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1. Introduction

1.1 Influence of anxiety on Inhibition function: Emotional processing

Many researchers have reported that anxiety patients are more sensitive to emotional
stimuli, particularly negative stimuli. This phenomenon is suggested to be linked with high-
anxiety people’s inhibition dysfunction when facing emotional stimuli (Barkley, 1997; Enright
& Beech, 1993). Supporting this idea, there has been an increasing amount of literature
addressing the inhibition mechanisms in high-anxiety individuals. For instance, many
previous studies indicated that high-anxiety people may find it harder than low-anxiety
people to inhibit the processing of emotional stimuli, especially the threatening contents
(Derakshan, Ansari, Hansard, Shoker, & Eysenck, 2009; Mogg & Bradley, 1998; Mogg, Bradley,
Williams, & Mathews, 1993). Yee & Vaughan (1996) suggest that anxiety disorders may
associate with inhibition failure, and the inhibition processes in the executive function affects
individuals as early as during childhood (see also Livesley, Jang, & Vernon, 1998).

In this study, we attempted to compare the difference in inhibition function between high
and low trait-anxiety individuals during emotional processing. With reference to previous
studies, we adopted the oddball paradigm involving novel stimuli (i.e., inserting an
additional stimulus as the interference when subjects were performing the discrimination
task) (Fichtenholtz et al., 2004). In order to complete cognition tasks, subjects should inhibit
the emotional distracting stimuli. This paradigm is suitable to investigate inhibition
mechanisms of emotional interferences and has been widely used in studies on attention
and emotion (Yamasaki, LaBar, & McCarthy, 2002).

A total of 210 undergraduate students completed the Chinese version of Spielberger’s trait
anxiety (Shek, 1993) which has good validity and reliability evidenced by a large sample
survey (Spielberger, Gorsuch, Lushene, Vagg, & Jacobs, 1983; Zheng et al., 1993). The
average trait-anxiety score from participants investigated in the current study was 40.1
10.1. Participants whose trait-anxiety scores were over 45 were grouped as high-trait anxiety
(HTA) individuals, whereas the low-trait anxiety (LTA) group comprised subjects whose
scores were equal or less than 35.

It is indicated that the response bias may influence the reliability of psychological
assessment and measurement, especially in the self-report measurement. In order to
decrease the bias from the socially desirable responding, we asked the participants to
complete the Marlowe-Crowne Social Desirability Scale (MCSD) (Crowne & Marlowe, 1960;
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Wang, Wang, & Ma, 1999). The mean MCSD score from the sample of university students
was 15.5 + 4.4 (Wang et al., 1999). In the current study the average MCSD score was 15.6 +
4.4. Participants whose scores were over 20 were excluded from the EEG data acquisition.
Finally, the study comprised 28 right-handed subjects without neurological or mental
illness, ranging in age from 18 to 25 years (mean age: 22 years). In this sample, 14
participants were assigned to the HTA group (6 men and 8 women) and 14 participants to
the LTA group (4 men and 10 women). The trait-anxiety score of the HTA group was
significantly higher than that of the LTA group (51.6 vs. 27.9, p < 0.001). The difference in
MCSD scores between the two groups was not salient (13.9 versus 12.1, p > 0.05).
Participants signed the informed consent before the experiment, and received remuneration
on completion of the study.

The formal task contained three types of stimuli: standard ones, target ones, and novel ones.
Standard stimuli and target stimuli were geometric figures (round, square, or triangle).
Target stimuli were larger than standard figures by 5%. There were 1440 standard stimuli
and 180 target stimuli. Novel stimuli were 180 color pictures selected from the Chinese
Affective Picture System (CAPS) (Bai, Ma, Huang, & Luo, 2005), including 60 positive
pictures (e.g., delicious food), 60 neutral pictures (e.g., household appliances), and 60
negative pictures (e.g., scene of a car accident). The emotional valence in positive and
negative pictures was significantly different from that in the case of neutral pictures (7.42
versus 5.11, p < 0.01; 2.40 versus 5.11, p < 0.01); also, positive and negative pictures caused
significantly higher arousal of emotion than neutral pictures (5.89 vs. 3.43, p < 0.01; 5.84
versus 3.43, p < 0.01). The valence extremity and the arousal level were matched across
positive and negative pictures. The rating scores of pictures were from a body of Chinese
university students who had similar backgrounds with participants of the current study.
Subjects’” eyes were 1 m away from the screen. The height of the pictures was 8.0 cm and
length was 10.6 cm. The visual angle of the pictures was 6.07° x 4.58°.

