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Elementary Processes of Response Selection Mediated by Distinct 
Regions of the Striatum 

Verity J. Brown and Trevor W. Robbins 

Department of Experimental Psychology, University of Cambridge, Cambridge CB2 3EB, United Kingdom 

The relative contributions of the medial and lateral caudate 
putamen to performance of a visual reaction time task were 
compared by examining the effects of unilateral ibotenate- 
induced lesions to these regions in the rat. Different groups 
of rats were trained to respond either towards (Discrimina- 
tion 1) or away from (Discrimination 2) unpredictable, brief 
visual stimuli presented to either side of the head. 

Lateral striatal lesions produced a strong spatial bias to- 
wards the side of the lesion but left the latency for the ini- 
tiation of responses to the visual cues unchanged. By con- 
trast, the medial striatal lesions resulted in a smaller degree 
of spatial response bias but a significant slowing of initiation 
latency to the side contralateral to the lesion. These effects 
were irrespective of the side of the stimulus presentation 
and thus represent response-related impairments. The le- 
sions were further dissociated in their effects on responding 
inappropriately to task requirements. 

These results demonstrate a double dissociation of be- 
havioral effects of lateral and medial striatal damage that 
can be used to infer the operation of distinct elementary 
processes of response output within a single task. They are 
important not only in demonstrating functional effects of hy- 
pothetical segregated parallel cotticostriatal loops but also 
in showing that these loops must interact to produce inte- 
grated performance. 

Anatomical, biochemical, and behavioral evidence indicates that 
the striatum is heterogeneous with respect to function (Divac 
et al., 1967; Dunnett and Iversen, 1980, 1982a, b; Divac, 1983; 
Graybiel and Ragsdale, 1983; Pisa, 1988). From this evidence, 
it is clear that the striatum should not be regarded as a functional 
“center” independent of its anatomically related cortical areas 
(Divac, 1972; Alexander et al., 1986). For example, in the man- 
ifestation of different aspects of contralateral “neglect” such as 
skilled paw use (Sabol et al., 1985; Pisa, 1988) somatosensory 
orientation (Dunnett and Iversen, 1982a; Fairley and Marshall, 
1986) and recovery after tissue transplantation (Dunnett et al., 
198 l), it is widely agreed that the lateral caudate putamen is 
particularly significant. Lesions of dorsolateral frontoparietal 
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cortex also impair forelimb reaching (Castro, 1972) and the 
projections from this region to the lateral caudate putamen of 
the rat would suggest that these areas form a “motor” circuit 
of the type envisaged by Alexander et al. (1986). 

The medial portion of the striatum of the rat receives pro- 
jections from frontocingulate cortex (Nauta and Domesick, 1984) 
which has also been implicated in behavioral neglect in the rat 
(Cowey and Bozek, 1974; Barth et al., 1982; Crowne and Path- 
ria, 1982). According to the parallel loop model of Alexander 
et al. (1986), it might then be expected that lesions of medial 
striatum would have similar effects, although so far the exper- 
imental evidence for this is weak. 

If both the lateral and the medial areas of the striatum are 
implicated in neglect, then their different contributions to the 
control of behavior, as well as the ways in which they interact 
as components of separate parallel functional loops, require def- 
inition. This problem of defining how these corticostriatal func- 
tional loops are both integrated and interact can be best deter- 
mined by examining performance of different aspects of a single 
task. 

In this experiment, the relative contributions of the medial 
and lateral caudate putamen were examined in a visual reaction 
time task developed for the rat (Carli et al., 1985). The design 
of the task enables the dissociation of sensory and output related 
factors in neglect and allows an assessment of how behavioral 
processes subserved by distinct subregions of the striatum may 
determine different aspects of performance of a single task. 

Materials and Methods 
Animals 
The subjects were 24 male Lister hooded rats (Olac, Bicester, UK), 
weighing 200-250 gm at the beginning of the experiment and maintained 
at 90% of their free-feeding weight with 15 gm/d/rat of standard lab- 
oratory chow, given after the experimental sessions. Water was freely 
available throughout. The animals were housed in pairs under a natural 
light-dark cycle. 

