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Abstract BACKGROUND: This study investigated the relationships between psychopathy
and impulsive and risky decision making, by utilizing intertemporal and probabi-
listic choices for both gain and loss, in addition to the Iowa gambling task.
METHODS: The Psychopathic Personality Inventory-Revised — a 154-item mea-
sure that assesses psychopathic traits by self-report — was used with a 4-point
response scale to assess 113 undergraduate students from three Japanese universi-
ties. Participants’ performance on the Iowa Gambling Task and four behavioral
neuroeconomic tasks of discounting — delayed gain, delayed loss, uncertain gain,
and uncertain loss — were estimated.

RESULTS: Risky decisions in probability discounting of gain and loss were associ-
ated with psychopathy. Psychopathic traits had no relationship with performance
on the Iowa Gambling and were not significantly related to delay discounting.
CONCLUSIONS: Psychopathy is predicted by risky decision in probability dis-
counting of gain and loss, but not strongly associated with future myopia. Implica-
tions of the present findings for neuroeconomics and neurolaw are discussed.

INTRODUCTION

Psychopathy is a personality disorder that involves
emotional dysfunction and is characterized by
reduced guilt, empathy, and attachment to sig-
nificant others, and antisocial behavior, including
impulsivity and poor behavioral control. Psy-
chopathic criminals commit a disproportionate
number of crimes, habitually fail to fulfill soci-

.........................

etal obligations, appear to lack a sense of loyalty,
and are unperturbed when confronted with the
destructive nature of their behavior (Hare 1991).
This definition is not equivalent to that of con-
duct and antisocial personality disorders (APD)
in the Diagnostic and Statistical Manual of Mental
of Disorders, 4th edition, in which diagnosis is
focused only on the presence of antisocial behav-
ior rather than on forms of functional impairment
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that might be causally related to the emergence of such
disorders.

“Acquired sociopathy” and decision-making in an Iowa

Gambling Task

The Iowa Gambling Task (IGT) has been used previ-
ously in lesion studies, particularly in studying perfor-
mance deficits linked to lesions in the ventromedial
prefrontal cortex (vmPFC) (Bechara et al. 1994).
Patients with vmPFC damage commonly display a syn-
drome that includes poor judgment, socially inappro-
priate behavior, and impulsivity (Damasio1994). Their
behavior is driven by the desire for short-term benefits
without regard for long-term negative consequences
- a profile labeled “myopia for the future” Bechara et
al. 1994; 2000). Such patients often exhibit behavioral
problems that are similar to those found in individuals
with psychopathy. Damasio et al. (1990; 1994) antici-
pated that vmPFC dysfunctions account for psycho-
pathic tendency.

As far as we know, several studies have used the IGT
to investigate the relationship between decision-making
and psychopathy (Schmitt et al. 1999; Bass & Nussbaum
2010). Blair et al. (2001) showed that boys with emo-
tional and behavioral difficulties who exhibited psycho-
pathic tendencies made more risky decisions in the IGT
than did boys in the nonpsychopathic control group.
Michell et al. (2002) reported that psychopathic inmates
in high-security prisons had poorer IGT performance
than nonpsychopathic inmates did. Van Honk et al.
(2002) reported that the sub-clinical psychopathy group
showed more impaired IGT performance than non-
psychopathy group. Vassileva et al. (2007) compared
psychopathic heroin addicts with non-psychopathic
heroin addicts. Psychopathic heroin addicts showed
more disadvantageous decisions on IGT than non-
psychopathic heroin addicts. In contrast, Schmitt et
al. (1999) applied the Psychopathy Checklist-Revised
(PCL-R) to allocate prison inmates to a psychopathic
group, a middle group, and a control group. However,
these 3 groups did not differ in their IGT performance.
In Losel and Schmucker’s (2004) study assessing male
prison inmates with PCL-R, there was no general rela-
tion between psychopathy and IGT performance. Thus,
the results in these studies regarding the association
between psychopathy and the IGT are inconsistent.

