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Abstract Reported beneficial efl'ects of left arm activation on neglect are experimentally examined .
The present study of a subject with left vista) neglect compared left hand finger movement with an
instruction to visually anchor perception on the left arm during letter cancellation . Only the linger
movements significantly reduced neglect . Another comparison was between out of sight linger
movements of the left hand in left and right hemispace, respectively . Only left hemispace "blind" finger
movements significantly reduced neglect compared to the standard condition_ Thirdly, blind left
finger movements in left hemispace were compared with passive visual cueing beading a changing
number) and again it was found that only the linger movemenls reduced neglect . Finally, right finger
movements in left hemispace were compared with left finger movements in left hemispace : only the
latter reduced neglect . The implications of these findings for theory and therapy of neglect are
discussed -

INTRODUCTION

Contrnlesionul limb acticntion in cisnal ne,ylecf
A NUMBER OF STUDIES have shown that left visual neglect or anesthesia may be ameliorated if

target stimuli are detected or manipulated by the left hand (i .e . the hand opposite the lesion)

[4, 7, R] . HAi_ucAN et al . [5] attributed this effect to spatio-motor cueing, however, as they
found the effect to disappear during line-bisection if the subject was required to begin the task

with the left hand positioned on the right .

This hypothesis stands in contrast to the view which might be derived from RlzzoLATn

and his colleagues (e.g . Refs [1 I] and [12]), who propose that perception and action are so
closely integrated that activation of one system might plausibly lead to "recruitment" of the

other .

While the recruitment hypothesis might predict improvement after left hand activation (in
the case of left neglect) In either hemispace, the cueing hypothesis predicts improvement after

movements by either hand on the left side . The cueing hypothesis also predicts that visual

cueing to the left should improve performance .
The present study systematically examines these rival hypotheses in the following series of

experiments .

*Address reprint requests lo : Dr f . Robertson . MRC Applied Psychology Unit . U Chaueer Road, Cambridge,
CR2 2HF. U .K .
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SUBJECT
The subject evsatire ciously III 62-scar-old riehl-Irandecl motor mechanic who had nufiered a right ('VA on H

Pchruars 991,Iesinehmissilhaleflhemtparesisandalefthomnigmdunhemi ;uvipia.Onneurol rcalassessinenl
I Tars later, heshowed (ISpowerinhisleftarm, 4SinhisId) lcg,isithnormalpower iiihisright limhs.Heshowed
decreased sensulion in his Icfl arm and leg . He was fully oriented fur [line, place and person .hut showed dcur left
cisrral neglect of is Inchr he sv;a assare and also distressed by 11 .1 e also showed sensory neglect on his left side Ilk
Mini-Menial Stale score sins 25 31) A CT scan showed multiple cerebral infarcts in the region of the right middle
cerebral angry .

Ncuropsyeh Iagiealassessmentrevealedsevereleftvisualneglect .tomeasuredby-Ls''eonecmtioial"itemsofthe
Bclr ;niouctl Inallentioti lest 111ITI . where lie scored ill the severe neglect range with 54 out of I maximum of 146 .
1 [is Logical Manors (Revised Wechnler Memory Scale) . immediate and delayed . were both in the normal range for
his asge 37 amt 64th percentiles . respeeiivelvl, and he showed no signiflennl perseverutton on the Nelson sersain of
the Wisconsin Card Sorting Test Iwhere the cards were aliened vertically rather than horimntallc to nn ii nice the
elfee ;s of neglect. tonal error.- 1145 : uwnher of persevecttive : 4 . I1 I . He scored in the normal range on the
Slmdanites and ('omprehen ton suhtesis of the Wechnler Adult Inlelhgenee Scale IRevised s, iii) Ii ago-scaled
pcreenlilesof 3is and 75, respelis:cly . His bigot Span was also normal 190 pementilel . He 55155 irarkedlc impaired ou
Object Assembly raid Mock Design- however 1 < 1 anti to percentile. respectively) . I Iuestlnleled prenusrhid IQ was
I10 (National .Adult Reading Test I and he was not signiheanits depressed nor anxious tHospital Ansieir and
Depression Scale 4 mid 0 for depression and tmxmty respect raely r . He was filly oriented for tine place and peNor. .

The Ilrst three experiments were conducted during the period I I t2 sseek_s post stroke. Fsperlmenta was
cor.ductal'_ weeks after the sublet wtTeed nm extension to Iris stroke on -i9 April 1991 .

