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Abstract-—The rightward line bisection errors made by putients with visuospatial neglect can be
cxplained as due to a spatially misdirected response, which would be predicted on either of two
accounts. An alternative view, hawever, is that such paticnts actually misperceive the left half of a
horizontal line as being shorter than the right half. We have tested this possibility directly in three
neglect patients, by giving them prebisected lines: they were found to judge u central transection mark
as lving nearer to the left end of the lines. We were also able to test one of the patients on a series of size
comparisans using computer-generated patierns. She was found to judge horizontal lines as shorter in
the left haif of visual space than in the right. This was alse true for comparisens of the areas of
nonsense tigures. However she did not make such constant errors when comparing the lengths of
vertical lines. It is suggested that an attentional deficit in left hemispace may result in the
undcrestimation of horizontal cxtent. This would acl in combination with misdirected reaching to
determine the magnilude of line hisection errors.

INTRODUCTION

RIGHT-HEMISPHERE DAMAGED PATIENTS with spatial neglect frequently make rightward errors
when asked to bisect a line at its centre [8, 15], HEILMAN and VALENSTEIN [8] made the
proposal some years ago that such errors might be due to constant errors in directing an
action in egocentric space, rather than to errors of spatial perception or attention. They
attributed these errors in turn to an underactivation of right-hemisphere premotor systems
which would initiate action in a leftward direction: thus intended acts would be biused by a
predominance of rightward vectors. HEILMAa~ and his colleagues subsequently demonstrated
this phenomenon of “direction hypokinesia™ directly [9].

Recently, a different model has been proposed that could be generalized such as to lead to
similur predictions. HarnicaN and MarsSiaLL [ 6] examined visuospatial localization in a
patient with severe visual neglect. In the critical task condition, the subject was required to
judge the spatial location of an arrow on 4 TV screen, the arrow being located either at the
bottom or top of the screen, pointing inwards. The subject made her location judgements by
indicating verbally which of an array of 15 numbers, on the opposite edge of the screen, the
arrow was aligned with. Tt was found that the patient (P.P.) erred rightwards in these
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judgements, with an average error of about 1 cm. However the errors of judged location
tended to be greater the nearer the arrow was presented to the left edge of the screen (upto an
average of 1.75 cm), and less when it was near the right edge of the screen (declining to zero).
The authors liken their results to the compression of a spring from left to right: it is as if the
coordinates of P.P.’s subjective space were pushed over to the right but uniformly ‘shrunk’ at
the same time, thus maintaining Buchidean properties of equal spacing.

A simple generalization of this model could provide a ready account of the line bisection
behaviour of neglect patients. Visualize the horizontal dimension of space as a compression
spring, and a horizontal line as equivalent to (say) 4 coils of the spring. If then subjective
space is uniformly compressed in a neglect patient, a 20 ecm horizontal line might appear to be
(say) 17 cm long, irrespective of where it appears in objective space. However, if the
compression is toward a fixed point on the right, as hypothesized [6], then the horizontal line
should appear to be shified as a whele righiwards in space. This would predict a
corresponding rightward error of the hand in moving to bisect the line, just as is assumed to
occur in directional hypokinesia, thus vielding the well-known bisection error. There is good
direct evidence that right-hemisphere damaged patients, even after recovery from overt
neglect, do indeed project the arm along rightwardly directed trajectories [4. 7].

Intercstingly, this extension of the space-compression model would also predict a
variation in the line bisection error as a function of line location. Although all lines should
appear subjectively shilted rightwards in location, a ling placed on the patient’s right should
be shifted rather less, but one to the left shifted more, than a central line. Thus the arm should
be misdirected more in respect of lines placed in left hemispace and less for lines in night
hemispace. Such a spatial variation of bisection errors has indeed been reporied several Limes
(3,13, 15].

An alternative kind of spatial misperception that might be present in neglect patients was
proposed by MiLneR [11]. [t was suggested that there might be a distortion of the subjective
space of a neglect patient that was non-Euclidean. That is, subjective space might be
compressed. but progressively more so in more leftward parts of space. According to this
view, the space occupied by the left half of a hine would literally appear shorter 1o a neglect
patient than the right half: therefore bisection would tend to be performed in a rightward
direction. This idea would predict rightward bisection errors, but can only account for the
increased errors in left space and the lesscr ones in right space if it is assumed that the gradient
of distortion is steeper in the leftward parts of ego-space than in the rightward parts [11].

