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Developing algorithms to enhance the sensitivity
of cancellation tests of visuospatial neglect
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We describe a set of algorithms that enhance the sensitivity of cancellation tests used in assessing
visuospatial neglect, The algorithms can be readily implemented on a computer and can provide tem
poral and nontemporal data on strategies used during cancellation. Wealso present preliminary results
from a group of 68 right-hemisphere brain-damaged patients and 12age-matched control participants,
which demonstrate the clinical significance of the measures we have defined.

Visuospatial neglect is a disorder in which stimuli ap
pearing on the contralateral side to a brain lesion are ig
nored. Clinically, its presence is usually detected through
a small number ofsimple tests, such as line bisection, copy
ing, and freehand drawing. In line bisection, the task is
to bisect a line in the center so that it is divided into
equal halves. Copying and freehand drawing are self
explanatory, with patients usually being required to pro
duce geometrical forms or familiar, symmetrical objects,
such as clocks. In each case, right-hemisphere brain
damaged patients with visuospatial neglect ignore or
omit critical information placed on the left-hand side of
the page, with left-hemisphere patients producing the op
posite result.

Although the condition has been reported since the late
19th century, it is only in recent years that it has become
the subject ofintense research interest (see Bradshaw &
Mattingley, 1995). Recent research has shown visuo
spatial neglect to be highly complex, resulting from dam
age to different neurological and cognitive systems. The
neuroanatomical structure commonly associated with ne
glect is the inferior parietal cortex, although neglect is also
found following damage to the dorsolateral frontal cortex
and to subcortical structures, such as the thalamus and the
basal ganglia. Theories based on neuropsychological case
studies have suggested that cognitive deficits in atten
tion, representation, or motor planning might underlie ne
glect. Therefore, in order to properly investigate neglect,
it is necessary to develop assessment techniques capable
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of simultaneously measuring multiple aspects of perfor
mance that are sensitive to different anatomical or cog
nitive systems.

In the present paper, we report a modified cancellation
test in which patients are asked to cancel a number oftar
get objects (e.g., Os, set among Xs). In our implementa
tion ofthe cancellation task, cancellations are made on a
sheet of paper placed on agraphie tablet connected to a
pc. Each movement registered by the tablet is stored as
astring ofx,y coordinates, and we describe how c1inically
relevant information concerning temporal and strategie
aspects ofperformance can be extracted from these data.

Implementing the OIX Cancellation Task
for Use With a Graphics Tablet

Cancellation tasks have a long history in the study and
detection ofvisuospatial neglect (Albert, 1973). They re
quire that all the lines are crossed, all the Os (set among
distractor Xs) have a line placed through them, or all of
a set of small stars placed within a set of larger stars and
words are crossed. Our version of the O/X cancellation
task consisted ofan A4-sized (29.7 X 21 cm) overlay, on
which aseries of 12 0 and 12 X characters, or cancella
tion points, were printed (see Figure I). Each character
measured 7 X 7 mm, and the characters were arranged in
a pseudo-random fashion. As in the standard task, the par
ticipants were required to cancel (cross out with a pen) all
ofthe 0 characters. Note that the pen marked the paper,
in addition to transmitting coordinates to the computer.

Data Capture
The O/X task was completed with an overlay positioned

and fixed on agraphie digitization tablet (Wacom
UD1212) connected to a pc. As the participants marked
the overlays, the coordinates of a cordless pen were trans
mitted to the computer at a baud rate of 19,200 bits/sec
ond. The spatial resolution ofthe tablet was 180 points/ern
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formance on a cancellation task. The closest target to a
response coordinate was determined by the smallest Eu
clidean distance, defined by the formula

Dd(a,b), (c,d)] = Y(a - c)2 + (b - d)2,

where (a,b) is the current response file coordinate and
(c,d) is the coordinate ofa target contained in the mask
file. If this distance was below a threshold of 5.6 mrn
(4 mm in each axis), the target point was listed as canceled.

