
~ Pergamon PII: S0028 3932(97)00055 9 

Neuropsychologia, Vol. 35, No. 10, pp. 1395-1404, 1997 
1997 Elsevier Science Ltd. All rights reserved 

Printed in Great Britain 
0028-3932/97 $17.00+0.00 

Differential neural response to positive and negative 
feedback in planning and guessing tasks 

R. ELLIOTT,*§ C. D. FRITH*t  and R. J. DOLAN *{ 

*Wellcome Department of Cognitive Neurology, Institute of Neurology, 12 Queen Square, London WCI N 3BG U.K.; 
tUniversity College London, Gower Street, London WCIE 6BT, U.K.; {Royal Free Hospital School of Medicine, 

Rowland Hill Street, London NW3 2PF, U.K. 

(Received 16 October 1996; accepted 14 March 1997) 

Abstract--The neural mechanisms by which emotional and cognitive processing interact are unknown. Evidence from animal studies 
and neurological patients suggests that regions of the ventral striatum and orbitofrontal cortex, together with limbic structures such 
as the amygdala, are critical to such interactions. We used positron emission tomography to study the neural systems engaged by 
processing performance feedback under two conditions involving either a complex cognitive or a matched guessing task. The main 
activations associated with the processing of performance feedback under different task conditions involved foci in the medial 
caudate nucleus and the ventromedial orbitofrontal cortex. A differential modulation of these activations as a function of task type 
was observed. In particular the orbitofrontal activation associated with the presence of feedback was only seen in the guessing task. 
These data suggest that the ventral striatum and orbitofrontal cortex are involved in processing of feedback information, findings 
consistent with animal and neurological studies. We propose that differential activation associated with guessing compared to 
planning suggests enhanced neural processing of feedback when the outcome of a task is uncontrollable or when information must 
be assimilated across a number of trials to assess performance. (C: 1997 Elsevier Science Ltd 
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Introduction 

In many laboratory tests of cognition, subjects are given 
feedback information evaluating their performance. Cog- 
nitive performance is therefore confounded by emotive 
and evaluative processes involved in responding to this 
feedback. The laboratory situation provides a simplistic 
model for real life where behaviour is susceptible to 
extrinsic or intrinsic reward or the avoidance of punish- 
ment. The impact of even abstract forms of reward is 
amply demonstrated by the popularity of computer 
games; players strive for 'success' in spite of the absence 
of external consequences of high performance levels. 

Functional imaging studies of  cognitive activation 
have almost invariably failed to focus on emotive and 
evaluative aspects of cognition, confining themselves to 
a determination of the neural correlates of cognitive pro- 
cesses and subprocesses. There have been studies con- 
centrating on specific emotional processing; for example 
processing of and memory for emotional pictures [19, 10] 
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or processing of facial expressions [15, 22]. However, in 
the context of neuroimaging few studies have addressed 
the influence of evaluative or emotive processes on cog- 
nitive performance in normal subjects. One aspect which 
has been studied is the controllability of a cognitive task. 
Schneider et al. [26] studied regional cerebral blood flow 
(rCBF) associated with solvable and insoluble anagrams 
and found reciprocal diencephalic and limbic activations. 
This study in effect considered implicit failure on a com- 
plex task. Our study aimed to address success and failure 
more explicitly by manipulating the level of performance 
feedback on a cognitive task. Feedback can be used to 
guide and monitor performance, with subjects adjusting 
their approach to the task in the light of feedback infor- 
mation. However, there is also a more purely emotional 
influence of feedback due to the motivational conse- 
quences of success and failure. 

The neural substrates of reward and punishment have 
been widely studied in experimental animals. Various 
brain regions have been associated with different aspects 
of this type of feedback processing. The amygdala has 
been shown to be involved in the association of stimuli 
with primary and secondary reinforcers in reward-related 
learning tasks [13, 14]. The amygdala has strong ana- 

1395 



1396 R. Elliott et al./Neural response to feedback 

tomical connections with the ventral striatum [25], an 
area also implicated in the response to reward. For exam- 
ple, Schultz et al. [27] demonstrated that ventral striatum 
neurons are activated before the expected delivery of 
reward and on this basis, argued that ventral striatal 
neurons have access to central representations of  reward. 
Thus, unlike the dorsal striatum, the ventral striatum is 
predominantly concerned with processing reward related 
information and has been proposed to contribute to 
motivational aspects of  behavioural output. 

