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Abstract: Humans extract behaviorally significant meaning from a situation by integrating meanings
from multiple components of a complex daily environment. To determine the neural underpinnings of
this ability, the authors performed functional magnetic resonance imaging of healthy subjects while the
latter viewed naturalistic scenes of two people and an object, including a threatening situation of a per-
son being attacked by an offender with an object. The authors used a two-factorial design: the object
was either aversive or nonaversive, and the offender’s action was either directed to the person or else-
where. This allowed the authors to examine the neural response to object aversiveness and person-
directed intention separately. A task unrelated to threat was also used to address incidental (i.e., sub-
conscious or unintentional) detection. Assuming individual differences in incidental threat detection,
the authors used a functional connectivity analysis using principal components analysis of intersubject
variability. The left lateral orbitofrontal cortex and medial prefrontal cortex (MPFC) were specifically
activated in response to a threatening situation. The threat-related component of intersubject variability
was extracted from these data and showed a significant correlation with personality scores. There was
also a correlation between threat-related intersubject variability and activation for object aversiveness
in the left temporal pole and lateral orbitofrontal cortex; person-directed intention in the left superior
frontal gyrus; threatening situations in the left MPFC; and independently for both factors in the right
MPFC. Results demonstrate independent processing of object aversiveness and person-directed inten-
tion in the left temporal-orbitofrontal and superior frontal networks, respectively, and their integration
into situational meaning in the MPFC. Hum Brain Mapp 30:2676–2688, 2009. VVC 2008 Wiley-Liss, Inc.
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INTRODUCTION

Humans almost effortlessly extract significant situational
meaning (e.g., threat, reward) from a complex daily envi-
ronment. Such behavioral meaning is usually conveyed
not directly by a single component, but by an association
of meanings of many components of the environment [De
Graef et al., 1990; Friedman, 1979]. For example, to accu-
rately interpret an attack on a person by an offender with
a knife as a threatening situation requires the integration
of the aversiveness of the knife and the offender’s inten-
tion to hurt the victim. This same integrative mechanism
allows a person to perceive a situation as not threatening
when the same ‘‘offender’’ hands some other object to the
person or appropriately uses the same knife to cut food.
Thus, the meaning of each environmental component is
likely processed via a distinct mechanism, and the mean-
ings of multiple components may then be integrated into
situational meaning via another distinct mechanism.
Despite the critical importance of this sophisticated abil-

ity to instantly extract situational meaning from a complex
environment, its neural underpinning has yet to be deter-
mined. Although some previous functional imaging stud-
ies presented subjects with a complex environment con-
veying situational meanings, top–down intentional, rather
than incidental, detection processes were examined by
instructing subjects to pay attention to the situational
meaning [Iacoboni et al., 2005; Han et al., 2008]. Other
studies addressed the detection process of integrated
meaning; however, meaning was extracted by integrating
one’s own behavior and situation, rather than the compo-
nents of the environment [Berthoz et al., 2006; King et al.,
2006].
To determine the neural underpinnings of the ability to

incidentally extract situational meaning from a complex
environment, we performed functional magnetic resonance
imaging (fMRI) of healthy subjects as they viewed natural-
istic scenes of a situation involving two people and an
object. We presented four variations of the scenario, in
which the object was either aversive or nonaversive and
one person directed the motion of the object towards the
other person or elsewhere, in a two-factor design, which
allowed us to assess object aversiveness and person-
directed intention separately as main effects and situa-
tional threat as the interaction (Fig. 1a–d). Importantly, the
study was designed so that the detection of the threatening
situation would be incidental, rather than intentional; en-
counter with the threatening situation would be unex-
pected by the subjects; and the cognitive task would be

unrelated to the threatening situation per se. We chose this
task because it was expected to be more or less significant
to any subject, and the meaning would be extracted by
integrating meanings from distinct environmental com-
ponents (i.e., object aversiveness and person-directed
intention).
This study design lends itself to intersubject variability

in the degree of neural response because the degree of
recruitment of threat-processing mechanisms likely varies
greatly during incidental, rather than intentional, detection.
Threat-related brain activity is correlated with affect-
related personality traits [Nitschke et al., 2006; Simmons
et al., 2006; Simpson et al., 2001] and risk-taking tendencies
[Eshel et al., 2007]. Individual variability decreases the sta-
tistical sensitivity in conventional intersubject fMRI analy-
sis, which regards individual differences as variance
[Holmes and Friston, 1998; Wei et al., 2004]. Therefore, we
used a complementary approach using intersubject vari-
ability as a signal, rather than noise (see Sugiura et al.
[2007]). By using principal components analysis (PCA) to
find patterns of intersubject variability in regions of inter-
est (ROIs) and to identify a network of cortical regions
that systematically show the pattern, we can identify
regions of large-scale variability and extract the rest of the
network by examining covariation in activation across
remote regions.
This approach also allowed us to associate intersubject

variability in neural response with personality traits. We
examined the correlation between the threat-related com-
ponent of response variability and the scores of the Tem-
perament and Character Inventory (TCI), which includes
four temperament dimensions (novelty seeking, harm
avoidance, reward dependence, and persistence) and three
character dimensions (self-directedness, cooperativeness,
and self-transcendence; [Cloninger et al., 1993]). We pre-
dicted that the degree of threat-related response would be
positively correlated with the harm avoidance (HA) score
because it measures the tendency for behavioral inhibition
in a threatening situation.

