to be postulated, possibly praxic in nature, as some
data would suggest.5

Further investigation along these lines is in
progress to test these hypotheses. At present, it
seems clear that simpler localisation tasks permit
study of the main dimensions of such a spatial
performance and increase the usefulness of such
tasks as a diagnostic tool.

This investigation was supported by NATO
Research Grant Nr 857 (Dr Tartaglione), CNR
Grant 16.CT/80.00439.04/115.7743 and by Grant
NS OU 616 from the National Institute for Neuro-
logical and Communicative Disorders and Strokes
(Dr Benton). We are indebted to Mrs Giuliana
Cappati for help in testing the patients.
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