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Abstract

This study investigates the performance of psychopathic individuals on tasks believed to be sensitive to dorsolateral prefrontal and
orbitofrontal cortex (OFC) functioning. Psychopathic and non-psychopathic individuals, as defined by the Hare psychopathy checklist
revised (PCL-R) [Hare, The Hare psychopathy checklist revised, Toronto, Ontario: Multi-Health Systems, 1991] completed a gambling
task [Cognition 50 (1994) 7] and the intradimensional/extradimensional (ID/ED) shift task [Nature 380 (1996) 69]. On the gambling task,
psychopathic participants showed a global tendency to choose disadvantageously. Specifically, they showed an impaired ability to show
learning over the course of the task. On the ID/ED task, the performance of psychopathic individuals was not significantly different from
incarcerated controls on attentional set-shifting, but significantimpairments were found on response reversal. These results are interpreted
with reference to an OFC and amygdala dysfunction explanation of psychopathy.
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1. Introduction Empirical data provides evidence that psychopathic in-
dividuals show a variety of neuro-cognitive abnormalities.
Psychopathy is a serious developmental disorder char-Studies have uncovered impairments in fear conditioning
acterised by an antisocial lifestyle and reckless behaviour [44], startle reflex priming43], response modulatiof7],
combined with a callous, shallow and manipulative linguistic processing70], and autonomic responding to
affective-interpersonal style. Psychopathic criminals commit distress cue$15]. Drawing on these findings and others,
a disproportionate amount of crime, habitually fail to fulfil researchers have suggested that psychopathy is the result of
societal obligations, appear to lack any sense of loyalty, and deficits in systems mediating fef#4,45,50] response mod-
are unperturbed when confronted with the destructive natureulation [46], general affective processirjg4], or empathy
of their behaviour{19,32] The psychopathy checklist re- [9]. However, the individual explanations tend to address
vised (PCL-R) is an empirically valid and reliable instrument only a limited number of phenomena, and despite some
for assessing psychopathy in a prison populaf@h32] overlap, the theories do not explain the entire spectrum of
The PCL-R consists of two factors identified by psychome- empirical findings and traits associated with the disorder.
tric analyseg431,35] Factor one, the affective-interpersonal One means of linking the seemingly disparate results is
component, includes items that describe traits central to thethrough the examination of neural substrates that may play
classic clinical descriptions of the psychopath; these include a role in the aetiology of psychopathy. Currently, psychopa-
callousness and a diminished capacity for guilt, empathy, andthy is linked to dysfunction in the amygdal47,51] and
remorse. Factor two, the behavioural component, is madethe orbitofrontal cortex (OFCR1,41]
up of items that describe traits and behaviours associated The amygdala, located bilaterally within the temporal
with an unstable and antisocial lifestyle; these include im- lobe, has long been thought to play an important role in
pulsiveness, poor behavioural control, and criminal activity. emotional processin@2]. The neuro-cognitive deficits con-
sistently demonstrated in psychopathic individuals bear a
mponding author. Present address: National Institute of Mental striking resemblance’s to those found in patients with amyg-
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conditioning and reduced potentiation of startle reflex by vi- those with damage to the OFC show impaired performance
sual prime$3,33,40,43] Functional imaging studies suggest on the gambling task6]. In contrast, the ID/ED task is
that the amygdala responds to sad and fearful expressionsthought to index two dissociable functions of the frontal cor-
but not to those depicting anger or disg[ist,54,55,61]In tex. In addition to indexing response reversal performance,
accordance, both psychopathic individuals and patients with the task also includes a separate ED set-shift component re-
amygdala lesions show impaired processing of fearful and quiring the participant to attend to some aspect of the stimu-
sometimes sad facial expressidagl3,16,25,39,65,66] lus that did not predict reward or punishment on earlier trials.
Other researchers have linked psychopathy to OFC dys-Whereas impaired response reversal performance is associ-
function. This is primarily motivated by reference to the ated with lesions of the OF({56,58,59] extra-dimensional
profound social behavioural disturbance shown by some pa-shift dysfunction is associated with damage to the dorso-
tients with OFC lesionfl8,21] However, it should be noted  lateral prefrontal cortex50,23] Moreover, these abilities
that the behavioural disturbance demonstrated by such pato perform extra-dimensional shifts have been shown to be
tients differs from that shown by psychopathic individuals. clearly doubly dissociable in both animal lesion studies as
