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As there was substantial variance in the task performance
among subjects, we examined the interindividual correlation
between the medial prefrontal activity during risky decision
making and the two behavioral measurements representing the
task performance: (1) the net scores (i.e., the total number of
advantageous selections minus disadvantageous selections) and (2)
the final amount of play money. The net scores were positively
correlated with the medial prefrontal activity during risky decisions
(r = 0.713, P = 0.004) but not with the activity during safe
decisions (- = 0.278, NS) (Fig. 6); however, the final amount of
play money did not correlate with the activity during both risky and
safe decisions (- = 0.378, NS for risky decisions; = 0.225, NS for
safe decisions).

Discussion

In this study, we used an event-related fMRI to dissociate neural
activity related to decision making during the 1GT performance.
We found new evidence showing the significance of the medial
prefrontal cortex for the IGT performance: (1) only the medial
prefrontal cortex showed significantly differential activations
between the risky and safe decisions; (2) the net scores of the
task was significantly correlated with the magnitude of the medial
prefrontal activity during risky decisions.

The IGT was developed as a model of real-life, decision-
making situations where individuals must assess the expected
benefits against the potential risks of a series of actions. The
processing of the risk-to-benefit ratio is an essential component of
decision making. Healthy subjects performing the IGT gradually
learn the contingencies and then choose the advantageous decks
from the majority of trials. Patients with orbitofrontal or
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Fig. 6. The medial prefrontal activation plotted against the net scores during
risky and safe decisions.

ventromedial prefrontal cortices continue to opt for the high-risk,
disadvantageous decks, suggesting that they are guided by the
prospect of immediate short-term gains at the expense of adverse
jong-term consequences. The main target of the present study is to
determine the neural correlates of long-term risk anticipation
during decision making, as was the aim of the authors of the
original IGT (Bechara et al., 1996).

A number of studies have reported activation of the medial
frontal cortex during various decisions under uncertainty (e.g.,
Akitsuki et al., 2003; Critchley et al., 2001; Elliott and Dolan,
1998; Rogers et al., 1999). However, some of the studies (Elliott
and Dolan, 1998; Rogers et al., 1999) demonstrated more caudally
located activations compared with the activations in the present
study. One possible explanation for this discrepancy is the different
levels of uncertainty in the task. These studies involve the guessing
of two or more situations occurring with the same probability, and
thus the task is somehow predictable. With respect to the 1GT, in
which a precise prediction is impossible as the task is full of
uncertainty, a way to minimize the uncertainty might be to generate
“hunch” estimates of probability by evoking a complex, noncon-
scious process (Bechara et al., 1997). From this viewpoint, the 1IGT
captures more emotional components of decision making than do
other conventional cognitive decision making tasks. In fact, the
anterior part of the medial prefrontal cortex was found to be
activated in various emotion-eliciting experimental paradigms
(Lane et al., 1997ab). A limited number of studies have
specifically focused on the anticipatory component of decision
making (Breiter et al., 2001; Knutson et al., 2001a,b). In these
studies, subcortical activations, particularly those of the nucleus
accumbens, were demonstrated in addition to medial prefrontal or
orbitofrontal activations. The difference may be because the IGT
recruits long-term anticipation as opposed to short-term anticipa-
tion in these anticipation tasks.

In a series of the studies by the original IGT authors,
physiological ‘measures were obtained by skin conductance
responses (SCRs) to the advantageous and disadvantageous
decisions (Bechara et al., 1996). Normal subjects generate larger
anticipatory SCRs when they select from a risky deck as compared
to when they select from a safe deck. The authors hypothesized
that signals arising from the orbitofrotal cortex are involved in
generating autonomic reactions associated with risk anticipation.
With regard to the neural substrates of SCR generators, a few
studies show anterior cingulate activation during reward-associated
tasks (Critchley et al., 2001; Fredrikson et al, 1998). The
maximum activation found in the present study was within the
medial frontal gyrus; however, the high interindividual variability
of the anatomic border between the anterior cingulate cortex and
the medial prefrontal cortex in humans should be taken into
account (Vogt et al., 1995).

