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a b s t r a c t
The present study examined domain speciﬁc neural activities associated with the identiﬁcation of environmental and personal risks. We recorded neural activities from subjects, using functional magnetic
resonance imaging and event-related brain potential, when they identiﬁed risky and safe environmental
and personal events. We found that, relative to the semantic control task, both environmental and personal risk identiﬁcation tasks were associated with increased sustained activities in the medial frontal and
supramarginal gyrus. Moreover, relative to the personal risk identiﬁcation task, the environmental risk
identiﬁcation task resulted in greater transient activity in the posterior cingulate cortex and precuneus.
ERPs recorded over the parietal area associated with the environmental risk identiﬁcation task occurred
earlier than that linked to the personal risk identiﬁcation task. Our ﬁndings suggest that the extent of
involvement and temporal courses of retrieval of emotional experiences may distinguish between the
environmental and personal risk identiﬁcation tasks.
© 2009 Elsevier Ireland Ltd. All rights reserved.

Risk perception is an important prerequisite for decision making in
everyday life. The underlying neural mechanisms, however, remain
unresolved. Recent neuroimaging studies have investigated neural
substrates underlying risk assessment/estimation during risk decision making. It has been shown that increased activations in the
insula, the medial prefrontal cortex (MPFC), and the anterior cingulate cortex (ACC) were involved in the assessment and action
selection during the Rock Paper Scissors computer game [17]. The
activities in the orbitofrontal cortex, ACC and dorsolateral prefrontal cortex also engaged in risk estimation in a gambling task
[26]. Others investigated the neural substrates associated with risk
perception by comparing a risk rating task with a letter detection
task [27] and found increased activity in the MPFC, left inferior
frontal gyrus, cerebellum, and left amgydala in association with
risk rating.
As psychometric research has categorized risks into different
domains (e.g., social and physical [28]), our recent work examined
whether distinct neural mechanisms are involved in the identiﬁcation of risks in different domains [18]. We found that, relative to
an autobiographical control task, the social risk identiﬁcation task
induced increased activities in the MPFC, the dorsal ACC, and bilateral posterior insula, whereas the physical risk identiﬁcation task
resulted in activations in the right cuneus/precuneus and bilateral
amygdala [18]. Our results suggest that both cognitive processes
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and emotional responses are involved to differentiate between
social and physical risk identiﬁcation tasks, providing neuroimaging evidence for the view that risk perception is domain speciﬁc
[28].
Psychometric studies also suggest domain speciﬁc perception
of environmental and personal risks in that the former induce
more serious damages to a large population and are more dreadful
because of their uncontrollability and global catastrophic consequences [23]. In accord with the psychometric research, our recent
neuroimaging studies found distinct neural substrates underlying
the identiﬁcation of environmental and personal risks, i.e., the
former was characterized by increased activations in the ventral
anterior cingulate cortex and posterior cingulate cortex whereas
the latter was linked to increased activities in the left inferior and
medial prefrontal cortex [19]. The current work further assessed
whether distinct neural processes were associated with the tasks to
identify environmental or personal risks. We had subjects identify
risky and safe environmental/personal events depicted in words
or phrases or identify real or pseudo words/phrases to control
for semantic processing and response selection/execution. Neural
activities in association with the risk identiﬁcation task and the
control task were recorded using functional magnetic resonance
imaging (fMRI) and event-related potentials (ERPs). The fMRI experiment adopted a mixed design [6] in order to isolate the neural
activities related to the ongoing task demands (sustained activities) and the trial-speciﬁc processes (transient activities) involved
in environmental and personal risk identiﬁcation tasks. The ERP
measurement examined the time courses of the neurocognitive
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processes involved in environmental and personal risk identiﬁcation tasks.
Fourteen healthy adults (seven males, 19–25 years of age,
mean ± SD = 22.8 ± 1.58) participated in the fMRI experiment. An
independent group of fourteen healthy adults (seven males, 20–29
years of age, mean ± SD = 24.6 ± 2.68) participated in the ERP experiment. All were undergraduate or graduate students from Peking
University in Beijing, China. All were right-handed and had normal or corrected-to-normal vision. Subjects gave informed consent
prior to the study. This study was approved by a local ethics committee. Both fMRI and ERP data were collected in Beijing in 2007.
The stimuli were Chinese words or phrases (each consisting of
2–4 Chinese characters), which described potentially risky or safe
events. There are 40 phrases describing risky environmental events
(i.e., “tsunami”, “earthquake”), 40 phrases describing safe environmental events (i.e., “appropriate rainfall”, “tree planting”), 40
phrases describing risky personal events (i.e., “smoking”, “bungee
jumping”), and 40 words or phrases describing safe personal events
(i.e., “playing piano”, “reading”). Each stimulus subtended a visual
angle of 1.28◦ × 0.51◦ –2.61◦ × 0.51◦ (width × height) at a viewing
distance of 90 cm.
The fMRI experiment consisted of four functional scans. Each
scan consisted of eight sessions. Each session began with the presentation of an instruction for 2.0 s, which deﬁned the task (i.e.,
risk identiﬁcation or semantic control tasks). Subjects pressed one
of the two buttons to indicate risky/safe events in a risk identiﬁcation task or real/pseudo words/phrases in the control task (half
words/phrases depicting environmental events and half pseudo
words/phrases) using the right index or middle ﬁnger. Each session consisted of ﬁve risky and ﬁve safe events or ﬁve real and ﬁve
pseudo words/phrases. Each item was presented for 1.5 s followed
by an interstimulus interval that varied randomly among 0.5, 1.0,
1.5, 2.0 and 2.5 s. Two adjacent sessions were intervened with a ﬁxation of 8.0 s. The order of risk identiﬁcation and semantic control
tasks was counterbalanced using the Latin-square design.
The scanning was performed on a 3-T Siemens Trio system
using a standard head coil. Thirty-two transversal slices of functional images that covered the whole brain were acquired using