Patients with OFC lesions frequently show reactive aggres-well as human neuropsychological wdi3,50,56,58,59]
sion in response to frustration or perceived thf@sl2,28] If psychopathic individuals present with OFC dysfunc-
In contrast, the behaviour of psychopathic individuals is tion, it can be predicted that they should present with im-
characterised by highly instrumental aggression motivated paired performance on both the gambling task and response
by material gain or towards establishing resg26t69] De- reversal components of the ID/ED, but intact performance
spite this caveat, there are some empirical indications of OFCon the ED shift component. The current study tests these
pathology in psychopathic individuals. Using a Go/No-Go predictions.
task in which participants were required to inhibit a learned
prepotent response, Lapierre et[dll] found that psycho-
pathic individuals made more commissive errors than com- 2. Method
parison individuals. Furthermore, psychopathic individuals
have been found to show impaired extinction of previously 2.1. Participants
rewarding responses in a single-pack card playing 48k
Considerable human and animal data suggests that the OFC Participants were 51 men selected from three category B
is involved in altering previously acquired stimulus-reward (high security) forensic institutions in the London area. Files
associations when they become inappropiiaB58] Thus, were pre-screened to exclude individuals who were older
patients with OFC lesions, like psychopathic individuals, than 50 or whose psychiatric reports revealed a diagnosis for
have difficulty altering a previously rewarding response in psychosis, organic brain damage, or neurological disorder.
favour of a previously punishing response when the reward It was explained that participation was voluntary, and would
contingencies are unexpectedly reverfeg]59] not affect individual status or record within the institution.
Another form of task that is sensitive to OFC dysfunction Participants did not receive any financial or other gain for
is the four-pack gambling task developed by Bechara et al. their participation or performance on any of the tasks.
[5,6]. In this task, participants choose from four decks of  Although a total of 51 inmates participated in the study,
cards each with different rates of monetary reinforcement. not all individuals were available for two testing sessions
Two of the decks contain high rewards, but even higher pun- due to inmate transfers. Consequently, 31 adults took part
ishment making them disadvantageous. The other two decksin both tasks, nine completed only the gambling task and 11
have low reward, but even lower punishment values. Over completed only the ID/ED task. The ages of the participants
the course of the task, healthy participants show a prefer-ranged from 21 to 50 with a mean of 33.06 yeardX(S=
ence for the low-risk decks whereas patients with lesions to 8.03). The mean age for psychopathic and non-psychopathic
the OFC continue to choose disadvantageo{|y]. Two groups was 34.42 (B. = 8.07) and 31.64 (®. = 7.91),
studies have found psychopathic adults to perform similarly respectively. The Raven’s advanced progressive matrices
to comparison groups on the gambling t46R,12] How- was administered to provide an estimate of intelligence.
ever, the studies contained significant procedural differencesRaven’s scores ranged from 4 to 12 with a mean of 8.12
from those presented by Bechara et [8]. Furthermore, (S.D. = 2.47). The mean Raven’s advanced matrix group
in a recent study using identical instructions to those of scores for psychopathic and control groups was 7.63.(S
Bechara et al[6], Blair et al. found that the performance 2.40)and 8.60 (. = 2.50), respectively (according to UK
of boys with psychopathic tendencies on the gambling task norms, a score of nine is equivalent to the 50th percentile for
was impaired relative to a comparison grdag]. individuals aged 28-32; Ravens, 1994). There were no sig-
The current study investigates the performance of psy- nificant group differences in either ag§€l, 49) = 1.55, ns,
chopathic individuals on two tasks thought to be sensitive or Ravens scorg(1, 49) = 1.90, ns. The sample was made
to OFC dysfunction: the gambling task and the intradimen- up of 49 Caucasian and two Afro-Caribbean participants
sional/extradimensional shift (ID/ED) task. A previous study (one Afro-Caribbean participant in each group). In order to
has suggested that both patients with amygdala lesions andtonfirm that the groups were age and cognitively matched
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Table 1
Participant characteristics S.D. and ranges in () brackets
Group PCL-R Age Ravens
The gambling task
Psychopathic inmates (= 20) 33.10 (2.22; 30-37.5) 34.90 (7.06; 22-47) 7.65 (2.48; 4-12)
Controls 6 = 20) 8.65 (2.88; 4.5-14) 30.35 (7.41; 21-44) 8.65 (2.72; 4-12)
The ID/ED task (primary analysis)
Psychopathic inmates (= 15) 33.07 (2.29; 30-37) 32.67 (7.69; 22-50) 7.73 (2.22; 4-12)
Controls i = 17) 9.16 (3.50; 4.5-14) 32.65 (7.83; 23-45) 8.65 (2.67; 4-12)
ID/ED task (all participants)
Psychopathic inmates (= 21) 32.98 (2.16; 30-37.00) 33.62 (8.01; 22-50) 7.52 (2.40; 4-12)
Controls (i = 21) 9.08 (3.24; 4.5-14) 32.86 (7.93; 22-45) 8.52 (2.44; 4-12)