EXPERIMENT I
4im
To compare the effects of left hand movements (within the alTeeted hemilieldl v's normal

performance and visual-cueing instruction respectively. on a test of letter cancellation .

11 it fills?
'fhc Icuer arnecllanion snl,iesl of the Rehavunrral In :nrennon' lest was used 1151 under ihrro conditions 110

itdmiiisn dooms of each condition . with three condiliona rmdomized nerds ., the ti) udministrutis nsl
The lord condition silts the stmidard ;Idnut istration of the lest . Condition 2 was adiinnistrxrtion of the lest in

conjunction with the motor uetivite . This involved the suhjeet laying his left arm palm upwards on the table 10 cm
from the Icfl margin ofilienuiceilalion test and moving Ilie lingers ofthis hti nd far I see whenererthe experinienter
signnatIed .

The signal consisted of a single knock au the desk . aceontpunied by the instnrction `Now fl' . The imersal hers ec
srvials was a mean of 5 .)) e ISIJ 2 .41 . He scars also instructed to look at his lingers musing whenever he nosed
Ihem .

The third condition required the subject to spree his arm in en identical position to (he Icfl of the iesl . Hoscevcr
nosi .he was ius(rueled lo' [nd'' his Iclt anti at the hegimtingofeach single administration ofthe letter cancellation
lest, with no further instructions being gicen during 0 (i .e . the 'visuo-pereeplual anchoring' condition)- Conditions
Iwo and Ihrce are not directly mmpnrthle because monitoring of eye movements won not possible and hence no
atlenipi was rattle to equate the motor responses with lheese mocemento This ) :riling is reniedied in esperimenl 3
helots I .

Re.vaka
Figure I shows the results . A repeated measures analysis of variance across the three

conditions revealed a significant main effect for condition (F=17.0 : P-c0.00011 . Schete F-

tests on the inter-condition comparison revealed a significant difference IP- 16 .4: P'c0.051
between the normal condition mean error =18 .22 : SD=5.11 and the hand movement

condition (mean error-6 .3 : SD 4,s1, There was also a significant difference ISehelfe

F'=7 .4: Pc 0 .05i between the hand movement condition and the perceptual anchoring

condition Imam error= 14 .3 : SD= 3.4) . 'hhere was no significant difference between the
normal and perceptual anchoring conditions .
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Fig . I . Letter cancellation : normal v : left hand movement left side v-s left visual-perceptual anchonnr
inslruetion .
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In this experiment, contralesional finger movements significantly reduced the degree of
neglect shown, in comparison with both the normal and perceptual anchoring conditions ..
with there being no differences between the latter two .

This suggests that the motor response is more potent than a visual cueing instruction,
though of course the motor response may simply serve to he a more salient perceptual cue,
whether visual or spatial .

It is however important to note that there was no way of actually controlling for the degree
of perceptual anchoring actually demonstrated by the patient . This is dealt with in
experiment 3 below .

In order to explore the effects of motor activation more thoroughly, experiment 2 was
carried out .

EXPERIMENT 2
Rulionille (1/Id aims

in order to determine whether the effects ofeontralesional hand activation were mediated
by increased visual scanning . this experiment examined the effects of hand movements on
neglect where the hand was masked and could not he viewed by the subject . If visual scanning
is the crucial factor, then neglect should be unaffected by hand movements which cannot he
seen .

It was not possible m expenment 1 to adequately test the hypothesis that the crucial
element of motor activation is the Innb moved, as opposed to the hemispace to which the
movement takes place . Hence a second aim of this experiment is to compare the elTecls of
''blind" Left hand movements in left hemispace with "blind" left hand movements in right
hemispace .

Inclusion of a right hemispace motor activation condition also allows one to test for the

normal
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possibility that the motor activation condition is mediated by an increased general arousal
induced by the task demand, and that Ihis results in a reduction in neglect for reasons
unrelated to the side of the activity . FLI .t :r and HLILMAN [2] have proposed such a
meehanisrn as a possibility .

.t It 'I Itod
The letter cancellation ,ablest of the l3chaviourul Inattention Test was again used, and again there were three

conditions I Itl administrations ofeaeh condition, with three conditions randomized across the 30 administrations I .

As in the precious experiment, the lirst condition was the standard administration of the test . Condition 2 scar
administration of the test in conjunction with the identical motor .ieticity to condition '_ in the precious experiment .
with the major difference that the subject's hand was concealed behind a board 40 cm broad by 30 em high . As
bdiare, the subject laid his left arm on the table 10 em to the left of the test and moving the lingers of this hand
whencset the experimenter signalled .

