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Abstract
Objectives—To clarify the mechanisms of
left unilateral spatial neglect found in the
bisection of lines after cueing to the left
end point and to determine whether
neglect occurs for the mental representation of a line.
Methods—A new representational bisection task was developed to eliminate the
influence of the right segment of the
physical line that would attract attention.
Eight patients with typical left unilateral
spatial neglect underwent line and representational bisection tasks on a computer
display with a touch panel. In the line
bisection with cueing, they bisected a line
after touching the left end point. In the
representational bisection, the patients
were presented with a line until they
touched the left end point. On the blank
display, they pointed to the subjective
midpoint of the erased line. The performances of the two bisection tasks were compared when the length and position of
stimulus lines were varied.
Results—The rightward errors in the representational bisection were greater than
or equivalent to those in the line bisection
with cueing. The eVect of line length in
which the errors became greater for the
longer lines was equally found in the line
bisection with cueing and the representational bisection. This was confirmed in the
condition where the right end point was
placed at a fixed position and the line
length was varied.
Conclusions—After cueing to the left end
point, rightward bisection errors of patients with neglect are not caused by overattention to the right segment of the
physical line. Left neglect occurs mainly
for the mental representation formed at
the time of cueing or seeing the whole
extent of a line.
(J Neurol Neurosurg Psychiatry 2000;69:745–750)
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Patients with left unilateral spatial neglect
bisect horizontal lines with rightward errors.1
Left neglect is often reduced but remains
apparent even after they are cued to the left end
point when the whole extent is projected onto
the attentive right visual field.2 3 As we reported
in a previous study,4 their gaze tends to return
quickly from the left end point to the point
where the subjective midpoint is later placed.
Although the left part of the line falls in the
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inattentive or defective left field of vision after
cueing, its mental representation may be
stored. By contrast, the right part continues to
be perceived in the right visual field. When
bisecting a line after cueing, patients with
neglect seem to bisect the extent that consists
of the mental representation on the left side
and the real line segment on the right side.
Patients with left neglect sometimes show
representational neglect when they describe the
left side of internally generated images.5 6 For
external visual stimuli, Bisiach et al7 and Ogden
et al8 asked patients with neglect to detect diVerences within pairs of patterns moving leftward or
rightward behind a narrow vertical slit. The
detection of the mentally reconstructed images
was deficient on the left side. Rightward errors in
the line bisection after cueing to the left end
point may result from left neglect for the mental
representation of a line. On the other hand,
presence of objects in the non-neglected right
space worsens leftward exploration.9 10 In the
clock drawing, the left side hours may be transposed to the right side where the numbers were
previously drawn.11 Patients with typical neglect
often exhibit magnetic gaze attraction towards
the right side.12 Accordingly, it is possible that
rightward errors of bisection with cueing results
from overattention to the line segment seen in
the right visual field and impaired disengagement of attention from that part.
The present study aimed to clarify the
mechanisms of neglect found in the bisection of
lines after cueing to the left end point. We investigated the eVect of the line segment perceived in
the right visual field on line bisection performance and attempted to determine whether left
neglect occurs for the mental representation of a
line. We devised a representational bisection task
using a computer display with a touch panel.
Patients with neglect were presented with a line
until they were cued to touch its left end point
and saw the whole extent. They then pointed to
the subjective midpoint on the blank display.
Their performance in the representational bisection was compared with that in the line bisection
with cueing. If left neglect occurs for the mental
representation formed at the time of cueing to
the left end point, rightward errors should be
seen in either line or representational bisection.
However, the amount of errors might decrease
in the representational bisection where there is
no visual stimulus that would attract attention to
the right side.
Subjects and methods
SUBJECTS

Eight right handed patients with typical left
unilateral spatial neglect after a right hemispheric infarction were studied. They showed
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Patients’ clinical data
Unilateral spatial neglect

Patient

Age (y)

Sex

Duration
after onset
(months)