Prior to the experiment, subjects were asked to complete the STAI again. The trait-anxiety
scores of the HTA and LTA groups were 53.4 and 29.4, respectively. There was no
significant difference in trait-anxiety level between the two tests. The experimental
paradigm was the oddball task with three types of stimuli, of which, 75% were standard
stimuli; 12.5%, target stimuli; and 12.5% novel stimuli. The entire experiment consisted of 6
blocks including 240 standard stimuli, 30 target stimuli, and 30 novel stimuli (10 pieces of
positive, neutral, and negative pictures each) in each block. The trials were presented in a
random order within each block. Among them, the target stimuli and standard stimuli were
geometric figures with subtle differences in size, and each novel stimulus was only
presented once during the entire experiment. Standard stimuli were presented for 500 ms,
the target and the novel stimuli were presented for 750 ms at the center of the screen. The
interval between them randomly ranged from 900 to 1000 ms. Subjects were required to
focus on the subtle size difference between the standard and target stimuli and press the
space bar immediately after seeing the target stimuli. The response hands and the order of
blocks were counterbalanced between subjects. There was a short break between each block.
We instructed the subjects to concentrate on the discrimination task and try their best to
inhibit the influence of novel stimuli.

The electroencephalogram (EEG) was recorded during the task. Each participant’s data were
aggregated based on the type of novel stimuli (positive, neutral, or negative). Thus, three
kinds of averages were generated from each participant. We measured the baseline-peak
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amplitudes and the peak latencies of N1 (time window: 90-150 ms), P2 (time window: 150-
200 ms), N2 (time window: 200-280 ms), and P3 component (time window: 280-430 ms). A
repeated-measure ANOVA was used with anxiety level (high/low), emotion property
(positive/neutral /negative), laterality (left/right/midline), and anteriority (frontal/fronto-
central/central/centro-parietal) as statistical factors. The Greenhouse—Geisser epsilon
correction was applied to adjust the degrees of freedom of the F-ratios when necessary.

The analysis on the reaction time was conducted on the trials with correct responses. The
reaction time of the HTA group and the LTA group was 527.37 + 39.13 ms and 534.55 + 42.89
ms, respectively. The difference between the groups was not significant (t = 7.17, p > 0.05).
The mean response accuracies of both groups were about 70%. We compared the ERP data
induced by negative and positive pictures, with the neutral condition as the control group.
Three types of emotional pictures all evoked N1, P2, N2, and P3 components in the scalp.
The only significant effect of the N1 amplitude was found on the anteriority factor (F (3, 78)
= 58.48, p < 0.01). N1 amplitudes were relatively higher in the anterior scalp. ANOVA
conducted on P2 amplitudes revealed significant main effects of the emotion property factor
(F (2,52) =16.44, p < 0.01).

P2 amplitudes evoked by negative pictures were relatively lower than those evoked by
other types of stimuli. P2 latencies also showed main effects for emotion property (F (2, 52) =
7.83, p < 0.01). Negative stimuli elicited relatively shorter P2 latencies. With respect to N2
amplitudes, the main effect for emotion property was significant (F (2, 52) = 23.72, p < 0.01).
N2 amplitudes were highest when induced by negative pictures, and those induced by
neutral pictures were the lowest. N2 amplitudes were also found to peak over the midline of
the scalp, and the amplitudes over the right hemisphere were greater than those over the left
hemisphere (F (2, 52) = 14.39, p < 0.01). The anxiety level significantly affected N2 latencies
(F (1, 26) = 5.07, p < 0.05), which was shorter in HTA individuals. There was a main effect of
N2 latencies for emotion property as well (F (2, 52) = 5.59, p < 0.01). N2 latencies were the
shortest under the negative condition and longest under the neutral condition.