MATERIALS AND METHODS

Subjects

The experimental protocol was approved by the ethics
committee of Tohoku University, Sendai, Japan. Written
informed consent was obtained from each subject. Forty-
one healthy, right-handed volunteers (36 males, 5 females;
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aged 18–24 years) participated. All subjects had normal
vision and none had a history of neurological or psychiat-
ric illness. Handedness was evaluated using the Edinburgh
Handedness Inventory [Oldfield, 1971]. Exclusion because
of psychiatric illness, including drug and alcohol abuse/
dependence, was based on an interview with each subject.
Each subject completed the Japanese version of the TCI
[Kijima et al., 1996].
Since two subjects made excessive head motions (>3

mm), one subject suspected that the purpose of the experi-
ment might be related to threat perception (therefore,
encountering the threatening situations was not incidental
for this subject), and the task performance of six subjects
was dubious (<80% correct responses or mention of
drowsiness at the post-fMRI interview); data from 32
subjects (27 males, 5 females) were analyzed.

Stimuli and Tasks

The visual stimuli consisted of 25 sets of pictures, each
depicting a situation involving two actors. Each set was
composed of four situational pictures for the conditions of
interest (Fig. 1a–d), and one for a control (Cont; Fig. 1e).
The four situational pictures composed a two-factor design
as follows: object (aversive, A, or nonaversive, N) and
intention (person-directed, P, or diverted, D). Aversive
objects included a knife, hammer, gun, large stone, or
chemicals, whereas nonaversive objects included a brush,
cap, stopwatch, football, or eyedrop. Under condition P,

the object was used to have a direct effect on the other
actor, whereas under condition D, the object was used for
a normal, goal-directed action (e.g., using a knife to cut
bread). No object was shown in either actor’s hands under
condition Cont. Five situations using each set of stimuli
were acted out by the same pair of actors, arbitrarily
selected from two male and three female actors. Each pic-
ture was photographed using a digital camera, carefully
controlling visual features, except for the experimentally
manipulated factors. A mosaic picture generated from
each control picture was also included for baseline; how-
ever, the estimated activation for this condition was not
used in the analysis because some subjects reported that
they imagined the situation or remembered the preceding
pictures from the color or large-scale construction of the
mosaic picture. The 25 sets of stimuli were selected from
35 candidates by a screening test with 10 subjects. For the
25 selected sets, each AP picture was judged to be threat-
ening by >80% of the subjects, and the other pictures (i.e.,
AD, NP, AD, and Cont) were judged to be safe by >60%
of the subjects. In total, 150 pictures (including mosaic pic-
tures) were presented in random order. Each picture was
presented for 2 s, and the interstimulus interval varied
from 6.5 to 9.5 s. Each picture was projected onto a semilu-
cent screen attached to the head coil of the MRI scanner,
which was viewed via a mirror.
Before the experiment, each subject was informed that

he/she would be presented with pictures describing a
daily situation with two actors and was instructed to judge

Figure 1.

Examples of stimuli. A stimulus set comprised five visually similar

pictures of a daily situation involving two actors. One actor had

an object/tool in his/her hand in four pictures for the conditions

of interest: (a) aversive person-directed (AP), (b) aversive

diverted (AD), (c) nonaversive person-directed (NP), and (d)

nonaversive diverted (ND). The four pictures conformed to a

two-factor design composed of the factors object (aversive, A,

or nonaversive, N) and intention (person-directed, P, or diverted

from the person, D). In the control condition ((e) Cont), neither

actor had an object/tool, which served as a distracter for the

judgment task and a baseline condition for the analysis.
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whether either actor had an object in his/her hand (or no
evidence of having an object when the hands were not
visible). When either actor had an object, the subject
pressed a button with the right index finger as quickly as
possible; otherwise, the subject used the right middle
finger.

fMRI Measurements

Thirty-four transaxial-gradient echo images (echo time 5

50 ms, flip angle 5 908, slice thickness 5 3 mm, slice gap
5 0.99 mm, field of view 5 192 mm, matrix 5 64 3 64)
covering the whole cerebrum were acquired at a repetition
time of 3 s using an echoplanar image (EPI) sequence and
a Siemens Symphony (1.5 T; Siemens, Erlangen, Germany)
MR scanner. In the case of a few relatively large brains,
the lower part of the cerebellum was not scanned because
we did not expect threat-related activation in that area.
After 12 dummy scans for stabilization of the T1-saturation
effect and to familiarize the subjects with the MRI environ-
ment, 400 volumes were acquired. A T1-weighted anatomi-
cal image for spatial normalization was acquired using SP-
RAGE on a separate occasion for each subject.