Surgery 
After training to stable performance, unilateral lesions of the caudate 
putamen were induced by infusion of the excitotoxin, ibotenic acid. 
Surgery was performed under Equithesin anesthesia (3 ml/kg, i.p.) in 
clean conditions. Animals were placed in a Kopf stereotaxic instrument, 
and lesions were made at the following placements (Pellearino et al., 
1979): medial, A +2.5, L 1.8, V -4.0; iaieral, A +2.5, L 3.5, V -5.5: 
One microliter of 0.06 M (9.4 &rl) ibotenic acid (Sigma, UK) in phos- 
phate buffer was infused at a constant rate of 0.5 &min via a 30 gauge 
stainless steel cannula attached to a Harvard infusion pump. The can- 
nula was left in place for 2 min before and after the infusion. Of the 
animals trained on Discrimination 1 (see below), 7 received medial and 
6, lateral lesions. Of those trained on Discrimination 2, 6 received 
medial and 5, lateral lesions. 
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Histology 
At the end of the experiment, the animals were deeply anesthetized and 
then transcardially perfused with 0.9% saline followed by 10% formalin- 
saline. The brains were postfixed for 4 hr and then stored in 30% sucrose 
before being sectioned at 60 pm on a freezing microtome. Every 3rd 
and 4th section was mounted and stained with either cresyl violet or 
for acetylcholinesterase (AChE) by the method of Koelle (1954). 

The areas of cell loss and gliosis revealed by cresyl violet staining and 
decreased striatal AChE staining were mapped onto standardized sec- 
tions of the brain. The areas of the lesions were calculated and multiplied 
by the distance between sections to give an estimate of total lesion 
volume. 

Apparatus 
The apparatus was as previously described (see figure 1 of Carli et al., 
1983; Brown and Robbins, 1989). Three operant chambers were used, 
each with a horizontal array of 2.5 cm* holes set into the rear wall. 
Three adjacent holes in the array were open to the animal, with a 
vertically directed photocell beam across the front of each hole which 
registered responses. Illumination of a 2.8 W bulb situated at the rear 
of each hole was used as the visual stimulus. The boxes were controlled 
and the data collected online by microcomputers. 

Procedure 
Training. Following preliminary training to collect pellets (45 mg dust- 
less precision pellets, BioServ Inc., NJ) from the food magazine, the 
rats were rewarded on a continuous reinforcement schedule for making 
nose-poke responses into the lit central hole. When they were responding 
reliably, the control program was implemented, a correction procedure 
was used for incorrect trials until stable performance of around 80% 
correct was reached. The trial was initiated by the rat by pushing the 
Plexiglas panel in front of the food magazine. The central hole was 
illuminated and a sustained nose-poke in the hole extinguished that 
light and began 1 of 4 intervals (delays) before the presentation of the 
brief (200 msec) visual stimulus in either one of the side holes. The 
delays, which were initially very short, were progressively increased 
over several weeks until the rat was waiting, with its nose in the central 
hole, for delays of 0, 0.5, 1 .O, or 1.5 sec. 

The rat was required to report the location of the light by withdrawing 
its nose from the central hole and responding in one of the side holes. 
The composition of a trial is shown in Figure 1. Thirteen rats were 
trained on Discrimination 1, to move towards the side of the light, while 
11 were trained on Discrimination 2, to move away from the stimulus. 

Correct responses were rewarded by the delivery of a food pellet. 
Incorrect responses, or premature withdrawals from the central hole, 
were punished with a 1 set period of darkness (Time-out). 

Baseline performance. For each of the 2 response holes, there were 
10 trials at each of 4 delays (80 trials), presented in a pseudo-random 

order. To obtain the preoperative baseline values, rats were tested for 
5 consecutive days prior to surgery. Postoperative testing commenced 
after a period of recovery lasting 5 d. 

Effects of manipulating the visual stimuli. The rats were tested on 
probe trials, interspersed throughout a single session, in which both the 
stimuli were presented simultaneously, in a test analogous to the clinical 
test for sensory extinction (Benton, 1956). In addition, 2 sessions were 
given when the stimulus light of one of the response holes was removed. 
Without a stimulus, the animals nevertheless eventually made a re- 
sponse. The effect of removing one of the stimuli was therefore to 
lengthen initiation times of responses which would have been cued by 
the missing stimulus. By comparing performance under these conditions 
with that in the baseline condition, it may be ascertained whether any 
deficits seen in baseline performance could be attributed to an inability 
to detect one of the stimuli. 