The data of Hatricas and MARSHALL [6] may be regarded as a dirceet test of this strong
version of Milner’s hypothesis. For each of 15 locations, 1 cm apart, their patient was asked
to indicate the arrow’s subjective position. According to MILNER [11], the subjective spacing
between adjucent pairs of these 15 points should incrcase as one passes from Ieft to right. The
actual mean spacing of P.Ps judgements however, show no trend for such an increase.
Therefore the distortion of P.P.’s subjective space appears to be more closely modelled by a
uniform compression that maintains Cuclidean geometry, as HaLrigan and MARSHALL [6]
argued.

It could be, however, that the task used by Havvicas and MagrstiaLL mightl underestimale
abnormalities in subjective spatial relationships in neglect, since changes in the perception of
the arrow’s location might be mutched by similar changes in the perceived locations of the
numbers used to code the response. In addition, there is a necessary ceiling clicet on
Jjudgements near the right edge of the screen, since large rightward errors would have hit or
exceeded the edge. In any case, although MILNER'S suggestion may lack generality, it
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might nonetheless have application within a more constrained context. In particular, it might
apply to the perceived sizes of objects rather than to the distances between them. This weak
version of the model, positing only a distortion of size within the visual field, could peacefully
coexist with the uniform compression of spacce proposed by HarriGan and MARSHALLT.
GamnoTtii and Tiaccr [3] showed several years ago that in many right-hemisphere damaged
patients, visual shapes tended 1o be under-estimated in size when compared with similar
shapes shown on the right. They attributed this to the presence of patients with neglect in
their group, and presented evidence to support this contention. Their data thus lend support
to the present view.

Neither the directionai limb hypokinesia theory nor the uniform compression of space
theory would predict that a given line would appeur of different length in different parts of
visual space, nor that its true midpoint would appear to be shifted from centre. Tnstead,
rightward hiscction errors are explained on these theorics as resulting [rom a spatial
misdirection of the act of bisecting. One straple test of such accounts is therefore to present a
pre-bisected line [10, 12, 14]: in particular to use the so-called “Landmark task™ [127]. When
the transection {the “landmark™) is at the objective midpoint of 4 line, then on either the
uniform-compression or the hypokinesia theory, a neglect patient should see the mark
veridically as being at the midpoint. If, howevcer, the patient literally sces the left half of the
line as shorter than its right half [11, 13], then a central transection should be judged as
nearer Lo the left end of the linc. On the additional assumption [11] that the distortion of size
scaling might change more steeply in left hemispace. the errors in landmark judgements
should be more pronounced there than in central or right spuce.

In the present paper we deseribe three patients, each with a ciinically manifest neglect
syndrome, who presented typical line bisection errors which varicd in the usual way when the
lines were presented in different parts of visual space. We then report data on the
performance of these patients on the landmark task, including an examination of the cffects
of spatial location. Finully, we describe a confirmatory mvestigation of GamnoTtm and
Tiac¢T's [3] perceptual mismatching phenomenon in one of our patients. Unfortunately the
other two neglect patients died before these perceptual matching tasks could be administered
to them.

MLTHODS
Patienrs

Threc right-handed patients were recruited who had sustained right hemisphere stroke and who performed
outside normal Lkmits on a subsel of the Behavioural Inattention Test {BIT) [18]. Scores were derived lrom the
following subtests: ling crossing, letter- and star-canccllation, figure copying. line bisection and representational
drawing. The cut-off for normal performance is 4 summed score of 1307146, Brief details of the three patients follow.

M.J. is a 61-year-old woman who had sustained 4 right hemisphere stroke 8 months prior to testing. A CT scan
performed 10 days post-onsct showed a patchy low attenuation in the right mid/anterior white matter. The patient
had a left hemiplegia and alse a left homonymous hemianopia. Her BIT score was 30/146 with 100% amissions in
canlralesional and central space for all cancellation tasks; in fact only stimuli on the extreme right of the page were
attended to.

I.H. was a 67-ycar-old woman who had sustained right hemisphere damage 6 months prier to testing. C'[-scan
evidence at 7 months post-onsct indicated an extensive right parieto-occipital infarct. The patient had a left
hemiplegia but no reported visual field deficit. Her BIT score was 125/146 with all omissions occurring in
contralesional space.