Post-MRI Debriefing and Self-Evaluation of Threat

Following a conventional debriefing about the general
impressions of the task outside of the MRI scanner, each
subject was encouraged to guess the purpose of the task to
explore the possibility that the subject may have predicted
the intent of the experiment, thereby making detection
intentional, rather than incidental. Each subject was then
asked if he/she found some of the presented situations
dangerous to ensure that the subject perceived some of the
situations as threatening. After the interview, each subject
was presented with the situational pictures for the condi-
tions of interest used during the task and was asked to
evaluate the degree of threat for each picture using a 9-
point scale (0 to 8). Because we intended to use this evalu-
ation as a measure of average threat for each condition,
rather than that of each subject’s sensitivity to threat, each
subject was instructed to give the most threatening situa-
tion a score of 8 points.

Image Preprocessing

The following preprocessing procedures were performed
using the Statistical Parametric Mapping (SPM2) software
(Wellcome Department of Imaging Neuroscience, London,
UK) and MATLAB (MathWorks, Natick, MA, USA): the
adjustment of acquisition timing across slices, correction
for head motion, coregistration for an anatomical image,
spatial normalization using the anatomical image and the
MNI template, and smoothing using a Gaussian kernel
with a full-width at half-maximum of 10 mm.
We used SPM2, rather than SPM5, because the former

was the latest version when we performed the experiment.

Since we identified no component of the update from
SPM2 to SPM5 that significantly affected the validity of the
preprocessing or statistics procedures in our approach, we
found no scientific reason to reanalyze the data.

Conventional Subtraction Analysis

A conventional two-level approach for event-related
fMRI data was used in SPM2. A voxel-by-voxel multiple
regression analysis of expected signal changes for the six
conditions (AP, AD, NP, ND, Cont, and mosaic picture),
which were constructed using the hemodynamic response
function provided by SPM2, was applied to the prepro-
cessed images of each subject [Friston et al., 1995]. Statisti-
cal inference on contrasts of parameter estimates was then
performed at the second-level between-subject (random
effects) model using one-sample t-tests. Although our
design conforms to a two-factorial design, we did not use
a conventional ANOVA approach with F-tests because the
purpose of the analysis was to test a priori hypotheses of
signed differential activation.
First, activation under each of the four conditions of in-

terest relative to the Cont was tested. Neural responses to
object aversiveness (main effect of object) and person-
directed intention (main effect of intention) were then
tested using contrast A–N (i.e., [AP 1 AD]–[NP 1 ND])
and contrast P–D (i.e., [AP 1 NP]–[AD 1 ND]), respec-
tively. Cortical activation specifically related to situational
threat (AP) was tested using the contrast (AP–AD)–(NP–
ND) and masked by the contrast AP–AD and by AP–NP
to confirm that activation was specific to AP. For these
contrasts, the statistical threshold was set at P < 0.001 for
height and corrected to P < 0.05 for multiple comparisons
using the cluster size [Friston et al., 1994]. The masks were
set at a threshold of P < 0.05 for height. Finally, the activa-
tion profile at each activation peak was investigated to test
four simple effects (i.e., AP–NP, AD–ND, AP–AD, and
NP–ND) and their interaction ([AP–AD]–[NP–ND]) using
the threshold of P < 0.05 without correction for multiple
comparisons.

Network Identification Using Intersubject

Variation in Activation

To overcome intersubject variability as described in pre-
ceding text, PCA was used with intersubject variation of
the activated areas in the conventional subtraction analysis
(i.e., regions of interest, ROIs) under each of the four con-
ditions of interest (see Sugiura et al. [2007]) for details of
this approach and Sugiura et al. [2006] for another exam-
ple). That is, activation under the four conditions of inter-
est relative to Cont in the peak voxels of the two ROIs (see
Results) constituted the multivariate factor (four conditions
3 two ROIs 5 eight variables), and the 32 subjects consti-
tuted the observations, resulting in a matrix of 32 3 8. To
perform PCA, this data matrix was normalized to the
mean of each variable over the subjects of zero, and singu-
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lar value decomposition was applied [Friston and Büchel,
2004] in MATLAB. The eigenvariate, eigenvector, and
eigenscore corresponded to the principal component, load-
ing, and principal component score, respectively. The
number of retained eigenvariates was determined using
the scree test [Cattell, 1966]. The scree test, rather than the
Kaiser criterion, which was used in the original proposal
of this approach [Sugiura et al., 2007], was used because
the former is reasonably more conservative than the latter
when there are many variates (c.f., [Sugiura et al., 2006]).
Here, each observed eigenvariate represents a pattern of

intersubject variation in the neural response in the two
ROIs in the four conditions (i.e., eight variables); these
were substantiated by the eigenvector and eigenscore. The
eigenvector is a value given to each ROI in each condition
that indicates the degree to which the pattern of intersub-
ject variation was expressed in the ROI under the condi-
tion; the sign of the value has no particular meaning, but
opposite signs mean inverse intersubject patterns. The
eigenscore represents the degree of each subject’s neural
response relative to the average for all subjects; a large
eigenscore denotes a large neural response when a corre-
sponding element of the eigenvector is positive. We can
infer the meaning of each eigenvariate from the eigenvec-
tor by knowing the contribution of each ROI under each
condition and can get a sense of the pattern of intersubject
variation by visualizing the eigenscores.
We associated the psychological (or physiological) mea-

