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Response from Husain,
Mattingley, Rorden,
Kennard and Driver 

Unilateral neglect is a disabling
neurological deficit, commonly seen
after right-hemisphere brain damage.
It is associated particularly with dam-
age to the right inferior parietal lobe1,
but can be seen in some form after
other lesions (for example, to the right
inferior frontal region2). Typically, ne-
glect patients do not acknowledge or
respond appropriately to information
from the left side of space, particularly
in the presence of competing infor-
mation on the right. In daily life, they
might eat food only from the right side
of their plate, ignore relatives who 
approach them from the left, and so on.
On simple clinical tests such as cancel-
lation, they are required to mark all the
items on a page, but characteristically
fail to cross out those on the left. Such
neglect arises even though primary
sensory brain areas for left stimuli may
be demonstrably intact.

It is useful to place neglect in the
context of current theories concerning
the organization of the primate visual
system. Ungerleider and Mishkin3

made the influential proposal that two
streams of processing can be broadly
distinguished, basing their claim pri-
marily on monkey research. They ar-
gued that the ‘dorsal’ stream (project-
ing from the primary visual cortex to
the posterior parietal lobe) represents
where a visual object is located; while
the ‘ventral’ stream (projecting from
the primary visual cortex to the tempo-
ral lobe) analyses what the object is.
Milner and Goodale’s4,5 revision of this
hypothesis has been equally influen-
tial. They proposed that the function
of the dorsal stream is to direct action,
whereas that of the ventral stream is
perception. 

For the human brain, Milner and
Goodale’s account fits well with the
syndrome of optic ataxia (misreaching
to visual targets), which is associated
with dorsal lesions of the superior par-
ietal lobe4,6. It also accommodates the
visual agnosias (deficits in object per-

ception and recognition) that are asso-
ciated with lesions of the ventral path-
ways into the temporal lobe4.
However, the dichotomous dorsal/ven-
tral approach does not fit so readily
with the neglect seen after damage to
the inferior parietal lobe (IPL). In part,
this may be because of difficulties in
drawing analogies between regions of
the monkey and human parietal lobe7,
which make it unclear whether the
human IPL is best considered as dorsal,
ventral or intermediate between the
two. Such uncertainty also arises when
one considers the deficits exhibited by
neglect patients. For instance, when a
patient fails to cancel items on the left,
is this because of a failure to perceive
them (which would be considered ven-
tral on Milner and Goodale’s scheme),
or a failure to act towards them 
(which would be considered as dorsal)?
Alternatively, is it a result of some 
combination of perceptual and motor
inabilities?

Although most of the neglect lit-
erature has concentrated on the per-
ceptual capabilities of the patients,
some investigators have examined their
visuomotor control (for recent reviews
see Refs 8,9). Heilman and colleagues10

introduced the term ‘directional hypo-
kinesia’, to refer to a lateralized im-
pairment of motor control, affecting
movements in the contralesional direc-
tion. Although this term is now used
quite generally, Heilman et al. used it
originally10 to refer specifically to a
delay in initiating movements in the
contralesional (left) direction, with an
ipsilesional (right) limb11, and we shall
follow their usage here.

The methodological problem when
testing for such a motor deficit in ne-
glect patients lies in distinguishing it
from a purely visual disorder. Patients
who have difficulty perceiving stimuli on
the neglected side might, as a conse-
quence, appear to be impaired at di-
recting movements towards them.
Several techniques have been devised

to try to separate visual factors from
motor factors. Most adopt a ‘spatial
opposition’ approach8, in which the di-
rections of visual and motor aspects of
the task are pitted against each other.
Video cameras12, pulleys13, reversing
mirrors14,15 and overhead projectors16

have all been used in an attempt to dis-
sociate the direction of hand move-
ment from the direction of the corre-
sponding visual target. Such studies
have been taken to show that neglect
patients are most likely to show direc-
tional motor impairments (that is, diffi-
culties if the task requires leftward
rather than rightward movements)
when their brain damage extends into
the right frontal lobe. Patients with
more posterior damage, restricted to
the IPL, have typically been considered
to have only visual biases (difficulties if
the target stimuli appear visually on
the left rather than the right). This sug-
gests that the function of the IPL is 
exclusively perceptual rather than 
motoric, as if fitting the ventral rather
than the dorsal side of Milner and
Goodale’s4 dichotomy.