Another region with access to central representations 
of  reward-related information is the orbitofrontal cortex, 
which has strong connections with the ventral striatum 
[28]. The response of neurons in the monkey orbitofrontal 
cortex to sensory stimuli are also dependent on the mean- 
ing of the stimuli [32]. This region also has neurons that 
show activity after a behavioural response and such 
neurons could code the outcome of a trial. Thorpe et al. 
[32] therefore suggested that the orbitofrontal cortex can 
influence the reinforcement properties of  stimuli and can 
rapidly moderate this influence in the light of recent 
experience. 

In animal studies, feedback takes the form of either 
rewards or punishments that are directly reinforcing at a 
behavioural level. In man, it is clear that less direct forms 
of feedback are also highly effective. People are motivated 
to succeed in tasks even when the sole reward is the 
knowledge that they have succeeded. Studies of  neuro- 
logical patients have provided clear parallels with the 
animal literature. Rolls et al. [24] studied a group of 
patients with ventral frontal lesions and found severe 
impairments relative to a group with non-ventral pre- 
frontal lesions in the reversal and extinction of simple 
visual discrimination tasks. Remarkably,  in this study 
patients could report verbally that reinforcement con- 
tingencies had changed but could not modify their behav- 
iour appropriately. This is consistent with the effects of 
orbitofrontal lesions in monkeys on performance of anal- 
ogous tasks [6, 9, 17, 18]. The deficits reported by Rolls 
et al. [24] were highly specific, the same group of patients 
had normal IQ and verbal memory and could perform 
higher cognitive tasks such as the Tower of London plan- 
ning task [30]. 

Evidence from studies with animals and with neuro- 
logical patients suggests that an emotional component  of 
processing can be, at least partially, separated from direct 
task performance related processing. This emotional 
component  is an important  aspect of  many cognitive 
processes where emotively charged feedback information 
can be used to guide and modify performance. The pre- 
sent study aimed to redress this by treating the level of  
performance feedback as an experimental variable. The 
experimental tasks were a variation of the one-touch 
planning task used in a previous PET study [2] and a 
guessing task matched for perceptuomotor  components. 
Both tasks were performed with three levels of feedback; 
positive, negative and no feedback. We aimed to test 
the hypothesis that the presence of feedback would be 

associated with activation in structures in a limbic-stri- 
atal-orbitofrontal  system. We further predicted that 
activity in this network would be modulated by task-type 
with greater feedback-related activation in the planning 
task where the feedback informs the subject about how 
well they are performing a cognitive operation. 

Methods 

Subjects 

Six right-handed male volunteers aged between 27 and 50 
were recruited for this study. Subjects with a neurological or 
psychiatric history were excluded. The study was approved by 
the local hospital ethics committee, and permission to admin- 
ister radioactive substances was obtained from the Admin- 
istration of Radioactive Substances Advisory Committee 
(ARSAC) U.K. Informed written consent was obtained prior 
to the study. 

Cognitive activation paradigm 

The design of this experiment was a two by three factorial 
design with experimental task (two levels; planning and guess- 
ing). as one factor and feedback condition (three levels; positive, 
negative and no feedback) as the other. 

Planning task 

This task was based on the Tower of London task [30], 
using the one-touch approach developed by Owen et al. [23]. A 
version of this task has been used in a previous PET study [2] 
and the present version was a variant of this paradigm. Subjects 
were presented two arrays of coloured balls and asked to work 
out the minimum number of moves needed to transform one 
array to the other, according to rules explained prior to scan- 
ning. They were given 10 sec in which to perform this task, after 
which the arrays disappeared and subjects had to press the one 
of six labelled buttons which corresponded to their answer. 
Problems were all of three moves or harder and subjects typi- 
cally require more than 10 sec to solve problems of this difficulty 
[2, 23]. Imposition of the time limit therefore prevented subjects 
being certain of their answers and therefore rendered them more 
likely to believe false feedback. 