The third condition required the subject to cross his left hand to his right knee under the table it was not possible
to base him permanently lay his left hand on the right side as it obstructed his performance on the test l . His left hand
cuts nnss in right hemispace, and was invisible below the table. lie was required to mauve his Ilngee, whenever the
experimenter signalled .

The mean tints between left hand movements on the left side was G_' 1St) 1 .11 and on the right stile 6 151)1 .! ii
non-signtlieant difference n--0 .U ; nsl .

the left band should ideally base been in equivalent positions in left and right hemispace respectisely duringg this
esperintna . whereas in fact it scats on the desk in left hemispace and on the subject's knee in right hemispace_

Placing the left hand to the right of the test on the desk would bare been phpsiealls impossible for the subject .
houcver, :ntd m order to ensure comparability with the condition 2 ofexperiment lit was necessary to keep the left
hand on the desk and not change it to the knee posninn .

R('SUItS

Figure 2 shows the results. A repeated measures analysis of variance across the three
conditions revealed a significant main elTect for condition 1F- 22 .3:1' <0 .0001) . Seheffc F-
tests on the inter-condition comparison revealed a significant difference (F= 19 .4 ; Y<0 .05)
between the normal condition (mean error- 14 .0 ; SD =4.G) and the blind left hand/left side
movement condition (mean error =43 ; SD =1 .7) .

0 0
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m

0
Ire .'-. Letter cancellation: normal ss blind Ieh hand mosentent left side vs blind left hand macement

right side .
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There was also a significant difference (Seheffe F=13.6 ; Y<0,05) between the left side
movement condition and the right side movement condition (mean error= 12 .4; SD=3 .3) .
There was no significant difference between the normal and right movement conditions,

Discussion

The visual cueing aspect of the motor activity appears to be irrelevant, according to the
results of this experiment . Scrutiny of Pigs I and 2 shows that reductions in neglect with left
hand activation were as great when the hand was visible to the patient as when it was
invisible . But activation of the left hand in right hemispace had no effects on neglect .

This further supports the conclusions of the previous experiment which suggested that the
motor activation aspect of the treatment is particularly important . Motor activation does
not appear to affect neglect through the visual stimulation associated with it, though of
course the spatio-motor (in the terms of Halligan and Marshall outlined in the Introduction
above) cueing may indeed attract more attention to left hemisphere irrespective of any visual
process .

This experiment also fails to support the notion that any movements by the contralesional
limb will reduce neglect : the left hand moving equally frequently in right hemispace had no
effects on neglect. This finding is in line with the conclusions of HAt LiGAN era! . [5] for line
bisection . This of course also rules out the general arousal explanation .

However, the role of visual cueing- i .e . "visuo-perceptual anchoring'-as one possible
mechanism cannot yet be completely ruled out . This is because it was not possible in the
perceptual anchoring condition of experiment I above to monitor whether the subject
actually did make frequent eye movements to bring his left arm into his intact visual field,
resulting in a spurious negative result (at least as far as visual perceptual anchoring is
concerned) . The third experiment tests this hypothesis .

EXPERIMENT 3

Rationale and ants

The main aim of this experiment is to determine whether a visually-based perceptually
anchoring instruction (where actual scanning can be monitored) can produce reductions in
neglect similar to those produced by "blind" hand movements in the neglected hemifteld .

A subsidiary aim is to replicate the results ofexperiment 2 above, which found that "blind"
left hand movements in left hemispace produced significant reductions in neglect on letter
cancellation .

Method
The letter cancellation subtest of the Behavioural inattention Test was again used, and again there were three

conditions tlOndmini ;trations ofeach condition . with three conditions randomized across the 3t) adnlinistrutiunsl-
As "'the presiuus experiments, the first condition was the standard administration of the tat . Condition 2 was

identical to condition in the previous experiment, i .e . hand movements made behind a hoard on the subject's left
sick .

Condition 3 was a visually'based perceptual cueing condition where responses could be monitored . This was done
simply by placing a cluck 10 cm to the left of the test sheet-The subject was instructed to read the number sin the
seconds dial of the clock each time the experimenter s'ignnlled .