Analyses of Omissions
To test for the number of omissions made by a partic

ipant, a mask file was matched against the data response
file. The mask file was ASCII based and contained a list
of target coordinates, an identification number, and a
type (an 0 or an X) for all ofthe targets on the cancella
tion task. To test whether a particular target had been
canceled, target coordinates stored in the mask file were
compared with coordinates in the data response file. This
procedure mimics exactly the traditional measure ofper-

along both the x and the y axes. The spatial coordinate
data, along with other pen position data (such as pressure
and x and y tilt values, which we do not report here), were
time-stamped with an offset from the start ofdata capture
(in milliseconds) and stored in a separate ASCII data re
sponse file on the computer. The main benefits of this
storage method (as opposed to real-time processing ofthe
data) are twofold. First, complex feature extraction rou
tines can be used on the data without the need to buffer the
real-time data stream from the graphics tablet, and sec
ond, responses can be reanalyzed so that new features can
be defined and extracted without the need for retesting.

x o x

Figure I. O/X cancellation task.

o x Analyses of Temporal Data
Coordinates were stored every 50 msec in the data re

sponse file. Simple measures, such as the overall (and
mean) task execution time (time between the first and the
last cancellation), were trivially easy to calculate. We also
calculated many temporospatial parameters during the
cancellation sequence, using intercancellation timings
computed between successive pairs of points. Inter
cancellation times were split into movement, premove
ment, and drawing components. Movement time was de
fined as the time between the pen leaving its previous
target and the start of the next cancellation, and pre
movement time as the duration for which the pen remained
stationary after the completion of a cancellation before
the next movement began. Drawing times were defined as
the time from the beginning to the end of each cancellation.

For each ofthese measures, we computed the gradient
ofthe linear trend (Press, Flannery, Teukolsky, & Vetter
ling, 1992) of a graph showing time plotted against can
cellation order. A positive gradient signified longer times
toward the end ofthe sequence, whereas a negative gra
dient indicated reduced times between cancellations.
Note that the first position within a sequence was ignored
and was not included in subsequent calculations, since
timings began when the first object was canceled.

Analyses of strategie data. The sequence of cancel
lation points from each participant was classified by
matehing against aseries of archetypal patterns (stored
in a third ASCII file, the sequence file) taken from

Table I
O/X Task Sequence Definitions

Sequence Traversal Start Position Traversal
ID Method Start Side in Column Direction Sequence

I raster left top vertical I 2 3 4 5 6 7 8 9 10 II 12
2 raster left bottom vertical 2 I 4 3 6 5 8 7 10 9 12 II
3 raster right top vertical II 12 9 10 7 8 5 6 3 4 I 2
4 raster right bottom vertical 12 II 10 9 8 7 6 5 4 3 2 I
5 raster left top horizontal I 5 II 2 9 3 7 12 6 8 4 10
6 raster left bottom horizontal 4 10 6 8 3 7 12 2 9 I 5 II
7 raster right top horizontal II 5 I 9 2 12 7 3 8 6 10 4
8 raster right bottom horizontal 10 4 8 6 12 7 3 9 2 II 5 I
9 snake left top vertical I 2 4 3 5 6 8 7 9 10 12 11

10 snake left bottom vertical 2 I 3 4 6 5 7 8 10 9 II 12
11 snake right top vertical II 12 10 9 7 8 6 5 3 4 2 I
12 snake right bottom vertical 12 II 9 10 8 7 5 6 4 3 I 2
13 snake left top horizontal I 5 II 9 2 3 7 12 8 6 4 10
14 snake left bottom horizontal 4 10 8 6 3 7 12 9 2 I 5 lI
15 snake right top horizontal II 5 I 2 9 12 7 3 6 8 10 4
16 snake right bottom horizontal 10 4 6 8 12 7 3 2 9 II 5 I
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and

and

o= a2x + b2Y + c2 for Line 2 (Equation 2),

where

at = (Y2 - YI), b, = (XI - x2) and

cI = (x2 *YI) - (XI *Y2)

-c l b2 + c2 bl

-a2 bt + a lb2
X·=I

y .=
I

which gives

a2 = (Y4 - Y3)' b2 = (x3 - x4) and

c2 = (x4 *Y3) - (x 3*Y4)'

A simple check, to see whether the segments intersected,
was perforrned by substituting sets ofend points ofLine 2
into Equation 1. If the result of both equations were of
the same sign, both end points of Line 2 were above
(both negative) or below (both positive), and the Iines did
not intersect. A 0 result from the equation signified that
the end point lies on Line 1. For verification, the same
procedure was repeated for Line 1, substituted into
Equation 2. Points ofintersection (x;,y;) were defined as

-(alx; + CI) -(a2x; + C2)

b, b2

at the same point-i.e., the next line in sequence-was
ignored). Line crossings were detected by the following
method: The two line segments for inspection were de
fined by the coordinates ofend points: Line 1 from (x I ,YI)
to (x2'Y2) and Line 2 from (x3,Y3) to (X4,Y4)' The stan
dard equation for a straight line 0 = ax + by + c was
used to define each segment, giving