A significant main effect of P3 amplitudes was observed on emotion property (F (2, 52) = 20.08,
p < 0.01). P3 amplitudes were the largest under the neutral condition and smallest under the
negative condition. Laterality of P3 amplitudes was similar to the results of the N2 component,
which revealed that P3 amplitudes were largest over the midline of the scalp, and the right
hemispheric amplitudes were larger than the left hemispheric amplitudes (F (2, 52) =11.80, p <
0.01). There were significant interactions between the anxiety level and the emotion property
(F (2,52) =10.31, p < 0.01). Further, simple effect analysis showed that there was a difference in
P3 amplitudes between the HTA group and the LTA group. P3 amplitudes induced by
positive stimuli in the HTA group were significantly smaller than those in the LTA group.
Another interaction effect of P3 amplitude was between the laterality and the anteriority factor
(F (6, 156) = 26.70, p < 0.01). P3 amplitudes peaked at CPz site. In conclusion, the arrangement
rules of the P3 component elicited by the three types of pictures were different between the
HTA and LTA groups. The difference between the groups largely embodied the differentiation
of P3 amplitudes evoked by positive stimuli.

In this study, we found that in both groups, the P3 amplitude induced by negative pictures
was smaller than that induced by neutral pictures. This result implies that subjects inhibited
the influence of negative stimuli. In the LTA group, the P3 amplitude showed no significant
difference between the positive and the neutral conditions, while the P3 amplitude induced
by positive pictures in the HTA group was smaller than that induced by neutral pictures.
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These results indicate that high-anxiety individuals use the same inhibition strategy towards
positive and negative pictures. In other words, they show a tendency of excessive inhibition
regardless of the emotional valences of the stimuli.

Some researchers emphasize the importance of endogenous components, such as N2-P3-P4,
in the studies on inhibition function (Ilan & Polich, 1999). The P3 component is considered
to be the index of inhibition to task-irrelevant information. Falkenstein, Hoormann, &
Hohnsbein (1999) proposed that P3 marks the completion of the entire inhibition process.
Moser et al. (2006) found that the LPP amplitude was significantly decreased when subjects
were required to actively inhibit the influence of negative pictures. Fallgatter, Bartsch, &
Herrmann (2002) also suggested that P3 may associate with high-load inhibition.

This study used an improved oddball paradigm, in which subjects would more likely pay
attention to novel stimuli that interfered with the discrimination of standard and target
stimuli. Subjects have to actively inhibit the interference in order to successfully complete
the discrimination tasks. This anti-interference effort was manifested by significantly
decreased P3 amplitudes in both high-anxiety and low-anxiety individuals under the
negative condition compared to those under the neutral condition. The major difference
between those two groups was that they showed different degrees of inhibition to positive
information. Compared to the neutral condition, P3 amplitudes elicited by positive pictures
were decreased in high-anxiety individuals, while there was no significant difference among
the low-anxiety individuals. The results indicate that low-anxiety individuals selectively
inhibit negative stimuli but do not make much effort to inhibit the positive stimuli since
they are not so intrusive. In contrast, high-anxiety individuals feel that positive stimuli are
very disturbing also, so they treat the two types of stimuli in the same way and show an
over-inhibited tendency. Behavior inhibition model postulated by McNaughton & Gray
(2000) suggests that BAS would be activated when one perceives some reward or beneficial
information, while BIS would be activated when people meet conflicting stimuli (including
non-reward stimuli, punishment stimuli, and novel stimuli which are irrelevant to the
ongoing task). The activation of BIS would increase the level of response inhibition as well
as enhance the attentional vigilance. This study provides evidences of the abnormal
activation of BIS in high-anxiety individuals.

Many previous studies (Derakshan et al., 2009; Mogg & Bradley, 1998; Mogg et al., 1993)
indicate that high-anxiety individuals may find it harder than low-anxiety individuals to
inhibit the processing of emotional stimuli, especially threatening contents. However, high-
anxiety participants in this study did not show differences in P3 amplitudes, unlike low-
anxiety participants, when they were shown the negative pictures. One possible reason is that
the high-anxiety people might try it harder to resist the interference from emotional stimuli
because of their inhibition tendency. That may compensate their deficiency in inhibition
function to some extent. The reaction time didn’t show any significant difference between the
high and low-anxiety groups, which could result from the same compensation effect. We
suspect that when the task is not too difficult, high-anxiety people, to some degree, can balance
the stimulus driven attentional system and the top-down, goal-driven attentional system
(Critchley, Mathias, & Dolan, 2001; Eysenck, Derakshan, Santos, & Calvo, 2007). These efforts
may help them resist the disruption of task-irrelevant negative stimuli. Meanwhile, the
inhibition tendency might result in excessive inhibition of positive stimuli, which is evidenced
in this study. This suggestion is speculative and should await future investigations.
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In this study, the inhibition function localized by source analysis reveal that most of the P3
variations were attributed to the activation of the right centro-posterior cingulate cortex
(PCC). As proposed by McNaughton (1997, 2006), anxiety might result from hyper-activity
of the septohippocampal system which includes hippocampus, entorhinal cortex and PCC.
The PCC contributes to a dynamic re-mapping of the physical state of the organism in
response to current behavioral and environmental contexts (Critchley et al., 2001). In Li et
al.’s study (2005), abstinent cocaine users showed an inverse correlation between the craving
rating and the activity in the right PCC when they were presented stressful images. The
results indicate that the PCC might exert a regulatory role in inhibiting craving responses.
The PCC may be the brain region where the behavioral inhibition system executes the
conflict supervision and response inhibition function.