sures of the subjects with each eigenvariate by examining
their correlation with the eigenscores. Such an association,
indicated by a significant correlation, facilitates the inter-
pretation of the eigenvariates. It also ensures psychological
(or physiological) significance for the eigenvariates, given
that it entails the rejection of the null hypothesis that the
intersubject variability represented by the eigenvariate is
noise. We tested the correlation between eigenscores and
TCI scores.
Importantly, we also associated each eigenvariate with

the activation of cortical regions other than the ROIs using
the same fMRI data set. This procedure conforms to the
analysis of functional connectivity [Friston and Büchel,
2004] and allows us to identify a large-scale cortical net-
work, represented by the eigenvariate, by using the voxel-
by-voxel approach [Sugiura et al., 2007]. When the eigen-
variate represented individual differences in threat-related
responses, a correlation between the threat-related neural
response and the eigenscore would be expected in the cort-
ical network relevant to threat processing; in fact, the iden-
tification of such cortical networks was the primary reason
that we used this approach. We entered the eigenscores
into a voxel-by-voxel multiple regression model of the rel-
evant contrast images using SPM2 (i.e., a further physio-
logically informed second-level analysis); by which we can
extract cortical areas where the degree of differential acti-
vation (i.e., contrast image) has significant correlation with
the entered eigenscores. The cortical networks that were
associated with the processing of object aversiveness and

person-directed intention were identified using the images
from contrast A–N and contrast P–D, respectively. Cortical
networks that were positively and negatively correlated
with the eigenscores were extracted by testing for signifi-
cant regressions. The statistical threshold was the same as
that used for the conventional subtraction analysis.
To investigate ad hoc an activation profile of each voxel

showing the peak statistical value (comparable to the acti-
vation peak), differences in the degree of correlation were
tested between conditions by examining the correlation
between eigenscores and differential activation between
conditions. For example, greater positive correlations
under the AP condition than the AD condition were
assessed as positive correlations between eigenscores and
the contrast AP–AD. In this way, contrasts for the four
simple effects (i.e., AP–NP, AD–ND, AP–AD, and NP–ND)
and their interaction (i.e., [AP–AD]–[NP–ND]) were tested
(thresholds at P < 0.05, without correction for multiple
comparisons).

RESULTS

Behavioral Data

The percentages of correct responses and mean reaction
times of judgments during the fMRI measurements were
analyzed using two-way ANOVA with the effects of con-
dition (5 stimulus types) and subject (32 subjects). Only
the effect of condition was tested. The main effect of con-
dition was significant in both the percentage of correct
responses and mean reaction time (Fig. 2a,b; F[4,124] 5

14.88 and F[4,124] 5 81.67, respectively; P < 0.05). The fol-
low-up pair-wise comparisons indicated that the percent-
age of correct responses was higher and the mean reaction
time was shorter under the AP, AD, and NP conditions
than under the ND and Cont conditions, and the mean
reaction time was significantly shorter under the ND con-
dition than under the Cont condition (P < 0.05, Tukey
test).
During the debriefing after fMRI, all of the subjects

except one reported that although they found some situa-
tions threatening, they did not realize the relevance of the
threatening situations to the purpose of the experiment.
For the self-evaluated threat of the situational pictures, the
effect of condition was significant (Fig. 2c, two-way
ANOVA; F[3,93] 5 173.4; P < 0.05), and the situations
under the AP condition were evaluated as significantly
more threatening than those under the other conditions (P
< 0.05, Tukey test).

Conventional Subtraction Analysis

Compared to the Cont condition, statistically significant
activation (P < 0.001, corrected to P < 0.05 for multiple
comparisons) was observed only in the AP condition in
the left medial prefrontal and lateral orbitofrontal cortices
(see Fig. 3 and Table I). The activation profile showed that
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activation of the left medial prefrontal cortex was specific
to the AP condition in that the simple effects of AP–AD
and AP–NP and their interaction ([AP–AD]–[NP–ND])
were significant (P < 0.05, paired t-test). Activation of the
left lateral orbitofrontal cortex exhibited the same tend-

Figure 2.

Behavioral data. The mean percent correct responses (a) and

mean reaction times (b) for the judgment as to whether either

actor had an object in his/her hand during the fMRI experiment

are shown for the five picture conditions. (c) The mean scores

for the degree of threat of the situations self-evaluated after the

fMRI experiments (9-point scale) are given for the four condi-

tions of interest. Asterisks on the lines at the top of the graph

indicate significant differences between conditions (P < 0.05,

Tukey test after ANOVA). Thick gray lines indicate that the be-

havioral data in the three conditions were comparable (no signif-

icant difference) and significantly different from the other condi-

tion(s). Error bars indicate standard deviations.