Despite the ingenuity of the spa-
tial-opposition methods, they all suffer
from the fundamental problem of re-
quiring patients to make movements in
a direction that is opposite to that
which would normally be required dur-
ing visually guided action. Such an un-
natural requirement is highly demand-
ing for neurologically normal subjects,
let alone those with brain damage.
Several investigators who have tried to
use the various opposition techniques
have remarked to us that many pa-
tients simply ‘freeze’, and cannot per-
form the task at all. We believe that
patients with lesions extending to the
frontal lobe may be particularly vulner-
able in this respect, because frontal
damage is well known to impair the
performance of highly incompatible
tasks. Thus, frontal patients might be
impaired at spatial-opposition tasks
simply because of a general difficulty
with highly incompatible tasks (such as
moving a hand in the direction oppo-
site to a target), and not because of a
specific directional hypokinesia8. 

Results from spatial-opposition
tasks can be difficult to interpret for
another reason also. The required
movement is often insufficiently con-
strained to reveal the source of any dif-
ficulty in executing it. For example, in
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the reversing-mirror task14,15, patients
are required to cancel visual targets on
a sheet of paper, but without any di-
rect view. They can only see the page
(and their hand) in two mirrors,
arranged at right angles so as to re-
verse left and right visually. Because
movements are unconstrained in this
task, it is difficult to know whether any
abnormality reflects an impairment of
movement initiation, of movement ex-
ecution or merely distraction by other
visual stimuli in the array. Moreover,
the patient may simply stop respond-
ing altogether because of confusion by
the reversing mirror.

A further general problem with
the spatial-opposition approach is that,
at best, it can determine only which
potential bias (perceptual or motor)
predominates in an individual. Because
the direction of visual targets is pitted
against the direction of hand move-
ments, a patient with equivalent biases
in both the visual and the motoric 
domains could appear misleadingly
‘normal’, as the two biases would 
effectively cancel each other out.

Finally, previous claims for an asso-
ciation between frontal damage and
directional motor impairments rest
mainly on data from neglect patients
with very large lesions in the territory
of the right middle cerebral artery, 
typically involving both the frontal 
and parietal cortex. Visual neglect can
occur after focal lesions restricted to
the frontal lobe, usually after right in-
ferior frontal lobe damage2,17,18, in a re-
gion homologous to Broca’s left-hemi-
sphere language area. However, the
motor performance of such neglect pa-
tients with focal frontal lesions has not
previously been compared with that of
patients with focal parietal lesions to
the IPL. 

In our recent investigation19 we
wanted to examine natural move-
ments, so patients always reached to-
wards visual targets, rather than away
from them. We also wanted to separ-
ate movement initiation, motor ex-
ecution and distraction by other visual
stimuli, rather than merely testing
their combined influence on perfor-
mance. Finally, we wanted, as best we
could, to compare neglect patients
with focal frontal lesions against those
with focal parietal lesions to the IPL.
Our paradigm is indeed very Spartan,
using ‘points of light’ (as Carey puts it)
rather than more complex displays; but
we think this allows more control of
the experimental situation. 