1
2
3
4
5
6
7
8

73
76
64
70
68
48
73
69

F
F
M
F
M
M
F
M

1.5
2
3.5
7
3
5
1
9

Visual
field

Line
bisection

Copying

Line
cancellation

Lesion

VE
IQ
IQ
VE
H
H
IQ
IQ

+
++
+++
++
++
+++
+
+++

+++
+++
+
++
+++
+
+++
+

+
+++
++
++
++
+
++
+

FTP
ftPo
fTPo
FTPo
tP
ftp
ftPo
dfp

+=Mild; ++=moderate; +++=severe; VE=visual extinction; IQ=inferior quadrantanopia;
H=hemianopia; F or f=large or small frontal lesion; T or t=large or small temporal lesion; P or
p=large or small parietal lesion; o=small occipital lesion; d=deep lesion.
13 14

left neglect in the line cancellation test,
the
copying of a daisy,15 16 and the line bisection
test.1 15 Their neglect in the three tests was
rated as mild, moderate, or severe according to
the scales of Levine et al17 and Ishiai et al.15
Brain MRI disclosed that they had an infarction that involved the right parietal lobe mainly
and extended into one or more of the frontal,
temporal, and occipital lobes. Four patients
had left inferior quadrantanopia and two had
left homonymous hemianopia on confrontation testing. The remaining two patients
showed left sided visual extinction on double
simultaneous stimulation. The mean age of the
patients was 67.6 (SD 8.7). Table 1 presents
the patients’ clinical data. Ten age matched
healthy subjects (mean age 66.2 (SD 6.8))
served as normal controls. All patients and
control subjects gave informed consent to participate in this study.
APPARATUS

Line or representational bisection tasks were
performed on a 12 inch liquid crystal display
(LCD) monitor with a touch panel (Gunze,
AV7624FT). The resolution was set at
600×800 pixels. The monitor was placed in
front of the subjects so that its centre was positioned in the sagittal midplane of the trunk.
Head movement was not restricted. The viewing distance was about 400 mm. The subjects
responded to stimuli by touching the translucent surface panel with a pencil-like pointer. A
personal computer (IBM, ThinkPad 310) controlled the presentation of stimuli and recorded
the responses.
LINE AND REPRESENTATIONAL BISECTION TASKS

A horizontal black line 2 mm wide was
presented against the white background at the
level of the centre of the monitor. The subjects
pointed to the subjective midpoint with the
pointer held in the right hand. Before starting
each bisection trial, the hand was always placed
in the subjects’ natural and comfortable
position on their knees.
Line bisection without cueing
A line was displayed on the monitor 1000 ms
after a short alarm sound. The subjects
bisected the line by pointing to the subjective
midpoint. The computer recorded its location
to the closest mm and produced a short vertical mark 10 mm tall and 1 mm wide at that
point.
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Line bisection with cueing
A line was presented in the same way as in the
line bisection without cueing. The subjects
were first asked to touch the left end point of
the line with the pointer. When they touched
the left end point accurately, the computer
emitted a short sound. If they failed to do so,
the trial was restarted after the examiner’s
encouragement to find the left end point. After
the cueing, they pointed to the subjective midpoint and the computer recorded its location,
where a short vertical mark appeared.
Representational bisection
The subjects were presented with a line in the
same way as in the other bisection tasks and
asked to point to its left end point. When they
touched the left end point accurately, the computer generated a short sound and the line disappeared. On the blank display, they pointed to
the subjective midpoint of the erased line. The
computer recorded the location of the subjective midpoint and produced a mark there.
Position and length of lines
In the centre condition, a line 100, 150, or 200
mm long was displayed centrally on the LCD
monitor. In the right condition, a 100, 150, or
200 mm line was presented so that its right end
point was always positioned 100 mm to the
right of the centre of the monitor.
Procedure
All patients and control subjects were examined with the three bisection tasks in the centre
condition in one session that took about 30
minutes. They first underwent the line bisection without cueing. The line bisection with
cueing and the representational bisection were
then given to them. They received two or three
practice trials before starting experimental
bisections of each task. The order of the line
bisection with cueing and the representational
bisection was couterbalanced with an ABBA
design. In each bisection task, they performed
10 experimental trials for each length in
randomised order completing a total of 30
bisections.
Four patients (3, 4, 6, and 7) and all control
subjects were further examined in the right
condition. The arrangement of the three tasks
was the same as in the centre condition. This
session was given to the patients on the day
after the centre condition. The controls
completed the centre condition and then the
right condition with a pause of 5 minutes.
BISECTION JUDGMENT IN THE RIGHT VISUAL
FIELD

Two patients (3 and 4) were asked to tell the
longer segment of a line transected by a short
vertical mark while they kept pointing to the
left end point. A 100, 150, or 200 mm line with
a mark was displayed horizontally across the
centre of the monitor. The deviation of the
mark from the true centre ranged from -25%
(leftward) to +25% (rightward) of the total
length in 5% increments. The mark thus
appeared at one of the 11 diVerent positions, in
which the true centre was included. As in the
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Representational bisection in neglect
Mean deviations in bisection tasks
Control subjects