Measures and statistical analysis 
Latency to initiate correct and incorrect responses (taken as the time 
from the onset of the stimulus to withdrawal from the central hole) was 
measured as initiation time (IT). No correction was made for the sys- 
tematic error inherent in using a photocell detection system, which leads 
to overestimates of IT proportional to the time it takes for the snout to 
leave the beam. This will be a function of the distance the head intrudes 
into the hole and the velocity with which it leaves it, but it seems likely 
that these errors are constant and small in relation to measured IT. 
Movement time (MT) was the time to complete the response from the 
withdrawal from the central hole to the response in the side hole. All 
response times were measured with centisecond accuracy. Percent cor- 
rect was recorded, and response bias was expressed as responses (correct 
and incorrect) made to the ipsilateral side as a percentage of all re- 
sponses. The frequency of inappropriate responses made in each of the 
response holes during periods of time-out following premature or in- 
correct responses was also recorded (Time-out). 

The data were subjected to analysis of variance, with surgery as a 
factor in the analyses. Transformations were applied to reaction time 
and percentage data (log10 and angular, respectively) to normalize the 
distributions in accordance with the ANOVA model (wirier, 197 1). 

Results 

Histological results 

Figure 2 shows the extent of the cell loss and gliosis. There was 
no significant difference in lesion size between the groups [F( 1,20) 
= 2.97, n.s.1, although the 3 largest lesions were in the lateral 
group. For the medial group, mean lesion volume was 5.48 mm3 
(SD = 1.8; median = 5.4) and for the lateral group, 7.75 mm3 
(SD = 5.3; median = 5.6). 
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Figure 2. Coronal sections, based on 
Pellegrino et al. (1979), showing the ex- 
tent and location ofthe medial (left) and 
the lateral (right) striatal lesions, de- 
fined by areas of neuronal loss. The black 
urea shows the extent of the damage 
common to all rats (n = 13 and 1 l), 
shading shows the extent of damage 
common to 6-10 rats, and stipphng 
shows the extent of damage sustained 
by l-5 rats. 

There was some damage to the lower layers of cortical areas 
Frl and Fr2 (frontal cortex) (Zilles, 1985) in a minority (n = 4) 
of the rats with medial lesions. 

IT of responses 
The IT for responses in Discrimination 1 was faster than that 
for responses in Discrimination 2 [F(1,21) = 7.78, p < 0.011; 
the mean IT for each Discrimination was 0.29 and 0.35 set, 
respectively. There was no interaction between Discrimination 
and Surgery [F&12) = 0.167, n.s.1; therefore, the IT data for 
the Discrimination conditions were combined. 

Figure 3 shows IT of responses made ipsilateral or contra- 
lateral to the side of the lesion, pre- and postoperatively (in the 
case of preoperative data, ipsi- and contralateral refer to the 
side ofthe subsequent lesion). When an animal showed an asym- 
metry in IT preoperatively, it was lesioned contralateral to the 
side of the faster times; for this reason, mean contralateral IT 
was faster than ipsilateral IT (0.26 vs 0.36 set). 

Postoperatively, the medial lesion group showed an increase 
in mean IT of contralateral responses to 0.33 set, with the mean 
IT of ipsilateral responses also 0.33 set and not significantly 
different from preoperative values. The lateral lesion group 
showed no significant change in IT of either ipsi- or contralateral 
responses, retaining their preoperative IT asymmetry with a 
mean contralateral IT of 0.27 set and ipsilateral IT of 0.39 sec. 
This was reflected in a 3-way interaction between the factors of 
Lesion group, Side of response, and Surgery [F( 1,12) = 12.7, p 
< 0.0041 and confirmed in the analyses of the simple interac- 
tions of Surgery and Side, which was significant for the medial 
group [F(1,9) = 16.4, p < 0.0031 and not for the lateral group 
[F( 1,9) = 1.04, n.s.1. 

There was no significant interaction with delay [F(3,39) = 
1.11, n.s.1, indicating that contralateral initiation times were 
increased in the medial group equally at all delays. The IT effect 

was also irrespective of the side of stimulus presentation, as 
there was no significant difference between the Discrimination 
conditions [F( 1,9) = 1.06, n.s.1. 

Preoperatively, the overall mean percent correct was 89%. The 
rats were unbiased in their performance of the task, making an 
equal number of responses to each side in both Discrimination 
conditions. Postoperatively, percent correct fell to 73%. This 
was not the result of a general decline in accuracy but rather 
due to an ipsilateral response bias, reflected in the analysis of 
percent correct data as an interaction between the factors of 
Surgery and Side of response [F( 1,20) = 29.96, p -c O.OOl], with 
95.5% of ipsilateral responses correct but only 50.5% contra- 
lateral responses correct. 

