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INTRODUCTION
Psychopathy is a disorder characterized by affective, interpersonal and
behavioral traits that predispose the individual to a variety of antisocial
behaviors (Hare, 1991). Psychopathic traits include disregard for the
rights of others, lack of empathy and remorse, impulsivity, and egocentricity (Hare, 1991; Blair, 2005; Blair et al., 2006). These traits may
affect social functioning and compromise the ability to make adaptive
decisions in social interaction settings. In experimental tasks, psychopathic individuals have previously shown atypical patterns of cooperation (Rilling et al., 2007; Mokros et al., 2008), and difficulties in social
exchange and reasoning about social rules (Ermer and Kiehl, 2010).
These socio-affective processing deficits are associated with abnormal
patterns of brain functioning, which in turn may be linked to structural abnormalities (Birbaumer et al., 2005; de Oliveira-Souza et al.,
2008; Veit et al., 2010; Yang et al., 2011; Fairchild et al., 2013).
However, recent empirical reports indicate that atypical functioning
in brain regions involved in social cognitive and moral tasks may occur
in the absence of behavioral differences between subjects with high and
low psychopathic tendencies (Gordon et al., 2004; Glenn et al., 2009;
Sommer et al., 2010; Marsh et al., 2011; Pujol et al., 2012). This suggests that, in some circumstances, subjects with extreme psychopathy
scores might recruit neurocognitive processes that are distinct from
those used by low scorers to achieve comparable behavioral outcomes.
However, although suggested in the interpretation of previous findings
(e.g. Glenn et al., 2009), this hypothesis has never been formally tested.
In the present study, we used functional magnetic resonance imaging (fMRI) to examine the neural processes involved in making social
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decisions as a function of psychopathy. We investigated responses to
unfairness in an economic bargaining paradigm, the ultimatum game
(UG), in which two players must decide how to split an amount of
money: the proposer suggests a division to the responder, who decides
whether to accept the offer, knowing that if he or she accepts, the stake
will be divided according to the offer, and if he or she rejects, both
players get nothing. From an economic standpoint, the rational decision in the UG is to accept any offer. However, subjects typically
decline offers of <40% of the stake (Camerer, 2003; Oosterbeek
et al., 2004). This response, commonly referred to as altruistic punishment, is considered a prosocial behavior because the subject forfeits
monetary gain to punish the other player for violating a fairness norm
(Frith and Frith, 2008). Brain regions implicated in negative emotional
reactions to uneven splits of money and consequent rejection of unfair
offers include the anterior insula and the amygdala (Sanfey et al., 2003;
Haruno and Frith, 2010; Gospic et al., 2011; Harle and Sanfey, 2012;
Osumi et al., 2012). During the acceptance of unfair offers the dorsolateral prefrontal cortex (dlPFC) is recruited (Sanfey et al., 2003;
Gospic et al., 2011; Harle and Sanfey, 2012), which may reflect the
cognitive effort required to override automatic negative emotional
responses to unfairness (Sanfey et al., 2003). Koenigs and Tranel
(2007) also highlighted the role of the ventromedial prefrontal cortex
(vmPFC) in the UG, demonstrating that vmPFC lesion patients made
exaggerated irrational decisions by rejecting even more unfair offers
than controls. This finding was interpreted as the result of a failure to
down-regulate negative emotions to unfair offers (e.g. anger), providing further evidence of the involvement of the vmPFC in emotionguided decisions (Bechara, 2004) and suggesting that non-altruistic
motives like frustration or revenge can also lead to costly punishment
in the UG.
How psychopathic traits affect decision making in the UG is unclear.
Reports of the performance of psychopathic individuals in the UG are
inconsistent, with high psychopathy scorers having alternately been
reported to accept more unfair offers (Osumi and Ohira, 2010;
Osumi et al., 2012) and to reject more unfair offers (Koenigs et al.,
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Psychopathic traits affect social functioning and the ability to make adaptive decisions in social interactions. This study investigated how psychopathy
affects the neural mechanisms that are recruited to make decisions in the ultimatum game. Thirty-five adult participants recruited from the community