Subjects were presented with a series of 10 unique problems 
during each scan. The sequence started 1 min before scanning 
to ensure the establishment of the appropriate cognitive set. 
Subjects were explicitly told prior to each series that they should 
aim to optimise performance. 

Guessing task 

In this task, subjects were presented with two identical arrays 
of coloured balls and asked to watch them until they dis- 
appeared (after 10 sec), at which point they should immediately 
press any one of the six response buttons. They were told that 
on each trial, three of the buttons would be randomly assigned 
as correct. It was stressed to subjects before each sequence that 
this assignment was purely chance such that each response 
constituted a 50:50 guess. Subjects were again presented with a 
series of 10 problems, starting one minute before scanning. 
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Feedback conditions 

Each of the two tasks above was performed under three 
feedback conditions. Feedback was given after each trial and 
took the form of a large tick and the words "YOU ARE 
RIGHT" or a large cross and the words "YOU ARE 
WRONG",  presented on the screen for one second immediately 
following each response. In one condition, 100% of trials were 
followed by positive feedback, regardless of whether or not the 
responses made were correct. In another condition 80% of 
trials were followed by negative feedback and 20% by positive, 
regardless of whether the responses were actually correct. In 
the third condition, no feedback was given; between trials sub- 
jects saw a display comprising a large triangle and the words 
"PLEASE WAIT". 

There were thus six conditions in all and subjects performed 
each condition twice. Conditions were fully counterbalanced 
within and between subjects. 

PET scanning technique 

Regional cerebral blood flow was measured with an ECAT 
HR + scanning system. For each scan, 555 Mbq of H2~50. were 
flushed through a venous cannula in the left antecubital vein 
with normal saline over 20sec at a rate of 10ml/min by an 
automatic pump. After a delay of about 35 sec, a rise in counts 
could be detected at the head, peaking 30-40 sec later, varying 
for individual subjects. The data were acquired during one 
90 sec frame, beginning 5 sec before the rising phase of the head 
curve. A total of 12 scans were performed at intervals of 8 
min. Correction for attenuation was made by performing a 
transmission scan with an exposed 68Ge/68Ga external ring 
source before each session. 

Images were reconstructed by filtered back projection to give 
a resolution of 6.0 mm at full width half maximum and dis- 
played in a 128 x 128-pixel format with 63 planes rendering the 
voxels approximately cubic. 

performance on both  the planning and guessing tasks 
approximately  half  way th rough  the 12 scans. Figure 1 
shows the performance of  subjects on the planning task 
in the different feedback conditions. It is clear f rom this 
figure that  performance overall (grand mean 74% cor- 
rect) was substantially above chance level (17%) and in 
fact is only slightly worse than performance in the study 
of  Baker et al. [2] where there was no time constraint  
(grand mean 81% correct). These data show that  subjects 
were engaged in relatively efficient planning, in spite o f  
the imposed time limit. This is confirmed by the difference 
in overall response latencies for the planning and guessing 
tasks (830 msec for planning; 420 msec for guessing). As 
Fig. 1 shows, subjects performed less accurately in the 
negative feedback condit ion than the positive or neutral 
conditions, even on the second presentation when they 
claimed to be aware the feedback was irrelevant. This 
strongly suggests that  even when subjects were aware o f  
the invalidity o f  the feedback, it still carried affective 
salience. 

rCBF changes related to the comparison of the plannin 9 
and 9uessin 9 tasks 

This compar ison  represents the main effects o f  the cog- 
nitive task across all feedback conditions (Table 1). 

Increases in rCBF associated with planning compared with 
guessing 

Significant activations (P < 0.001) were observed in 
the medial occipital cortex bilaterally (BA 19), the cuneus 

Data analysis 

Data were analysed using Statistical Parametric Mapping 
(SPM95, Wellcome Department of Cognitive Neurology, 
London, U.K.; [12]). Scans were realigned using the first as a 
reference and were subsequently transformed into a standard 
space corresponding to the stereotactic atlas of Talairach and 
Tournoux [31]. These normalised images were smoothed with 
a 16-mm FWHM isotropic Gaussian kernel. 