L.H. was a 76-year-old woman who sustained a right hemisphere stroke 6 months prior to testing. She showed a
left hemiplegia and a left homonymous hemianopia and was also dysarthric, CT-scan evidence was not avaituble.
but the history and all clinical signs were consistent with right-sided stroke. Her BIT scare was 48/146 with 100%,
amissions in cantralesional and central space; only stimuli on the extreme right of the page were attended to.
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Twelve right hemisphere stroke patients (six male, six female) ranging in age from 37 o 76 years (meun - 63.8,
S.D. - 6.2) withoutany evidence of negleet at the time ol testing, acted as contrals. All were right-handed, and all had
CT-scun evidence of unilateral right hemisphere damuge only; there was no attempt to scicet for lesion location
within the right hemisphere.

Ling hisection

Muterials. Twelve lines of 20 em length and 1.3 mm width were presented for hisection. They were placed
horizantally and centrally on a sheet of A4 paper. The lines were equally divided belween ones cued with a letter
placed at left end. right end, both ends, or at neither end {ef. Ref. [12]).

Procedure. Patients were seated at a table opposite the experimenter, who ensured that their body position
remained constant throughout the testing. Patients were instructed (o bisecl the line cenlrally as accuralely as
possible, using the right hand, proceeding ling by line through the sheet. Afrer cach transection, that line was covered
with a card in order to prevent comparison of the present response with previous bisections. Head and eyve
maovements were nol restricled in any way. F'or each palient the set of lines wus presentesd onve ineach of three spadial
locations (left, right or central to the subject’s body andline). 'The order of locations was counterbalanced between
patients according to a 3 x 3 Latin square. [n the ceniral candition the viewing distance of the line that was to be
hiserted was approximately 45 em. In the {eft and right hemispace presentations the sheet was jocaled such that the
centre of cach ling lay al a distance of 30 em from the sagittal body midline.

Errors in hine biszction were measured to the nearest millimetre and averaged lor cach spatial location. Errors to
the right of the midpoint were piven a positive value and those o the left a negative value.

Tandmark testing

In the landmark west. patiems were not asked 1o bisect a line, but mnstead were presented with lines that were
already transected. The palients had to make a lorced-choice manual judgement as to whether cach Tine was
transeeted neaver to i1s right end or its left end.

Muaterials. Again lines were of 20 em length and 1.5 mun width, and were drawn harizontally and centrally on
sheets of Ad paper (used sideways), one line per sheel. Lach line had been pre-transecied al right angles with a
“landmark” line 10 mm in length and | mm in width. The viewing distance and line locations were the same as in the
line hisection lask.

Atotal of 22 lines was presented, of which 10 were asymmetrically pre-transected.at 1.2, 2, dor 5 mm to the right
or the left of the true centre. These 10 asymmetrical stirnuli were uncued, and served as lillers intended to encourage
the impression that all 22 lines might be asymmetrically bisected. The remaining 12 hines were in fact transected al
the midpoint., and equal numbers were cued at telt, right, hath orneither end (cf. Ref. | 12]). The effects of cueing are
not reported here.

Procedure. Again patients were seated at a tuble opposite Lhe experimenter, who ensured that their body position
remained constant throughout the experiment. They were falsely informed that none of the transcetions were placed
al the exact centre ol a line. They were required to point to the end of the tine that appeared closer to the transection.
Patients were forced 1o make a left:right choice even if it was necessary 1o guess: no other response wis permitted.
Thesetof trials was presented onee in each of three spatial locations (lett, right or central), Order of presentation was
counterbalanced between palients in o Latin-square fashien, Again head and ¢ye movements were in no way
restricted.

TFor the lines pretransected at the midpeoint, the number of fefi-end responses provides an index of the extent 1o
which each patient sees the lelt half of the line as shorter than the right. The left-side bius lor the three neglect patients
may be compared againat the average for the 12 contral patients, separately lor each spatial condition.

Ferceptoal sl ching

In order to test dircctly the hypothesis that patients with clinical neglect may experience a distortion of their
perception of items in the visual ficld. a scrics of marching tasks was devised. These were perfurmed by the patient
M.J. and by all ol the control subjects.