for the reduced number of participants involved in the ID/ED selection, the computer emitted a distinct sound (similar to
and gambling task primary analyses, additional one-way a casino slot machine). Subsequently, a message was dis-
ANOVAs were conducted on age and Raven's score. Theseplayed on the screen indicating the amount of money the
revealed that the mean age and Raven'’s score did not dif-participant had won or lost, and a green bar located above
fer significantly between groups for either task. Please seethe decks changed proportionately according to the result.
Table Ifor participant means, standard deviations and rangesThe minimum inter-trial interval between selections was set

divided by task. at 1s. The task consisted of 100 trials (card selections), after
which, the program shut off automatically. The participant
2.2. Measures was not informed in advance about the total number of trials.
On the screen, the backs of the cards appeared identi-
2.2.1. The PCL-R[31] cal, like real decks of cards. Decksand C have a higher

The PCL-R consists of 20 behavioural items that are frequency of punishment, but these punishments are of a
scored on the basis of a file review and semi-structured lower magnitude. Deck8 and D have a lower frequency
interview. High interrater reliability coefficients for total of punishment, but the punishments are of a higher magni-
scores (not<0.83) and high Cronbach alpha coefficients tude. Overall, decké andB are disadvantageous and will
and inter-item correlations provide support that the PCL-R result in a sizeable net loss. Over the course of ten selec-
is a valid and reliable device for assessing psychopathy intions from deckA, the participant gains US$ 1000, but there
a forensic hospital or prison setting. In accordance with the are also five unpredictable losses ranging from US$ 150 to
literature and the guidelines of the PCL-R, the psychopathic 350 thereby bringing the total loss to US$ 1250. Over 10
group for the current study was composed of individuals with selections from decB, the participant gains US$ 1000, but
a PCL-R score of 30 or above, while the non-psychopathic there is one loss of US$ 1250. In contrast, de€lendD are
group was made up of individuals scorirg?0. Individuals advantageous, rendering a net gain. DeClkandD enable
scoring in the middle range on the PCL-R were also excluded a gain of US$ 500, but even smaller losses (ranging from
as, although containing some elements of psychopathy, theséJS$ 25 to 75 in declC and one US$ 250 loss in de€X
individuals do not meet criteria for either psychopathic or thereby rendering a net gain of US$ 250. The instructions
non-psychopathic groug81]. After consent was obtained, given are identical to those detailed in Bechara e{@l
participants were interviewed. Participants who declined an Participants are told that they are free to choose from any of
interview, but were willing to participate in the experiment the decks that they wish, and that the objective is to win as
(n = 6), were scored according to file notes. Evidence sug- much money as possible or to avoid losing as much as pos-
gests that the PCL-R can be scored on a reliable and validsible. In this version of the instructions, it is made explicit
basis if detailed file information is availabJd1,71] Inter- that some decks are worse than others, and that it is possi-
rater reliability was established by means of a Spearman rankble to achieve the game objectives if these poor decks are
correlation conducted on 41 inmates who were scored inde-avoided. As with previous studies incorporating the gam-
pendently by two raters. The correlation, rark$.89 (P < bling task, the task was split up into five blocks of 20 trials
0.01), is comparable to that presented in the literafaig. [5,6,60] and the dependent variable was the number of dis-