Delay and probability discounting as decision making in
behavioral and neural economics

In behavioral and neuro- economics, decision making
has been discussed in terms of which alternative an
individual would select when choosing between a
smaller, more certain reward and a larger, less certain
reward (risky choice) or between a smaller, more imme-
diate reward and a larger but more delayed reward
(intertemporal choice). Choices involving delayed and
probabilistic outcomes are viewed from the perspec-
tive of discounting. This perspective assumes that the
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subjective value of a reward is increasingly discounted
from its nominal amount as the delay increases or until
the odds against receiving the reward increase, and
that individuals choose the reward with the higher
(discounted) subjective value (Rachlin 1989). The dis-
counting approach has been applied to topics of general
psychological and clinical concern, such as self-control,
impulsivity, and risk taking (Rachlin 1995).

People prefer an immediate reward to a delayed one
(referred to as “delay discounting”). Psychopharmaco-
logical and neuroeconomic studies have demonstrated
that smoking and drug dependence are associated with
greater delay discounting (referred to as “impulsiv-
ity” in intertemporal choice) (Bickel & Marsch 2001;
Bickel et al. 1999; Kirby et al. 1999; Ohmura et al. 2005;
Petry 2001; Reynolds et al. 2007; Vuchinich & Simpson
1998; Wittmann et al. 2007). Standard economic theory
assumes that a discount rate is independent of dynamic
consistency (D), which yields the exponential discount
function (Frederick et al. 2002). However, empiri-
cal studies in humans and non-human animals have
reported that delay discounting is better described by a
hyperbolic function (Bickel & Marsch 2001; Bickel et al.
1999; Kirby et al. 1999; Ohmura et al. 2005; Petry 2001;
Reynolds et al. 2007; Vuchinich & Simpson 1998; Wit-
tmann et al. 2007). The hyperbolic delay-discounting
function is as follows:

VD:A / (1 + de),

where Vp, is the subjectively discounted value of
the reward at delay D, A is the undiscounted value of
the reward=V, (D=0), D is the delay to the receipt of
the reward, and k; is a free parameter (Frederick et al.
2002). The larger the k,, the more rapidly a subject dis-
counts the delayed reward (more impulsive intertem-
poral choice). In hyperbolic discounting, participants
underestimate their future impulsivity, resulting in
preference reversal as time passes (Frederick et al. 2002;
Takahashi 2005).

On the other hand, participants discount the value
of uncertain rewards as the probability of receiving the
rewards decreases (Rachlin et al. 1991; Yi et al. 2006).
This behavioral tendency has been referred to as “prob-
ability discounting” (in psychology, it is also referred
to as “uncertainty aversion”). Rachlin et al. (1991) pro-
posed the following exponential and hyperbolic proba-
bility-discounting functions. Several studies found that
a hyperbolic probability-discounting function fits the
behavioral data better than the exponential discount
function (OhmurakEt al. 2005; Rachlin et al. 1991; Yi et
al. 2006). The hyperbolic probability-discounting func-
tion is as follows:

V,=A/(1+k,0),

where V, is the subjective discounted value of
a probabilistic reward, A is the value when p=1, O is
the odds against and O=(1/p) — 1 (proportional to an
average waiting time in repeated gambling), and k, is
the probability discount rate. k, indicates the degree to
which one discounts the uncertain reward. We, there-
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fore, adopted k, as the subject’s uncertainty aversion
parameter (note that a larger k;, corresponds to a strong
uncertainty aversion). It must be noted that for proba-
bilistic gains (A>0), a larger k, indicates the underes-
timation of the reward value of uncertain gains, and
for probabilistic losses (A<0), a larger k, indicates the
underestimation of the risk of uncertain losses.