Procedure. Patients were scated centrally at a distance of upproximately 60 cmin front of a 14-in. long-persistence
colour graphics monitor. Pairs of computer-generuted patterns (constructed using a Pluto graphies system: 10
Research Ltd} were presented in a pseudorandom series. in order to explere the peint of subjective equality between
patterns placed in left and right visual hemispace. The patterns displayed were either identical or diflered in length,
width. size or other dimensions, aleng a scale ranging from just-naticeable to large and obvious differences. The
pulients were lalsely informed that none of the pairs were identical and were asked to indicate manually on each trial
{(in the presently reporled dala) which one of the two patterns they thought to be longer. wider. or larger, as
appropriate. Up—down comparisons were used as o control condition und randomly interspersed with deft right
comparisons. The patients vespanded by pressing one of the four keybourd “arrow” keys. designaled so as 1o be
compatible with the feur possible direetional judgements. I'hese keys were placed centrally in front of the monttor
sereen and the rest of the keyboard was covered with cardboard to climinate interference lrom other keys. Patients
were [orced Lo make a left right or up down choice even iF it was necessary to gucss: no other response was
permitted. There was no time constraint and the patterns remained visible until a permitied key was pressed (cither
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the left or right key for laterally presented patterns or one of the up down keys for the vertical pairs). Once u
permitted key was pressed, the next patterns appeared after an intcrstimulus interval of one second. All paticnis
responded with the right hand.

Ifa putient perceives the rightward of two patterns as being larger, he or she should press the rightward arrow key
rather than the left. However the same tendency would be expected if the patient was showing a lateralized
(rightward) response bias or “directional hypokinesia”™ To tease oul Lhe elfect of such a conlaminaling response
bias, patients were tested twice, under opposing response instructions. On one occasion they were asked to judge
which stimulus appearcd larger or longer, and ¢n the other to indicate the stimulus that appeared smaller or shorter.
Patients with a lateralized respanse bias should tend to show rightward manual responses independently ol these
different instructions, whereas patients with a true perceptual bias should respond rightwards on the “larger”
instructions and leftwards an the “smaller™ instructions.

Materials, Seven dillerent sets of palterns were created. They included horizontal lines, vertical lines, nonsense
figures, gratings of different spatial frequency, random dots with differing density, oblique arrays of differing
arientation and grey-level patches with differing brightness levels. Only the results on the lines and nonscnse tigures
are directly relevant to the issue addressed in the present paper: the other data will be reported elsewhere.

For cach stimulus type, a prototype was created, and on all trials this was presented in ong haif of the screen ileft,
right. tap ot bottom}, in combination with either an identical pattern or a reduced size pattern derived from it, in the
other half of the screen. Each stimulus was located with its centre at a distance of 4.5 ¢cm, up, down, right or left from
the centre of the sereen.

The prototype horizontal line was of 4 cm length and 0.5 e width and presented as an oulline rectangle. Ten
shorter lines were derived from it, euch having the sume width bul varying in length from 95 to 50% of the prototype.
in steps of 5%, All the possible combinations of these 10 lines with the prototype. plus onc identical pairing, in
left right and up down orientations, produced 42 pairings, which were presented in pseudorandem erder.
Similarly, vertical lines of 4 cm length and 0.5 cm width, and smaller patterns derived [rom them, formed another set
of 42 patrs. In the first test session, with both sets of stimuli, patients were instructed to press the key that indicated
the longer ling, and in the second session the key that indicated the shorter lire.

The prototype of the nonsense figure was again drawn as an outline, and consisled or an irregular !l-sided
polygon cavering anarea of 16 cm®. The area of the 1{l comparison patterns ranged from Y5% of the pratotype down
to 50%%, again yvielding a total ol 42 pairs. Patienls were instructed to press the key corresponding to the larger (orin
the other sessien the smaller) figurc.

To prevent interference between the opposing instructions. the two sessions of testing were separated by a
minimum time interval of 1 week. Order of instructien presentalion (longer/larger vs shorter/smaller) was balanced
across patients within the controf group. For M.I. the order was “longer/larger” followed by “shorter/smaller”.