Conditions for each subject were specified in the appropriate 
design matrix which also included global activity as a con- 
founding covariate and can therefore be considered an 
ANCOVA. Effects at each and every voxel were estimated 
according to the general linear model and regionally specific 
effects were compared using linear contrasts. The resulting set 
of voxel values for each contrast constituted a statistical para- 
metric map of the t statistic (SPM{t}) which was then trans- 
formed to the unit normal distribution, SPM{Z}. 

Results 

Performance data 

When subjects were debriefed after scanning, all clai- 
med to have realised that  the feedback was irrelevant to 
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Fig. 1. Cognitive performance of the subjects on the planning 
task under the three feedback conditions. Mean percentage of 
problems solved correctly is shown. Bars show standard errors 
of the mean. Note that each condition was performed twice (1 st 

and 2nd presentation) in a counterbalanced order. 
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Table 1. Co-ordinates of maximal significant changes in rCBF in planning compared to guessing 

Brodmann's Talairach co-ordinates Z value (3.09 for 
Region of activation Left/right area x y z P < 0.001) 

rCBF increases 
Medial occipital cortex L 19 - 28 - 84 16 6.78 

R 19 32 - 8 4  16 6.88 
Cuneus R 17 6 - 98 4 3.42 
Premotor cortex L 6 - 28 - 2 52 4.36 

R 6 28 0 48 4.30 
Orbitofrontal gyrus L 47 - 20 26 - 24 4.25 

R 47 20 28 - 24 3.17 
Anterior insula R 45 28 20 4 3.21 
Thalamus R 12 - 14 12 3.30 
Putamen R 20 14 4 3.15 

rCBF decreases 
Medial temporal gyrus R 21 44 - 12 - 4 6.55 

L - 5 4  - 2 0  - 1 2  6.61 
Anterior frontal cortex R 10 6 52 12 6.63 
Postcentral gyrus R 4 26 - 32 52 3.52 
Inferior frontal gyrus R 45 44 32 8 3.19 

(BA 17), the premotor  cortex bilaterally (BA 6), the orbit- 
ofrontal gyri bilaterally (BA 47) and the right anterior 
insula (BA 45). Subcortical activations at a similar level 
of significance were also observed in the right thalamus 
and right putamen. This network was less widespread 
than that observed by Baker et al. [2]; in particular acti- 
vations were not seen in the dorsolateral and rostrolateral 
prefrontal cortices or the anterior cingulate. However, in 
the present study the control task was more demanding, 
requiring subjects to make a guess rather than pressing a 
predetermined key. This control task therefore involves 
more active processing, including response selection 
which is associated with activations in frontal regions. 

Decreases in rCBF associated with planning compared with 
guessing 

Significant (P < 0.001) rCBF decreases were observed 
bilaterally in the medial temporal  gyri (BA 21) and in the 
right postcentral gyrus (BA 4) and anterior frontal and 
inferior frontal gyri (BA 10, BA 45, respectively). 

rCBF changes related to the nature of performance feed- 
back 

These comparisons represent main effects of  feedback 
across the two task conditions, see Table 2, Fig. 2. 

Changes in rCBF associated with presence compared with 
absence of feedback 

In this comparison the two feedback present conditions 
(positive and negative) were averaged and compared with 

the no feedback condition. Significant activations 
( P <  0.001) were seen in the medial caudate nuclei bilat- 
erally, the right superior temporal gyrus and on the left 
close to the depths of  the sulcus connecting the medial 
and superior temporal gyri. When adjusted blood flow 
values in the medial caudate nucleus focus were studied, 
they were seen to be very similar in the positive and 
negative feedback conditions and lower in the no feed- 
back condition, see Fig. 2(b). No significant decreases in 
rCBF were seen. 