underwent functional magnetic resonance imaging scanning while they performed the ultimatum game under high and low cognitive load. Across load
conditions, high psychopathy scorers rejected unfair offers in the same proportion as low scorers, but perceived them as less unfair. Among low
scorers, the perceived fairness of offers predicted acceptance rates, whereas in high scorers no association was found. Imaging results revealed
that responses in each group were associated with distinct patterns of brain activation, indicating divergent decision mechanisms. Acceptance of
unfair offers was associated with dorsolateral prefrontal cortex activity in low scorers and ventromedial prefrontal cortex activity in high scorers. Overall,
our findings point to distinct motivations for rejecting unfair offers in individuals who vary in psychopathic traits, with rejections in high psychopathy
scorers being probably induced by frustration. Implications of these results for models of ventromedial prefrontal cortex dysfunction in psychopathy
are discussed.
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psychopathy scorers, two competing sets of predictions were formulated, based on the divergent evidence outlined above. If high psychopathy scorers are essentially rational decision makers who make
strategic responses solely according to economic utility, we would
expect their responses to be associated with the perceived fairness of
offers and to be affected by the increase in cognitive load. At the neural
level, we would expect behavioral responses to be linked with cognitive
control-related activity, namely in the dlPFC. Alternatively, if psychopathic individuals are non-rational decision makers whose emotion
regulation difficulties lead to anger-motivated responses, we would
expect their responses not to be associated with the perceived fairness
of offers and not to be affected by the increase in cognitive load. At the
neural level, responses to unfair offers would be predicted by activity in
the vmPFC.
To our knowledge, this is only the second study using fMRI to
investigate responses to unfairness in individuals with psychopathic
traits, and the first to directly examine the neural basis of decisions
by high and low psychopathy scorers in the UG.
METHODS
Participants
Thirty-six participants (20 females) were recruited from the
Georgetown University community through advertisements developed
for psychopathy research, which have been shown to produce oversampling of high psychopathy scorers (Widom, 1977; Marsh and
Cardinale, 2012). Participants were screened for neurological and psychiatric disorders, as well as brain injuries, which constituted exclusion
criteria. All participants were right-handed and reported not taking
any psychotropic medication at the time of screening. Average intelligence quotient (IQ) was assessed using the Kaufman Brief Intelligence
Test (K-BIT; Kaufman, 1990) (Table 1).
The study was approved by the Institutional Review Board at
Georgetown University, and all participants provided informed written
consent in accordance with the Declaration of Helsinki.
Psychopathy measures
Psychopathy was assessed using the Triarchic Psychopathy Measure
(TriPM; Patrick, 2010), a 58-item self-report instrument conceptually
based on the Triarchic Model of psychopathy (Patrick et al., 2009). For
each item, subjects indicate how accurately the item applies to them
using a 4-point scale (0 ¼ true; 1 ¼ somewhat true; 2 ¼ somewhat false;
3 ¼ false). The TriPM measures psychopathic traits in a dimensional
manner, consistent with the idea that psychopathy can be more accurately assessed continuously than categorically (Skeem et al., 2011). The
Triarchic Model describes psychopathy as a conjunction of three
phenotypic components, boldness, meanness, and disinhibition,
which are evaluated by three subscales of the TriPM. This is a relatively
new self-report measure of psychopathy but has been reported to have
good construct validity and to be able to successfully tap the core traits
of psychopathy (Sellbom and Phillips, 2013; Stanley et al., 2013;
Marion et al., 2012).
For group analyses, subjects were divided in two groups (high and
low psychopathy) by median split of the total TriPM score. Following
the split, mean TriPM scores in the high and low psychopathy groups
were 90.61 (s.d. ¼ 18.61) and 50.88 (s.d. ¼ 11.96), respectively. Groups
did not differ in age or IQ. Average psychopathy scores in males were
higher than in females, but the distribution of men and women in the
groups was not significantly different (2 ¼ 2.44, P > 0.05) (Table 1).