Clinical studies have repeatedly shown that patients with
orbitofrontal or ventromedial prefrontal cortices cannot successfully
perform the IGT (Bechara et al, 1994, 1996, 1999). The
orbitofrontal and medial frontal regions are richly interconnected
especially via the ventromedial part of the frontal lobe (area 14), and
hence these areas together likely function as a neural network
(Cavada et al., 2000; Ongur and Price, 2000). We suspect that
activation in the orbitofrontal regions might have been overlooked
in our study due to the technical limitation of fMRI susceptibility
and distortion artifacts in the orbitofrontal cortex (Norris et al,
2002). Conversely, it should also be noted that a considerable
number of patients reported as “ventromedial prefrontal-damaged
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patients”, including the famous Phineas Gage (Damasio et al., 1994;
Harlow, 1848) or EVR (Bechara et al., 1994), actually had medial
prefrontal damages in addition to the orbitofrontal ones (Bechara et
al., 1996). The functional relationship between the orbitofrontal and
medial frontal cortices remains to be elucidated.

The medial prefrontal activity during risky decisions did not
correlate with the final amount of play money but correlated with
the net scores. Since the latter is the most commonly used measure
of task performance in the IGT literature (Bechara et al., 1998), we
interpreted these results as an association between brain activity
and task performance. That is, the more successful the subjects
were at the IGT, the more medial frontal activities they exhibited.
Even in healthy subjects, there would be a substantial interindi-
vidual variability in the ability of long-term risk anticipation,
which conceivably affects their survival and success in real life.
Our results suggest that one of the neural bases for such a critical
ability may correspond to the medial prefrontal cortex.

A complementary analysis with a parametric modulator, which
takes into account the time-dependent activity change, demonstrated
medial prefrontal activation in the initial analysis. Thus, we can
eliminate the possibility that the activation of the medial prefrontal
cortex revealed by the initial analysis simply reflects a nonspecific
attenuation of the activation over time. Indeed, the parameter
estimates for the time modulator have a positive value. This result,
i.e., differential medial prefrontal activation in the contrast of risky
versus safe decision, together with nonspecific augmentation of the
activation over time, is in parallel with the time course of SCRs
during IGT. In addition to the well-established findings that larger
SCRs are recorded in risky decision than in safe decision, it is also
reported that the magnitude of SCRs, both in risky and safe
decisions, increases during the task (Bechara et al., 2000). In the
IGT, the subjects are initially unaware that they can be fined with an
unexpectedly large penalty during the task, but they gradually
become aware of the nature of the task. In other words, not only do
they gradually learn that specific piles are risky and others are not,
they also gradually realize that the task itself is inherently risky. This
would be the reason why the brain and autonomic activity during
decision making increase, irrespective of the piles selected.

In the original IGT, the amount of rewards and penalties is co-
varied and the reward/penalty factor has a fixed relationship with the
advantage of deck selection. This means that the task performance
may account for two behavioral components: sensitivity to a single
amount of reward or penalty, or sensitivity to cumulative future
consequences in the long run (Bechara et al., 2000). Bechara et al.
tested their hypothesis that orbitofrontal patients exhibit a “myopia
for the future” using a variant of the IGT in which the punishment
was immediate but the reward was delayed. The orbitofrontal
patients were as impaired on the IGT variant as the original IGT; they
selected cards from the decks with lower immediate punishment,
although these decks were not the advantageous decks in the longer
term. This indicates that the deficits in these patients should be
explained by genuine insensitivity to future consequences, and not
by hypersensitivitiy to reward or hyposensitivity to punishment. An
event-related fMRI study with this IGT variant will be warranted to
test this hypothesis in the future.
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Abstract

Background: Near-infrared spectroscopy (NIRS) has en-
abled completely noninvasive measurements of region-
al cerebral blood volume (rCBV) changes in cortices. In
the present study, we investigated the relationships be-
tween rCBV changes assessed with NIRS and two di-
mensions of personality, novelty seeking and persis-
tence. Methods: Thirty right-handed healthy volunteers
participated in the study. Their personality traits were
assessed using the Temperament and Character Inven-
tory (TCl), and changes in oxy- and deoxy-hemaoglobin
concentrations were monitored during 40 s unilateral fin-
ger tapping tasks over the subjects’ bilateral temporal
regions using a 24-channel NIRS machine. Results: The
oxy-hemoglobin concentration increases were signifi-
cantly correlated positively with novelty seeking scores
and negatively with persistence scores in the TCl during
the initial time segment of the left-finger tapping task.
Conclusion: Increased and decreased brain activations
demonstrated using multichannel NIRS were assumed
to characterize the cortical reactivities underlying novelty

seeking and persistence temperament, respectively.
Copyright© 2005 $. Karger AG, Basel