Centre condition:
LB without cueing
LB with cueing
Representational bisection
Right condition:
LB without cueing
LB with cueing
Representational bisection

Patients with neglect

100 mm

150 mm

200 mm

100 mm

150 mm

200 mm

−0.08 (0.87)
0.43 (1.12)
0.66 (3.36)

0.26 (1.73)
0.50 (1.42)
0.83 (4.16)

0.36 (1.77)
0.30 (2.28)
0.78 (3.43)

20.9 (11.2)
4.5 (3.6)
12.2 (8.2)

36.4 (14.8)
10.6 (6.0)
19.1 (9.6)

49.7 (17.6)
18.4 (7.0)
25.7 (10.9)

0.21 (1.02)
0.61 (1.59)
0.64 (2.55)

1.11 (2.01)
0.81 (2.08)
1.59 (3.99)

0.89 (2.51)
0.93 (2.26)
2.41 (3.84)

3.9 (17.6)
6.6 (6.1)
10.6 (10.7)

25.8 (18.2)
17.0 (10.4)
22.7 (12.1)

50.7 (16.9)
32.5 (13.7)
39.5 (15.5)

LB=line bisection.
Values are means (SD) in mm.

landmark task of Harvey et al,18 the patients
were falsely informed that no line was correctly
bisected. Five trials were performed at each

Results

Line bisection without cueing
Line bisection with cueing
Representational bisection

LINE AND REPRESENTATIONAL BISECTION TASKS

Case
1

2

3

4

5

6

7

8

–100

–80

–60

–40

–20

0

20

40

position of the mark for each length. The order
of presentation was randomised across the
positions of the mark and the line lengths.

60

80

100

(mm)

Figure 1 Bisection errors in the centre condition for individual patients with left
unilateral spatial neglect. The mean locations (SD) of the subjective midpoint are shown
separately for the 100, 150, and 200 mm lines. The horizontal axis indicates rightward
deviations from the true centre. Closed circles=line bisection without cueing, black
triangles=line bisection with cueing, white triangles=representational bisection.
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Centre condition
Deviations of the subjective midpoint from the
true centre were measured to the closest mm,
and rightward deviations were given positive
values. Table 2 presents the mean deviations
for the control subjects and the patients with
unilateral spatial neglect. The control subjects
marked the centre of the lines almost accurately in the line bisection without cueing, the
line bisection with cueing, and the representational bisection. As shown in figure 1, all
patients presented greater mean deviations
than the control subjects in either task except
for the 100 mm lines in the line bisection with
cueing.
Deviations of the subjective midpoint were
analysed with a two way analysis of variance
(ANOVA) separately for individual patients.
Firstly, we compared the results between the
line bisection without cueing and the line
bisection with cueing. The main factors were
task and line length. The statistical results are
summarised in table 3. For all patients, both
main eVects were significant: cueing to the left
end point reduced rightward deviations and
greater deviations were found for the longer
lines. The length eVect was smaller in the line
bisection with cueing than in the line bisection
without cueing, which explained the significant
interaction between task and length. Secondly,
the results were compared between the line
bisection with cueing and the representational
bisection (table 3). Six patients (1 to 6) showed
greater mean deviations in the representational
bisection than in the line bisection. The
remaining two patients (7 and 8) showed no
significant diVerence of deviation between the
two bisection tasks. The eVect of line length
was significant in either task for all patients.
In the line bisection with cueing and the representational bisection, we analysed the latency
from the time of touching the left end point to
the time of pointing to the subjective midpoint.
All patients showed no significant diVerence of
latency between the two bisection tasks.
Right condition
Table 4 and figure 2 show the results of the
bisection tasks for the four patients examined
in the right condition. In the line bisection
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Statistical results for bisection performances in centre condition
LB without cueing v LB with cueing

LB with cueing v representational bisection

Patient

Task

Length*

Task×Length

Task

Length*

Task×Length

1

p<0.025

p<0.005

p<0.001

p<0.005

NS

2

p<0.001

p<0.025

p<0.001

p<0.001

NS

3

p<0.001

p<0.001

p<0.001

p<0.001

NS

4

p<0.001

p<0.005

p<0.001

p<0.001

NS

5

p<0.001

p<0.005

p<0.001

p<0.001

NS

6

p<0.001

p<0.001

p<0.001

7

p<0.001

p<0.005

NS

p<0.001
(p<0.01 / p<0.01)
p<0.001

NS

8

p<0.001

p<0.001
(p<0.01/p<0.01)
p<0.001
(p<0.01/p<0.01)
p<0.001
(p<0.01/p<0.01)
p<0.001
(p<0.01/p<0.01)
p<0.001
(p<0.01/p<0.01)
p<0.001
(p<0.01/ p<0.01)
p<0.001
(p<0.01/p<0.01)
p<0.001
(p<0.01/p<0.01)

p<0.001

NS

p<0.001

NS

p<0.005

LB=line bisection.
*The eVect of length in each task is shown in parentheses.