fMRI scanning task
Participants played a series of one-shot UGs featuring two cognitive
load conditions (No Load and Load) during fMRI scanning.
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2010) than low psychopathy scorers. Increased acceptance of unfair
offers by psychopathic individuals was interpreted as the result of diminished sensitivity to unfairness. This interpretation was further supported by reports of no electrodermal differentiation between unfair
and fair offers (Osumi and Ohira, 2010) and decreased amygdala activity to unfair offers (Osumi et al., 2012) in high psychopathy scorers.
These findings are consistent with observations that psychopathic individuals are generally less responsive to stimuli that elicit automatic
emotional responses in healthy subjects. During emotionally charged
moral judgments and other emotional processing tasks, individuals
with psychopathic traits display reduced activation in the amygdala,
medial prefrontal cortex and striatum, but increased activation in the
dlPFC (Intrator et al., 1997; Kiehl et al., 2001; Gordon et al., 2004;
Rilling et al., 2007; Glenn et al., 2009; Marsh and Cardinale, 2012).
Involvement of the dlPFC suggests that psychopathic subjects may
recruit effortful abstract reasoning processes during these tasks
(Seidman et al., 1994; Crescentini et al., 2011) to produce perhaps
more strategic and cognitively demanding responses (Steinbeis et al.,
2012). Overall, these findings suggest that individuals with psychopathic traits are more rational decision makers in the UG, displaying
reduced emotional reactions to unfairness and favoring economic utility, possibly at the expense of greater cognitive effort.
However, Koenigs et al. (2010) reported an opposite behavioral pattern. Their study demonstrated a similarity between the UG performance of vmPFC lesion patients and subjects with psychopathy, with
both groups rejecting unfair offers more frequently than the comparison groups. This finding was interpreted as a result of deficient emotion regulation in high psychopathy scorers due to vmPFC
dysfunction. Models of vmPFC dysfunction in psychopathy have also
linked this region to abnormal processing of reinforcement information (Birbaumer et al., 2005; Finger et al., 2008), which is thought to
compromise the individuals’ ability to make adaptive decisions, thus
increasing their vulnerability to frustration by not receiving the desired
outcomes (Blair, 2010). These findings suggest that, although highly
psychopathic individuals may favor economic utility over fairness, this
does not necessarily result in rational decisions in the UG, as abnormalities in emotion regulation and reward processing during the game
could lead to the rejection of unfair offers as a result of revenge or
frustration.
Consideration of the specific neural mechanisms underlying UG
decisions in individuals who vary in psychopathic traits may help to
explain this apparent inconsistency. In the present study, we incorporated two features designed to disambiguate how psychopathy affects
economic decision making. First, to identify the role of compliance
with a fairness norm as compared with other motivations (e.g. Koenigs
and Tranel, 2007), we examined individual perceptions of the fairness
of offers and analyzed their relation to behavioral responses. Then, we
used a linear regression approach to investigate the brain regions in
which activation predicted both perceptions of fairness and responses
to unfair offers in high and low psychopathy scorers, as assessing the
relationship between individual performance and brain activation has
been suggested to be a more informative approach to analyzing fMRI
data than performing simple contrasts (Christakou et al., 2009).
Second, we manipulated cognitive load during the UG in order to
disentangle automatic emotion-based from controlled strategy-based
decisions, under the assumption that controlled responses are more
sensitive to the amount of available cognitive resources than automatic
responses (Bargh and Ferguson, 2000; Barrett et al., 2004; Evans, 2008).
In line with UG literature, we hypothesized that for low psychopathy
scorers behavioral responses would be predicted by the perceived fairness of offers and would not be affected by the increase in cognitive
load. At the neural level, we predicted that UG decisions would be
mainly associated with amygdala and dlPFC activity. For high
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Table 1 Sample characterization: age, IQ and psychopathy scores for the whole sample and for each group
Characteristics