RESULTS
Line bisection

The mean error scores of the three neglect patients indicate a predominance of large
rightward bisection errors (see Table 1), To examine the effect of spatial location, a one-way
ANOVA was performed, separately for cach of the three patients. All three showed highly
significant cffects of space [F(2,33)=19.85, P<(.001; F(2,33)=18.29, P<0.001:
F(2,33)=597, P<0.01]. For patients M.J. and [.H., pasi-hoc analyses revealed significant
differences {Newman-Keuls: P < (.05} between left and right hemispace {1.H. indeed showed
leftward errors in right hemispace) and between central and right, but not between central
and left hemispace. L.H. however showed significant differences between central and right
hemispace and central and left hemispace, but not between left and right. The averaged errors
of the control group proved to be small in all spatial conditions (see Table 1), though with
considerable intersubject variation.

Landmark judgements

Figure 1 shows the proportion ol left or right judgemental responses of each neglect paticnt
when presented with centrally transected lines. It is evident that all three neglect patients
made predominantly leftward judgements. This bias proved to be significant in all three
spalial conditions for patients M.J. and L.H. and in the left hemuspace for patient 1.H.
{Binomial T'est, P < 0.03). This indicates that they perceived the left half of the lines as shorter
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Table 1. Mean errors (mm) made on a bisection 1ask presented in three
different spatial conditions, Positive values indicate rightward deviations,
negalive, leftward. Darta are given for three neglect patients and for a group
ol 12 right-hemisphere controls

Patient Left space Centre Right space
M.J. =260 +33.7 +6.5
iH. - 10.0 +8.7 -9.0
LH. +251 + 3.8 +19.4
Mean +~204 +154 +5.7
Controls —0.85 —14z 273
(5.D) (6.6} (6.0] (8.1)

than the right. There was 4 tendency lor a grealer leftward bias in response to lines placed in
left than right hemispace in M.J. and [.H., while a ceiling effect obscurcd any possibie
difference in L.H.

M.J

E Right Space

B Centre
LH B Left Space
Control
Patients
T T
100% 50/50 100%
Leftward Rightward

Judgamantal Rasponses

Fig. 1. Proportion of left and right respoenses made in the landmark test, in three different spatial

conditions {12 trials per location). Data are given for three neglect patients and for a group of 12 right-

hemisphere cantrol patients. A response to a given side indicales that the subject sees that end of the
line as closer to the centrally-located “landmark™

In contrast, no leftward perceptual bias is apparent in the data of the control patients, who
showed no significant departure from a 50/50 division of their choices when considered as a
group (onc-sample (-lest). They also responded similarly across the three hemispatial
conditions {onc-way ANOVA).

The tendency of the three neglect patients to judge the left part of a pre-transected line to be
shorter than the right extended even to lines that were not centrally bisected, With lines pre-
transected to the left of centre, they responded correctly (to the left) at levels averaging from
93 to 100%. However, with lines pre-transected to the right, errors (responses to the lcft)
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ranged from 73 (I.H.) to 100% errors (M.J. and L.H.), i.e. they still tended to point to the left
end of lings. Evidently even a line marked 5 mm to the right of centre appeared to these three
patients as marked to the left of centre. In I.H., these errors with non-centrally transected
lings tended to be more frequent in left hemispace than in right.

In contrast, the control patients made few errors with these asymmetricaily marked lines.
They further showed no significant difference between the numbers of errors made with
rightwardly vs leftwardly transected lines [ (11)=1.48], and indeed made no errors at all
when the landmark was morc than 3 mm to the right of centre.

Perceptual marching rask

Scoring procedure. The perceptual matching task was analysed to yield independent
measures of response bias and perceptual bias. As the three different stimulus series were not
matched for discrimination difficulty, each sub-task was analysed separately. When an crror
occurred on a given trial, it was assigned a value of n+ 1, where n is the number of steps by
which the patterns differed on that trial. Rightward errors (e.g. the patient judged a line
longer on the right although it was longer on the left) were given a positive value, and
leftward crrors were given a negative value. By use of this rule, an identical pair of stimuli
(n=0) would yvield a score of either +1 (if the “rightward™ key was pressed) or 1 (if the
“leftward” key was pressed). The size of the error recorded thus increased with the difference
between the stimuli. A total net error score was caiculated in this way for each stimulus series
for cach subject. This scoring procedurc was perlormed separately for the longer/larger
instruction and for the shorter/smaller instruction, giving two independent error scores for
each stimulus dimension lested.