The gambling task5,6] The gambling task was ad- advantageous selections made in each block.
ministered in computerised format with a schedule of re-
inforcement described in Bechara et @]. In brief, the 2.2.2. The ID/ED Task [23]
task consists of a card game in which participants make The ID/ED is a multi-component instrumental learning
selections from four decksA( B, C, andD) presented on  task. Participants learn to select between two stimuli pre-
a computer screen. Each deck contained different rates andented to them on a computer screen based on feedback pro-
values of monetary reinforcement (play money). With each vided on the display (the words ‘correct’ or ‘incorrect’). The
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stimuli presented are novel, and involve up to two dimen- six). However, in this phase of the task the participant
sions (object shape and line contour). The correct stimulus must learn that the lines are the stimulus features that
for a discrimination is always specified by one dimension or predict reward rather than shape. Thus, the participant
the other (i.e. shape one whether it is pared with line one or must learn to select line five whether it is paired with
line two; or line one regardless of the shape that it is paired shape five or shape six.

with). 9. Extra-dimensional reversal: the contingencies are re-
On each trial, the two test stimuli appeared randomly in versed. The participant must inhibit selecting line five
two of four rectangles positioned towards the perimeter of in favour of responding to line six.

the screen. In order to make a selection, participants usedl0. The dependent variable was defined as the number of
a mouse to position the cursor over the box containing the errors made before successfully advancing to the next
relevant stimulus. The task consists of nine stages presented stage (calculated by the computer). In the event that an
in fixed order, and participants were required to demon- individual was unable to pass a given stage, the task was
strate having learnt the given discrimination before proceed- terminated.
ing past a given stage. In order to meet the discrimination
learning criterion, participants were required to choose the
correct stimulus on eight consecutive trials. Participants did 3. Procedure
not receive any notification when a block ended, and a new
rule was to be learned. Nor were they told how many trials  Each participant was tested individually in a quiet inter-
or phases made up the experiment. The nine stages and theiview room on the wing. Both the gambling and ID/ED tasks
descriptions are: were presented as part of a larger neuropsychological test
battery delivered in random order. The tasks were described
1. Simple discrimination: between two (pink) shapes without informing the participant of the investigation’s spe-
(shape one and shape two). The participant must learncific objectives and expectations.
to respond to shape one.
2. Simple reversal: contains the same two stimuli, but the
reward contingencies are reversed. Thus, the participant4. Results
must inhibit responding to shape one and instead re-
spond to shape two. 4.1. The gambling task
3. Compound discrimination-separate: a pair of white line
patterns is introduced (line one and line two). However,  Based on previous reports in the literat{fes], we pre-
the contingencies remain unchanged. The participant dicted that controls would sample randomly at first, but then
should maintain responding to shape two whether shapedevelop a preference for the advantageous decks. In contrast,
two is paired with line one or line two. The pink shapes we predicted that psychopathic inmates would fail to show
and white line are kept separate to encourage the subjecrisk-aversive behaviour throughout the task. Accordingly,
to perceive them as distinct. Pairing is pseudo-random: we predicted a significant group—block interaction with
the same pairings (e.g. shape one-line one and shapgsychopathy being associated with sustained high-risk deck
two-line two) appear in runs of no more than three trials. selections. For the analysis, we divided the 100 trials into
4. Compound discrimination superimposed: the white five blocks of 20 trials each. For each block we calculated
lines are superimposed on the pink forms for this and the number of disadvantageous selections (décadB),
all subsequent stages, so that transfer learning couldas well as the number of advantageous selections (decks
not be attributed to spatial learning. The contingen- andD). The performance of the two groups is presented in
cies remain the same. The participant should maintain Fig. 1 The analysis was conducted by way of a mixed-model
responding to shape two. ANOVA. Due to the fact that Mauchly’s test of sphericity
5. Compound reversal: the same stimuli are used but theshowed a heterogeneity of covariance, the more conserva-
contingencies are reversed. The participant must reversetive Greenhouse—Geisser test was performed. The resulting
their selection of shape two and respond to shape one.2 (control versus psychopathic 5 (blocks of 20 trials)
The lines remain without predictive power for reward. ANOVA yielded main effects for block,{(2.82, 107.03) =
6. Intra-dimensional shift: new shapes and lines are intro- 4.40; P < 0.01), with participants becoming increasingly
duced (shape three and shape four and line three andisk-aversive over time. There was also an effect for Group,
line four). The participant must learn to select shape with non-psychopathic individuals making fewer selections
three whether it is paired with line three or line four. from the disadvantageous decks than psychopathic par-
7. Intra-dimensional reversal: the contingencies are re- ticipants £(1, 38) = 6.14; P < 0.05). The block—group
versed. The participant must inhibit the selection of interaction was also significanF(2.82, 107.03) = 2.56;
shape three and respond to shape four. P < 0.05; one-tailed); non-psychopathic individuals be-
8. Extra-dimensional shift: new shapes and lines are againcame more risk-aversive over time compared with psycho-
introduced (shape five with shape six; line five with line pathic participants (se€ig. 1). An examination of block by
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Gambling Task Results