Changes in rCBF associated with positive compared with 
absence of feedback 

The pattern of  activation was identical to that 
described in the preceding comparison. 

Changes in rCBF associated with negative compared with 
no feedback 

The pattern of  activation was again similar to that in 
the previous comparisons but the superior temporal gyrus 
activation was not significant and the other activations 
were less extensive and less significant. 

Changes in rCBF associated with positive compared with 
negative feedback 

Significant (P < 0.001) increases in rCBF were seen in 
the right fusiform gyrus (BA 20), the left postcentral 
gyrus (BA 40) and the thalamus. No significant decreases 
were seen. 
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Table 2. Coordinates of maximal significant change in rCBF associated with the presence compared 
to the absence of performance feedback 
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Brodmann's Talairach co-ordinates Z value (3.09 for 
Region of activation Left/right area x y z P < 0.001) 

rCBF increases 
Medial caudate nucleus R 8 16 16 3.67 

L - 10 16 4 3.56 
Superior temporal gyrus L 22 -32  - 3 4  4 3.72 

R 38 42 8 - 8 3.25 

(a) 
Saggital Coronal Increases in rCBF in feedback compared to no feedback 

conditions in planning compared to guessing tasks 

Significantly ( P <  0.001) increased activation was seen 
in the left occipital cortex (BA 19) and the left percentral 
gyrus (BA 4). 
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Fig. 2. rCBF increases associated with the presence compared 
to the absence of feedback. (a) The rCBF rendered onto a 
standard MRI template and focused on the medial caudate 
nucleus activation. (b) Adjusted values of blood flow under the 

six experimental conditions in the medial caudate nucleus. 

Increases in rCBF in feedback compared to no feedback 
conditions in guessing compared to planning tasks 

Significantly (P < 0.001) increased activation was seen 
in the ventromedial orbitofrontal cortex (BA 25), the 
anterior frontal cortex (BA 10) and the left inferior fron- 
tal gyrus (BA 47). When adjusted blood flow values in 
the orbitofrontal cortex focus were considered, this inter- 
action was shown to be due to greater blood flow in the 
feedback than the no feedback condition in the guessing 
task rather than lower blood flow in the planning task. 
In other words, the raw data indicate that this interaction 
represents a true increase in rCBF associated with feed- 
back during guessing. 

rCBF changes related to feedback in the planning task and 
the guessing task 

The significant interaction terms described above sug- 
gested that the comparisons representing simple main 
effects of  feedback in the two tasks should be considered 
separately, see Table 4 and Fig. 4. 

rCBF changes related to the modulation of task perform- 
ance by different types of feedback 

These comparisons represent interaction terms in a 
factorial analysis. The main effects described above sug- 
gest that the effects of  positive and negative feedback are 
qualitatively similar and since the same was true of  the 
interaction terms, only the comparisons of  averaged posi- 
tive and negative feedback with no feedback are described 
in the interests of  clarity, see Table 3 and Fig. 3. 

Changes in rCBF associated with the presence of feedback 
in the planning task 

There were no significantly increased activations 
associated with the presence compared to the absence of 
feedback in the planning task. Significant decreases in 
activation (P<0.001)  were observed in the left post- 
central gyrus (BA 40) and the right putamen. 
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Table 3. Coordinates of maximal significant change in rCBF associated with the modulation of planning 
compared to guessing performance by presence compared to absence of feedback 

Brodmann's Talairach co-ordinates Z value (3.09 for 
Region of activation Left/right area x y z P < 0.001) 

Occipital cortex L 
Precentral gyrus L 

Ventromedial orbitofrontal cortex R 
Anterior frontal cortex R 
Inferior frontal gyrus L 

rCBF increases 
19 - 2 0  - 88 28 3.81 
4 -18  - 2 4  68 3.28 

rCBF decreases 
25 2 26 - 1 0  3.61 
10 14 58 - 4  3.35 
47 - 2 8  22 0 4.05 

(a) 
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Fig. 3. rCBF increases associated with the modulation of guess- 
ing compared to planning by presence compared to the absence 
of feedback, i.e those areas more activated by the presence of 
feedback in the guessing task than in the planning task. (a) The 
rCBF rendered onto a standard MRI template and focused on 
the ventromedial orbitofrontal activation. (b) Adjusted values 
of blood flow under the six experimental conditions in the 

ventromedial orbitofrontal cortex. 