0= al x + b, Y + CI for Line I(Equation 1)

and

studying the performance of normal participants (as is
shown in Table I). These patterns were formed by using
assigned identification numbers for each cancellation 10
cation (Figure 2) and two defined sets of traversal
method, categorized as either araster or a snake. A cor
rectness score was ca1culated between each ofthe model
sequences and the actual sequence, using a goodness-of
fit measure (the location identifier in position n being
identical to that in the model sequence). Because of the
possibility ofparticipants using anormal strategy but not
beginning in the leftmost or rightmost location, the test
sequences were recursively barrel-shifted one position to
the right, with the sequences "wrapping around" at the
limits ofthe display. After each barrel shift, a goodness
of- fit score was calculated, and the procedure was re
peated until the sequence returned to its original position
(see Figure 3). The highest goodness-of-fit score was
used to classify the sequence. Computing the highest
number of matches in this way provided three other
pie ces of information: the number of barrel shifts re
quired to obtain the highest match, the predefined se
quence that produced the highest match, and the start
point for cancellations. Only 0 characters were included
in the assessment of sequences. Before classification,
the test attempt sequence was preprocessed in order to
remove all X cancellations, since we were only interested
in correct cancellation locations in sequences. Duplica
tions were also removed, so that a direct comparison
could be made against the reference patterns.

The number ofpath crossings (intersections) within a
completion sequence was also computed (see Figure 4
for an example ofa strategy with a single crossing point).
Ca1culating intersections required using the sequence
file with reference to the mask file to obtain target coor
dinates. Consecutive pairs of cancellation points within
the sequence formed virtuallines indicating the sequence
path. Each virtualline was compared against others in the
sequence, to test for crossings using a fast line intersection
routine (the case in which one line starts and another ends

° °
X

°1 5 11

°2 X X °9 X

X °3 X °7 X

°12
X

° °8 X
6

X 0 4 X °10 X

Figure 2. Location identification numbers.
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Model sequence

Actual sequence (0)

Right shift 1 (6)

Right shift 2 (2)

Right shift 3 (1)

Figure 3. Barrel shirt correctness of match operation. The figures in parentheses indicate the correctness
of-score match.

y .=
I

Preliminary Data Case Study
The measures that we have outlined above need to be

shown to have some theoreticalor c1inical significance,
to make it worthwhile to extract them. We now present a
preliminary report of a group of68 right-hemisphere pa
tients and 12 age-matched controls. Our primary aim in
presenting these data is to show that the measures we have
defined can discriminate between brain-damaged patients
with visuospatial neglect, brain-damaged patients with
out visuospatial neglect, and age-matched participants.

All the brain-damaged patients were administered the
Rivermead Behavioural Inattention Test (BIT; Wilson,
Cockburn, & Halligan, 1987) in order to classify them
into a brain damage with visuospatial neglect group or a
control group. Twenty-eight (42%) patients were c1assi
fied as having visuospatial neglect. Here, we summarize
the results from the omission, temporal, and strategie
measures for visuospatial neglect, brain-damaged, and
age-matched control groups.

Omissions. Only one control made any omissions, and
this participant scored 11/12. Only 2/40 brain-damaged
control patients made omission errors. This compares
with the brain-damaged neglect group, where 14/28 omit
ted canceling at least one ofthe targets. This rate ofagree
ment with the BIT is expected because of differences in
test sensitivity. Note that the BIT does not inc1ude an OX
cancellation test.

Timing. The overall task execution time varied be
tween 7.6 and 24.8 sec for age-matched controls, 9.1 and
50.1 sec for brain-damaged control patients, and 3.4 and
66.4 sec for those brain-damaged patients with visuo
spatial neglect. Three visuospatial neglect patients were
either below or above the range ofboth control groups. In
the case oftwo patients, they canceled so few items (2 and
4, respectively) that the short execution times simply re
fleet this fact. However, one patient canceled 10 items but
took longer than any ofthe control participants to do it.

The most interesting data come from studying move
ment and premovement times. Analysis of individual
slopes for age-matched and brain-damaged control par
ticipants provided limits for comparison with the neglect
population. In 8/28 cases (see Table 2), patients with

0 0 X

0 X X e:
X 0 X X

X 0 0

X 0 X X

Figure 4. Path with single crossing point.
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Lesion Premovement Movement

Note-+ indicates abnormal gradient; - indicates gradient within lim
its of age-matched and brain-damaged controls. The first 14 patients
listed made omission errors.