without cueing, patients 3, 4, and 6 showed
greater mean deviations than the control
subjects. The remaining patient (7) bisected
the 200 mm lines with rightward deviations. In
the line bisection with cueing and the representational bisection, the four patients showed
greater mean deviations than the control
subjects for the 150 and 200 mm lines.
In the line bisection without cueing, each
patient placed the subjective midpoint about
the same distance to the left of the right end
point irrespective of the length of the lines. The
distance from the right end point to the subjective midpoint (right distance) was not significantly diVerent among the three line lengths for
patients 3, 6, and 7. Patient 7 bisected the 100
mm lines with leftward errors and the 150 mm
lines within the normal range. These findings
Line bisection without cueing
Line bisection with cueing
Representational bisection
Case
3

4

suggest that line length was hardly processed in
their bisection without cueing. The right
distance was therefore treated as a dependent
variable for analysis of variance (ANOVA) to
investigate how the length or the left end point
of the lines was processed in the right
condition.19
Data were submitted to a two way ANOVA
with the same design as the centre condition. In
the comparison between the line bisection
without cueing and that with cueing (table 4),
a significant interaction was found between
task and length. For patients 3, 6, and 7, a significant eVect of length was found in the line
bisection with cueing but not in the line bisection without cueing. Patient 4 also showed a
typical eVect of length when cued to the left
end point. Patient 7’s leftward deviation for the
100 mm lines disappeared with cueing. Accordingly, the four patients showed neglect
depending on line length when cued to the left
end point. Reduction of rightward errors was
apparent in only patient 6.
The eVect of length was similarly found in
the line bisection with cueing and the representational bisection (table 4). Task×length interaction was not significant for patients 3, 4, and
6. Patients 3, 4, and 7 placed the subjective
midpoint more rightward in the representational bisection than in the line bisection with
cueing. Patient 6’s bisection performance was
not significantly diVerent between the two
tasks.

6
BISECTION JUDGMENT IN THE RIGHT VISUAL
FIELD

7

200

180

160

140

120

100

80

60

40

20

0

(mm)
Figure 2 Bisection errors in the right condition for individual patients with left unilateral
spatial neglect. The mean locations of the subjective midpoint (SD) are shown separately for
the 100, 150, and 200 mm lines. The horizontal axis indicates the distance from the right
end point to the subjective midpoint.
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When asked to keep pointing to the left end
point, patient 3 said that the left segment was
longer for all but one of the correctly bisected
lines. Only one 200 mm line with a mark at its
true centre was judged as having the longer
right segment. Patient 4 judged the left
segment as longer for all correctly bisected
lines. Both patients always detected the longer
right segment when presented with the lines
that were bisected leftward by 5% of the total
length. The other deviations of the mark were
also appreciated without error.
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Representational bisection in neglect
Statistical results for bisection performances in right condition
LB without cueing v LB with cueing

LB with cueing v representational bisection

Patie nt Task

Length*

Task×Length

Task

Length*

Task×Length

3

p<0.001

p<0.005

p<0.001

p<0.001

NS

4

NS

p<0.005

p<0.005

p<0.001

NS

6

p<0.001

p<0.001

NS

p<0.001

NS

7

p<0.001

p<0.001
(NS/p<0.01)
p<0.001
(p<0.05/p<0.01)
p<0.001
(NS/p<0.01)
p<0.001
(NS/p<0.01)

p<0.001

p<0.001

p<0.001
(p<0.01/p<0.01)

p<0.05

LB=line bisection.
*The eVect of length in each task is shown in parentheses.

