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Our recent functional MRI and event-related potential studies suggest that neural
mechanisms underlying identifications of environmental and personal risks are
characterized by distinct neural structures and time courses. The current work further
investigated the role of non-phase locked activity in dissociation of the neural processes of
environmental and personal risks. We recorded electroencephalogram (EEG) from healthy
adults when they identified risky and safe environmental or personal events depicted in
words or phrases. Event-related synchronization (ERS) and desynchronization (ERD) in
association with risky and safe environmental and personal events were calculated using
Morlet's wavelet analysis. We found that, relative to the identification of safe environmental
events, the identification of risky environmental events induced increased theta band
power at 260–380 ms over the frontal cortex and increased alpha band power after 700 msattitudes and intuitive judgments about risks using psycho-physical scaling and multivariate analysis (Slovic, 1992).
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example, we recently recorded neural activities using event-
related potential (ERP) and functional magnetic resonance
imaging (fMRI) from human adults when they assigned valence
(risky or safe) to environmental and personal events (Qin and
Han, 2009a). We found that the identification of environmental
risks is associated with increased amplitudes of the P200 over
the frontal area and increased amplitudes of a late positive
potential (LPP) over the central–parietal area. In parallel with the
ERP results, our fMRI research found that the identification of
environmental risks was associated with increased activations
in the ventral anterior cingulate (vACC) and posterior cingulate
cortex (PCC). The brain imaging findings suggest that the
identification of environmental risks is underpinned by an
early process of emotional conflict and a late retrieval process
of emotional experiences. More interestingly, the neural
activities mentioned above were observed for the identification
of environmental risks but not for the identification of personal
risks (Qin and Han, 2009a). These neuroimaging findings
are consistent with the proposition that environmental risks
are more dreadful than personal risks (Slovic, 1987) and
risk perception is different between environmental and perso-
nal risk domains (Schütz et al. 2000; Hendrickx and Nicolaij,
2004).

The current work further investigated whether the processes
of environmental and personal risks are mediated by different
neural oscillations that are non-phase locked to stimulus onset.
Previous studies have shown that non-phase locked neural
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in five consecutive time windows (T1: 0–220 ms; T2: 220–
440 ms; T3: 440–660 ms; T4:660–880 ms; T5: 880–1100 ms after
stimulus onset), as illustrated in Figs. 2a and b. Both risky and
safe environmental items induced theta band ERS at 220–
1100 ms. The maximum ERS was observed at 660–880 ms over
frontal–central areas (risky items: Cz: 56.3%; FC1: 71.1%; safe
items: Cz: 58.1%; FCz: 66.8%). However, risky and safe
environmental items induced lower alpha band ERD between
220 and 1100 ms with maximum power at 440–660 ms over the
posterior parietal areas (risky items: PO6: 43.6%; P4: 39.3%; safe
items: P7: 38.2%; P5: 36.2%). Risky and safe environmental
items also induced upper alpha band ERD at 220–1100 ms with
maximum change at 440–660 ms at the posterior parietal
electrodes (risky items: PO6: 50.6%; P7: 49.8%; safe items: PO6:
47.8%; P3: 46.0%).

2.2.2. ERD/ERS associated with personal events
Theta and alpha band activities associated with personal
events are shown in Figs. 2c and d. Both risky and safe
personal items induced theta band ERS over the frontal area
with maximum changes at 880–1100 ms (risky items: AF3:
66.7%; AF7: 59.9%; safe items: FP: 185.5%; AF3: 146.8%) but
lower alpha band ERD with maximum changes at 440–660 ms
(risky items: PO4: 39.6%; P6: 39.3%; safe items: P6: 30.7%; PO6:
30.5%) and upper alpha band ERD over the parietal area with
maximum changes at 440–660 ms (risky items: PO6: 48.8%;
PO4: 48.2%; safe items: PO6: 47.3%; P6: 45.4%).
Fig. 2 – Topographies of theta and alpha band ERD/ERS in each
associated with risky environmental items; (b) The topographie
(c) The topographies of ERD/ERS associated with risky personal
personal items.
2.2.3. EEG activity associated with identification of
environmental risks
To investigate oscillatory activities specifically involved in
the identification of risky events, we compared the magni-
tudes of theta and alpha band ERS/ERD induced by risky
and safe items by conducting a repeated measure analysis
of variances (ANOVA) with Valence (Risky vs. Safe) and
Hemisphere (Left vs. Right) as within-subjects independent
variables.