Two previous studies are related to our study. One of
them examined the relationship between APD and the
discounting of delayed rewards by investigating sub-
stance (e.g., alcohol, marijuana, cocaine, sedatives, or
heroin) abusers with APD, substance abusers without
APD, and the required non-substance-abusing con-
trols from local substance abuse treatment programs,
low-income housing projects, and social service agen-
cies. The study assessed delay discounting of rewards
with question-based measures. The substance abus-
ers discounted delayed rewards at greater rates than
the controls; further, the substance abusers with APD
discounted delayed rewards at higher rates than the
non-APD substance abusers (Petry 2002). Melanko et
al. (2009) focused on psychopathic traits estimated by
a self-report measure, namely, the Youth Psychopathic
Traits Inventory (YPI; Andershed et al. 2007). The YPI
has a good convergent validity with the PCL youth
version. This study compared the delay discounting
behavior for rewards in community-dwelling adoles-
cent non-smokers with low psychopathy, smokers with
low psychopathy, and those with high psychopathy by
using two delay discounting tasks. These assessments
included question-based and real-time measures of
delay discounting of rewards. According to research-
ers, these results indicated that elevated but subclinical
levels of antisociality are associated with more optimal
decision making.

The samples in the above two studies exhibited APD
or psychopathy combined with substance abuse or
smoking. Previous studies have revealed that smoking
and drug dependence are associated with greater delay
discounting (Bickel & Marsch 2001; Bickel et al. 1999;
Kirby et al. 1999; Ohmura et al. 2005; Petry 2001; Reyn-
olds et al. 2007; Vuchinich & Simpson 1998; Wittmann
et al. 2007). The above two studies only assessed the
delay discounting of rewards, not that of losses. Further,
they estimated delay discounting, but not probability
discounting.

The participants of previous studies on psychopa-
thy were often clinical or incarcerated individuals;
this introduced potentially confounding variables
(e.g., severe substance use) that could complicate the
interpretations (Lilienfeld & Andrews 1996). Thus, the
present study investigated non-clinical individuals to
minimize these effects. This selection approach was
verified by recent statistical analyses, demonstrating
that the scores on psychopathy measures are under-
pinned by a latent dimension rather than a latent taxon
(Edens 2006). The present study is the first to inves-
tigate the relationship between psychopathic traits

and IGT with individuals in a community. It aims to
estimate the relationship between psychopathic traits
and the tendency toward four behavioral economic
types of decision making (i.e., discounting of delayed
and uncertain monetary gains and losses) as well as
IGT performance; moreover, it aims to demonstrate
their cognitive mechanisms by elucidating the differ-
ence between risky decisions in the IGT and probability
discounting, in addition to impulsivity in intertemporal
choice.

MATERIALS AND METHODS
Participants

The participants belonged to a larger group comprising
students from three Japanese universities (Hokkaido
University, The University of Tokyo and Chuo Univer-
sity). This study recruited 115 Japanese non-smokers
who have never smoked. We screened the participants
using the Mini-International Neuropsychiatric Inter-
view (MINI), and excluded two of them because they
were diagnosed with psychiatric disorders (panic
disorder and eating disorder). Further, all the par-
ticipants were screened by a psychiatrist on the basis
of DSM-IV to check for any history of psychiatric or
neurological disorders, serious physical illnesses, or
within-second-degree relatives with a history of major
psychiatric disorders or substance abuse (e.g., alcohol,
nicotine, marijuana, cocaine, and heroin). Thus, 113
undergraduate and postgraduate students (66 men
and 47 women) aged between 18 and 34 years (mean
+ SD=21.18+2.71) participated in this study. In accor-
dance with the Helsinki Declaration of Human Rights,
after complete description of the study to the partici-
pants, written informed consent was obtained. The
study protocol was approved by the ethics committee at
Hokkaido University.

Psychopathic Personality Inventory-Revised

The Psychopathic Personality Inventory-Revised (PPI-
R; Lilienfeld & Widows 2005) is a 154-item measure
that assesses psychopathic traits by self-report using
a four-point response scale. The internal consistency
reliability in non-institutionalized samples was found
to be 0.92, with good test-retest reliability (r=0.93) over
a period of 19.9 days. The PPI-R includes eight con-
tent scales, seven of which form two higher-order fac-
tors. The fearless dominance (FD) factor is the sum of
the scores for social influence, fearlessness, and stress
immunity scales. The self-centered impulsivity (SCI)
factor is the sum of the scores for Machiavellian ego-
centricity, rebellious nonconformity, blame external-
ization, and carefree non-planfulness scale scores. The
eighth content scale, coldheartedness (C), does not load
on either factor. The Japanese version of the PPI-R was
translated by the authors, using the forward-backward
method and was approved by Psychological Assessment
Resources, Inc. The internal consistency of our sample
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was found to be 0.84 for the total score (Cronbach’s
alpha, for subscales, SCI=0.87, FD=0.90, C=0.67).