Changes in rCBF associated with the presence o f feedback 
in the guessing task 

Significant (P<0.001)  increases in activation were 
observed in the medial caudate nucleus extending 

rostrally to the ventral orbitofrontal cortex, in the left 
inferior frontal gyrus (BA 47) and the right superior 
temporal gyrus (BA 38). In both the medial caudate and 
the orbitofrontal cortex foci, blood flow values were 
higher in the feedback conditions in the guessing task 
than in the planning task and lower in the corresponding 
no feedback condition. This suggests an exaggerated 
response to presence and absence of  feedback in these 
regions in the guessing task compared to the planning 
task. No significant decreases were observed. 

Discussion 

The main findings of this study were activations of the 
medial caudate and orbitofrontal cortex associated with 
the presence compared to the absence of feedback under 
different task conditions. The medial caudate activation 
was seen across planning and guessing tasks but this 
activation, and also the orbitofrontal activation, was 
modulated by task type as shown by the interaction term 
of the analysis. In both structures, differential activation 
in the presence relative to the absence of feedback was 
greater in the guessing than the planning task however 
consideration of adjusted blood flow values showed that 
this interaction represented different effects in the medial 
caudate and orbitofrontal foci. Adjusted values of  
regional cerebral blood flow in the medial caudate 
showed that it was similarly activated in the presence of 
feedback in both tasks, however activation in the feed- 
back absent condition was significantly lower in the 
guessing than the planning task. In the orbitofrontal cor- 
tex of the network, there was no enhanced neural 
response to the presence of feedback in the planning 
task (if anything, blood flow was lower in the feedback 
conditions), while in the guessing task, differential orbit- 
ofrontal activation in response to feedback was seen. 
Thus, adjusted orbitofrontal blood flow was higher when 
feedback was present in the guessing compared to the 
planning task with no difference when feedback was 
absent. 

Our findings therefore confirmed the hypothesis that 
performance feedback would be associated with differ- 
ential activations in regions including the ventral striatum 
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Table 4. Coordinates of maximal significant change in rCBF associated with presence compared to absence of 
feedback in the guessing task 

1401 

Brodmann's Talairach co-ordinates Z value (3.09 for 
Region of activation Left/right area x y z P < 0.001) 

Ventromedial orbitofrontal cortex R 
Medial caudate nucleus R 
Inferior frontal gyrus L 
Superior temporal gyrus R 

rCBF increases 
11 10 30 -2 0  3.64 

8 20 8 4.08 
47 - 22 22 0 3.96 
38 40 8 - 12 3.53 

Saggi ta l  Corona l  

Transverse  {left = right} 

4 

32 
N 

1 

0 

Fig. 4. rCBF increases associated with the presence compared 
to the absence of feedback in the guessing task, rendered onto 
a standard MRI template and showing the activations in the 

medial caudate and orbitofrontal cortex. 

and orbitofrontal cortex. However, in both the medial 
caudate and the ventromedial orbitofrontal cortex, the 
magnitude of the difference between feedback and no 
feedback conditions was greater in the guessing than the 
planning task. This contradicted our a priori hypothesis 
that stronger activation would be seen in the planning 
than the guessing task. The fact that the orbitofrontal 
component of  this network is activated during guessing 
but not planning is at first sight somewhat counter-intuit- 
ive. It might be expected that the response to performance 
feedback should be stronger in a task where subjects can 
generate an answer, since feedback in this case would 
inform them about their ability to solve the task. In a 
guessing task, a right or wrong response tells subjects 
nothing about their ability, and feedback might therefore 
be expected to be less salient. 