The effects of stimulus valence on oscillatory activities
linked to the identification of environmental risks were
illustrated in Fig. 3a. A significant main effect of Valence
was observed at 260–380 ms over the frontal area (F1–F2:
F(1,13)=4.75, p<0.05; F3–F4: F(1,13)=6.14, p<0.05) and at 740–
980 ms over the parietal-temporal areas (P3–P4: F(1,13)=10.00,
p<0.01; PO3–PO4: F(1,13)=8.12, p<0.05; TP7–TP8: F(1,13)=11.31,
p<0.01; T7–T8: F(1,13)=10.12, p<0.01), the identification of
risky environmental items induced greater theta band ERS
relative to the identification of safe environmental items.
Lower alpha band power was also greater in association with
the identification of risky than safe environmental items at
660–860 ms (F3–F4:F(1,13)=6.45, p<0.05; FC3–FC4: F(1,13)=6.79,
p<0.05; C5–C6: F(1,13)=10.37, p<0.01; PO5–PO6: F(1,13)=6.19,
p<0.05; CP5–CP6: F(1,13)=12.42, p<0.01; TP7–TP8: F(1,13)=
12.13, p<0.01; T7–T8: F(1,13)=12.85, p<0.01). Similar effect
was evident for upper alpha band power at 700–940 ms (PO5–
PO6: F(1,13)=5.19, p<0.05; T7–T8: F(1,13)=10.71, p<0.01; F3–F4:
stimulus condition. (a) The topographies of ERD/ERS
s of ERD/ERS associated with safe environmental items;
items; (d) The topographies of ERD/ERS associated with safe



Fig. 3 – (a) Topographies of the t-values differentiating risky and safe items; (b) The correlation between theta band power
associated with risky environmental items and subjective rating scores of risk degree of risky environmental items.
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F(1,13)=10.91, p<0.01; FC3–FC4: F(1,13)=10.13, p<0.01; C3–C4:
F(1,13)=6.52, p<0.05).

More interestingly, we found that theta band powers
associated with the identification of risky environmental
events over the frontal/central/parietal areas correlated with
the rating scores of risk degree of risky environmental items
(260–300 ms, Cz: r=0.546, p<0.05; 820–860 ms, Pz: r=0.553,
p<0.05; Fig. 3b). The greater the theta band power, the more
risky the environmental items were rated.

2.2.4. EEG activity associated with identification of
personal risks
The identification of risky personal items failed to invoke
increased theta or alpha band power relative to the identifica-
tion of safe personal items (ps>0.05, Fig. 3a). However, alpha
band power decreased significantly to the identification of risky
than safe personal items, as indicated by the significant main
effect of Valence on the lower band alpha at 740–900 ms (PO5–
PO6: F(1,13)=6.68, p<0.05; P3–P4: F(1,13)=5.68, p<0.05; P7–P8:
F(1,13)=6.15, p<0.05; T7–T8: F(1,13)=12.85, p<0.01; FC3–FC4:
F(1,13)=5.24, p<0.05; C3–C4: F(1,13)=5.49, p<0.05) and on
the upper alpha band at 740–940 ms (PO5–PO6: F(1,13)=9.30,
p<0.01; P3–P4: F(1,13)=6.86, p<0.05; P7–P8: F(1,13)=5.61, p<0.05;
CP3–CP4: F(1,13)=4.88, p<0.05; T7–T8: F(1,13)=12.85, p<0.01;
F3–F4: F(1,13)=6.02, p<0.05; FC3–FC4: F(1,13)=4.91, p<0.05).

2.2.5. Distinct neural oscillations associated with
environmental and personal risk identifications
Neural oscillations were subjected to ANOVAs with Risk
(Environmental vs. Personal) and Valence (Risky vs. Safe) as
within-subjects independent variables to confirm the distinct
oscillatory activities in association with the identification of
environmental and personal risks. ANOVAs of theta band
power showed a reliable interaction of Risk×Valence at 260–
380 ms over the frontal–central areas (F3–F4: F(1,13)=7.01,
p<0.05; FC3–FC4: F(1,13)=6.43, p<0.05; C3–C4: F(1,13)=5.16,
p<0.05, Fig. 4a) and over the parietal area (PO3–PO4: F(1,13)=
5.65, p<0.05; P3–P4: F(1,13)=5.07, p<0.05; CP3–CP4: F(1,13)=
4.74, p<0.05, Fig. 4d), suggesting that risky environmental
events induced greater theta band activity relative to safe
environmental events whereas a reverse pattern was observed
for personal events. ANOVAs of alpha band power also showed
a significant interaction of Risk×Valence at 580–860 ms (lower
alpha: PO3–PO4: F(1,13)=11.58, p<0.01; PO7–PO8: F(1,13)=
12.33, p<0.01; P3–P4: F(1,13)=11.91, p<0.01; P7–P8: F(1,13)=
10.99, p<0.01; CP3–CP4: F(1,13)=11.35, p<0.01; TP7–TP8:
F(1,13)=9.41, p<0.01; T7–T8: F(1,13)=7.21, p<0.05; C3–C4:
F(1,13)=9.74, p<0.01; FC3–FC4: F(1,13)=6.31, p<0.05, Figs. 4b
and e) and at 780–940 ms (upper alpha: PO3–PO4: F(1,13)=7.89,
p<0.05; PO7–PO8: F(1,13)=8.40, p<0.05; P3–P4: F(1,13)=6.05,
p<0.05; P7–P8: F(1,13)=4.77, p<0.05; CP3–CP4; F(1,13)=
6.64, p<0.05; TP7–TP8: F(1,13)=8.02, p<0.05; T7–T8: F(1,13)=
7.30, p<0.05; Fig. 4c), indicating a reverse pattern of alpha
band power linked to the identification of environmental
and personal risks.