Age
IQ
TriPM
Total score
Boldness
Meanness
Desinhibition

Whole sample (n ¼ 35)

Low psychopathy (n ¼ 17, 12 F)

High psychopathy (n ¼ 18, 8 F)

Minimum–Maximun

Mean (s.d.)

Minimin–Maximum

Mean (s.d.)

Minimum–Maximum

Mean (s.d.)

18–24
94–132

21.06 (1.80)
112.43 (12.02)

18–24
94–132

21.24 (2.05)
112.65 (11.65)

18–24
95–131

20.89 (1.58)
112.22 (12.69)

23–120
20–55
1–51
0–37

71.31
39.83
15.71
15.77

(25.42)
(9.49)
(11.02)
(10.58)

23–63
20–44
1–23
0–30

50.88
33.12
8.59
9.18

(11.96)
(6.85)
(5.57)
(6.92)

66–120
26–55
10–51
9–37

90.61
46.17
22.44
22.00

(18.61)
(6.96)
(10.72)
(9.71)

The No Load condition corresponded to the classical UG
(Figure 1A). Pictures of other players were selected from the
Radboud Faces Database (RaFD) (Langner et al., 2010). All selected
pictures displayed closed mouth, eyes facing forward, neutral facial
expressions performed by Caucasian actors and an equal number of
male and female actors were used. After the picture of the proposer,
the stake was displayed, followed by the offer. Participants were instructed to only make a response when the response slide was displayed, using two response buttons held in the right (‘Reject’) and
left hand (‘Accept’), respectively. A feedback slide was displayed at
the end of the run, showing what each player had won in that round.
In the Load condition, participants were required to play a memory
task concurrent with the UG. The introduction of a secondary task was
intended to affect the availability of cognitive resources for the main
task. Cognitive load manipulations have been shown to be effective in
selectively interfering with the production of controlled responses
(Greene et al., 2008) and have been used previously in the context of
economic decision paradigms (Schulz et al., 2012; Haruno and Frith,
2010). In this condition, a sequence of seven digits was shown before
the other player’s picture. Participants were instructed to memorize the
digits, disregarding their order in the sequence, because at the end of
each round they would be asked to recognize them. Thus, before the
feedback slide, another seven-digit sequence was displayed, and participants responded ‘Same’ or ‘Different’, via button press (Figure 1B).
Participants played 48 UG rounds in each condition, in which 24
featured unfair (offers were 20–33% of the stake) and 24 featured fair
trials (offers were 40–50% of the stake). There were only two possible
offered amounts, 5 and 15, and the stake sized varied, following previous paradigms (Crockett et al., 2008; Van der Veen and Sahibdin,
2011) (Table 2). Each offer was repeated four times within condition.
The task was programmed and delivered in Presentation 0.71 (2003,
Neurobehavioral Systems, Inc.).

Table 2 UG offers
Amount offered

5
15

Stake size
Unfair

Fair

15
20
25
45
60
75

10
11
12.5
30
33
37.5

Procedures
Following previous studies (Crockett et al., 2008; Van der Veen and
Sahibdin, 2011), participants were informed that the offers they would
see during the task were made by people who participated in the study
previously and they would have the chance to make offers themselves,
after the scan. Subjects were presented with splits of tokens and not
monetary units to control for subjective evaluations of the amounts.
Participants’ compensation was calculated by converting the total
amount of tokens earned during the task to US dollars, according to
a predefined conversion rate.
Before entering the scanner, subjects were given the task instructions
and played eight practice rounds (four of each condition) on a laptop.
Inside the scanner, they completed two runs of the task that corresponded to each of the two conditions. The order of presentation of the
conditions was counterbalanced across participants. After the MRI
scan, participants were presented once with all the offers shown
during the UG and asked to rate their fairness using a 7-point scale
(1 ¼ very unfair; 7 ¼ very fair). This task was programmed and delivered in Presentation 0.71 (2003, Neurobehavioral Systems, Inc.)
running on a laptop.
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Fig. 1 Task design and stimulus presentation for the No Load (A) and Load (B) condition.
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Finally, to assure that subjects believed the cover story, they were
queried regarding: (i) their reasons to accept and reject offers and
(ii) their beliefs about the real objectives of the study. Subjects were
also given the opportunity to write down any additional comments
about the study. Only then subjects were fully debriefed. One participant was dropped from the analysis because he reported not believing
that the offers were really made by other players, resulting in a final
sample composed of 35 subjects.