2. Influence of anxiety on inhibition function: Decision making

In economic models, risk is defined as a cost that a decision-maker compares with the
expected value so as to make a choice (Rushworth & Behrens, 2008). In the experimental
psychological branch of decision-making research, the participants are often provided two
options for them to choose. Between them, the option that is linked with higher level of risk
is called a risky choice, while the other is called a risk-avoidant choice, or ‘safe’ choice (i.e.
Goyer, Woldorff, & Huettel, 2008). Risk-avoidance tendency, therefore, refers to the
preference of consistently picking the risk-avoidant option. Higher levels of trait anxiety are
positively correlated with risk-avoidance in decision-making studies. That is, high-anxiety
people are more prone to avoid risky choices when finishing decision-making tasks,
compared to low-anxiety people (Eisenberg, Baron, & Seligman, 1998; Maner et al., 2007;
Maner & Schmidt, 2006; Miu, Heilman, & Houser, 2008; Shepperd, Grace, Cole, & Klein,
2005; Wray & Stone, 2005). The reason for this phenomenon is still under debate.

The abnormality of inhibition function is suggested to be linked with higher levels of
anxiety. Nigg (2000, 2001) distinguishes between two kinds of inhibition function:
behavioral inhibition and motivational inhibition. The first type is related to response
inhibition, while the second type is related to personality traits such as anxiety levels. High-
anxiety subjects find it harder to inhibit the recall of threatening memory, compared to non-
threatening information (Reidy & Richards, 1997). In addition, high-anxiety people are more
likely to overreact to negative stimuli, indicating the dysfunction of inhibition control (Etkin,
Klemenhagen, & Dudmen, 2004; Li, Wang, Poltakoff, & Luo, 2007). Bar-Haim, Lamy, &
Glickman (2005) point out that the attentional bias (paying more attention to negative
valence emotional stimuli) in high-anxiety participants reflects difficulty in disengaging
attention from the stimuli once it has been attended, rather than speeded engagement of
attention. Some researchers highlight the inability to inhibit fear-generating processing as
the reason of attentional bias (Mayer & Merckelbach, 1999). Consistent with this idea, the
level of trait anxiety is correlated with activation level of lateral prefrontal cortex (Bishop,
2009; Bishop, Duncan, & Lawrence, 2004), which is also linked with inhibition control (Dias,
Robbins, & Roberts, 1997).

The inhibition function is suggested to play an important role in the process of decision
making, since deliberate decision (the decisions marked by consideration of available
behavioral choices as well as their consequences) need people to inhibit inappropriate
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behaviors (Sakagami, Pan, & Uttl, 2006). In agreement with this viewpoint, recent studies
reveal that ADHD children’s dysfunction in inhibition control might have something to do
with their decision-making deficit (see Geurts, van der Oord, & Crone, 2006). Similar results
have been founded in individuals with alcoholism (Noel, Bechara, Dan, Hanak, & Verbanck,
2007). Patients with lesions in the ventral lateral prefrontal cortex (VLPFC), a region that is
linked with uncertain or risky decision making (Goel & Dolan, 2000; McClure, Laibson,
Loewenstein, & Cohen, 2004), also show difficulties on behavioral inhibition measures
(Aron, Fletcher, Bullmore, Sahakian, & Robbins, 2003), implying the potential relationship
between the inhibition function and the ability of making decisions (see also Sakagami et al.,
2006). In our opinion, the impact of anxiety on inhibition control might account for high-
anxiety people’s risk-avoidance tendency.