Introduction

Personality is defined as the ingrained patterns of
thought, feeling, and behavior characterizing an individu-
al’s unique lifestyle and mode of adaptation, and resulting
from constitutional factors, development, and social ex-
perience. It has traditionally been conceptualized as con-
sisting of several factors or dimensions. One of the major
models of personality was proposed by Cloninger et al. [1]
on the basis of the hypothesis that personality consists of
two components, biological and social, which are often
called ‘temperament’ and ‘character’, respectively. Tem-
perament is defined as biologically based, heritable, and
stable throughout life, and character as socially acquired
and refers to individual differences in voluntary goals and
values [2]. Scores in four temperament dimensions and
three character dimensions are defined using the Tem-
perament and Character Inventory (TCI).

The neurobiological substrates of personality, especial-
ly those of temperament, have been studied from three
points of views: psychological functions, neurochemical
substances, and brain function characteristics responsible
for each dimension of personality. For example, Clonin-
ger [3] proposed four dimensions of temperament, that is,
novelty seeking, harm avoidance, reward dependence,
and persistence, and assumed behavioral activation, be-
havioral inhibition, behavioral dependence, and behav-
ioral persistence systems as their psychological correlates,
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respectively. He also hypothesized three monoamine
transmitters, namely, dopamine, serotonin, and nor-
adrenaline, as the possible neurochemical substrates of
the former three dimensions of temperament, respec-
tively.

Brain function characteristics responsible for personal-
ity dimensions have been most proposed for the introver-
sion-extraversion dimension, which is included in most
major current models of personality as one of the funda-
mental dimensions. Introversion and extraversion were
hypothesized to represent higher and lower cortical activi-
ties, respectively, especially in the frontal lobes, due to
overactive and underactive reticulo-thalamo-cortical
pathways [4] or to higher and lower activities in the
behavioral inhibition system consisting of the ascending
reticular activating system, the frontal lobe, septal re-
gions, and hippocampus [5]. Recent advances in function-
al brain imaging methodologies have enabled the direct
examination of these hypotheses in living human brains.
Extraversion scores in the Five-Factor Inventory were
negatively correlated with regional cerebral blood flow
(rCBF) in the frontal lobes, although positively in the tem-
poral lobes and limbic regions, in a ['3O]JH,0-PET study
[6]. Extraversion-introversion scores in the Eysenck Per-
sonality Inventory were also negatively correlated with
rCBF in all the brain regions in female subjects in a !33Xe
inhalation study [7]. The results were replicated in anoth-
er study as lower rCBF in the temporal lobes in extraverts
[8]. The results of these three studies support the hypothe-
sis of higher and lower cortical activities in introversion
and extraversion, respectively.

As for the temperament dimensions in the TCI, func-
tional brain imaging studies demonstrated significant as-
sociations between brain activation and novelty seeking
scores which form one facet of extraversion. Novelty seck-
ing scores were positively correlated with glucose metabo-
lism in the right middle frontal gyrus but were negatively
correlated with glucose metabolism in the right middle
temporal gyrus, left precentral gyrus, left parahippocam-
pal gyrus and substantia nigra in a [!8F]-fluorodeoxyglu-
cose (FDG) positron emission tomography (PET) study
[9]. Novelty seeking scores were also positively correlated
with rCBF in the right insula and left anterior cingulate in
a single photon emission computed tomography (SPECT)
study [10]. There has been only one study that examined
the relationships between all the seven personality dimen-
sions in the TCI and rCBF [11]. The SPECT study
reported many significant relationships in male subjects:
novelty seeking with activation in the left precentral and
postcentral gyrus and deactivation in the temporal gyri,

46 Neuropsychobiology 2005;52:45-54

occipital lobe, and precuneus; persistence with activation
in the temporal , parietal, occipital, and limbic lobes and
deactivation in the parietal, temporal, frontal lobes, the
rolandic operculum, and insula; and self-directedness
with activation in the left frontal lobe and deactivation in
the precentral gyrus, frontal lobe, temporal lobe, and oc-
cipital lobe mainly on the right side. These results are in
partial agreement with those examining the relationships
between a few personality dimensions and rCBF or cere-
bral glucose metabolism.