Statistical analysis
Behavioral data
Average acceptance rates (%) for fair and unfair offers were calculated
for each participant in each condition. In addition, we computed difference scores indexing the difference between the percentages of fair
and unfair offers accepted, such that the higher the difference score, the
greater the number of rejected unfair offers.
To investigate the effects of fairness, cognitive load and psychopathy
on acceptance rates, we performed a mixed factors analysis of variance
(ANOVA), with fairness (Fair, Unfair) and cognitive load (No Load,
Load) as within-subject factors and psychopathy group (High, Low
psychopathy) as between-subjects factor. To confirm the results, we
performed another mixed factors ANOVA on the difference scores,
with load as within-subject factor and psychopathy group as

between-subjects factor. Associations between acceptance rates and
psychopathy (total score and subscales) were also explored using correlation analysis, as a dimensional approach is consistent with theoretical conceptions of psychopathy and often results in increased power
to detect significant effects.
Average fairness ratings for fair and unfair offers were computed for
each subject and represent a measure of perceived fairness. Higher
values corresponded to subjects’ perceptions of greater fairness.
Correlations between fairness ratings and psychopathy scores were
performed. Finally, we examined the associations between fairness ratings and acceptance rates within each group.
The threshold for statistical significance was set at P < 0.05, twotailed, for all analyses. Multiple comparisons were addressed through
Sidak correction and the Greenhouse–Geisser procedure was used to
correct departures from sphericity, when necessary.
fMRI data
We conducted whole-brain analyses setting the threshold at P < 0.001,
uncorrected, with an extent threshold of 10 contiguous voxels, a procedure that has been suggested to successfully balance Type I and Type
II errors in fMRI research (Lieberman and Cunningham, 2009; Marsh
and Cardinale, 2012; White et al., 2012).
In order to explore underlying patterns of activation that guide responses to unfair offers among high and low psychopathy scorers, we
performed whole-brain linear regression analysis in each group, using
activation in the Unfair > Fair contrast in the No Load condition as
dependent variable. Difference scores of acceptance rates in the same
condition and fairness ratings of unfair offers were entered as predictors. This approach allowed us to explore in which areas activation
was uniquely associated with acceptance rates and perceived fairness
and, therefore, to isolate the neural mechanisms involved in UG decision from the mechanisms involved in subjective perceptions of fairness. Mean parameter estimates were extracted from functionally
defined clusters identified in the regression analyses.
Additionally, as a task validation measure and to explore potential
psychopathy  cognitive load interactions, we conducted two wholebrain 2 (Load, No Load)  2 (High psychopathy, Low psychopathy)
mixed factors ANOVA, using brain activation to Unfair and Fair offers
independently as dependent variables. We were specifically interested
in examining the clusters in which an effect of cognitive load was
identified in order to assure that our secondary memory task was
successful in increasing the task demands.
RESULTS
Behavioral results
Regarding acceptance rates, we obtained a main effect of Fairness
[F(1,33) ¼ 46.69, P < 0.001, p2 ¼ 0.59], with fair offers being accepted
more often (91.8%) than unfair offers (53.7%). We did not observe
any main effects of cognitive load or psychopathy, or any significant
interactions (Table 3). Similarly, difference scores were not affected by
cognitive load or psychopathy.
Performance in the secondary memory task was analyzed, to assure
the efficacy of the cognitive load manipulation. Average accuracy in the