In our task, initial sensory infor-
mation about target location remained
constant while the direction of move-
ment required to reach the target
(with the right hand) was varied. This
was achieved by having patients ini-
tially maintain visual fixation at a cen-
tral position, while the start position of
their right hand varied. Thus, at the 
beginning of each trial, the retinal pos-
itions of any visual target events re-
mained constant, regardless of the

starting position of the hand. We rea-
soned that if patients showed any
modulation of their responses as a
function of hand-start position, this
should be a result of motoric rather
than sensory factors, as the latter were
held constant at the start of all trials.
The hand started either from a central
position (between left and right visual
field targets), or well to the left (or
right) of both of the targets, as illus-
trated in Fig. 1. It came as no surprise
to find that from a central start pos-
ition, our neglect patients took longer
to initiate movements to left than to
right targets. But this could be a result
of impaired perception of the left tar-
get, rather than impaired initiation of
leftward movements.

The critical test arose when the
reaching hand started well to the left
of both left and right targets (Fig. 1B).
Responses to either target then always
required a rightward movement.
Under these circumstances, right pari-
etal (IPL) patients showed a dramatic
reduction in the time to initiate a
movement to the left target, compared
with the central-start condition (where
the same left target had required a
leftward rather than a rightward
movement). Because initial visual fac-
tors remained constant, we attributed
the significant reduction in left-target
reaction time from a left start to the
fact that a rightward rather than a left-
ward movement was now required.

In a control experiment, we ruled
out an alternative explanation in terms
of attentional cueing towards the ne-
glected side by the responding hand,
when it rested at a left-start position.
Instead of reaching to visual targets,
patients now simply had to press a 
response key at the start position
(which could be central, left or right, 
as before) to indicate that they had 
detected the target. In this ‘no-reach’
task, the IPL patients were again
slower to respond to left versus right
targets from the central position, indi-
cating some visual deficit for left tar-
gets. Importantly, though, there was
no longer any reduction in this left 
impairment when the hand was pos-
itioned on the left, as compared with
resting at the centre or right. Thus we
can conclude that it is the direction of
the reach itself, and not merely sensory
inputs from the hand as it rests at dif-
ferent positions, which is critical for
parietal neglect patients.

The data from the right-start pos-
ition also proved to be illuminating 
in the reaching task. From this position,
all movements – whether to left or
right targets – were leftward. If the
motor impairment in the parietal (IPL)
neglect patients involved a difficulty in
initiating any leftward movements, re-
action times to the right target from a
right-start position should have been
impaired, just as for those to a left tar-
get from a central start. This was not
found. Times to initiate leftward move-
ments to left targets were significantly

slower than those to initiate leftward
movements to right targets. Thus, 
patients with left-sided visual neglect
following right IPL damage have an im-
pairment in initiating leftward move-
ments to targets in left hemispace, but
not for leftward movements to targets
in right hemispace. Their problem is
not purely motoric, but has both visual
and motor components.

Frontal neglect patients did not
show any significant effect of initial
hand position, in either the reach or
no-reach experiments. They simply
showed increased reaction times to left
targets compared with right ones, re-
gardless of where the hand started,
and also regardless of whether the
hand had to reach to the target, or
merely react to it at the start position.
Thus, directional hypokinesia was
found in the IPL group, but not in the
frontal group, with our new task. This
challenges the orthodox view that
motor aspects of neglect are a result of
frontal damage; as discussed above,
previous claims for this frontal associ-
ation might have been due to mislead-
ing aspects of spatial-opposition meth-
ods. Our results also suggest that the
IPL cannot be considered as exclusively
‘dorsal’, nor exclusively ‘ventral’, in
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Fig. 1 A simple measure of motor performance. Schematic il-
lustration of the apparatus, and of two conditions, from Mattingley
and colleagues’ study of motor deficits in neglect19. The task was to
fixate a central light (shown at the top in each panel), and then
reach towards whichever peripheral light (in lower arrays) turned
green, pressing the button immediately beneath it, while ignoring
any peripheral light that turned red. In (A), the hand rests initially
at a central-start position, so that left targets require a leftward
reach, and right targets require a rightward reach. In (B), the hand
starts from an extreme left position, so that even a left target now
requires a rightward movement. In a further condition (not shown),
the hand started on the extreme right. (Modified from Ref. 19.)