Table 2
Distribution of Abnormal Premovement

and Movement Gradients for Each Visuospatial
Neglect Patient, With Lesion Locus Specified

visuospatial neglect produced slope values outside of
these limits. Of these cases, 5/8 were patients who had
made no omission errors. Adding these patients to those
who made omissions means that we have increased our
rate of agreement with the BIT to 19/28 (68%). None of
the visuospatial neglect patients fell outside of the lim
its provided by age-rnatched and brain-damaged controls
for drawing time.

Sequencing. The completion rates (as a function of
the number of items canceled) that can be accounted for
by any one of the stored strategies was 100% for age
matched and brain-damaged with neglect patients and
88% for brain-damaged control participants. The modal
response strategy adopted by age-matched controls was
strategy I (46%); by brain-damaged patients without ne
glect, it was strategy 1 (33%), followed by 11 (10%); and
by brain-damaged patients with visuospatial neglect, it
was strategy 3 (21%), followed by strategies 12 and 9
(both 18%). These differences in strategy largely retlect
mirror image strategies, with 92% of the age-matched
controls starting cancellations on the left side of the
page, as compared with 68% ofthe right-brain-damaged
patients without neglect and only 25% ofthe right-brain
damaged patients with visuospatial neglect. By adding
those patients who started on the right side to our list of
neglect patients making omissions and outside normal

Conclusion
Implementing the O/X cancellation task on the graph

ics tablet has allowed visuospatial neglect to be automat
ically identified by the traditional measure of counting
the number of omissions made by patients, testing for
distinctive patterns ofpremovement and movement tim
ings and for patients' starting positions. The automation
of scoring omissions is relatively trivial and would not,
by itself, advance the detection or study ofthe condition.
However, through developing and implementing a set of
algorithms, we have shown how other important and clin
ically relevant information can be elicited from such a sim
ple test. In particular, in this report, we have focused on
temporal (measures ofmovement and premovement) and
strategic (start points and intersections) factors during
cancellation.

We noted earlier how visuospatial neglect results from
damage to different neurological and cognitive systems.
It is possible that the fine-grained measures we have de
scribed might be able to distinguish between them. From
our preliminary case study, only in the case ofdamage to
the parietal cortex, rather than to other structures, are there
sufficient numbers to make reasonable comparisons. If
damage inc1udes the parietal cortex, there is a greater
probability of some disorder of premovement or move
ment than if the damage does not include the parietal
cortex (.4 vs.. 15). Given the relative specificity ofdisor
ders of premovement and movement to the parietal cor
tex, the probability of such disorders can be compared
with the probability ofmaking omissions following dam-

limits of premovement and movement timing, we find
that 25/28 (89%) of the patients originally defined as
having visuospatial neglect from the BIT were also de
tected in the present study. Note that the presence ofpa
tients starting on the right in the brain-damaged control
group means that this measure is likely to indicate visuo
spatial neglect but, in a proportion of cases, might sim
ply indicate the prcsence ofbrain damage.

There were no intersections found in the age-matched
control population, but they ranged between 0 and 14 for
the brain-damaged patients without visuospatial neglect
and were found in 12/40 cases. Intersections ranged from
oto 5 for brain-damaged patients with visuospatial ne
glect and were found in 8/28 cases. The presence of in
tersections in both brain-damaged groups shows that this
measure only indicates the presence ofbrain damage and
is not specific to visuospatial neglect.

These preliminary data reveal that our implementation
ofthe cancellation tasks is sensitiveto visuospatial neglect.
However, in addition to measuring omissions, they reveal
that a subset ofpatients with visuospatial neglect do not
maintain the same pattern of movements and prernove
ments as do age-matched or brain-damaged controls and
that they have a strong tendency to begin canceling on the
right of the page. By using these three measures, 25/28
ofthe patients originally identified by the BIT as having
visuospatial neglect were also detected by the present
system from a single O/X cancellation test.
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age that includes the parietal cortex (.47) versus other
types ofbrain damage (.54). Although occurring less fre
quently, disorders of premovement and movement are
more likelyto indicate parietal damage than are omissions.

Further research will focus on enhancing the measures
we have identified as relevant and on exploring their va
lidity on more complex cancellation tasks. It is also likely
that future research will show another advantage of im
plementing the O/X cancellation task via the graphics tab
let and computer. As yet, it is impossible to directly com
pare patients across time, to allow direct comparison of
performance after spontaneous recovery or treatment
regime, using any other measure than number of omis
sions. Webelieve that important new data will be gained
by studying the strategie and temporal aspects ofperfor
mance at different stages of recovery. Only the system
that we have described affords this opportunity.
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Availability
The software routines are available from R. Guest, De

partment of'Electronics, University ofKent, Canterbury,
England.
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