task was 78.2% and no differences between groups were found.
Correlation analysis revealed no significant associations between
either raw acceptance rates or difference scores and psychopathy (for
either total or subscales scores).
We obtained a significant positive association between fairness ratings for unfair offers and psychopathy total score (r ¼ 0.37, P ¼ 0.03)
(Figure 2A). A t-test revealed a trend toward higher ratings of unfair
offers in high vs low psychopathy scorers (P ¼ 0.1). Finally, we examined
the associations between acceptance rates and fairness ratings of unfair
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fMRI data acquisition and preprocessing
Participants were scanned on a 3.0 Tesla MRI system (Siemens
Magnetom Trio, Erlangen, Germany), at Georgetown University’s
Center for Functional and Molecular Imaging (CFMI), fitted with a
circularly polarized 12-channel head coil. A mirror mounted on the
coil allowed participants to view the task via projection. Head movements were minimized through padding.
A high-resolution T1-weighted structural scan (MPRAGE, magnetization-prepared rapid gradient echo) was acquired between two
functional scans (TR ¼ 1900 ms, TE ¼ 2.52 ms, slices ¼ 176, slice thickness ¼ 1.0 mm, FOV ¼ 256  256 mm). In the two functional runs of
the task a T2*-weighted gradient echo-planar imaging (TR ¼ 2700 ms,
TE ¼ 30 ms, slices ¼ 51, slice thickness ¼ 3 mm, FOV ¼ 256  256 mm,
acquisition matrix ¼ 64  64, flip angle ¼ 908) was used. The first four
TRs of each functional run were excluded from analysis due to magnet
stabilization.
Imaging data were pre-processed and analyzed in Analysis of
Functional Neuroimaging (AFNI) (Cox, 1996). For each subject, functional images from the two functional runs were concatenated,
despiked, motion corrected, spatially smoothed using a 6.0-mm fullwidth half-maximum Gaussian filter, and then masked to exclude activation outside the brain. The time series were then normalized such that
the resulting regression coefficients represent a percent signal change
from the mean. Regressors were created that represented four task conditions (Fair No Load, Fair Load, Unfair No Load, Unfair Load) and two
contrasts across conditions (Unfair No Load > Fair No Load, Unfair
Load > Fair Load). A final regressor of no interest was created for
offers to which participants did not provide a valid response and for
all events in the task that were not a fixation or an offer. All regressors
were created by convolving the train of stimulus events with a gammavariate hemodynamic response function (Cohen, 1997). Linear regression modeling was performed using the full set of regressors to model
baseline drift and residual motion artifact. The baseline was modeled by
a first-order function and motion artifacts were modeled using the six
estimated rigid-body motion parameters. This produced a beta coefficient and associated t-statistic for each voxel and regressor. Participants’
anatomical scans were individually registered to the Talairach and
Tournoux Atlas (Talairach and Tournoux, 1988).
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offers in each group. In the low psychopathy group, acceptance rates
were positively associated with fairness ratings both in the No Load
(r ¼ 0.59, P ¼ 0.012) and Load conditions (r ¼ 0.58, P ¼ 0.016)
(Figure 2B). In the high psychopathy group, these associations were
not significant (No Load: r ¼ 0.34, P ¼ 0.162; Load: r ¼ 0.32,
P ¼ 0.201) (Figure 2C).
fMRI results
Regression analyses
Results for low psychopathy scorers showed (P < 0.001, uncorrected,
10 voxel threshold) that acceptance rates were significantly associated

Table 3 Means and standard deviations for acceptance rates and fairness ratings in each
group

Acceptance rates (%)

Unfair
Fair

Fairness ratings

Unfair
Fair

No Load
Load
No Load
Load

Low psychopathy

High psychopathy

Mean (s.d.)

Mean (s.d.)