Towa Gambling Task

The IGT was described in detail in a previous study
(Bechara et al. 1994). Briefly, the task goal is to maxi-
mize the profit from a loan granted in play money. The
participants are required to make a series of 100-card
selections from 1 of 4 card decks (A, B, C, and D). Each
selection is followed by a showdown of a reward and
a penalty. The reward/penalty schedules are predeter-
mined: Decks A and B yield high immediate rewards
but carry the risk of much higher long-term penalties,
which will result in total loss in the long run (disad-
vantageous decks). Decks C and D yield low immedi-
ate rewards but smaller long-term penalties, which
will result in long-term gain (advantageous decks). We
developed a computerized version of the IGT in strict
compliance with the original version (Fukui et al. 2005).
The difference from the original task was that the play
money was converted from U.S. dollars to Japanese yen.
After they completed the task, the participants were
asked about the decks that they thought were advan-
tageous. IGT performance was characterized by a net
score calculated by subtracting the number of cards
selected from the 2 disadvantageous decks (A + B) from
the number selected from the 2 advantageous decks (C
+ D) (Bechara et al. 1994). Higher scores reflected more
advantageous decision-making performance on the
task.

Delay and probability discounting tasks

It must be noted that we previously developed the Japa-
nese version of the discounting task (Takahashi 2007)
and utilized exactly the same discounting task in this
study. The paper-and-pencil discounting tasks that
were used were originally developed by Bickel’s group
(Yi et al. 2006). These tasks are not systematically dif-
ferent in discount rate was observed in response to real
and hypothetical choices (Johnson & Bickel 2002). The
procedure comprised four different types of discount-
ing (i.e., delayed gain, delayed loss, uncertain gain, and
uncertain loss).

The participants were requested to choose alterna-
tives solely on the basis of their free will, as though their
choices involved real money (Takahashi 2007; Yi et al.
2006), and then answer a questionnaire. The questions
were categorized according to the temporal distance of
delay (1 week, 2 weeks, 1 month, 6 months, 1 year, 5
years, and 25 years; each page included each delay, in
this order) in the delay condition and the probability
of an uncertain reward (95, 90, 70, 50, 30, 10, and 5%;
each page included each probability, in this order) in
the probability condition. Two columns of hypothetical
amounts of money were listed below the instructions.
For the discounting of gains, the money was indicated
as a reward; on the other hand, for the discounting
of losses, the money was indicated as a payment. The
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right-hand column (standard amount) contained 40
rows of a fixed amount of money (100,000 yen). The
left-hand column (adjusting amount) listed ascending
or descending amounts of money in 2.5% increments
(100,000 yen x 0.025=2500 yen) of the alternative in the
right-hand column. The participants were instructed to
choose between the two alternatives in each row of the
questionnaire. Furthermore, as the discounting task of
the Bickel and colleagues, the participants were directed
to refer to the directions at the top of each page (con-
taining each delay or probability) of the questionnaire,
as the temporal distance would change over the course
of the experiment. Thus, the participants chose between
a delayed-standard amount and an immediate-adjusted
amount of money in the delay condition and between
an uncertain-standard amount and a certain-adjusted
amount of money in the probability condition. The
order of the descending and ascending conditions was
counterbalanced. The indifference points of delay and
the probability tasks were defined as the means of the
largest adjusting values in which the standard alterna-
tive was preferred and the smallest adjusting values in
which the adjusting alternative was preferred. Next, the
mean of the indifference point in the ascending and
descending adjusting amounts was calculated for the
delay and probability conditions for each participant.