The functional brain imaging results mentioned above
suggest that brain function characteristics, particularly
those in cortical activity levels, may serve as neurobiologi-
cal substrates for the introversion-extraversion and the
novelty seeking dimension in temperament. However, it
should be cautioned that all the six studies measured
rCBF or cerebral glucose metabolism while the subjects
were in the resting state: that is, the obtained data corre-
sponded to the state of the brain when no activation was
demanded. Correlations of introversion-extraversion and
novelty seeking scores with brain activities could be much
higher if activational changes in rCBF or cerebral glucose
metabolism are employed instead of those in the resting
state because the introversion-exiraversion and the novel-
ty seeking dimensions refer to the personality characteris-
tics particularly observed in response to environmental
stimuli. Among four temperament dimensions in the TCI,
novelty seeking and persistence scores are expected to
exhibit close relationships with brain activation because
they are assumed to represent activation and persistence
of behavior; that is, novelty seeking as behavioral activa-
tion could correspond to enhanced reactivity of cerebral
activities and persistence as behavioral persistence to
their reduced reactivity.

The noninvasive and continuous monitoring of such
activational changes of brain functions has become possi-
ble with the development of near-infrared spectroscopy
(NIRS) technology. The successful trials of measuring
brain functions in humans using an NIRS oxygen monitor
were reported in 1993 by four research groups [12-15],
and the spatiotemporal patterns of brain functional
changes were demonstrated in 1995 by mapping the topo-
grams of hemoglobin concentration changes using multi-
channel-NIRS machines [16]. The technological basis of
NIRS was reviewed by Koizumi et al. [17], Strangman et
al. [18], and Obrig and Villringer {19]. NIRS has a num-
ber of advantages: high time resolution, noninvasiveness
[20], high tolerance for motion artifacts, portability, and
low running cost. All these advar tages of NIRS allow the
measurement of a brain function along a detailed time
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course while the brain is activated in a natural state. The
brain substrates of emotion have been examined by NIRS
[21].

Hemoglobin concentration measured using NIRS is
interpreted to indicate regional cerebral blood volume
(rCBYV). Neural activity in the brain causes increases in
oxygen consumption and glucose metabolism in the brain
tissue, which are followed by an excessive increase in
rCBF [22]. The excessive increase in rCBF results in an
increase in oxygenated hemoglobin concentration ([oxy-
Hb]) and a decrease in deoxygenated hemoglobin concen-
tration ([deoxy-Hb]) during neural activation. An in-
crease in [oxy-Hb] and a decrease in [deoxy-Hb] were
demonstrated by NIRS to positively and negatively corre-
late with rCBF, respectively, in a 1SH,0 PET study [23].

In the present study, we monitored cortical reactivities
as the [oxy-Hb] and [deoxy-Hb] changes using a multi-
channel NIRS machine during a finger tapping task in
healthy subjects. We then examined the relationships
between [oxy-Hb] and [deoxy-Hb] changes and personali-
ty features assessed using TCI. A simple motor task rather
than a complex cognitive task was employed for brain
activation in order to facilitate the interpretation of the
obtained results from the viewpoint of behavior. Such a
simple motor task is assumed to be more directly related
to the behavioral activation system (novelty seeking di-
mension) and behavioral persistence system (persistence
dimension) than to the other systems assessed by Clonin-
ger’s TCI, e.g. the behavioral inhibition system (harm
avoidance dimension) and behavioral dependence system
(reward dependence dimension): larger [Hb] changes re-
flect the excitability of neuronal activities and an hence
enhanced reactivity of brain functions, and are expected
in the subjects with high scores in novelty seeking (strong
behavioral activations); smaller [Hb] changes reflect the
unchangeability of neuronal activities and hence a re-
duced reactivity of brain functions and are expected in
subjects with high scores in persistence (strong behavioral
persistence). Task performances were also incorporated
into the data analysis because [oxy-Hb] change magni-
tudes in NIRS were demonstrated to depend on task per-
formances in healthy subjects in a multichannel NIRS
study, with smaller [oxy-Hb] increases in high performers
[24].