T —e— Control Group

—a— Psychopathic

No. High-risk selection

Block 1 Block 2 Block 3 Block 4 Block 5
Blocks

Fig. 1. The mean number of high-risks elections of psychopathic and non-psychopathic individuals across five blocks of 20 trials. Psychojshthis indiv
showed reduced risk aversion over the course of the task relative to the comparison group: (points) represent the mean number of selections from the
risky decks per 20 selections; (vertical lines) depict S.E.M.

block performance by group in light of the interaction sug- those participants who had successfully completed each
gests that the main effect for block may best be accountedstage were included in the primary analysis. A failure was

for by the performance of the control group. defined as the commission of 16 errors without achieving
the criterion for passing (eight consecutive correct choices).
4.2. ID/ED The exception was one psychopathic individual, who after

making 12 errors on the ED portion of the task, elected
The mean number of errors for each of the three core stageto terminate the experiment. As six psychopathic and four
types was calculated for psychopathic and non-psychopathiccontrol individuals failed to complete the ED-shift com-
inmates Table 9. The three core stage types were: learning ponent of the study, the sample included in the primary
(phases 1 and 6), reversal learning (phases 2, 5, 7, 9), andinalysis was 32 (15 psychopathic and 17 non-psychopathic
extra-dimensional shifting (phase 8). Because obtaining aindividuals). Based on previous reports investigating the
reliable mean was contingent upon passing all stages, onlyperformance of psychopathic individuals on tasks associated

Table 2

Performance of participants on the ID/Ed task on each phase

Phase Psychopathio & 21) Non-psychopathicn(= 21)
Mean errors (S.D.) Number of failures Mean errors (S.D.) Number of failures

(1) Simple 1.00 0 0.57 0

discrimination (3.26) - (1.36) -

(2) Simple reversal 3.0 0 0.86 0
(3.81) - - (1.24)

(3) Compound 0.62 0 0.86 0

discrimination (0.86) (1.59)

(4) Compound 0.29 0 0.14 0

discrimination (0.72) (0.48)

superimposed - - - -

(5) Compound 0.29 0 0.29 0

reversal (0.56) (0.78)

(6) ID shift 0.14 0 0.19 0
(0.36) (0.51)

(7) 1D shift reversal 0.24 0 0.24 0
(0.54) - (0.70) -

(8) ED shift 8.00 6 5.33 4
(6.66) (6.07)

(9) ED shift reversal 3.94 0 0.29 0
(5.96) - (0.47) -

* P < 0.05.
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ID / ED Task Results
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Fig. 2. The mean number of errors made by psychopathic and non-psychopathic individuals across key components of the ID/ED task. Psychopathic
individuals made significantly more errors than the comparison group only on the response reversal component: (points) represent the nureper of error
(vertical lines) indicate the S.E.M.

with response reversal and extinctighi,47], we predicted learning componentH(1, 30) = 0.218; ns), or the ED
that psychopathic participants would show impaired per- componentf(1, 30) = 2.02; ns).