a gradient-echo echo-planar pulse sequence (64 × 64 × 32 matrix
with 3.4 mm × 3.4 mm × 4.4 mm spatial resolution, TR = 2000 ms,
TE = 30 ms, FOV = 220 mm, ﬂip angle = 90◦ ). Anatomical images
were obtained using a standard 3D T1-weighted sequence
(256 × 256 × 176 matrix with 0.938 mm × 0.938 mm × 1.3 mm spatial resolution, TR = 1600 ms, TE = 3.93 ms). SPM2 (Wellcome
Department of Cognitive Neurology, London, UK) was used for
imaging data processing and analysis. The preprocessing and most
second-level analysis procedure is identical to our previous study
[18]. Main differences between these are the construction of design
matrix. Speciﬁcally, a general linear model (GLM, y = ˇx + ε, where
the response y is equal to a linear sum of weighted (ˇ) variables (x) plus an error or residual value (ε)) was used to construct
the multiple time series regression design matrix, which included
weighted parameter estimates (ˇx) for both the event-related
and block-based components of the design and a common error
term (ε) and the head motion parameters for capturing residual
movement related artifacts (the three rigid-body translations and
rotations determined from the realignment stage). To identify sustained activities of each task, positive or negative contrasts were
applied to the parameter estimates for each block-based component and zero weights were applied to all parameter estimates of
the event-related component; to identify transient activities for all
tasks, positive or negative contrasts were applied to the eventrelated parameter estimates with zero weights being applied to
the block-based parameter estimates. Random effect analyses were
conducted based on statistical parameter maps from each individual participant to allow population inference. Areas of signiﬁcant
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activation were identiﬁed at the cluster level for values exceeding
a p-value of 0.05 (corrected for multiple comparisons). To conﬁrm possible different activities associated with environmental and
personal risk identiﬁcation tasks, we calculated the percent signal change in the regions of interests (ROIs) deﬁned as spheres
(7 mm diameter) around the peak voxel of speciﬁc activated brain
areas identiﬁed in the contrast of environmental risk identiﬁcation
versus semantic task in the random effect analysis for both environmental and personal conditions. The results were then subjected to
repeated analysis of variance (ANOVAs) with Risk (environmental
vs. personal) and Task (risk identiﬁcation vs. semantic) as independent variables. The percent signal change was calculated using
MarsBaR 0.38 (http://marsbar.sourceforge.net).
The same stimuli and tasks were used in the ERP experiment.
Each subject conducted eight blocks of trials (two blocks for each
stimulus condition). Each block began with the presentation of
instructions for 2.0 s, which deﬁned the task (i.e., risk identiﬁcation or semantic control task). There were 80 trials in each block.
On each trial a word/phrase was presented for 1500 ms at the centre
of a screen, which was followed by a ﬁxation cross with a duration
varying randomly between 800 and 1200 ms. The stimuli in each
block of trials were presented in a random order and the order of
risk identiﬁcation and semantic control tasks was counterbalanced.
The electroencephalogram (EEG) was continuously recorded
from 60 scalp electrodes. The electrodes at the right mastoid were
used as reference. Eye blinks and vertical eye movement were
monitored with electrodes located above and below the left eye.
The horizontal electro-oculogram was recorded from electrodes
placed 1.5 cm lateral to the left and right external canthi. The
electrode impedance was kept less than 5 k. The EEG was ampliﬁed (band pass 0.01–100 Hz) and digitized at a sampling rate of
250 Hz. The ERPs in each condition were averaged separately offline with an epoch beginning 200 ms before stimulus onset and
continuing for 1000 ms. Trials contaminated by eye blinks, eye
movements, or muscle potentials exceeding ±50 V at any electrode were excluded from the average. ERPs at each electrode were
re-referenced to the algebraically computed average of the left and
right mastoids before further analysis. The baseline for ERP measurements was the mean voltage of a 200 ms pre-stimulus interval
and the latency was measured relative to the stimulus onset. Statistical analysis of the mean ERP amplitudes were conducted at
midline single electrode or each pairs of electrodes selected from
the anterior frontal (AF3-AF4, AF7-AF8), frontal (Fz, F3-F4), frontalcentral (FCz, FC3-FC4), central (Cz, C3-C4), central-parietal (CPz,
CP3-CP4), parietal (Pz, P3-P4), temporal (T7-T8, TP7-TP8, P7-P8),
parieta-occipital (POz, Oz, PO3-PO4) regions. The mean ERP amplitudes were subjected to repeated measure analysis (ANOVAs) with
Task (risk identiﬁcation vs. semantic) and Hemisphere (electrodes
over the left or right hemisphere) as within-subjects independent
variables.
Percent agreement with ours ex-ante classiﬁcation to the risky
and safe environmental and personal events were over 84.0% and
88.0% in the fMRI and ERP experiments, respectively. Response
accuracy to the identiﬁcation of real and pseudo words were
over 80.0% and 86.0% in the fMRI and ERP experiments, respectively. ANOVAs of reaction times (RTs) in the fMRI experiment
conﬁrmed faster responses to the phrases depicting environmental
than personal events (1111 vs. 1145 ms, F(1,13) = 8.19, p < 0.05) and
to the risk identiﬁcation than the control tasks (1108 vs. 1149 ms,
F(1,13) = 6.36, p < 0.05). As there was a signiﬁcant interaction of
Risk × Task (F(1,13) = 6.38, p < 0.05), post-hoc analyses were conducted. RTs were shorter in the environmental risk identiﬁcation
task than in the semantic control task (t(13) = 3.303, p < 0.05) but
did not differ between the personal risk identiﬁcation and the control tasks (t(13) = 1.405, p > 0.05). Similarly, responses recorded in
the ERP experiment were faster to the phrases depicting environ-
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Fig. 1. fMRI results associated with risk identiﬁcation tasks. (a) Sustained activities shown in the contrast of the environmental risk identiﬁcation task versus the semantic
task. (b) Sustained activities shown in the contrast of the personal risk identiﬁcation task versus the semantic task. (c) Transient activities shown in the contrast of the
environmental risk identiﬁcation task versus the semantic task. (d) Percent signal changes of the ROI in the PCC linked to environmental and personal items during the
risk identiﬁcation and semantic tasks. Bars indicate standard error of the mean. SMG = supramarginal gyrus; IPL = inferior parietal lobules; MPFC = medial prefrontal cortex;
STG = superior temporal gyrus; PCC = posterior cingulate cortex; PCu = precuneus.