Our working hypotheses prior to this study were as fol-
lows: (1) significant positive correlations will be obtained
between [oxy-Hb] and [deoxy-Hb] changes with novelty
seeking scores and negative ones with persistence scores
in the TCI, because these two dimensions are related to
the reactivity of brain functions; (2) these correlations will

Novelty Secking and Persistence in NIRS

be stronger than those for the three dimensions of charac-
ter in the TCI and even stronger than with the other two
dimensions of temperament, because character dimen-
sions are assumed to be less biologically based than tem-
perament.

Methods

Subjects

Thirty healthy volunteers participated in this study (age: mean,
27.1 years [SD 3.0]; range, 22~33 years; 15 males and 15 females).
None of these volunteers had a medical history of psychoneurological
illness, chronic somatic illness, substance abuse or serious head inju-
1y, or were receiving any medications. All the subjects were right-
handed and gave their written informed consent prior to the study.
The present study was approved by the Institutional Research Board
of Gunma University Graduate School of Medicine.

Activation Tasks

CBV was measured during a finger tapping task. The subjects
were required to perform unilateral finger tapping as quickly and pre-
cisely as they could during the task periods. The subjects sat on a
comfortable chair placing their arms on the armrest in a well-lighted
room. The subjects were instructed to look ahead blankly, and to
avoid any movements other than the finger tapping. They rehearsed
the finger tapping before starting the measurement to ensure that
they comprehended the task instructions.

The task consisted of three cycles of 40-second unilateral finger
tapping and a subsequent 30-second rest. The rather long task period
of 40 s was selected on the basis of our preliminary study that showed
that the task periods of 20 and 30 s usually employed in most NIRS
studies were not sufficiently long to reveal the temporal characteris-
tics of hemoglobin concentration changes during the task.

The order of right- and left-finger tapping tasks was counterbal-
anced among the subjects. The subjects were allowed a 3-min rest
between finger tapping tasks on each side. The finger tapping move-
ments were recorded on video tapes to determine the number of fin-
ger tapping movements. The average numbers of finger tapping
movements across three cycles were employed as finger tapping
scores.

Measurement of Hemoglobin Concentrations

CBV was measured using a 24-channel NIRS machine (Hitachi
ETG-100, optical topography system, Hitachi Medical Corp., Ja-
pan), which noninvasively measures [oxy-Hb] and [deoxy-Hb] in the
cerebral cortex. The concentration of hemoglobin was measured
using two wavelengths (780 and 830 nm) with a source-detector dis-
tance of 30 mm and a time resolution of 0.1 s. Near-infrared light was
emitted from 1.5 mW continuous laser diodes, whose intensities
were modulated within 1.0-4.9 kHz to prevent cross-talks between
the channels and wavelengths.

Two sets of 12-channel probes of ETG-100 were placed bilaterally
on the subject’s temporal regions, with its center positioned at the
midpoint between the vertex and the external ear hole. Each set of
probes consisted of five source probes and four detector probes and
measured the changes in [oxy-Hb] and [deoxy-Hb] at 12 measure-
ment points in a 6 x 6 cm area (fig. 1). The correspondence of the
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Fig. 1. The measuring positions of the NIRS apparatus in the present
study (open circles) are superimposed on a magnetic resonance image
of a three-dimensionally reconstructed cerebral cortex. Two sets of
probes covering a 6 x 6 cm? area were placed bilaterally on the sub-
ject’s temporal regions.

probe and channel positions to the cerebral cortex was examined by
superimposing the measurement positions on a magnetic resonance
image of a threc-dimensionally reconstructed cercbral cortex of onc
of the subjects (fig. 1). The changes in total hemoglobin concentra-
tion were calculated as the sum of [oxy-Hb] and [deoxy-Hb]. The
paramcters for mcasurcments were sct as follows: pre-time, 10 s;
relaxing time, 5 s; and post-time, 5 s in a parameter setting within
ECT-100. The baselines for the measurements were corrected using a
lincar fitting method, connccting the pre- and the post-time base-
lines.