Figure 3.

Activation in the contrast: AP–Cont. (a) Glass brain presentation

of SPM2; top-left, top-right, and bottom-left panels show projec-

tions from the right, back, and top, respectively. The left medial

prefrontal (b) and orbitofrontal (c) activations are superimposed

on sagittal (top) and transaxial (bottom) sections of the mean

image for the normalized T1-weighted anatomical images of all

subjects. The graphs show activation profiles (parameter estimates

relative to the Cont condition and their standard deviations at

peak activation). Asterisks at the bars and the lines at the top of

the graph indicate significant (P < 0.05, paired t-test) differential

activation relative to the Cont condition and between conditions

of interest (comparisons for simple effects only), respectively.

Error bars indicate the standard errors of the mean.
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ency, but a statistically significant difference was observed
only for AP–NP.
No significant activation was identified in the contrasts

for the main effects (A–N and P–D) or those for their inter-
action (AP-specific activation) at the statistical threshold
for the voxel-by-voxel analysis (i.e., when corrected for
multiple comparisons).

Network Identification Using Intersubject

Variation in Activation

PCA was applied to intersubject variation in activation
in the left medial prefrontal and lateral orbitofrontal corti-
ces under each of the four conditions of interest. Of the
eight eigenvariates generated, the first three were retained
after the scree test (Fig. 4a). A large positive or negative
element of eigenvector specifically for threat-related condi-
tions (i.e., AP, AD, or NP) was observed for the third
eigenvariate (Fig. 4b). The eigenvector of the third eigen-
variate appeared to have large values specifically for the
AP condition in the left medial prefrontal cortex and to
object aversiveness in the left lateral orbitofrontal cortex.
The patterns of the eigenvector suggested that the third
eigenvariate represented individual differences in threat-
related responses. More specifically, the left medial pre-
frontal cortex responded to threatening situations and the
left lateral orbitofrontal cortex responded to object aver-
siveness. Accordingly, we focused on the third eigenvari-
ate for subsequent analyses.
The eigenscore of the third eigenvariate was significantly

correlated with the self-transcendence (ST) score of the TCI
(r 5 20.51, P 5 0.0026; P < 0.05, by Bonferroni correction
for multiple comparisons; Fig. 4c). Although the data for
two extreme subjects appeared to affect the results, the
correlation was still significant after removing the data for
either subject (r 5 20.49, P 5 0.0099 and r 5 20.40, P 5

0.025). No significant correlation was observed for the
scores of other dimensions in the TCI, including the HA
(Fig. 4c).
A significant positive correlation (slope of the regression

line) between the eigenscores of the third eigenvariate and
differential activation was observed in distinct cortical net-
works for the contrasts A–N and P–D (Fig. 4d). For the A–
N contrast, significant correlations were observed in the
bilateral medial prefrontal cortex, left lateral orbitofrontal

cortex, and temporal pole (Table II, Fig. 5a). In these
regions, except for the left medial prefrontal cortex, the
correlation was significant for the simple contrasts AP–NP
and AD–ND (i.e., regardless of person-directed intention).
In the right medial prefrontal cortex, the correlation was
also significant for the simple contrasts AP–AD and NP–
ND (i.e., effect of person-directed intention). In the left
medial prefrontal cortex, in which a significant cortical
response was identified specifically for threatening situa-
tions (AP) in conventional subtraction, a significant corre-
lation was observed for the simple contrasts AP–NP and
AP–AD and the contrast for their interaction ([AP–AD]–
[NP–ND]; i.e., specifically for the AP condition).
In the analysis of the P–D contrast, a significant positive

correlation was observed in the left superior frontal gyrus
and sulcus (Table III, Fig. 5b). In the left superior frontal
gyrus, the correlation was significant for the simple con-
trasts AP–AD and NP–ND (i.e., regardless of object aver-
siveness).
Although the first and second eigenvariates were not

likely relevant to individual threat-related sensitivity (Fig.
4b), we performed ad hoc analyses of these eigenvariates
to investigate their possible meaning. No significant corre-
lation with the TCI score was observed for the eigenscores
of either eigenvariate. Voxel-by-voxel multiple regression
analyses using the eigenscores were performed for the con-
trast of the mean over the four conditions of interest (All)
against the Cont because the first eigenvariate had nega-
tive eigenscores under all four conditions of interest in the
left medial prefrontal cortex and the second eigenvariate
exhibited a similar pattern in the orbitofrontal cortex. For
the first eigenvariate, a significant negative correlation was
observed in several cortical areas, including the medial
prefrontal and posterior cortices, the left premotor area,
the orbitoinsular junction, and the frontal pole (Fig. 4e).
Although several cortical regions exhibited significant cor-
relations for the second eigenvariate at a voxel-level
threshold of P < 0.001, including positive and negative
correlations in the left medial prefrontal and orbitofrontal
cortices, respectively, no area survived the correction for
multiple comparisons by cluster size.