The arithmetic mean of these two scores was then taken as a measure of the response bias
{c.g. a patient showing net rightward responses on one particular stimulus series, with scores
of +5 and + 4 for the opposing instructions, would have an overall response bias of +4.5),
For a measurcment of the perceptual bias. the score attained on the shorter/smaller
instruction was subtracted from that attained on the longer/bigger instruction, and the
difference divided by 2. (In the above example, rightward error scores of 4+ 5 and +4 would
be given an overali perceptual score of only +0.5, In contrast, a paticnt with only a
perceptual bias would show rightward errors on the longer/bigger instruction, e.g. + 5, but
leftward errors on the shorter/smaller instruction, e.g. 4, thus vielding a perceptual score of
+4.5). Similar calculations were performed for stimulus comparisons between upper and
lower visual space {("up” being signed as positive).

Table 2 shows the left/right matching data for the patient M J. and for the control group. It
is clear that M.J. showed a substantial constant crror in the matching of both horizontal lince
length and figure area, whereas her performance with vertical lines did not differ from that of
the control patienis. The control patients showed almost perfect performance on all tasks.
Both with horizontal lines and figure areas, M_J. tended to underestimate grossiy the left-side
stimulus relative to the right, such that her perceptual bias exceeded the mean of the control
group by over 3 $.D.s in both cases. It is notable that she also had a rightward response bias
with both stimulus materials.

As shown in Table 3, M.J. also tended to overestimate vertical and areal extents in the
upper relative to the lower parts of the array; her perceptual bias in the up/down direction
exceeded the control mean by over 3 §.D.s in both cases, This bias would be consistent with
the reports of bisection errors made by other neglect patients with vertical lines (e.g. Ref. [5]),
which they tend to biscet too far upwards. Such bisection errors would not be predicted from



46 A. D. MILXER et al.

Table 2. Biases in perceptual matching of horizontal lines, vertical lines and

nonsense figures between lefl and right sides of space. Dalu are given for a

single neglect patient and for the contral group. A positive score indicates a
rightward preference. Further explanation is given in the text

Horizantal Vertical MNonsense
lines lincs figures

Perceptual bias

M. —-9.5 1l +9.0

Controls —1.29 Q 0.77

(5.D) 11.90) 13.54) (2.89}
Response bias

M.J. +8.5 + 1.0 +7.0

Controls —0.13 +0.31 +0.25

(8.1 (1.49) {£.55) {2.40)

M _).’s up/down response biases, which il anything tended to be downward in the present
task. though they were inconsistent.

Table 3. Biases in pereeptual matching of horizontal lines, vertical lines and
nonsense figures between upper and lower parts of space. A positive score
indicates an upward preference

Horizonial Vertical Nonsense
lings lines figures
Perceptual bias
ML + 1.0 —8.0 +12.4
Controls +0.08 ~0.13 1.16
(5.D.) {0.99) (2.02) 13.24)
Response bias
ML =20 +3.0 —11.0
Controls —0.08 —{0.2t 0
(8.D.] (0.501 12.03) (2.48)
DISCUSSION

The first question that this paper addresses is whether ncglect paticnis perccive the
midpoint of a horizontal line to be subjectively shifted to one side. Neither the generalized
version of the space-compression hypothesis, nor the directional limb hypokinesia
hypothesis, would predict this, since neither account predicts uny nonlinear distortion of
perception. The former account predicts only that the whole line should be subjectively
shifted rightwards in space, along with a uniform shrinkage in its size. Yet here we have
demonstraled in three patients with manifest hemispatial neglect, cach showing large
rightward bisection crrors, that they consistently indicale the left end of a line as appearing
closer to the objective midpoint. Indeed, even lines transected as far as 5 mm to the right of
centre were predominantly judged in this way. Furthermore. since the patients responded
manually, any directional hypokinesia [9] would predict a response bias opposite to this
observed behaviour.
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Therefore we conclude that in these hemispatial neglect patients there was indeed a
tendency to perceive the left hall of a line as shorter than the right half. This would in itself be
sufficient to explain the large rightward errors seen in their line bisection behaviour. It is
notable therefore that L.H., the patient showing the least dramatic bisection errors (and least
neglect gencrally) also showed the smallest judgemental bias in the landmark task. Although
one cannot make grand generalizations from three patients, it is notable that Marshall and
Halligan’s patient P.P., when shown centrally prebisccted lines, indicated on 94% of trials
they were “wrongly” bisected, and generaily then “corrected™ them toward the right [10].