2.2.6. Hemispheric asymmetry in neural oscillations related to
environmental risk identifications
ANOVAs of theta band power related to environmental items
showed a significant interaction of Valence×Hemisphere at



Fig. 4 – Illustration of the time–frequency representations of the differential theta and alpha band power between risky and safe
items at CP3 and FC3. The histograms show the power values associated with each stimulus condition within specific time
windows and frequency bands.
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780–980 ms over parietal–central–temporal areas (CP3–CP4:
F(1,13)=5.03, p<0.05; C5–C6: F(1,13)=8.01, p<0.05; T7–T8: F(1,13)=
6.09, p<0.05), theta band power associated with the identifica-
tion of environmental risks was greater over the right than left
hemispheres. A reliable interaction of Valence×Hemisphere
was also observed at 540–620 ms over parietal areas for lower
alpha band (PO5–PO6: F(1,13)=5.52, p<0.05; P3–P4: F(1,13)=
4.99, p<0.05), due to that alpha band power elicited by the
identification of environmental risks was larger over the
left than right hemispheres. Upper alpha band linked to the
identification of environmental risks, however, was greater
over the right than left hemispheres at 860–940 ms (AF3–AF4:
F(1,13)=6.82, p<0.05, AF7–AF8: F(1,13)=5.72, p<0.05; FP1–FP2:
F(1,13)=14.55, p <0.01).

2.2.7. Hemispheric asymmetry in neural oscillations related to
personal risk identifications
Alpha band power linked to personal risk identifications
was greater over the right than left hemispheres, resulting
in significant interaction of Valence×Hemisphere at 820–



900 ms (lower alpha: PO7–PO8: F(1,13)=5.25, p<0.05; P5–P6:
F(1,13)=5.70, p



EEG results support the idea that the identification of risks in
different domains such as social/physical risks and environ-
mental/personal risks defined in the previous psychometric
studies (Slovic 1992; Weber et al., 2002) are mediated by
distinct neural mechanisms (Qin and Han, 2009a,b). Moreover,
both the current EEG findings and our previous ERP results
support the view that environmental risks are identified
earlier than personal risks during the neural processing.
Environmental risks such as earthquake and chemical pollu-
tion usually result in serious damages to a large population.
Thus early detection of environmental risks is necessary for
human beings to avoid catastrophic consequences of environ-
mental risks to human society. Although alpha band power is
involved in the identification of personal risks, the underlying
neural mechanisms may be different from that of environ-
mental risks as alpha band power reduced rather than
increased to the personal risks. However, modulation of the
lower alpha band power by personal risk identification was
more salient over the right than left hemispheres, similar to
that linked to environmental risk identification. This reflects
the fact that both personal and environmental risks generate
negative emotional responses and withdrawal behaviors that
are mediated mainly by the right hemisphere (Davidson, 1998,
2004).
4. Conclusion
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identification task); or (4) were presented with half words/phrases
depicting personal events and half pseudo words/phrases, and
judged real vs. pseudo words/phrases (semantic control task).
Subject pressed one of the two buttons to indicate risky/safe in the
risk identification task or real/pseudo words/phrases in the control
task using the index or middle finger. The responding hand was
counterbalanced across subjects. Each block of trials began with
the presentation of instructions for 2000 ms, which defined the
task (i.e., risk identification or semantic control tasks) for each
block. There were 80 trials in each block. On each trial a word/
phrase was presented for 1500 ms at the centre of the screen,
which was followed by a fixation cross with a duration varying
randomly between 800 ms and 1200 ms. The stimuli in each block
of trials were presented in a random order and the order of risk
identification or semantic control tasks was counterbalanced
using the Latin-square design for each subject. After the EEG
recording session, subjects were asked to evaluate the risk degree
(0=safe, 6=extremely risky) and emotional salience (0=no,
6=extremely high) for each stimulus item using a 7-point Likert
scale.

5.3. Data recording and analysis

The electroencephalogram (EEG) was continuously recorded
from 60 scalp electrodes that were mounted on an elastic cap
according to the extended 10–20 system, with the addition of two
mastoid electrodes. The electrode at the right mastoid was 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 kΩ. The
EEG was amplified (band pass 0.01–100 Hz) and digitized at a
sampling rate of 250 Hz.