DISCUSSION

Participants considered the AP condition significantly
more threatening than the other conditions, as expected,
and activation specific to this condition occurred in the left
medial prefrontal and lateral orbitofrontal cortices. This
suggests the involvement of these regions in detecting
threatening situations. However, as suspected, no statisti-
cally significant activation was observed in most of the
contrasts in the voxel-by-voxel analysis, probably because
of intersubject variability.
Therefore, we applied PCA to this intersubject variabili-

ty and extracted three eigenvariates, of which the third
was regarded as threat-related variability because it was
expressed only in the threat-related conditions (i.e., AP

TABLE 1. Activation for the contrast: AP–Cont

Structure

Coordinate

t-value
Cluster size

(mm3)x y z

Medial prefrontal
cortex

L 28 56 30 6.11 6,216

Lateral orbitofrontal
cortex

L 240 32 214 7.02 1,872

The coordinate and t-value of peak activation and cluster size are
shown for each activated area. L: left.
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Figure 4.

Results of PCA for intersubject variability of activation (relative

to Cont) for the four conditions of interest in the two regions

of interest (ROIs; the left medial prefrontal [28, 56, 30] and lat-

eral orbitofrontal [240, 32, 214] cortices). (a) Results of the

scree test. Three eigenvariates (principal components) were

retained. (b) Eigenvector (loadings) of the four conditions for

the two ROIs. (c) Plots of the third eigenscores against the ST

and HA scores of the TCI for all subjects. The regression lines

are shown. (d) Significant correlations (slope of the regression

line) between the third eigenscores and the differential activa-

tions of the contrasts A–N (left panel) and P–D (right panel). (e)

Significant correlations between the first eigenscores and the

mean activation of all conditions of interest (relative to Cont).

Cortical areas showing significant correlations are shown in a

glass brain presentation (see legend for Fig. 3a).

TABLE II. Correlation between the third eigenscore and activation related to object aversiveness (contrast: A–N)

Structure

Coordinate

t-value

Cluster size Region of interest analysis (t-value)

x y z (mm3) AP–NP AD–ND AP–AD NP–ND Interaction

Medial prefrontal cortex L 28 56 30 8.19 7480* 7.63 4.24 3.89
R 4 58 12 4.98 * 4.06 3.18 2.15 1.74

Lateral orbitofrontal cortex L 242 30 220 5.79 2208 4.04 3.06
Temporal pole L 244 14 232 5.40 1320 2.96 4.56

The coordinates and t-value of peak voxel and cluster size are shown for each area where estimated activation significantly correlated
with the third eigenscore; here, ‘‘correlation’’ denotes the slope of the regression line. The results of the region of interest analyses, that
is, t-values for significant (P < 0.05) correlations between the third eigenscore and contrasts for four simple effects (AP–NP, AD–ND,
AP–AD, and NP–ND) and their interaction [(AP–AD)–(NP–ND)] are also shown for each peak. L: left, R: right.
* : The peaks are in the same cluster.

r Situational Meaning of Complex Environment r

r 2683 r



and AD). In the left lateral orbitofrontal cortex and tempo-
ral pole, the score of the third eigenvariate was positively
correlated with the cortical response to object aversiveness
(i.e., contrast A–N), indicating a link between individual
sensitivity to threat and neural responses to object aver-
siveness in these regions. A positive correlation between

the third eigenscore and the cortical response to person-
directed intention (i.e., contrast P–D) was observed in the
left superior frontal gyrus. These results suggest that object
aversiveness and person-directed intention are extracted
independently by the left temporal-orbitofrontal network
and the left superior frontal sulcus, respectively.

Figure 5.

Detailed presentation of the significant correlations between the

third eigenscores and the differential activations of contrasts A–

N (a) and P–D (b) (as presented in Fig. 4d). Activation (signifi-

cant correlation) was superimposed on sagittal and transaxial

sections (top and middle panels) of the mean image on the nor-

malized T1-weighted anatomical images for all subjects. Activa-

tion (parameter estimate) relative to the Cont condition is plot-

ted against the third eigenscore for each subject for each of the

four conditions of interest, and the regression line is shown in

different color for each condition (bottom panel). Asterisks

between the regression lines indicate significant differences in

the slopes of the regression lines, as listed in Tables II and III.

TABLE III. Correlation between the third eigenscore and activation related to person-directed intention

(contrast: P–D)

Structure

Coordinate

t-value

Cluster size Region of interest analysis (t-value)

x y z (mm3) AP–NP AD–ND AP–AD NP–ND Interaction

Superior frontal gyrus L 214 48 42 5.49 1,800* 2.94 4.23 1.98
Superior frontal sulcus L 232 26 50 4.87 * 2.79 3.88

Notes for the table are the same as those for Table II.

r Sugiura et al. r

r 2684 r



There was a positive correlation between the third eigen-
score and cortical response in the left medial prefrontal
cortex specifically for the AP condition. Consistent with
the AP-specific activation observed for this region in the
conventional subtraction analysis, this result suggests the
role of this region in detecting situational threat perceived
by integrating object aversiveness and person-directed
intention. In the right medial prefrontal cortex, the positive
correlation with the third eigenscore was significant for
responses to object aversiveness and for response to per-
son-directed intention independently. These results indi-
cate that the medial prefrontal cortex is involved in the
extraction of situational threat by integrating object aver-
siveness and person-directed intention, whereas the left
and right activation foci have different functional charac-
teristics. Hereafter, we discuss the behavioral and fMRI
data in detail, together with previous findings.