The mean time per response in the "clock" condition was 9 .6 (Si) 531 and in the hand movement condilinn 9 .0
(SD I$1, a non-signilicant diircrcnee .



j,,R

	

[ . II. Rum.R]so". and N . NOR] '

RESULTS
Figure 3 shows the results .A repeated measures analysis of variance across the three

conditions revealed a significant main effect for condition (F-41 .9; P<0.0001 ) . Seheffe F-
tesis on the inter-condition comparison revealed a significant difference (/'=14 .8: P<0.051
between the normal condition (mean error =2 .7 : SD =4.1) and the hand movement
condition (mean error =2 .6; SD =L4) . 'there was also a significant difference (Seheffe
F=27 .6; P<0 .05) between the hand movement condition and the perceptual anehonng
condition (mean error- 11 .6 ; SD='_.9). There was no significant difference between the
normal and perceptual anchoring conditions .

∎ normal
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Dicetissio1?

The main hypothesis of this experiment was supported : visual cueing failed significantly to
reduce neglect . even though it occurred with the sums frequency as the (invisible to the
subject) hand movements . Hand movements did however apparently reduce neglect . a s was
the case in the previous experiment .

'this supports the hypothesis that the motor response is a particularly important aspect of
the phenomenon, in comparison with a purely perceptual cueing factor . though, as was
mentioned a hove, the motor response may still sere to affect visual scanning through non-
visual spat to-motor cueing.

EXPERIMENT 4

Rat ionrdc raid rums
The apparently privileged role of moving the left hand in left hemispace in reducing

neglect, suggested by the previous experiments, fails to support a version of the recruitment
hypothesis proposing that conlralesional limb movement activates attentional motor
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circuits which reduce neglect : left hand movements in right hemispace had little effect on
errors. On the face of it this would support the cueing hypothesis against the recruitment
hypothesis .

One could discriminate between these two hypotheses, however, by examining the effects
of right hand movements in left hemispace : according to the cueing hypothesis, these should
lead to a reduction in neglect . A failure to find such an effect would, on the face of it, leave
both major hypotheses unsupported by the evidence,

additional rlintral injmannriort
Between experiments 3 and 4, the subject suffered an extension to his stroke 29 April 19911 which reduced his

ability to make hand movements to a very weak pincer grasp between his left forefinger and thumb . A CT scan
carried out on 4 June 1991 confirmed extension of the stroke to the right anterior cerebral artery terrrtlory
superiorly . This scan showed no change in the parietal lesion compared to the February 1991 ("I' sean, and the left
hemisphere continued to be free of any signs of damage .

frthud
The experimental method had to be changed in this experiment for two reasons . Firstly . it required linger

mosen,enIs in left hemispace . making it impossible to use a trotoricaIIy based cancellation test bestow of the
impaired left hand . Secondly, the capacity for motor movement had by now sulricicntly reduced thecause of the
stroke extension) that the type of finger movement used in the previous three experiments was no longer possible .

The test used in experiment 4 was a sheet of paper identical in size (A41 to the cancellation test, consisting of 40
tilt mhers and letters randomly spread across the sheet . The lack for the subject wstS simply to read all the no in hers
and letters he could see .

'the motor activation procedure had to be carried out with his left hand on his left knee, with his right hand in the
same position for that condition . The response required was pressing a very sensitive switch held between thumb and
forefinger. The switch was 1.5 em thickness . 5 cm tall and 4 cm wide . It lay in his upturned hand, with the presssure-
sensitive switch resting in the palm and was activated by very slight pressure exerted by thumb and forelingc.r . Both
hand and switch were out of his line of vision under the table .

the switch was attached by cable to a "Neglect Alert Device .* This consists of a small metal box, roughly 13 em
by H cm by 2 em . The deuce can he set such that it emits a buzzing noise if the switch is not pressed within a
predetermined, and variable . Lime interval . The box was placed 10 cm to the left of the test paper on the desk .

'the cue to make the motor response in this case was the buzzing sound emitted by the Neglect Alert Device . "I he
interval between buzzes was varied by the experimenter and was a mean of83 (SD 2 .1 (see in the left hand responsee
condition and 7 .9 sec ISD I .S tin the right hand response condition . This differem ;c was not significant.

The reading lest was g iven . as before, under three experimental conditions t In in each condition), with the trials
randomly assigned to the three eonditions-

The first condition was again the standard administration of the test Condition 2 was administration of the test
with blind left hand responses in left hemispace, and condition 3 was the reading lest while making blind right hand
responses in left hemispace .