The indifference points for the individual and group
median data were obtained in order to compare the
goodness-of-fit between the exponential and hyper-
bolic models in delay and probability discounting
and to estimate the discounting parameters by utiliz-
ing nonlinear curve fitting procedures (for details, see
Takahashi 2007). After confirming that the hyperbolic
models better fit the data than the exponential models
for all behavioral data, we examined the relationship
between the k parameters in the hyperbolic models (not
in the exponential models). The hyperbolic discounting
parameters (i.e., k;, and k,) were logged because of the
skewed distributions, following the standard analytical
strategy in previous studies (Kirby et al. 1999; Reynolds
et al. 2004). All statistical and nonlinear curve fitting
procedures were conducted with R statistical language.
The significance level was set at 0.05 throughout.

RESULTS

The means and standard deviations of all the obtained
variables (i.e., PPI-R scores, IGT net score, and each
of the k parameters) are shown in Table 1. First, we
investigated the relationship between the psychopathic
traits and IGT performance by calculating the Pearson
product-moment correlation between the PPI-R total
score and the IGT net score. The correlational analysis
revealed no relationship among these scores (r=—0.15,
p=0.13; see Figure 1, Table 2). Next, we examined the
relationships between PPI-R factors and IGT perfor-
mance. We observed no significant correlation between
them (see Table 3). However, only fearlessness domi-
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nance subscale was marginaly correlated with the IGT
net score (r=—0.19, p=0.052).

Second, we calculated the correlations among each
of the four types of (logged) discounting k param-
eters. The significant correlations between the delay
discounting of gain and loss (r=0.43, p<0.001) and
between the probability discounting of gain and loss
(r=—0.21, p=0.03) were observed, indicating that par-
ticipants who overestimate the reward value of an
uncertain reward tend to also underestimate the risk of
an uncertain loss. This indicates that weak probability
discounting of gain and strong probability discount-
ing of loss corresponds to risky decision in probability
discounting. While there was positively significant cor-
relation between the delay and probability discounting
of loss (r=0.19, p=0.04), there was no significant cor-
relation between the delay and probability discounting
of gain (see Table 2).

Third, to examine the relationship between the psy-
chopathic traits and discounting behavior, the correla-
tions between the PPI-R total score and each of the four
types of discounting (logged k parameters) were calcu-
lated. The correlations between the PPI-R total score
and delay discounting of gain and between the PPI-R
total score and delay discounting of loss were not sig-
nificant (See Table 2). However, significant correlations
between the PPI-R total score and probability discount-
ing of both gain and loss were observed, in a negative and
positive manner, respectively (gain: r=—0.29, p=0.002;
loss: r=0.34, p=0.0003; see Table 2, Figure 2). This indi-
cates that the participants with a high PPI-R total score
overestimated the reward value of uncertain gains and
underestimated the risk of uncertain losses. In other
words, psychopathy was associated with more risky
decision under uncertainty. Furthermore, we investi-
gated the relationships between PPI-R factors (i.e., SCI,
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Fig. 1. Scatter Plot of the PPI-R Total Score and the IGT Net Score.

Tab. 1. Means and standard deviations for obtained variables.

M SD
PPI-R total 285.26 24.77
-SCla 148.68 15.01
-FD 102.91 14.90
-C 33.66 5.21
IGT net score P 24.32 22.76
DD of gain k¢ 0.002422 0.009453
DD of loss k 0.004735 0.024612
PD of gain k 7.3399 20.5875
PD of loss k 2.1465 13.0900

aSCl = self-centered impulsivity; FD = fearless dominance;

C = cold heartedness. bThe larger the IGT net score is, the
more advantageous the IGT performance is. ¢ For discounting
parameters, the natural logarithm (In) of the k parameters was
calculated. A larger k corresponds to greater discounting.

DD = delay discounting; PD = probability discounting.

Tab. 2. Correlations among PPI-R total score, IGT net score, and
discounting parameters.