Task Performance and Threat

Behavioral performance was significantly better in terms
of accuracy and speed under conditions that contained a
threat-related factor (i.e., AP, AD, and NP) than under the
ND or Cont conditions. This suggests that either object
aversiveness or person-directed intention facilitated task
execution and provides behavioral evidence that both of
the threat-related signals were processed, although the
threat was incidental and the task was irrelevant to the
threat. Importantly, the observed across-condition patterns
of behavioral performance show that any differential
effects reflected in behavioral performance, such as task
difficulty, cannot explain the neural responses to object
aversiveness or person-directed intention, which were
detected as main effects, or as a specific response to AP.

Individual Differences in Threat Perception

The eigenscore of the third eigenvariate was negatively
correlated with the ST score of the TCI. Although ST was
originally assumed to be a positive personality trait such
as self-forgetfulness and spirituality [Cloninger et al.,
1993], high scores in this personality trait have been impli-
cated in some pathological states, arguably attributable to
the consequences of low sensitivity to significant situa-
tional meaning, such as non-drug-dependent HIV-positiv-
ity [Fassino et al., 2004] and pathological gambling [Marti-
notti et al., 2006]. The negative correlation with ST score
may thus support the relationship between the high third
eigenscore and high sensitivity to threat.
Interestingly, no significant correlation was found with

the HA score. This may be because our third eigenscore
represented intersubject variability in the detection process
of threat given in a third-person perspective, rather than
that in the behavioral response (inhibition) to the threaten-
ing situation given in a first-person perspective, which the
HA dimension mainly addresses [Cloninger, 1993].

Processing of Object Meaning

The roles of the left orbitofrontal cortex and temporal
pole are not likely limited to the processing of object aver-
siveness, but might be generalized to the extraction of sig-
nificant meaning from the environment. These regions are
also conjointly sensitive to stimuli conveying positive
affective values [Azim et al., 2005; Hennenlotter et al.,
2005].
The left temporal pole has been implicated in the acqui-

sition of the meaning of a stimulus depending on associa-
tive or contextual information [Ganis and Kutas, 2003;
Humphries et al., 2005]. The identification of a specific
individual, which entails the retrieval of associated bio-
graphical information, also involves the temporal pole
[Nakamura et al., 2001; Sugiura et al., 2001]. However,
these previous studies addressed the role of these regions
in the extraction of meaning conveyed by a specific com-
ponent, rather than a situation.
The left lateral orbitofrontal cortex seems to respond to

the behavioral significance of the meaning. This region
responds to the anticipation of aversive events [Breiter
et al., 2001; Chua et al., 1999] as well as many types of
induced emotion (for review, see Steele and Lawrie, 2004].
The orbitofrontal cortex is generally thought to integrate
the affective value of the stimulus and the behavioral
response [Kringelbach, 2005]. Furthermore, given the pro-
posed role of this region in the inhibition of inappropriate
responses [Elliot and Deakin, 2005], activation of a region
may reflect suppression of behavioral responses inherent
to object aversiveness.

Processing of Person-Directed Intention

The involvement of the left superior frontal gyrus in the
processing of person-directed intention is supported by
previous findings. Although this region may be a part of
the medial prefrontal cortex, which encompasses a large
complex of functional modules for social cognition
[Amodio and Frith, 2006], previous functional imaging
studies that have reported activation close to this specific
region typically used tasks that required the processing of
person-directed intention or emotion [Berthoz et al., 2006;
Mitchell et al., 2005; Walter et al., 2004; Wicker et al.,
2003].

Integrating the Meaning of Environmental

Components Into Situational Meaning

The importance of the medial prefrontal cortex in threat
perception is supported by the fact that the activation of
this region reflects the awareness of and behavioral
response to threat. Top–down modulation of anxiety is
exhibited in this region [Erk et al., 2006; Kalisch et al.,
2005]. Alexthymic individuals, who has impaired emo-
tional self-awareness, had less activation in this region
[Moriguchi et al., 2006]. Beneficial decision making in the

r Situational Meaning of Complex Environment r

r 2685 r



Iowa Gambling Test were related to greater activation of
this region [Northoff et al., 2006].
The observed distinct functional characteristics of the

left and right medial prefrontal activation peaks, which
occupied slightly dorsal and ventral locations, respectively,
appear to be consistent with the proposed functional inho-
mogeneity of the medial prefrontal cortex [Amodio and
Frith, 2006]. We reviewed previous imaging studies that
reported activation peaks 10 mm or less distant in MNI
coordinates from one of our two activation peaks. Those
near our right ventral peak (4, 58, 12) were typically
reported in studies that addressed a relatively simple
affect-stimulus relationship [Kampe et al., 2003; Kensinger
and Schacter, 2005; Spiers and Maguire, 2006; Völlm et al.,
2006], suggesting that this region responds to any type of
behaviorally significant meaning. In contrast, activation
peaks close to our left dorsal peak (28, 56, 30) were usu-
ally reported in studies that addressed behavioral signifi-
cance in social [Mitchell et al., 2005; Sassa et al., 2007;
Wakusawa et al., 2007] or temporal [Akitsuki et al., 2003]
contexts, suggesting that this region plays an integrative
role in a strict sense that includes the construction of situa-
tional meaning by integrating the meanings of multiple
environmental components.