51.21
55.14
89.23
88.73

55.16
53.30
93.27
96.07

(39.94)
(41.19)
(21.25)
(22.57)

2.38 (0.59)
5.38 (1.05)

(34.18)
(38.17)
(14.39)
(10.74)

2.67 (0.58)
5.63 (0.68)

with activation in the left middle frontal gyrus [Montreal Neurological
Institute (MNI) coordinates, x, y, z ¼ 49, 16, 29], with increased
activity in this cluster being associated with higher acceptance of
unfair offers. In addition, both acceptance rates and fairness ratings
were associated with activation in the left superior frontal gyrus
(x, y, z ¼ 4, 43, 60), with increased activity in this cluster being
associated with higher acceptance of unfair offers and perceptions of
greater unfairness (Table 4 and Figure 3).
In contrast, results in high psychopathy scorers showed that acceptance rates were associated with activation in the right rostral anterior
cingulate (x, y, z ¼ 2, 42, 8), such that increased rejection of unfair
offers was associated with higher activity in this cluster. In addition,
fairness ratings were associated with activation in the right medial
frontal gyrus (x, y, z ¼ 2, 31, 43), with increased activity in this cluster
being associated with perceptions of greater fairness (Table 4
and Figure 3). No overlapping areas were identified that corresponded
to both fairness ratings and acceptance rates in high psychopathy
scorers.
Additional analyses (ANOVA)
For Unfair offers, a significant effect of cognitive load was observed
(P < 0.005, uncorrected, 10 voxel threshold) in a network of regions
that included a cluster in the left superior extending to middle frontal
gyrus (18 voxels; x, y, z ¼ 22, 33, 59). Likewise, for Fair offers, we
identified a cluster in the left superior/middle frontal gyrus (31 voxels;
x, y, z ¼ 25, 30, 59). According to previous results about the

Fig. 2 (A) Association between fairness ratings of unfair offers and psychopathy total score (P < 0.05). (B) Association between acceptance rates and fairness ratings of unfair offers for the No Load (upper) and
Load (bottom) condition, in the low psychopathy group (P < 0.05). (C) No significant association between acceptance rates and fairness ratings was found in the high psychopathy group.
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association between dlPFC activation and working memory load
(Barch et al., 1997; Manoach et al., 1997), these results suggest that
our manipulation was effective in increasing the task demands. No
group differences were observed as a function of cognitive load.

Table 4 Clusters identified by whole-brain linear regression analyses in the Unfair > Fair
contrast (No Load), with acceptance rates and fairness ratings as predictors (MNI coordinates are reported; P < 0.001, uncorrected, 10 voxel threshold)
Cluster
High psychopathy
Acceptance rates
R ACC
Fairness ratings
R medial frontal gyrus
Low psychopathy
Acceptance rates
R superior parietal lobule
R parahippocampal gyrus
L middle frontal gyrus
L superior frontal gyrus
Fairness ratings
R inferior parietal lobule
L superior frontal gyrus
R ¼ Right; L ¼ left.

BA

x

y

z

Voxels

24, 32

2

42

8

15

8

2

31

43

11

7, 5
30, 19
9
8

35
15
49
4

51
43
16
43

65
2
29
60

10
10
10
10

19, 40
8

44
4

71
43

44
60

13
10

Fig. 3 Clusters identified by whole-brain linear regression analyses for the low (A) and high (B) psychopathy group in the Unfair > Fair contrast. (A) In the low psychopathy group, difference scores of
acceptance rates were negatively associated with activity in the dlPFC, such that higher activation in this region was associated with increased acceptance of unfair offers. The scatter plot depicts the association
between mean percent signal changes extracted from that cluster and difference scores. (B) In the high psychopathy group, difference scores of acceptance rates were negatively associated with activity in the
rostral ACC/vmPFC, such that higher activation in this region was associated with increased rejection of unfair offers. The scatter plot depicts the association between mean percent signal changes in that cluster
and difference scores.
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DISCUSSION
In this study, we used fMRI to examine how psychopathic traits affect
decisions in the UG. The UG provides a way of exploring how individuals weigh social and individual gain when making social decisions,
thereby representing a valuable tool to investigate social decision
making in psychopathy. In light of conflicting results from previous
research, we formulated two sets of predictions concerning the processes recruited by higher scorers in psychopathy. To test our predictions, we incorporated two novel features into our design and analysis:
(i) assessment of subjective perceptions of fairness and (ii) a cognitive
load manipulation.