1 2 3 4 5 6

1 PPI-R - -0.150 0.060 0.171 -0.293** 0.337***

2 IGT net - -0.152 -0.133 0.151  0.033
score

3 DD of gain - 0.430*** -0.002 0.239*
log k

4 DD of loss - -0.004 0.194*
log k

5 PD of gain - -0.211*%
log k

6 PD of loss -
log k

*p<0.05, “p<0.01, **p<0.001. Larger k (In k) values correspond to
stronger discounting. DD = delay discounting; PD = probability
discounting. Psychopathic tendency is related to “risky” decision
under uncertainty (strong probability discounting of gain and weak
probability discounting of loss; i.e., overweighting of uncertain
reward and underweighting of uncertain punishment)

Tab. 3. Correlations between PPI-R factors scores and discounting
parameters.

PD of gainlog k2 PD of loss log k IGT net score

SCIb -0.197% 0.307*%* -0.058
FD -0.245** 0.176 -0.190
C -0.130 0.216* 0.002

*p<0.05, "p<0.01. 2 Larger k (In k) values correspond to stronger
probability discounting. PD = probability discounting.

b SCI = self-centered impulsivity; FD = fearless dominance;

C = coldheartedness. All of psychopathic factors are associated
with weak probability of gain (i.e., overweighting the value of
uncertain reward) and strong probability discounting of loss (i.e.,
underweighting the seriousness of uncertain punishment).
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FD, and C) and probability discounting k parameters
(Table 3). The score of SCI was negatively and positively
correlated with probability discounting of gain and
loss, respectively (r=-0.197, p=0.037, for gain; r=0.307,
p=0.001, for loss). The score of FD was negatively cor-
related with probability discounting of gain (r=-0.245,
p=0.009). The score of C was positively correlated with
probability discounting of loss (r=0.216, p=0.022).

DISCUSSION

The main finding is that psychopathy is predicted by
risky decision in probability discounting. This study
obtained three main findings. First, there was no signif-
icant correlation between the PPI-R total score and the
IGT net score. Second, there were significant positive
and negative correlations between the delay discounting
of gain and loss and between the probability discount-
ing of gain and loss, respectively. Delay discounting of
gain was not significantly correlated with probability
discounting of gain; while delay discounting of loss was
positively correlated with probability discounting of
loss. Third, significant correlations between the PPI-R
scores and some of probability discounting parameters
were observed, instead of delay discounting parameters.
The first finding suggests that psychopathic traits
are not associated with decision making involving the
IGT. Recent studies have investigated the association
between psychopathy and IGT performance (Schmitt et
al. 1999; Blair et al. 2001; Mitchell et al. 2002; Van Honk
et al. 2002; Losel & Schmucker 2004). Although three of
these studies reported that psychopath groups showed
impaired IGT performance as compared to nonpsycho-
path groups (Blair et al. 2001; Mitchell et al. 2002; Van
Honk et al. 2002), two studies showed no differences
between psychopath and nonpsychopath (Schmitt et al.
1999; Losel & Schmucker 2004). Our result is in accor-
dance with the last two studies. However, individu-
als in the same community participated in this study;
thus, the population differed from the previous studies,
which obtained their samples from clinical or subclini-
cal populations. The findings of these studies are incon-
sistent, and the causes of the inconsistency are unclear.
The second finding suggests that the association
between the tendency to discount rewards and the
tendency to discount losses was positive for delay dis-
counting, but negative for probability discounting. The
positive association between the gain and loss of delay
discounting suggests that the more aversive an indi-
vidual is to the delay of rewards the more tendency of
procrastination the individual has. Regarding the asso-
ciation between the probability discounting of rewards
and losses, individuals who subjectively overestimate
the value of uncertain rewards underestimate the seri-
ousness of possible danger (Shead & Hodgins 2009).
This study additionally suggests that delay discount-
ing behaviors and probability discounting behaviors
are, at least partially, dissociated. Previous studies have
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proposed that two functions, intertemporal choice and
risky choice, utilize the same psychological mechanism
(Rachlin et al. 1986). However, other behavioral evi-
dence argues against this view. Some studies have found
correlations between delay and probability discounting
to be weak or absent (Ohmura et al. 2005; Reynolds et
al. 2004; Shead & Hodgins 2009). Furthermore, changes
in payout amounts have opposite effects in risky and
intertemporal choice; in other words, decision makers
are more willing to wait for large outcomes than for
small ones, but they are less willing to take risks for
large outcomes than for small ones (Chapman & Weber
2006; Rachlin et al. 2000). The only fMRI study on the
delay and probability discounting tasks reported that
intertemporal and probability choices invoked different
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Fig. 2. Scatter Plot of the PPI-R Total Score and the k (In k) of the
Probability Discounting. Panel A, the probability discounting of
monetary gains; a significant correlation was observed (p<0.01).
A larger k (In k) indicates a higher degree of probability
discounting of uncertain gains. Panel B, the probability
discounting of monetary losses; a significant correlation was
observed (p<0.001). A larger k indicates a higher degree of
probability discounting of uncertain losses.
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patterns of neural activation (Weber & Huettel 2008).
This evidence indicates that the two types of deci-
sion making differ with respect to both psychological
and neural mechanisms. Our study also suggests that
the mechanisms of delay and probability discounting
behaviors are different.