mental than personal events (902 vs. 921 ms, F(1,13) = 5.79, p < 0.05)
and were faster to the risk identiﬁcation than the control tasks (867
vs. 956 ms, F(1,13) = 7.65, p < 0.05).
Analysis of the fMRI data showed that, relative to the semantic control task, the environmental risk identiﬁcation task induced
increased sustained activations in the left MPFC and supramarginal
gyrus/inferior parietal lobule (SMG/IPL) (Fig. 1a, Table 1) and the
personal risk identiﬁcation task generated enhanced sustained activation in the left SMG/superior temporal gyrus (STG) (Fig. 1b).
Increased transient neural activities related to the onset of individual items were observed in the right posterior cingulate (PCC)
and precuneus in association with environmental risk identiﬁcation task compared to the semantic control task (Fig. 1c). However,
the contrast between the personal risk identiﬁcation and semantic
tasks failed to show any increased transient activation.
To further examine the difference between environmental and
personal risk identiﬁcation tasks, we conducted ROI analysis of
percent signal changes in the MPFC but did not ﬁnd signiﬁcant
difference in the MPFC activation between environmental and personal risk identiﬁcation tasks (F(1,13) = 2.82, p > 0.05). However,
similar ROI analysis conﬁrmed the differential transient PCC and
precuneus activity between the two risk identiﬁcation tasks. Relative to the personal risk identiﬁcation task, the environmental risk
identiﬁcation task produced greater signal intensity in the right PCC
(F(1,13) = 4.69, p < 0.05; Fig. 1d) and the precuneus (F(1,13) = 4.24,
p = 0.06).
Analysis of the ERP data showed that, relative to the semantic control task, the environmental risk identiﬁcation task elicited