Resul ts
Figure 4 shows the results . A repeated measures analysis of variance across the three

conditions revealed a significant main effect for condition (F=3 .88; P < 0.041 . SchelTe F-tests
on the inter-condition comparison revealed a significant difference F= 16 .4; P<OUS)
between the normal condition (mean error =18 .1 ; SD =4 .0) and the left hand movement
condition (mean error= 12 .8 ; SD=3,4). The mean error in the right hand, left hemispace
condition was 16 .3 (SD 5 .9) . but there were no other significant differences between
conditions .

Disenssiwt

In this experiment, minimal left finger movements significantly reduced the degree of
neglect shown, in comparison with the normal condition, but not in comparison with the

*Technical speeilieati ins of the Neglect Alert Device are available from C . (ieggie, Bioengineering Unit Princess
Margaret Rose Hospital, Fairmlehead . Edinburgh . Scotland .
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right hand'leit hemispace condition . The latter did not differ significantly from the normal
condition .

This suggests that the cueing hypothesis is inadequate to account for the data in this case : a
pre-requisite for the phenomenon in question appears to he a <omhinurinrr of left motor
responses in left hem ispace: neither right hand responses in left hemispace nor left hand
responses in right hemispace produced the phenomenon .

GENERAL DISCUSSION AND CONCLUSION'S
Experiment I found that left finger movements in Icft hemispace reduced neglect compared

to a normal condition of letter cancellation and also compared to a general us true tion to
'lied the left arm'' prior to each letter cancellation trial .

Experiment '_ compared "Hind" linger movements by the left hand in left and right
hemispace respectively with normal cancellation performance . Otly finger movements in left
hemispace significantly reduced neglect .

Experiment 3 compared blind finger movements in left hemispace with a passive visual
anchoring procedure in left hemispace-i .e . reading the second counter on a clock at regular
intervals . Only the blind linger movements significantly reduced neglect compared to the
other two conditions .

Experiment 4 compared neglect during a reading task with neglect on the task while
making minimal finger movements in left hemispace with the Id t and right hands,
respectively . Only left finger movements in Idi hemispace seemed to reduce the neglect .

Returning to line competing "recruitment° and "cueing" hypotheses outlined in the
introduction, it would appear from the above four experiments that neither is adequate, at
least in its simplest form . Left linger movements may cue attention to the left . but only if
performed in left hemispace . Right finger movements in left hemispace did not, however .
reduce neglect in comparison to normal performance .

Furthermore. if there was indeed a cueing elTect, it appeared to operate independently of
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the visual system, at least in this case : being able to see the finger movements offered no
advantage to this subject. A simple recruitment hypothesis is also inadequate : left hand
movements in right hemispace had no effect . Can existing theoretical models of visuo-spatial
functioning clarify these findings?

Hem is pane( rs hem icorporeal facto i s

Normal subjects will react faster to a right-sided auditory stimulus with their right hand
than with their left, and vice versa for left-sided stimuli . That is with their hands in a normal
uncrossed position, however . When the arms are crossed across the body midline.left stimuli
elicit faster responses by the right hand (located in left hemispace) than by the left (located in
right hemispace) (e .g . Ref. [I4]) . Such stimulus-response compatibility has also been
demonstrated in the visual and other modalities (e .g . Refs [9] and [17]) .

This finding suggests that under some conditions, side of space is dominant over side of
body in mediating responses in space . Such a finding also pertains to brain damaged patients,
with HFII.MAN and his colleagues (e .g . Ref. [6]), suggesting that some subjects with unilateral
neglect sufl'er from a "hemispatial hypokinesia", namely a difficulty in making responses with
either limb in the hemispace contralateral to the lesion .

These results suggest that one might modify the recruitment hypothesis considered in the
present experiments such that it refers to hemispatial activation, rather than to hemicorporeal
activation. Though the negative results of experiment 4 above apparently also go against
such a reinterpreted hypothesis (i .e . "activating" the left side of space by moving the right
hand on the left), consideration of a sophisticated theory of spatial behaviour advanced by
Rizzolatti and his colleagues may help to elaborate the relationship between hemispatial and
hemieorporcal factors .