The second matter that this paper addresses is the frequently noted trend in neglect
patients for line bisection errors to be greater in contralateral space than in ipsilateral visual
space. Again the generalized spatial compression model could expiain this, since it predicts
that the subjective location of a line should be shifted rightwards to a greater extent within
left hemispace than within right hemispace. This hypothesis alone, however, predicts no
variation in the perceived appearance of a transected line placed in different parts of visual
space. In contrast, MILNER [ 1 1] suggested that patients with left heminegiect might perceive
leftwardly-located spatial extents as shrunken relative to more rightward ones, and that the
gradient of this distortion might be greater within left than in right hemispace. If this is
correct, then the tendency to judge the left haives of lines as shorter than the right, which we
report here in the landmark task, should become particularly pronounced in left hemispace,
Although the numbers of ohservations are 100 few to assess statistically, it 1s nonctheless
striking that we have observed precisely this trend in both of our patients in whom the
responses did not hit a 100% ceiling.

Our landmark results are thus consislent with the hypothesis that neglect patients tend to
judge the left half of a centrally bisected line as shorter, and that the gradient of distortion
may be particularly proncunced in left hemispace. They therefore indicate that misdirected
action as an account of ling bisection is at best incomplete.

Finally, we have tested onc neglect patient directly on her ability 1o match the relative size
of pairs of computer-generated patterns. Again neither a uniforn spatial compression nor a
direction hypokinesia should in itself lead to any constant error in such tasks. Yet like
GamoTTI and T1acct [3], we found gross crrors in matching the sizes of stimuli presented to
the left and right visual hemispace. However, these errors of relative underscaling in left
hemispace were not indiscriminate; they were present in comparing horizontal extents. but
not in comparing vertical extents. They were also present when comparing the sizes of
abstract shapes differing in both their horizontal and vertical extents.

Itcould be argued that the task of matching vertical lines between left and right was simply
geemetrically casier than matching horizontal lings. However this interpretation is not
supported by an analysis of the unsigned errors made by the control patients. Their mean
error score for the left-right matching of vertical lines (0.91; 8.1>. = 1.08) was identical to that
for matching horizontal lines (0.91, S.D.=1.31),

While the generality of the present findings remains to be ascertained, we conclude that in
at least some patients suffering from hemispatial neglect, there is a perceptual factor
operating to render left-side stimuli subjectively smatler than rightwardly located ones, This
phenomenon may be particularly pronounced in the perception of horizontal extent. We
therefore argue that this distortion of size perception must play an important role in the
causation of bisection crrors in such patients. Tt should be emphasized, however, that
distortions of size perception of the kind we have observed could coexist with a uniform
spattal compression of the limited kind initially proposed by HALLIGAN and MARSHALL [6].
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They did not expiicitly generalize their hypothesis to apply to the sizes of objects. There could
be two different changes in perceptual experience, one aftecting the subjective spatial location
of an item, the other its subjective size, which would not be mutually incompatible. The two
factors could be present in combination, each to a ditferent extent in different patients.

It is relevant to note that other investigators have recently argued lor a perceptual factor in
determining fine bisection errors in neglect, to varying extents in different patients [ 1, 2]. For
example, BisiacH et al. [1] showed that some patients would move a manipulandum
leftwards from the spatial midline in order to set a transection pointer rightwards from the
midpoint of a line that they were asked to bisect. Like the present data, this behaviour could
not be explained by a leftward directional hypokinesia, or by a spatially misdirected aiming
movement. Other patients, however, did give evidence for the operation of such a factor.

In a previous paper [12] we have shown thal cueing can strongly influcnce both iine
bisection and landmark judgements in normal subjects. We argued that unilateral cueing
directs selective attention unevenly Lo one or other end of the ling, and therefore that the
pereeption of relative size is subject to systematic distortion as a function of this selective
attention within the visual field. Qur present data can be interpreted as documenting an
abnormal example of this attentionaliy-induced illusion. In neglect, the distribution of
attentional resources may be assumed to be abnormally biased in a way that is only partially
reversible under voluntury control. The result of this balunce may be to cause, guite directly,
a gross abnormality of size perception, which in turn is manifest in disordered bisection
behaviour. Of course, such iliusory size perception cannot explain instances in neglect
patients of complete obliviousness to a whole object or object-part. Rather both of these
observed phenomena must be assumed to be secondary to u gross attentional imbalance.
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