The performance data indicate clearly that subjects 
were actually planning during the Tower paradigm rather 
than resorting to guesswork due to the time constraint. 
Further, the poorer performance in the negative feedback 
condition of the task suggests that even when subjects 
claimed to be aware that the feedback was false, it still 
influenced their performance. This result is compatible 
with accounts of affective responses to stimuli occurring 
prior to cognitive processing [34] and indicates that the 
feedback may have continued to have emotional content 

even when subjects had realised it was inaccurate. 
Additional support for this argument came from ana- 
lysing the scan data to compare activations associated 
with conditions for the first presentation (when subjects 
were generally unaware of the invalidity of the feedback) 
and second presentation (when subjects had become 
aware). This analysis showed no differences between the 
activations in the critical structures of the ventral 
striatum and orbitofrontal cortex. 

The apparently anomalous results become clearer 
when the cognitive requirements of the planning and 
guessing tasks are examined. In the planning task subjects 
do not need to process the feedback information as fully. 
When a task is soluble (as the planning task is), subjects 
presumably have some idea of whether their solution is 
correct before external feedback is given and therefore 
external feedback is less salient. In the guessing task by 
contrast, subjects are reliant on the external feedback to 
provide an assessment of performance. External feedback 
clearly influences planning performance, in that subjects 
solved fewer problems correctly in negative feedback con- 
ditions (see Fig. 1), an effect seen even when subjects 
claimed to have disregarded the feedback as false. There- 
fore the differential modulation of the neural response to 
feedback by task type is unlikely to be due to subjects 
not processing feedback information in the planning task. 
It is, however, possible that feedback is processed less 
deeply since immediately after the feedback a new prob- 
lem is presented which engages subjects" attention and 
effort. This complex cognitive activity may inhibit further 
processing of the feedback. In the guessing task, the pres- 
entation of a new problem requires passive viewing for 
the first 10 sec which is likely to interfere less with feed- 
back processing. If subjects are generating feedback 
internally during the planning task, then the one con- 
dition where there is no feedback, either internal or exter- 
nal, is the 'no feedback' condition of the guessing task. 
Notably, blood flow within the caudate nuclei is at its 
lowest in this condition (see Fig. 2b), suggesting that 
the caudate activation is associated with processing of 
stimulus-reward associations. Activation of the caudate 
by internally generated feedback is compatible with the 
observation of Schultz et al. [27]. that neurons in the 
ventral striatum of monkeys are activated before the 
expected delivery of reward. 

A related explanation for the observed differences lies 
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in the perceived controllability of the task. In the planning 
task subjects believe that by modifying their performance 
they can increase their chances of reward; they have con- 
trol over the type of feedback they receive. By contrast, 
in the guessing task it is stressed that they have no control 
and the feedback they receive is dependent on luck alone. 
This difference in controllability can be compared to the 
phenomenon of learned helplessness [29]. When animals 
are punished in a situation where they can learn to control 
the punishment, their behaviour develops differently to 
that of animals who receive yoked amounts of pun- 
ishment but with no control. Animals with no control 
exhibit cringing and whimpering ('learned helplessness') 
compared to the more aggressive and active behaviour of 
the animals with control. The behaviour developed in 
response to negative feedback varies depending on the 
extent to which the situation can be controlled. The fin- 
dings presented here may represent neural correlates of 
such an effect. 

A further possible account of these findings, which is 
not incompatible with the previous explanation, is that 
the crucial difference between the tasks is the importance 
of processing feedback across a series of trials. In the 
planning task, each problem is discrete; the feedback on 
each trial provides relevant information about perform- 
ance. In the guessing task, feedback to a single trial is less 
meaningful; it is only when feedback is assimilated across 
a number of trials that subjects can assess their per- 
formance against the level that chance would predict. 
Further, even though subjects were told to guess at 
random, they probably monitored performance and 
chose their responses in the light of previously rewarded 
responses. Blood flow in the orbitofrontal cortex (see Fig. 
3b), was similar in the 'no feedback' conditions of the 
two tasks, but was higher in the feedback conditions of 
the guessing task than the planning task. This suggests 
that the orbitofrontal activation may be associated with 
cross-trial processing of feedback information. 