Comparing the two sets of decision making in
behavioral economics tasks with gambling perfor-
mance measured by IGT, the latter shows decision
making under ambiguity (i.e., without explicit prob-
ability distributions of outcomes), as is the case in real-
life problems (Bechara et al. 1994; 2000). In ambiguous
decision making, the outcome delays and outcome
probabilities are either unknown or must be estimated.
As players begin the IGT, the contingencies of the four
decks are unspecified, and as the task progresses, the
trial-by-trial outcomes enable the estimation of out-
come probabilities. This task also places demands on
stimulus-reinforcement learning, reversal learning
(Follows & Farah 2005), and working memory (Hinson
et al. 2002). These findings suggest that poor decision
making in the IGT arises via multiple routes, that the
IGT is an implicit or complex task, and that the IGT has
various components. Ambiguous decision making such
as that in the IGT may include components of delay
discounting (intertemporal) and probability discount-
ing (risky). On the other hand, the delay and probabil-
ity discounting tasks are simpler and more explicit and
demand more basic decision making than those in the
IGT. In comparison to the IGT, delay discounting tasks
are more explicit regarding expected gains and losses.

The third finding suggests that psychopathic traits
are related to risk-taking decisions under uncertainty,
while psychopathic traits are unrelated to impulsivity
in intertemporal choice. Individuals with psychopathic
traits are not impulsive in intertemporal choice or they
do not prefer short-term benefits; however, they do
prefer rewards to a large extent, regardless of the uncer-
tainty, and do not take uncertain losses seriously, result-
ing in risky decisions. Therefore, it is conceivable that
individuals with elevated psychopathic traits may have
tendency to exhibit risky behavior in daily life.

In characterizing the nature of specific psychopathic
episodes, Blair et al. (2005) argued that it was impor-
tant to distinguish between reactive and instrumental
aggression and that psychopathy is unique in that it is a
disorder associated with elevated levels of instrumental
aggression. In real-world decision making, uncertainty
is present when an outcome occurs with some prob-
ability as well as when an outcome occurs after some
delay. In either case, a decision-maker must consider
the possibility that the outcome may not be realized.
We might propose risky and intertemporal choice to be
distinct categories, and psychopathic traits are unique
in that they are related to risk-taking decisions under
uncertain choices rather than “myopia for the future”
Future studies should estimate the biological and envi-

ronmental contributions to the above psychopathic
behavior since it is considered to be mediated by sepa-
rable neurocognitive systems.

In neuroeconomics of crime and punishment,
molecular neurobiological machineries mediating
risky decisions are supposed to be associated with
criminal behavior via reduction in sensitivity to poten-
tial punishment associated with anti-social behaviors
(Takahashi 2012). The present study illustrates how
sensitivities to uncertain punishment and reward are
related to psychopathy, by utilizing the framework of
probability discounting. Future investigations in neu-
roeconomics of crime and punishment and neurolaw
(Jones et al. 2013) should employ probability discount-
ing tasks for gain and loss, to analyze decisions under-
lying criminal behaviors.
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