Figure 4 shows the postoperative ipsilateral bias ofeach lesion 
group, in each of Discrimination 1 and 2. All groups showed 
some degree of response bias, although the impairment was 
greater in Discrimination 2-trained animals [F( 1,2 1) = 15.2, p 
< O.OOl] and also greater in the lateral lesion group [F( 1,2 1) = 
7.95, p < 0.011. There was no significant 3-way interaction 
between the factors of Lesion, Discrimination, and Surgery 
[F(1,21) = 0.29, n.s.1, indicating that the postoperative effects 
of Discrimination and Lesion group were independent and ad- 
ditive. 

Time-out responses 
There was a general increase in time-out responding from a 
mean of 32.4 responses preoperatively to 57.8 responses post- 
operatively [F(1,21) = 13.4, p -C O.OOl]. This is a reflection of 
the greater number of periods of time-out, which resulted from 
the increase in incorrect responses due to the marked side bias. 
The increase in frequency of time-out responding was greater 
in Discrimination 2 than in Discrimination 1 [J’(1,21) = 7.41, 
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Figure 3. Effect of the lesions on the IT of ipsi- and contralateral 
responses, pre- and postoperatively (in the case of preoperative data, 
ipsi- and contralateral refer to the side of the subsequent lesion). The 
vertical bar indicates 2 SED, representing 2 times the standard error of 
the difference of the mean values for the interaction between the factors 
of Lesion site, Surgery, and Side. 

p < 0.011, as would be expected from the greater bias in this 
condition. The increase in the number of periods of time-out 
was not due to premature withdrawals, as these were not sig- 
nificantly increased postoperatively [F(1,21) = 0.48, n.s.1. 

Figure 5 shows the frequency of responses to each side for 
each lesion group. While the lateral lesion group showed a great- 
er increase in responses to the ipsilateral side, the medial group 
showed a greater number to the contralateral side. This was 
reflected in a Lesion group x Side of response x Surgery in- 
teraction [F(1,21) = 6.55, p < 0.021. Analysis of the simple 
interactions revealed the relatively greater increase in ipsilateral 
responses in the lateral lesion group to be significant [F( 1,22) = 
6.27, p < 0.051, while the greater contralateral responding in 
the medial lesion group marginally failed to reach significance 
[F(1,22) = 3.83, p = 0.055]. 

Efects of removing the visual discriminanda 

Initiation time. When one of the stimulus lights was removed, 
there was an increase in the IT of responses to the side normally 
cued by the missing stimulus. When the ipsilateral stimulus was 
removed, mean IT of responses normally cued by this stimulus 
was increased to 0.72 set, while mean IT of contralateral re- 
sponses within the same session was 0.25 sec. Removing the 
contralateral light, as expected, produced the opposite pattern, 
with mean IT of responses being 0.7 1 set when no stimulus was 
seen and 0.32 set to the ipsilateral stimulus. 

This pattern was reflected in a Condition x Side of response 
interaction [F(1,26) = 430.8, p < O.OOl]. There was no inter- 
action with Surgery [F(l, 19) = 0.01, n.s.], showing that the 
lengthening of initiation times when the discriminanda were 
removed was still present postoperatively and therefore that the 
animals continued to attend to both stimuli postoperatively 
while mediating task performance. 

Percent correct. Responding was less accurate when one of 
the cuing stimuli was removed, with only 57.3% correct to the 
missing stimulus compared with 77.3% correct to the remaining 
stimulus [F(1,20) = 47.48, p < O.OOl]; while the rats always 
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Figure 4. Effect of regional ibotenic acid damage on ipsilateral response 
bias for the 2 Discrimination conditions. The vertical bars indicate 2 
SEDs, representing 2 times the standard error of the difference of the 
mean values for the main effects of Lesion (L) and Discrimination (0). 

made a response, in the absence of the cue light, a response to 
either side was equally likely. 

The effect of surgery was to increase the bias to the ipsilateral 
side, which resulted in a decrease in contralateral percent correct 
and an increase in ipsilateral percent correct [F(1,20) = 70.03, 
p < O.OOl], regardless of the side of the stimulus (Discrimina- 
tion) or the condition (ipsilateral or contralateral cue removed). 
Once again, the lateral lesion group was more impaired post- 
operatively than the medial lesion group [F(1,20) = 5.97, p < 
0.021, but all these effects were additive with the effect of re- 
moving the cues, and the 3-way interaction was not significant 
[F(1,18) = 1.38, n.s.]. 