early positive deﬂection at 260–300 ms over the central-parietaloccipital electrodes (F(1,13) = 5.02 to 20.85; p < 0.05). The late
positive potentials (LPP) were also enlarged to the environmental risk identiﬁcation task at 340–620 ms over the frontalparietal-temporal electrodes (F(1,13) = 5.79–24.45, p < 0.05, Fig. 2a).
ANOVAs also showed reliable interactions of Task × Hemisphere at
380–460 ms over the frontal-central (F(1,13) = 5.53–6.32, p < 0.05)
and at 540–780 ms over the temporal-parietal-occipital electrodes
(F(1,13) = 6.19–12.05, p < 0.05), suggesting that the difference in the
anterior positivity between the environmental risk identiﬁcation
and semantic control tasks was larger over the right than over
the left hemispheres whereas the difference in the LPP between
the environmental risk identiﬁcation and semantic control tasks
was larger amplitudes over the left than over the right hemispheres.
Relative to the semantic control task, the personal risk
identiﬁcation task elicited enlarged LPP at 340–620 ms over
the frontal-central-parietal electrodes (F(1,13) = 5.81–20.82,
p < 0.05, Fig. 2b). Similarly, ANOVAs showed reliable interactions of Task × Hemisphere at 420–460 ms over the frontal
area (F(1,13) = 5.70, p < 0.05) and at 580–780 ms over centralparietal-occipital areas (F(1,13) = 6.80–7.52, p < 0.05), suggesting
that the difference in the anterior positivity between the personal risk identiﬁcation and semantic tasks was larger over the
right than over the left hemispheres whereas the difference in
the LPP between the personal risk identiﬁcation and semantic
tasks was larger amplitudes over the left than over the right
hemispheres.
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Table 1
Sustained and transient activities associated with risk identiﬁcation tasks.
Brain region

BA

X

Y

Z

Z-value

Voxel number

Sustained activities
Environmental risk identiﬁciation > semantic
Supramarginal gyrus (L)/inferior parietal lobule (L)
Medial frontal gyrus (L)

BA40/39
BA8/6

−52
−10

−52
18

40
64

3.85
4.36

456
458

BA6/8

−48
−12

−64
36

28
60

3.90
3.36

279
223

10
24

−42
−64

10
30

3.59
4.21

663
344

Personal risk identiﬁcation > semantic
Supramarginal gyrus (L)/superior temporal gyrus (L)
Medial frontal gyrus (L)
Transient activities
Environmental risk identiﬁciation > semantic
Posterior cingulate (R)
Precuneus (R)

BA31

Personal risk identiﬁcation > semantic
Null
BA: Brodmann area; R: right hemisphere; L: left hemisphere; Voxels survived an uncorrected p-value of 0.005, cluster size > 30, p < 0.05 corrected (except for [−12 36 60],
puncorrected < 0.005, voxel number > 50).

To further verify if speciﬁc ERPs were associated with the environmental risk identiﬁcation task, the mean ERP amplitudes were
subjected to ANOVAs with Risk, Task, and Hemisphere as withinsubjects independent variables. There was a signiﬁcant interactions
of Risk × Task at 420–460 ms over parietal areas (F(1,13) = 4.77 to
4.81, p < 0.05) and at 540–580 ms over the frontal-central area
(F(1,13) = 5.24, p < 0.05, Fig. 2c), indicating that the environmental

risk identiﬁcation task induced larger LPP over the parietal areas
compared to the personal risk identiﬁcation task at 420–460 ms
but smaller anterior late positivity over frontal-central area at
540–580 ms.
Our fMRI and ERP results indicate that, relative to the semantic
control task, both environmental and personal risk identiﬁcation tasks induced enhanced sustained activities in the MPFC