Below we would introduce a study that focuses on the potential influence of inhibition
function on high-anxiety people’s decision-making strategies. A version of Gehring &
Willoughby (2002) monetary gambling task was applied while the subjects were under
electroencephalogram (EEG) recording. The ERP component P3 was chosen for analysis, for
its significance to ERP research on decision making (Christie & Tata, 2009; P. Li et al., 2010;
Polezzi, Sartori, Rumiati, Vidotto, & Daum, 2010; Wu & Zhou, 2009). The P3 component is a
centro-parietal positivity approximately 300-600 ms post-stimulus. In the area of decision-
making research, enhanced P3 has been linked to motivationally salient and rewarding
outcomes (Bellebaum & Daum, 2008; Hajcak, Moser, Holroyd, & Simons, 2007, Martin &
Potts, 2004a). The relationship between P3 amplitude and decision-making behavior has
been implicated in clinical studies, such as research on alcoholics (Maurage et al., 2007) and
impulsive individuals (Martin & Potts, 2004b).

In this study, 253 undergraduate students (all Chinese) participated in a mass screening
with the Chinese version of Spielberger’s trait anxiety (STAI-T) inventory. This scale has
demonstrated good internal consistency, as well as convergent and discriminant validity
(Shek, 1993; Spielberger et al., 1983). Subsequently, students who scored high in trait anxiety
(in the upper 25% of the distribution) were considered as high-trait anxiety people, while
the students who scored low (in the lower 25% of the distribution) were considered as low-
trait anxiety (LTA) people. From those who fit these criteria, we randomly chose 41 students
and invited them to participate in the experiment. 20 of them were assigned to the high-trait
anxiety (HTA) group (8 females), while 21 were assigned to the low-trait anxiety (LTA)
group (10 females). An independent-samples t-test revealed that the two groups differed
significantly in trait anxiety score, but not in age.

During each trial of the formal task, the subjects were asked to select one of the two alternative
options. One of the option was presented as number ‘9" and the other was ‘99’, indicating the
amount of score that was potentially linked with the subjects” choice. After the decision was
made, the result of the subject’s choice was presented on the screen. There were four kinds of
outcome valence: positive (‘+), negative (*-'), neutral (‘0’), and ambiguous ("*). The positive
outcome indicated that the subject won as many points as he/she chose in this trial, while the
negative outcome indicated the reverse. The neutral outcome meant the subject neither won
nor lost. The ambiguous outcome was uninformative, of which the valence could be positive,
negative or neutral. Unbeknownst to the subject, the outcomes were provided according to a
pre-determined pseudorandom sequence, and all subjects received exactly 160 of each kind of
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outcome. At the end of the task, the subject was informed of the total score that he/she had
earned. Then they were paid 60-80 Chinese Yuan for their participation (the exact number was
depended on task performance).

Fixation Choice Period Feedback
1200 ms RT 500 ms 800 - 1200 ms 1000 ms

Fig. 1. The sequence of events within a single trial of the monetary gambling task, applied in
the experiment.

We defined the choice of ‘9" to be the risk-avoidant choice (low-risk & low return) in our
experiment, predicting that subjects would make this choice to avoid the possibility of a
large loss (*-99’). However, by making this choice, they also gave up the opportunity to
receive the larger reward (‘+99’). In contrast, the choice of ‘99" was defined as the risky
choice (high-risk & high-return). Correspondingly, the outcomes following risk-avoidant
choices were defined as ‘small outcomes’, while the outcomes following risky choices were
defined as ‘large outcomes’.

For the purpose of investigating the potential influence of different kinds of outcome on
ongoing decision-making, we calculated the ratio of risk-avoidant choice associated with
each kind of outcome. To accomplish this, we divided the number of risk-avoidant choices
following each kind of outcome by the total number of choices following the corresponding
outcome. The results are described below as ‘risk-avoidant ratio’. Please note that it is not
necessary to calculate the ‘risky ratio’, since ‘risky ratio” would be equal to 1 minus ‘risk-
avoidant ratio’.

The P3 amplitude was measured base-to-peak as the most positive value within a 300-600 ms
window. The data were derived from all electrodes. However, only the electrodes at which the
component reached its maximum were entered into analysis. According to the observation on
scalp topography, the amplitude of P3 was maximal at centro-parietal areas of the scalp, at
electrode position CPz. Accordingly, the P3 peak amplitude of electrode CPz, as well as 8
adjacent electrodes (C1, Cz, C2, CP1, CP2, P1, Pz, P2), were chosen to enter into analysis.