Our results showed that both high and low psychopathy scorers tend
to reject about 50% of unfair offers. This response pattern has been
consistently demonstrated in the UG literature and has been interpreted as the result of both negative emotional reactions to unfairness
and motivation to actively punish the other player for his unfairness
(Fehr and Gachter, 2002; Sanfey et al., 2003; de Quervain et al., 2004;
Fowler et al., 2005). More importantly, we demonstrated that this
response does not change when individuals are under more cognitively
demanding conditions. This finding supports our second set of
hypotheses, suggesting that the rejection of an unfair offer is mainly
an automatic response in both groups.
Results also showed that, although high and low psychopathy
scorers accepted unfair and fair offers in roughly the same proportion,
subjects with higher psychopathic traits tended to perceive unfair offers
as subjectively less unfair. Furthermore, as we hypothesized, in low
psychopathy scorers the acceptance of unfair offers tracked closely
with perceived fairness, whereas for high scorers no significant association was found. This suggests that, although both groups provided
similar responses in the UG, the motivations to reject unfair offers
across groups, as well as their underlying neural mechanisms, may
be distinct.
In fact, as we predicted, in low psychopathy scorers the rejection of
unfair offers was associated with dlPFC (BA 9) activity, with increased
activation in this region being associated with higher acceptance of
unfair offers. The dlPFC has been previously shown to be involved
in inhibiting pre-potent responses (Suzuki et al., 2011) and making
normative choices (Baumgartner et al., 2011; Steinbeis et al., 2012).
This pattern of results corroborates the idea that accepting unfair offers
requires cognitive control, probably to override an automatic negative
reaction to the violation of a fairness norm. Moreover, regions associated with acceptance rates overlapped with regions associated with
subjective fairness perceptions, further supporting the idea that in low
psychopathy scorers the perceived fairness of offers guides the decision
to accept or reject them.
In contrast, high psychopathy scorers recruited a cluster in the
rostral anterior cingulate cortex (ACC)/vmPFC (BA 24 and 32), with
higher activation in this area being associated with rejection of unfair
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used a recently developed self-report measure of psychopathy, the replication of the present findings using alternative instruments would be
important to confirm the reported effects. This is particularly
important given the absence of group differences in acceptance rates
across groups, although this finding is not surprising considering the inconsistency of previous UG results in psychopathy, and the frequency
with which distinct neural socio-affective processes are observed in high
and low psychopathy scorers in the absence of overt behavioral differences (e.g. Harenski et al., 2010; Sommer et al., 2010; Pujol et al., 2012).
Replication will also be important in light of the fact that mean scores
on the TriPM in community samples are not yet well established, such
that we were unable to confirm how psychopathy scores in our sample
compared with those of similar community samples.
In conclusion, this study was the first to adopt a linear regression
approach in addition to the simple analysis of fMRI contrasts to directly investigate the neural mechanisms involved in economic decision
making in individuals with varying psychopathic traits. Our findings
may help to disambiguate previous findings by incorporating novel
task features that clarify the relative influence of strategic and fairness
considerations in the decisions made by each group. Our results also
highlighted the role of the vmPFC in emotional regulation in social
interactions, and implicate atypical functioning in this structure in
the behavioral patterns of individuals with psychopathic traits. More
importantly, they showed that similar behavioral responses can emerge
from distinct underlying neural mechanisms, highlighting the importance of continuing to investigate the neural basis of adaptive and
maladaptive social decision making in psychopathy.
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