Efects of presenting both stimuli (“extinction’) 

As evident in Figure 6, presenting both stimuli to the rats si- 
multaneously did not enhance the ipsilateral bias seen in the 
baseline condition [F(1,20) = 0.16, n.s.]. Bias was greater both 
in Discrimination 2 postoperatively [F( 1,20) = 16.45, p < 0.00 l] 
and in the laterally lesioned animals [F(1,20) = 11.55, p < 
0.0031, but these factors did not interact with extinction [F( 1,20) 
= 1.48, n.s.1. The similarity ofperformance in these “extinction” 
trials to performance in the baseline condition is emphasized. 
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Figure 5. The frequency of inappropriate (time-out) responses made 
to the ipsi- and contralateral side preoperatively, and by each lesion 
group postoperatively. Two times the standard error of the difference 
between the mean values for the interaction of Lesion site, Surgery, and 
Side, is shown by the vertical bar. 
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Figure 6. Presenting both stimuli simultaneously did not change the 
degree of spatial bias compared with the baseline condition. The vertical 
bar shows 2 times the standard error of the difference between the mean 
values for the main effect of lesion. 

Discussion 
The paradigm used here enabled the dissociation of sensory 
from response-related behavioral processes and the assessment 
and quantification of any general, bilateral, effects as well as 
hemispatial deficits. In accordance with previous reports (Carli 
et al., 1985, 1989; Mittleman et al., 1988; Brown and Robbins, 
1989), these results demonstrate that striatal manipulations re- 
sult in contralateral response-related impairments and do not 
disrupt sensory processes; the animals were shown to be at- 
tending to both ipsi- and contralateral stimuli postoperatively. 
Moreover, the results reported here have shown that the roles 
of the medial and lateral portions of the striatum can be dis- 
sociated in the manifestation of neglect, and by using a task 
which enabled the analysis of different components of behavior, 
the nature of the impairments following each of the focal lesions 
was clarified. 

Concentrations of ibotenic acid equivalent to those used in 
the present study have been shown to produce neuronal loss 
within the caudate putamen of the rat, while sparing oligoden- 
drocytes and fibers of passage (Schwartz et al., 1979; Coffey et 
al., 1988). Therefore, the discussion focuses on the nature of 
the behavioral impairment which is assumed to arise specifically 
from striatal cell death and not from disruption of corticofugal 
fibers transversing the caudate putamen. 

The demonstration that initiation time was affected only by 
the medial lesions, whereas spatial response bias was greater 
following the lateral lesion, has important neuropsychological 
implications. First, it suggests that these 2 measures may rep- 
resent different aspects of elementary processes in response se- 
lection that are mediated by segregated “functional loops.” Sec- 
ond, the retarded contralateral initiation time and ipsilateral 
response bias reported to follow dopamine depletion of the en- 
tire caudate putamen (Carli et al., 1985, 1989) can now be seen 
to have resulted from disruption of these distinct processes, 
rather than reflecting aspects of a common psychological deficit. 

Detailed comparative analysis of the 2 Discrimination con- 
ditions used here enables further specification of the component 
processes of behavioral neglect. Thus, the common effects of 
the striatal lesions on initiation time and bias in both conditions 
indicate that the impairments are response related, rather than 
resulting from deficits in sensory attention (Carli et al., 1985, 
1989). Consistent differences in preoperative performance of 
the 2 Discriminations can also be used to make inferences about 

the nature of the underlying psychological processes. The extent 
of involvement of the striatum in these processes then depends 
on whether the preoperative differences are preserved, atten- 
uated, or even enhanced postoperatively. 

Speczjication of task-related processes 
Discrimination 2 (responding away from the stimuli) was more 
difficult than Discrimination 1 (responding towards the side of 
stimulation), the rats taking longer to learn the task and per- 
forming with slower ITS. This is consistent with the human 
literature on stimulus-response (S-R) compatibility effects (Si- 
mon, 1969; Posner et al., 1973) and probably reflects an extra 
processing load in the selection of the response. Thus, Frith and 
Done (1986) have postulated that S-R compatibility effects re- 
flect the operation of different “routes to action.” For tasks with 
high S-R compatibility, a “direct” route is used, in which the 
external stimuli themselves determine the direction of action. 
For tasks with low compatibility, a matrix of S-R contingencies 
must first be consulted, via a “slow” route which necessarily 
lengthens reaction times. Effective use of the S-R matrix must 
depend upon the integrity of the representation of responses in 
space, to which appropriate discriminative stimuli must be re- 
ferred and also on the efficient inhibition of prepotent (i.e., 
highly compatible) but inappropriate responses. The operation 
of the S-R matrix not only involves the computation and se- 
lection of responses, but is also subject to such factors as changes 
in response set. We define response set here as the prior assign- 
ment of probability of selection from the repertoire of available 
responses. From this definition, it follows that spatial response 
bias reflects a disrupted response set (Carli et al., 1989). This 
disruption has been shown to result from a distortion in response 
space which leads to a restriction in the available response rep- 
ertoire (Brown and Robbins, 1989). 