Both behavioral performance and EEG data analysis focused
on the responses to risky and safe stimuli presented in the
environmental and personal risk identification task. Reaction
times (RTs) were subjected to a repeated measure analysis of
variances (ANOVA) with Risk (environmental vs. personal) and
Valence (risky vs. safe) as within-subject independent variables.
Two-tailed paired t-tests were conducted to compare the risk
rating scores of the environmental and personal events.

We first calculated ERPs for each stimulus condition (risky
environmental items, safe environmental items, risky personal
items, safe personal items). The ERPs were averaged separately
off-line with averaging epochs beginning 400 ms before stimulus
onset and continuing for 1300 ms for eliminating boundary effect
of results, and then focused on the time window from 200 ms
before stimulus onset and continuing for 1100 ms. Trials
contaminated by eye blinks, eye movements, or muscle potentials
exceeding±50μv at any electrode were excluded from the average.
In order to obtain non-phase-locked event-related EEG activity in
each stimulus condition, ERPs in each stimulus condition were
subtracted from each corresponding EEG epoch (e.g., ERPs elicited
by risky environmental items were subtracted from each EEG
epoch associated with risky environmental items), which helped
to remove the phase-locked EEG activity from the EEG data.

The time–frequency (TF) wavelet decomposition of the EEG
activity was used to quantify change of the oscillatory activity.
The EEG is convoluted by complex Morlet's wavelet w(t, f0)
(Kronland-Martinet et al., 1987) that has a Gaussian shape both
in the time domain (SD σt) and in the frequency domain (SD σf)
around its central frequency f0:

w t; f0ð Þ = A exp �t2=2r2
t

� �
exp 2ipf0tð Þ

with σf=1/2πσt. Wavelets are normalized so that their total
energy is 1, the normalization factor A being equal to:

rt
ffiffiffi
p

p� ��1=2
:

A wavelet family is characterized by a constant ratio (f0/σf),
which should be chosen in practice greater than∼5 (Grossman
et al., 1989). The wavelet family we used is defined by f0/σf=5
(wavelet duration 2σt of about 1.6 periods of oscillatory activity
at f0), with f0 ranging from 6 to 14 Hz in 1 Hz steps. At 8 Hz, this
leads to a wavelet duration (2σt) of 199 ms and to a spectral
bandwidth (2σt) of 3.2 Hz, and at 30 Hz to a duration of 40 ms and
a bandwidth of 16 Hz. The time resolution of this method thus
increases with frequency, whereas the frequency resolution
decreases.

The time-varying energy E(t, f0) of the signal in a frequency
band is the square norm of the result of the convolution of a
complex wavelet w(t, f0) with the signal s(t):

E t; f0ð Þ = jw t; f0ð Þ � s tð Þj2:

Convolution of the signal by a family of wavelets provides a
TF representation of the signal. It generates a in each
frequency band, leading to a TF representation of the signal.
By averaging the TF energy of each single trial, both non-
phase-locked activities and noise will be added up; only
activities the amplitude of which is high enough compared
with background EEG will emerge. Then we got the non-
phase-locked components (TF energy averaged across single
trials) with a high signal-to-noise ratio.

To illustrate the change of oscillatory activities linked to
different stimulus conditions, we computed the event-related
desynchronization and synchronization (ERD/ERS) of spec-
trum power for each stimulus condition using the following
formula (Pfurtscheller and Aranibar, 1979):

ERD=ERS = A � Rð Þ=R½ � � 100k:

The formula defined the ERD/ERS as a percentage decrease/
increase of spectrum power density for specific event com-
pared to a reference (the average power from 200 ms before
the stimuli onset to the stimuli present).

To investigate oscillatory activities associated with identifica-
tion of environmental risks, the power values associated with
risky and safe items were compared directly without baseline
subtraction, according to Kaiser et al. (2004), “effects may be
detected only when conditions are compared directly, without
baseline correction.” Specifically, repeated measure ANOVAs
were conducted on the power of each of the three frequency
bands (theta: 5–7 Hz; lower alpha: 8–10 Hz; upper alpha: 11–13 Hz)
with within-subject independent variables being Stimulus
Valence (Risky Vs. Safe) and Hemisphere (Left Vs. Right Hemi-
sphere) to examine the effects of Stimulus Valence and Hemi-
sphere on the EEG power. To confirm the specificity of oscillatory
activities associated with identification of environmental risks,
we calculated repeated measure ANOVAs with Risk
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(Environmental vs. Personal risks) and Stimulus Valence as
within-subject independent variables. Correlation was calculated
between the rating scores of risky events and the induced theta/
alpha band power.
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