Fig. 2. ERP results associated with the risk identiﬁcation tasks. (a) ERPs associated with the environmental risk identiﬁcation and semantic tasks at Pz, TP8 and FCz electrodes.
(b) ERPs associated with the personal risk identiﬁcation and semantic tasks at Pz, TP8 and FCz electrodes. (c) Mean ERP amplitudes for each condition at electrodes over the
parietal and frontal areas. The grey areas indicate the time window in which the ERP amplitudes differed signiﬁcantly between the risk identiﬁcation task and the semantic
control task.
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and enlarged LPP. Both the MPFC activity [3,4,8,10] and the LPP
are involved in evaluative processes during social judgment [1,9].
The MPFC activity also engages in risk rating [27]. Our results
suggest that the evaluative process plays a key role in both the
environmental and personal risk identiﬁcation tasks. The risk
identiﬁcation tasks also invoked enhanced activations in the left
para-supramarginal gyrus (environmental risk identiﬁcation: left
SMG/IPL; personal risk identiﬁcation: left SMG/STG). Given that
the para-supramarginal gyrus is involved in semantic processing
[11,15], we suggest that enhanced semantic processing is required
during risk identiﬁcation independently of risk domains.
More importantly, we found increased transient PCC and precuneus activations associated with the environmental relative to
the personal risk identiﬁcation tasks. The parietal LPP was also of
larger amplitudes to the environmental than personal risk identiﬁcation tasks. In addition, we found that the ERPs differentiating
the environmental risk identiﬁcation and semantic control tasks
occurred earlier than that differentiating the personal risk identiﬁcation and semantic control tasks, consistent with subjects’
behavioural performances. It has been shown that PCC activity
mediates the interaction between memory retrieval and emotion
[13,14]. The precuneus underpins the process of episodic memory
retrieval [2,16]. The posterior LPP is also involved in evaluation of
emotional stimuli [5,20–22] and retrieval processing [25]. Given
these neuroimaging ﬁndings, our fMRI and ERP results imply that,
relative to the personal risk identiﬁcation task, the environmental
risk identiﬁcation task requires enhanced and earlier retrieval of
more emotional experiences. This proposal is consistent with the
notion that evaluative judgments associated with strongly held attitudes (e.g., higher rating scores for environmental than personal
risks [19]) depend more on the retrieval process (Nayakankuppam and Priester, submitted for publication). In contrast to the
environmental risk identiﬁcation task, the personal risk identiﬁcation task may employ more cognitive control processes as
the personal risk identiﬁcation task induced larger LPP over the
frontal area compared to the environmental risk identiﬁcation
task. Such time-consuming cognitive processes then result in slow
responses in the personal than the environmental risk identiﬁcation
tasks.
A “dual process” theory of risk evaluation has been used to
explain the dramatic distinct behavioral performances associated
with risks in different domains [7]. For example, Loewenstein
et al. [12] argued that risk perception based on two fundamentally different psychological mechanisms: risk-related feeling
(“emotion-driven” strategy) and cognitive evaluations (“consequentialist” evaluation strategy). On a similar line of thoughts,
Slovic et al. [24] proposed two fundamental systems or two modes
of thoughts for risk comprehension, i.e., the slow, effortful, and
conscious controlled “analytic system” and the fast, intuitive,
and mostly automatic “experiential system”. With regard to the
domain-speciﬁc risk perception, these theories imply that people
comprehend and evaluate risks in different domains using distinct strategies. The enhanced activations in PCC/precuneus and
increased amplitudes of LPP over the parietal area linked to the
environmental risk identiﬁcation task are in line with the “dual
process” model in that a more “emotion-driven” strategy or “experiential system” may be involved during the environmental risk
identiﬁcation task than during the personal risk identiﬁcation
task. In agreement with this, our previous study [19] showed
that, relative to the identiﬁcation of safe environmental events,
the identiﬁcation of risky environmental events enhanced emotional conﬂict subserved by ACC and an early positivity (P200) and
retrieval of emotional experiences underpinned by the PCC and
LPP. The identiﬁcation of risky personal events, however, is characterized by enhanced cognitive evaluative processes in the inferior
frontal gyrus and medial frontal cortex.

In sum, our neuroimaging ﬁndings indicate that evaluation and
semantic processes are involved in both the environmental and personal risk identiﬁcation tasks. The enhanced retrieval of emotional
experiences may distinguish between the environmental and personal risk identiﬁcation tasks in the extent of involvement as well
as the temporal courses. However, there are several limitations of
the current study. First, as the examples of environmental and personal risk differ in severity, with the former having the potential for
devastating effects on lives and property and the latter having only
much more limited, distal adverse outcomes, the differential risk
severity and the immediacy of threat may also contribute to the difference in behavioral responses and brain imaging results. Second,
previous studies have shown that females perceive some risks to be
larger and are less willing to take them than males [28]. Future work
should investigate the gender effects on the neural correlates linked
to perception of risks in different domains. Finally, as psychometric studies on risk perception have deﬁned several psychological
dimensions of risks such as controllable, voluntary, dread, catastrophic to investigate the characteristic for speciﬁc risk/hazard [23],
further works may investigate the relationship between the neural
activations associated with risk perception and the rating scores on
each psychological risk dimension.
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