Assessment of Personality

The personality of the subjects was assessed using the TCI, imme-
diately after the NIRS measurements. The TCI is a self-questionnaire
consisting of 240 items dcveloped by Cloninger ct al. [1, 2, 25). The
TCI assumes that personality consists of four biological (tempera-
ment) and three social (character) dimensions. The four dimensions
of tempcerament arc novelty sccking, harm avoidance, reward depen-
dence and persistence. The three dimensions of character are self-
directedness, cooperativeness and self-transcendence.

Noveclty sccking is defined as the tendency to actively respond to
novel stimuli. Persistence is defined as the tendency to persevere
despite frustration and fatigue. Self-directedness refers to the ability
to control onc’s behavior to fit the situation in accordance with indi-
vidually chosen goals and values. Cooperativeness accounts for indi-
vidual differences in identification with and acceptance of other
people.
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Data Analysis

The obtained hemoglobin concentrations were analyzed in two
steps: first, [oxy-Hb] and [deoxy-Hb] were processed to investigate
the interindividual differences, and second, the relationships be-
tween hemoglobin concentration and personality were examined.

The [oxy-Hb] and [deoxy-Hb] from each subject were averaged
across three cycles of the right- and left-finger tapping tasks for 24
channels, and were smoothed with a 5.0-second-moving average fil-
ter. The [oxy-Hb] and [deoxy-Hb] in the intraindividually averaged
waveforms were then averaged for the following five time segments:
(1) pre-task (10 s before task); (2) early-task (first third of task peri-
od); (3) middle-task (middle third of task}; (4) late-task (last third of
task), and (5) post-task (10 s after task). Channels with a low signal-
to-noise ratio were excluded from further analyses, because of the
paucity of near-infrared light detected, if the standard deviations of
[oxy-Hb] and [deoxy-Hb] during the pre-task period exceeded
0.01 mM/mm. The channels with a significant activation of [oxy-Hb]
and [deoxy-Hb] due to finger tapping were then selected for further
analyses if [oxy-Hb] and [deoxy-Hb] changes across the four time
segments (pre-task, early-task, middle-task, and late-task) were sig-
nificant in the repeated analysis of variance (ANOVA).

For the above-selected channels, Spearman’s correlation coeffi-
cients were calculated between the hemoglobin concentrations and
TCI scores of the 30 subjects. Channels were selected for multiple
regression analyses when at least one TCI score tended to correlate
with hemoglobin concentration. For the selected channels, linear
multiple regression analyses were performed to determine the rela-
tionships among the TCI scores, tapping scores and sex as indepen-
dent variables, and mean increases in [oxy-Hb] and [deoxy-Hb] as
the dependent variables. As confirmation analyses, hierarchical mul-
tiple-regression analyses were conducted. Independent variables
were divided into temperament dimension scores (novelty seeking,
harm avoidance, reward dependence and persistence scores), charac-
ter dimension scores (self-directedness, cooperativeness and self-
transcendence scores) and others (tapping scores and sex). The
improvement of model fitness by the incorporation of each group
was examined.

Results

For [oxy-Hb], channels with a sufficient signal-to-
noise ratio and a sufficient activation during the task
period were 18 and 19 channels during the left- (fig. 2)
and right-finger tapping tasks (fig. 3), respectively. [oxy-
Hb] increases during the left-finger tapping task tended
to correlate with the scores of the TCI for three channels
after Bonferroni’s correction (p < 0.00079 = 0.1/18 chan-
nels/7 scores): novelty seeking scores positively corre-
lated with {oxy-Hb] changes during the early- and mid-
dle-task segments in two channels in the left hemisphere
(fig. 4: N1, rho = 0.59, p = 0.00053; N2, rho = 0.58, p =
0.00076), and persistence scores were negatively corre-
lated with [oxy-Hb] changes during the early-task seg-
ment in one channel in the right hemisphere (fig. 4: P,
rho = -0.64, p = 0.00013). No TCI scores tended to cor-
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