formance on the response reversal component of the task. Although a non-significant difference existed between
In contrast, based on evidence in the literature suggestingthe two groups on the number of errors committed on the
that psychopathic individuals do not show impairments ED component, ten participants failed to complete this
on attentional set-shifting as indexed by measures such axomponent, and were subsequently omitted from the pri-
the Wisconsin Card-sorting tagR0,41] we predicted that  mary analysis. We elected to further analyse the level of ED
psychopathic individuals would not show impairments on dysfunction in two ways. First, we conducted a one-way
the ED component of the task relative to non-psychopathic ANOVA which included participants who had failed the

individuals. ED component of the task (made 16 errors at which point
The two groups were initially compared ugia 2 (psy- the task was terminated). This revealed no significant group
chopathic versus non-psychopathic individyats3 (com- differences related to the number of errors committed on the

ponent: learning, reversal learning and extra-dimensional ED component of the task-(1, 40) = 1.84; ns). Second,
shift) mixed-model ANOVA. Mauchly’s test of spheric- in order to assess whether psychopathic individuals were
ity was significant (Mauchly'swW = 0.760; df. = disproportionately represented in this subset of individuals
2; P < 0.05); consequently, the more conservative failing the ED component, we conducted a Chi-square.
Greenhouse—Geisser test was used for the analysisThe results indicate that the percentage of psychopathic
This revealed a significant main effect for component versus non-psychopathic participants failing the ED com-
(F(1.61,4837) = 7.75; P < 0.01) with participants ponent of the task was not significantly different’(1) =
making fewest errors on the learning component of the 0.525; ns).
task (seeFig. 2). A significant main effect for group re-
vealed F(1,30) = 7.86; P < 0.01) that psychopathic
individuals made more errors on the task than the com- 5. Discussion
parison group. A significant group by component interac-
tion also emerged,F(1.61, 48.37) = 3.63; P < 0.05); The role of this study was to examine the performance of
psychopathic individuals made the greatest number of er-adult psychopathic individuals on the gambling and ID/ED
rors on the reversal component whereas non-psychopathiaasks. In line with predictions, psychopathic individuals were
individuals made the greatest number of errors on the less likely to avoid making risky selections over the course of
ED component. the gambling task relative to comparison individuals. With
To determine how selective the effect for group was on regard to the ID/ED task, psychopathic individuals showed
the components of interest, three one-way ANOVAs were a selective response reversal deficit while performing sim-
conducted comparing the performance of psychopathic in-ilarly to control participants on the attentional set-shifting
dividuals and controls on learning, response reversals, andand learning components of the task. Furthermore, this se-
ED shifts. The results showed that psychopathic inmates lective result can not be attributed to a task difficulty effect;
made significantly more errors on the response reversala significant interaction revealed that while the psycho-
componentsK(1,30) = 7.11; P < 0.05). In contrast, no  pathic individuals made more errors on the response rever-
significant differences were found for performance on the sal components of the task than the attentional set-shifting
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component, the opposite was true for the comparison evaluation”[46,48,53] The suggestion is that dysfunction
group. in this system results in a failure to give sufficient consid-

A previous study has suggested impaired response rever-eration to potentially relevant peripheral information when
sal performance in psychopathic aduld]. The present  engaging in goal-directed behaviour. Data from the one-pack
study provides additional evidence for this impairment. card playing task supports the model’s prediction that psy-
However, it is worth noting that a recent study investigating chopathic individuals should persist in responding to a pre-
boys with psychopathic tendencies found intact perfor- viously rewarded response, even if the rate of punishment
mance for simple response revergid®]. With regard to the increase$26,47,49] However, evidence from lesion studies
gambling task, two studies have reported non-significant do not support the idea of an unitary system for response
differences between psychopathic and comparison groupsmodulation[23,56,59] These studies show a double disso-
[12,60] However, the procedure of both studies differed sig- ciation between the system crucial for response reversal and
nificantly from those of Bechara et §6]. In particular, the the system crucial for attentional set-shifting. Both response
instructions used did not explicitly state that some decks in- reversal and attentional set-shifting are clear examples of
volved more loss than others, and that participants could wina modulation in responding. Response reversal requires
more money overall if they avoided those decks. This may participants to redirect their attention from one stimulus
have created a tendency for participants to approach the tasko another. The attentional set-shifting component requires
as one of chance thereby reducing the influence of signalsindividuals to re-direct their attention from one stimulus
generated in response to reward contingencies. The only twodimension (shape), in favour of another (superimposed
studies that used the instructions of Bechara €fitdlindi- design). Thus, the neuropsychological data clearly demon-
cate a different result. Thus, both boys with psychopathic strate that there is no single system for response set mod-
tendencie§14], and psychopathic adults in the current study ulation. This conclusion is supported by the current study.
show a significantly reduced tendency to shift responding The psychopathic individuals presented with poor response
from the risky decks relative to their respective comparison reversal performance. However, they did not show deficits
groups. in performing attentional shifts in the current study, nor is