Discussion
The patients with left unilateral spatial neglect
erred rightward when they bisected the mental
representation of a line after seeing its whole
extent in the right visual field. The rightward
errors were greater than or equivalent to those
in the line bisection with cueing to the left end
point. In the representational bisection, the
patients saw no line when marking the subjective midpoint. The results indicate that after
cueing to the left end point, the presence of the
right segment perceived in the right visual field
had no eVect on bisection performance of the
patients with neglect.
Rightward errors from the true centre were
greater for the longer lines in either the line
bisection with cueing or the representational
bisection. The right end point of the longer
lines was located further to the right side in the
condition where the lines were centred in the
sagittal midplane of the trunk. In this centre
condition, rightward errors would become
greater for the longer lines even if only the
location of the right end point was stored in
memory. When patients with severe neglect
bisect lines without cueing, they may determine the subjective midpoint according to the
location of the right end point in the egocentric
space.19 Our patients also seemed to bisect lines
similarly in the right condition where the right
end point was placed at a fixed position. They
placed the subjective midpoint nearly the same
distance to the left of the right end point
irrespective of line length. With cueing to the
left end point, however, the subjective midpoint
was placed more leftward as the line extended
more to the left side. This true eVect of line
length was equally found in the line bisection
with cueing and the representational bisection.
The results suggest that patients with neglect
have a mental representation of a line that
reflects the length of its whole extent that was
projected onto the right visual field while cueing. We conclude that in the line bisection with
cueing, neglect occurs mainly for the mental
representation formed at the time of cueing or
seeing the whole extent of a line. However, further study is necessary to determine whether
neglect occurs for the accurate representation
of a line or neglect results in forming the
shorter representation.
Attention of patients with left unilateral spatial neglect may be shifted rightward also in the
right visual field.20 21 However, such bias of
attention does not seem to cause rightward
errors of line bisection after cueing. Our previ-
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ous studies4 15 disclosed that patients with
neglect could appreciate their bisection errors
when forced to fixate the left end point. Two
patients in the present study were asked to
judge the longer segment of lines with a
transection mark while they kept pointing to
the left end point. Their judgment was flawless
when the deviation of the mark amounted to
5% or more of the line length. The lines with a
mark at the true centre were almost always
judged as having the longer left segment. This
bias of bisection judgement corresponds well to
the results of the recent study22: normal
subjects bisected a line slightly towards the
central field when gaze was fixed so that the
line was seen in only one hemifield. The
patients with neglect should err leftward, if they
bisected lines according to their judgement of
the centre in the right visual field.
The patients often showed greater rightward
errors in the representational bisection than in
the line bisection after cueing to the left end
point. Ishiai et al4 reported that the fixation of
patients with left unilateral spatial neglect
never returned to the left side after it departed
from the cued left end point. In our patients,
the latency from the time of cueing to the time
of placing the mark was not diVerent between
the line bisection and the representational
bisection. It is therefore unlikely that they
traced the line leftward again after cueing and
showed smaller errors in the line bisection. The
presence of a real line may have aVected the
scanning from the left end point and reduced
rightward errors of bisection.
Visual stimuli presented in the left visual
field or the left space may be processed unconsciously.23 24 Berti et al25 reported that the presence of irrelevant stimuli around the left part of
a line improved bisection performance in some
patients with neglect. They considered that
implicit processing of the left sided stimuli oriented attention automatically to the left side. It
is possible that after cueing to the left end
point, our patients also paid attention covertly
to the left extent of the line. In six of the eight
patients, the left visual field was not completely
defective. The left segment of the line may have
fallen in the residual sector of the left visual
field. The remaining two had left homonymous
hemianopia but showed smaller rightward
errors in the line bisection with cueing than in
the representational bisection. Their hemianopia seen on confrontation testing might not be
a true defect of visual field as reported in
patients with severe neglect.26–28
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The possibility remains that the frame of the
display screen, especially the right edge,
aVected the representational bisections to
increase rightward errors. If the patients used
the right edge as a cue to judge the centre of the
erased lines, the eVect of line length on the
bisection errors should become smaller compared with that in the bisection of the physical
lines. However, this was not seen. It is therefore
unlikely that the increase of rightward errors in
the representational bisection resulted from the
use of the computer display, which was not
wide enough to directly exclude the possibility.
All patients in the present study had a lesion
that involved the right parietal lobe. The lesion
extension to the frontal lobe seemed to have no
eVect on the results of the line and representational bisections. Exploratory motor deficit
may predominate in neglect after damage to
the frontal lobe.29 Our cueing technique
probably eliminated the influence of directional hypokinesia and hypometria,30 31 because
the patients moved the hand from the left
extreme of a line to mark the subjective
midpoint. Whereas some patients with neglect
with a frontal lesion perform normally in the
line bisection test,32 others exhibit small but
apparent rightward errors.33 There are controversies as to whether neglect in an internally
generated image occurs after parietal or frontal
lesions.6 34 We consider that the approach using
the line and representational bisection tasks
will also contribute to exploration of mental
representation in patients with frontal lobe
neglect.

