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Theta and alpha oscillations linked to risk identifications
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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




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: POG6:
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: POG6: 48.8%;
PO4: 48.2%; safe items: PO6: 47.3%; P6: 45.4%).

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
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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 RiskxValence 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 x 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 xHemisphere at
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Fig. 4 - lllustration 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.

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 ValencexHemisphere
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 ValencexHemisphere at 820-



900 ms (lower alpha: PO7-PO8: F(1,13)=5.25, p<0.05; P5-P6:
F(1,13)=5.70, p<0.05; TP7-TP8: F(1,13)=9.22, p<0.05; CP5-
CP6: F(1,13)=11.71, p<0.01; T7-T8: F(1,13)=8.21, p<0.05; F5-
F6: F(1,13)=6.91, p<0.05; AF3-AF4: F(1,13)=7.13, p<0.05) and
at 860-940 ms (upper alpha: PO3-PO4: F(1,13)=5.87, p<0.05;
PO7-P0O8: F(1,13)=12.26, p<0.01; P3-P4: F(1,13)=9.46, p<0.01,
p7




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







(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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