Independent and Integrative Networks for the

Extraction of Situational Meaning

The networks involved in the independent processing of
the two threat-related signals and their integration, which
we functionally identified, appear to have an anatomical
basis, at least in monkeys. The temporal pole is recipro-
cally connected to higher visual object-processing areas
and the lateral orbitofrontal areas [Kondo et al., 2003;
Nakamura and Kubota, 1996] and thus likely support the
object-aversiveness network. The superior frontal cortex
receives input from the superior temporal sulcus and pre-
motor cortices [Barbas et al., 1999], which play roles in the
visual processing of body action and action intention [Per-
rett et al., 1989; Umilta et al., 2001], thus reasonably accom-
modating the person-directed intention network. Both the
orbitofrontal and superior frontal cortices are connected to
the polar part of the medial prefrontal cortex [Barbas et al.,
1999], which may provide an anatomical basis for integrat-
ing threat-related signals from the two distinct networks.
The threat-related brain networks that we identified

were reasonably different than those identified in previous
studies of the anticipation of aversive events. The involve-
ment of the lateral orbitofrontal and medial prefrontal cor-
tices in processing object aversiveness reported herein is
consistent with previous studies [Breiter et al., 2001; Chua
et al., 1999; Nitschke et al., 2006; Ploghaus et al., 1999;
Simpson et al., 2001]. The involvement of the temporal
pole and the superior frontal gyrus has not been reported
previously, probably because ours was the first study to
use the incidental threat-perception model in an experi-
mental setting and to analyze the factors of person-

directed intention. In contrast, the activation of the amyg-
dala, insula, and anterior cingulate cortex [Breiter et al.,
2001; Büchel et al. 1998; Chua et al., 1999; LaBar et al.,
1998; Ploghaus et al., 1999; Simmons et al., 2006] was not
observed. The lack of activation in these limbic or paralim-
bic structures may be because the threatening situation
was virtual, given in a third-person perspective, or inci-
dental to the task, thus providing minimal affective signifi-
cance. We speculate that these structures may respond to
the affective aspect of threat or behaviorally significant
meaning, whereas the lateral orbitofrontal and medial pre-
frontal cortices may process their cognitive aspect.

First and Second Eigenvariates

The mean activation of the four conditions of interest
was negatively correlated with the eigenscore of the first
eigenvariate in the medial prefrontal, medial posterior,
and left premotor cortices (Fig. 4e). Given that the medial
prefrontal and posterior cortices are deactivated by goal-
directed tasks in proportion to attentional load [McKiernan
et al., 2003], this eigenvariate may be related to the differ-
ential attentional demand between the conditions of inter-
est and the control. The involvement of the left premotor
cortex may be related to the recruitment of action knowl-
edge for tool or action observation [Chao and Martin,
2000; Johnson-Frey et al., 2003] during the conditions of in-
terest, but not during the control; the degree of recruit-
ment may also be modulated by the attentional load.
The correlation of the second eigenvariate with the

eigenscore in several cortical regions, including the two
ROIs, did not survive the correction for multiple compari-
sons. Together with the inconsistent across-condition pat-
terns of the loadings between the two ROIs (Fig. 4b), it is
reasonable to assume that the second eigenvariate repre-
sents intersubject variability in regional cortical activation
limited to the two ROIs, rather than variability in physio-
logically meaningful large-scale cortical networks.

CONCLUSIONS

We demonstrated the neural mechanisms for the inci-
dental extraction and integration of meaning from distinct
environmental components to detect situational meaning.
Using PCA to address intersubject variability in activation
was important to overcome individual differences in
response. The left medial prefrontal and lateral orbitofron-
tal cortices were identified as specifically responsive to
threatening situations (AP condition) in the conventional
subtraction analysis. Intersubject variability was extracted
using PCA, and its relevance to individual sensitivity to
situational meaning was suggested by the observed corre-
lation with the ST scores of the TCI. The functional con-
nectivity analysis using this variability indicated that object
aversiveness and person-directed intention are processed
separately in the left temporal pole and lateral orbitofron-
tal cortex and in the network including the left superior
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frontal sulcus, respectively. While both threat-related sig-
nals from these networks join in the polar part of the
medial prefrontal cortex, the right and left regions seem to
play different roles: the right region responds to any type
of behavioral significance, whereas the left region integra-
tes the signals to construct situational meaning.
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