Rir_ola(ti's 1lieu1

	

of spadedfunctioning
Rizzolatti and his colleagues suggest that multiple and dissociable spatial frames of

reference exist in both humans and animals, and these may he selectively impaired [I I, 12] .
They [11, 12] have demonstrated in monkeys that space is coded in dissociable ways by

different brain centres, and that damage to one centre may result in unilateral neglect for one
spatial system but not for another . For instance, they show that frontal eye field neurons use
visual information to control purposeful eye movements, while inferior area 6 neurons use
somatosensory and peripersonal visual information to organize purposeful somatic
movements. Lesions in these different areas produce corresponding different types of spatial
deficit. A recent case study demonstrates related dlssoelattons between neglect for
peripersonal and locomotor space in man [3] .

Rizzolatti proposes the existence of multiple representations of space by these different
spatial systems, interacting together to produce a coherent spatial reference system against
which purposeful motor movements are calibrated and organized . It is the parallel activity of
these different perceptuo-motor neural maps which produces representation of space, and .
conversely, it is their breakdown which creates distorted representations .

Applying this theory to the case in the present study, the subject may have been suffering
neglect with respect to ar least two independent but nevertheless integrated spatial systems-
a "personal'' space related in sonic way to some somato-sensory representation of his body,
and a peripersonal or "reaching" space within which lie manifested such deficits as neglecting
the left in letter cancellation .

By inducing the subject to make voluntary movements with his left hand in left hemispace,
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it is possible that the left half of the somato-sensory spatial sector was in some way activated
or enhanced . Because of the integration of the somato-sensory and peripersonal spatial
sectors. this in turn produced enhanced activation of the impaired half of peripersonal space .
Such is the interpretation which would follow from Rizzolatti's work .

But why did not left hand movements in right hemispace similarly activate the left side of
peripersonal space? After all, though left hemispace may not have been activated, the left side
of the body was being activated. One possibility is that reciprocal activation of more than one
corresponding spatial sector of the closely-linked neuronal maps in the brain must he
activated to overcome the deficit in representing the left side of space .

In other words, cueing/recruitment of the hemispatiat system was inadequate on its own .
So also for the hemicorporeal ('personal`) system . Only when both were activated
simultaneously did some improvement of spatial perception of the left arise, possibly by sonic
kind of reciprocal activation across the related neuronal systems .

Gener /cahilit r of the results

According to Rizzolatti's theory, perception and action input and output are
intimately integrated, arid hence procedures requiring motor responses in left hemispace
should he more effective than visual cueing procedures such as those used in the current
experiments . The lack of our effect of visual cueing in the present study is however not readily
deducible from Rizzolalti's theory : his model allows for activation of spatial sectors via visual
cueing [I I] as well as other types of activation .

One hypothesis to account for the lack of visual cueing etTects is to argue that the patient in
question had a primarily 'output'' or 'tremor or' neglect, as opposed to an "r ii put" or
"perceptual" neglect .
TIrNrR and Lr:v,NUIIR [15], Coslrrr et of. [I] and others have suggested the existence of

these two types of neglect . The former is compatible with HG11.xtAN ci a/. s [6] notion of
"hemispatiat hypokinesia' and reflects an impairment of the ability to make motor
movements with either limb in contralesional hemispace . There is some suggestion that this
may he associated with anterior lesions . "Sensory" neglect, on the other hand, is reflected in
an impairment in the ability to orient to stimuli in contralesional hemispace . Most neglect
patients appear to suffer from both types of disorder [16] . however .

If the present case does have a primarily" premotor'' neglect, then the reason that left hand
activation was effective when visuo-pereeptual cueing was not could be explained by saying
that he had little difficulty in attending to stimuli on the left : rather, his problem was in
making motor )and perhaps oculomotor) responses to the left side of space . Such a deficit
might require "motor cueing' of the type used in the present experiments, while another
subject with a primarily input type of neglect might benefit from visual cueing and not from
motor cueing. This hypothesis must await demonstration of the existence of such a case .

The precise theoretical underpinning o1 the present results must await further research .
Neither cueing nor recruitment hypotheses can be eliminated and it is likely that both types
of mechanism must he invoked to explain the data .

The rehabilitation implications of the types of spatio-mot or activation procedures used in
the present study have however been explored iii three single case studies by the present
authors [I3] which showed clinically significant improvements in both test and everyday life
functioning of three patients treated by a left limb activation procedure .

m I,,nuivh4gmnrnrv Munp Ihunke to the suhieet ut this nuidv tar hi+ gelwrnus dod pdtienl purtiopuliun iii the
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out this study as well as Susan Goodrich in Cambridge for her painstaking comments an an earlier draft of this
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