Anecdotally people are reported to be irrational in 
the face of chance-determined events; for example many 
people would say that if a coin was tossed 10 times, 10 
heads would be a less likely outcome than a specified 
random sequence or that having rolled one six with a dice 
they are less likely to roll another. Also, people tend to 
took for patterns in random events (consider the sales 
figures of books which claim to describe predictable pat- 
terns in the outcome of the lottery). These tendencies 
were confirmed by studying the sequences produced in 
the guessing task in this study. Only one of the six subjects 
ever produced the same response on successive trials and 
when asked to describe how they made their guesses, most 
subjects produced theories based on spurious patterns. 
Obviously, a limitation of the design of this study was 
that subjects were never scanned with feedback given on 
a 50:50 schedule, as chance would predict. Activations 
associated with feedback may be different in this situation 
where the contingencies are less unexpected; this is a 
question for future research. 

The suggestion that ventral orbitofrontal activity is 
associated with the monitoring of response-outcome 
relations across a sequence of trials is compatible with 
the findings of Dias [9] and Rolls [24] that animals and 
patients with orbitofrontal lesions are impaired on tasks 
involving reversal learning and extinction. By their very 
nature, these tasks require cross-trial processing of stimu- 
lus reward relations. The hypothesis is also consistent 
with recent neurological studies by Damasio and 
colleagues. Patients with lesions of the orbitofrontal cor- 
tex manifest impairments in real-life decision-making in 
spite of otherwise preserved intellectual abilities [7, 8]. 
Bechara et al. [4] developed a task to simulate real-life 
decision-making which typically involves uncertain 
premises and outcomes together with the processing of 
reward and punishment. Using this gambling task, these 
authors found that patients with orbitofrontal lesions are 
guided by immediate prospects rather than long-term 
consequences. Even when they can describe the con- 
tingencies governing the task, these patients cannot use 
this knowledge to guide their behaviour, exhibiting a 
"myopia for the future'. In a further study [5] this group 
found that this behavioural effect was accompanied by 
an absence of anticipatory skin conductance response. 

In conclusion, the results of this study suggest that 
response to feedback involves differential neural activity 
within a system including regions of the ventral striatum 
and orbitofrontal cortex; the nature of this neural 
response depending on the psychological requirements of 
the task. Differential activation of components of this 
network as a function of task type may be due to a 
combination of perceived lack of control over the task 
and the implicit requirement to process response-out- 
come relations across a series of trials. These possibilities 
are not mutually exclusive because in many situations, 
learning about response-outcome relations is a vital part 
of determining the extent to which the situation can be 
controlled. The different patterns of blood flow within 
the ventral striatal and orbitofrontal regions suggests 
that these regions fulfil subtly different roles within the 
network. 

This study has potentially important implications for 
neuropsychiatry. Responses to feedback, success and fail- 
ure, can be disrupted in psychiatric as well as neurological 
patients. The phenomena of 'learned helplessness', 
described above, has been used as an animal model of 
depression [1]. Behavioural accounts of the disorder have 
also stressed a crucial role of abnormal responses to social 
reinforcement in the development and maintenance of 
depression [20, 21]. In cognitive tasks, depressed patients 
are less motivated to respond for reward [33]. They also 
show distorted perceptions when asked to describe the 
amount of positive reinforcement experienced during per- 
formance of tasks [16]. Depression is also associated with 
oversensitivity to negative feedback [3, 11], with sub- 
sequent performance likely to be disrupted by perceived 
failure. The present findings would predict that these 
abnormalities may be mediated by dysfunction within a 
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neural network including regions of the ventral striatum 
or orbitofrontal cortex. 

As Damasio stresses, gambling tasks where outcomes 
are uncertain and contingencies must be monitored and 
used to predict future events, can be used as analogues 
for real-life situations. Identifying the neural substrates 
of such tasks may prove crucial to our understanding of 
how people function in an interactive social context. The 
present findings should be regarded as preliminary evi- 
dence and are by no means conclusive. However, the 
study begins to address this neglected area of functional 
imaging and is an important step in developing a better 
understanding of the interface between cognition and 
emotion. 
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