One way of conceptualising deficits associated with OFC there evidence of deficits on attentional set-shifting using the
dysfunction is in light of the somatic marker hypothesis Wisconsin Card-sorting taq0,41]. This suggests that the
[21,22] The hypothesis suggests that during decisions of response modulation hypothesis is in need of modification
emotional significance, bio-regulatory states provide affec- to clarify the parameters under which the system is thought
tive colouring to available response options either through to operate.
bodily feedback (‘body loop’), or by representations of bod-  An alternative way of conceptualising the current results
ily feedback formed from previous associations (‘as-if body is in light of the interconnections between the basolateral
loop’). Effectively, the somatic marker labels an option as amygdala and the OFC. The amygdala is involved in the for-
either good or bad, thereby rapidly constraining the incen- mation of stimulus-reinforcement associatidi8,42,62]
tive value of that particular choice. Damasio and co-worker The OFC is involved in encoding motivational significance
[2] and Damasio et a[21,22] suggest that dysfunction in  of cues and the incentive value of expected outcomes and
the somatic marker system may give rise to psychopathicis particularly important for appropriate responding when
characteristics. Although the behavioural data in the current reinforcement contingencies chanf¥,58,63,67] A cir-
study is consistent with the somatic marker hypothesis, the cuit consisting of both structures is thought to play a crucial
explanation does not predict important findings associatedrole in encoding and implementing associative information
with developmental psychopathy. For example, one of the about the motivational significance of stimyi7,62,63]
key findings with respect to the somatic marker hypothesis For example, Baxter et aJ24] found that rhesus monkeys
is that individuals with OFC lesions show reduced auto- that underwent surgical disconnection of the amygdala and
nomic responding to emotionally arousing stimi@®]. In OFC were unable to adjust their choice behaviour after a
contrast, psychopathic adults and boys with psychopathicreduction in the value of a reinforcer. In accordance with
tendencies show a selective impairment to stimuli depicting an integrated circuit explanation, imaging results show a
sad or fearful expressions, and show intact responding tostrong response signal in the amygdala to this component
other emotional stimuli such as threat c(#4.0,11,37,52] on a variant of the ID/ED task (Rogers, personal commu-
In light of these contradictions, it seems unlikely that de- nication). An integrated circuit hypothesis would explain
velopmental psychopathy can be explained strictly in terms why patients with OFC or amygdala lesions show impaired
of somatic marker dysfunction. performance on the gambling tagk 6], and why both the

It should be noted that the present study has clear sig-amygdala and OFC is implicated in brain imaging results
nificance for another important model of psychopathy, the during the performance of the tafko].
response modulation hypothesis. Response modulation is The suggestion must be that the degree of dysfunction
defined as a “rapid and relatively automatic (i.e. non-effortful in this circuit determines the degree of response reversal
or involuntary) shift of attention from the effortful organi- performance decrement on such tasks as the gambling and
sation and implementation of goal-directed behaviour to its ID/ED tasks. Boys with psychopathic tendencies may have
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less dysfunction than the adults as indicated by delayed riskfor substance abuse history, and includes decision-making
avoidance learning relative to comparison boys, but intact tasks with graded levels of difficulty may provide additional
performance on the ID/ED relative to comparison groups. evidence.

In contrast, the greater dysfunction in psychopathic adults

is shown by the lack of risk avoidance learning on gambling

task and the pronounced response reversal impairment on the\ cknowledgements

ID/ED task. The differences in the degree of OFC impair-

ment between adults and boys with psychopathic tendencies  This work was supported by a Medical Research Council
may be a developmental consequence of the disorder. Giveryrant (reference G9716841) and the Department of Health
the evidence for interdependence and functional connectiv-(v|SPED initiative). The authors would like to thank the

ity of the OFC and amygdala, it is possible that a primary staff at HMP Wormwood Scrubs for their assistance.

deficit within the amygdala could give rise to deficits associ-
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