Milner and Goodale’s terms; instead, it
serves both perceptual and motor
functions.

The short format of letters to
Nature meant we had to focus on just
the reaction-time data in our publi-
cation19. In a subsequent paper, we hope
to provide a more detailed account of
the data, and to consider as well, move-
ment execution times, errors and the
effects of simultaneous visual distrac-
tors, for each individual patient. The
other concerns raised by David Carey
can all be addressed here. He queried
our criteria for patient selection. These
were simple; each patient had to show
neglect on conventional cancellation
measures, and have a lesion to the
right IPL (sparing the frontal lobe), or
to the right inferior frontal lobe (spar-
ing the IPL). These criteria excluded 
patients like those studied in many 
previous experiments, whose lesion ex-
tended across both the IPL and the
frontal cortex. In total, we assessed ten
neglect patients on our task, and ex-
cluded four. Two failed to see left 
targets within our 4 s reaction-time
window, suggesting possible damage
to the optic radiations; another could
not withhold movements on ‘catch’ 
trials, in which only distractor stimuli
appeared; and one had a lesion that
brain scans revealed to be neither lateral
parietal, nor frontal. On the clinical
cancellation test for neglect, perfor-
mance did not differ significantly be-
tween the frontal and parietal groups.
Moreover, the scores for the three
frontal patients were remarkably simi-
lar. The patient with the largest frontal
lesion did indeed have some encroach-
ment into the parietal lobe, but this
was restricted to the anterior parietal
lobe and did not infringe upon the
posterior IPL (the region critically asso-
ciated with parietal neglect). Our im-
pression is that frontal neglect might
recover more swiftly than parietal ne-
glect, but previous studies confirm that
on the cancellation test, the frontal 
impairment can be just as severe as 
for parietal neglect2,18, exactly as we
observed.

Carey also queries why the motor
impairment was so consistent in our
three parietal patients, yet had not
been observed consistently in previous
studies. We believe this is simply a re-
sult of the novel features of our
method, but clearly this should be cor-
roborated in further patients by other
groups. We have discussed the prob-
lems with previous ‘spatial opposition’
methods above. The ‘landmark task’20,
which Carey discusses, is a sensitive test
for any perceptual abnormality in ne-
glect, but might be less sensitive to
motor deficits. To be diagnosed as
showing directional hypokinesia on
the landmark task, the patient has to
be entirely incapable of making a left-
ward movement when wishing to do
so. All our IPL patients were in fact
quite capable of making leftward
movements; they were simply slower

to initiate them than they were for
rightward movements. Reaction times
are not measured by the standard
landmark task, and so it would miss
this deficit. Reaction times might pro-
vide a particularly sensitive measure in
patients, for the same reason that they
are often used in normal individuals;
they prevent differences between con-
ditions being obscured by ‘ceiling’ ef-
fects (that is, by perfect performance
of a difficult task, when given unlimited
time to perform it).

Carey also notes that while our
task did not involve the incompatibility
of moving away from a visual target
(unlike previous spatial-opposition
studies), our control of fixation might
have introduced an unnatural compo-
nent to the task. This of course cannot
explain the specific results we obtained.
Moreover, control of fixation is re-
quired to hold sensory factors constant
across conditions. Finally, we did not
prevent patients from making saccades
to the target in the natural manner
once the reach began. 

Carey seems to agree with us re-
garding the general conclusions to be
drawn. Neglect can involve both per-
ceptual and motor impairments.
Previous attempts to separate percep-
tual and motor factors suffer from nu-
merous potential flaws. Our new
method was designed to circumvent
these, and reveals that parietal neglect
patients suffer from both perceptual
and motor impairments. Patients with
focal frontal damage do not show the
same pattern of directional hypokinesia,
and the nature of their deficit requires
further elucidation. Neglect does not
fit readily with any simple dichotomy
between ventral and dorsal streams;
the human IPL appears to serve both
perceptual and motor functions.
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