Efects of unilateral striatal lesions 
In the present study, the effects of striatal lesions on measures 
of accuracy and IT were only additive with the effect of S-R 
compatibility; that is to say, the difference between Discrimi- 
nation 1 and 2 was preserved. This suggests strongly that the 
striatum does not contribute to the variations in processing load 
which lead to differences in reaction time as a function of S-R 
compatibility. However, spatial response bias was significantly 
greater in Discrimination 2, which suggests that some other 
aspect of response selection was affected. This result is important 
for several reasons. First, the enhanced ipsilateral response bias 
does not merely result from a stereotyped tendency, either pro- 
duced by the lesion, or as a strategy for coping with an insoluble 
task. Further evidence for this is that the difference in bias was 
also found when both stimuli were presented simultaneously in 
a test analogous to the clinical test of “extinction” (see Fig. 6). 
Second, the greater bias in Discrimination 2 shows that one 
result of being trained to use the “slow” route (see above) is an 
enhanced behavioral susceptibility to changes in response set. 
This enhanced behavioral susceptibility is especially evident in 
the extinction test, when exactly the same stimulus configura- 
tions were presented to each group but produced different de- 
grees of response bias. 

While the effect of a lesion to either striatal region was to 
increase ipsilateral response bias, there were differences between 
the medial and the lateral lesion groups. The medial lesion group 
was significantly less biased than the lateral lesion for both Dis- 
crimination 1 and 2. The medially lesioned rats, even though 
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showing apparently less “neglect,” were also impaired in initi- 
ating contralateral responses. This lengthening of initiation times 
for contralateral responses occurred regardless of the Discrim- 
ination and could therefore be seen to be due to response related 
and not sensory processes. 

The 2 lesion groups were also dissociated by their patterns of 
responding in time-out periods. The lateral lesion group re- 
sponded more to the ipsilateral side, reflecting the bias in the 
performance of the task. The medial lesion group showed a near- 
significant tendency to be biased, but to the contralateral side. 
A similar, paradoxical contralateral bias in time-out responding 
has also been observed in other studies, following either uni- 
lateral dopamine depletion from the ventral striatum (Carli et 
al., 1989) or large unilateral ibotenic acid-induced lesions of the 
striatum (Mittleman et al., 1988). The results of the present 
experiment suggest that the medial striatum may contribute to 
these effects. 

The paradoxical contralateral bias in time-out responding is 
important because (1) it demonstrates once more the indepen- 
dence of lateralized reaction time from spatial response ten- 
dencies; initiation times of contralateral responses to the visual 
stimuli were slower in the medial group; (2) it suggests the 
disruption of the operation of an independent process which 
normally inhibits inappropriate responses; and (3) the combi- 
nation of retarded reaction time to an external (i.e., visual) event 
and impaired inhibition of inappropriate responses suggests a 
weakening of attentional control over actions that might nor- 
mally be attributed to frontal lobe function (Shallice, 1982; Ver- 
faellie and Heilman, 1987). 

The present results demonstrate a double dissociation of be- 
havioral changes produced by damage to discrete regions of the 
striatum. Lesions of the lateral striatum resulted in changes in 
response bias which reflect changes in response set, which are 
also seen following medial striatal lesions. However, medial 
striatal lesions also resulted in a pattern of effects not seen fol- 
lowing lateral striatal lesions (lengthened contralateral IT and 
increased contralateral time-out responses), suggestive of dis- 
rupted attentional control over response output. Previous results 
showed that changes in response set and attention to action 
occurred together following dopamine depletion from the entire 
striatum, unilaterally. From the present results, it can be seen 
that the apparent unitary nature of contralateral neglect arises 
from the disruption of separate functional loops within the stria- 
turn, controlling different aspects of response output. 
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