A repeated-measure ANOVA was used with anxiety level (high/low), outcome valence
(positive/negative/neutral /ambiguous), outcome magnitude (9/99, or small/large), and
electrode (9 sites) as statistical factors. The Greenhouse—Geisser epsilon correction was
applied to adjust the degrees of freedom of the F-ratios when necessary. A two-tailed
Pearson correlation was calculated between risk-avoidant ratios following each kind of
outcome, and the P3 amplitude following the corresponding outcome. Interestingly, we
found some part of the correlation results of the P3 amplitude were significant (see Table 1).
When the outcome magnitude was small, the correlations between risk-avoidant ratio and
P3 amplitude reached significance only when the outcome valence was neutral. In
comparison, following a large outcome, the correlations between risk-avoidant ratio and P3
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amplitude were significant, regardless of the outcome valence. These correlations were
positive, indicating the relationship between P3 amplitude and individual difference in
decision-making strategy was that the subjects, who showed larger P3 in response to larger
outcomes, were more likely to be risk-avoidant (after receiving these kinds of outcomes)
compared to those who showed smaller P3 responses.

In order to examine the potential effect of anxiety, the two-tailed Pearson correlation
between risk-avoidant ratio and P3 amplitude was calculated in HTA group and LTA group
independently. The results were also presented in Table 1. We suggest these results implied
that the correlation between risk-avoidant ratio and P3 response was stronger in HTA group
than in LTA group. In HTA group, when participants received a large outcome, the
correlations between P3 amplitude and risk-avoidant ratio were significant regardless of the
outcome valence. However in LTA group, the correlation was significant only when the
outcome valence was ‘ambiguous’.

outcomes following risky choice (large outcome)
positive(+) negative(-) neutral(0) |ambiguous(*)
Total r =0.460 r =0.447 r =0.482 r =0.568
(p =0.004) | (p =0.005) (p =0.002) (p <0.001)
HTA r =0.695 r =0.516 r =0.628 r =0.709
(p =0.001) (p =0.028) (p =0.005) (p =0.001)
LTA r =0.271 r =0.419 r =0.383 r =0.462
(p =0.248) (p =0.066) (p =0.096) (p =0.040)

Table 1. The two-tailed Pearson correlations between risk-avoidant ratio and the amplitude
of P3 associated with different kind of outcomes, in the entire sample (first line), in HTA
group (second line), and in LTA group (third line). The amplitude of P3 used to calculate
correlation was the mean of the records at 9 sites (C1, Cz, C2, CP1, CPz, CP2, P1, Pz and P2).
The p values are given below the corresponding correlation values. The significant results
are highlighted in red.

In this study, the ‘risk-avoidant ratio” and the P3 amplitude following large outcomes were
positively correlated. These results indicated that the subjects, who showed larger P3 after
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receiving large outcomes, were more likely to make risk-avoidant choice following such
outcomes. In other words, the amplitude of P3 in response to large outcomes served as an
indicator of individual decision-making strategy. Presumably, the motivational significance
of small outcomes is not strong enough to produce individual difference in outcome
evaluation (for the relationship between the P3 amplitude and motivational significance, see
Nieuwenhuis, Aston-Jones, & Cohen, 2005). Thus, most of the correlations between risk-
avoidant ratio and P3 following small outcomes did not reach significance.

Our results suggest that the correlations between P3 amplitude and decision-making strategy
might be mediated by individual difference in personalities. In particular, these correlations
are likely to be influenced by levels of anxiety. Among the high-anxiety people, the correlation
between P3 amplitude and risk-avoidant ratio was stronger. This phenomenon is linked with
the opinion that there is a relationship between anxiety and risk-avoidant inclination
(Eisenberg et al., 1998; Raghunathan & Pham, 1999). However, our results suggest that this
relationship might be indirect, since the main effect of anxiety on behavior data or the P3
amplitude did not reach significance. Accordingly, we suggest the risk-avoidant tendency
might be determined by the interaction between anxiety and other kinds of personalities (e.g.,
sensitivity for punishment and reward. See Franken & Muris, 2005).

Aside from anxiety, previous studies have reported that the impulsive individuals, who
manifest pathological gambling behavior, show smaller P3 than control subjects (Martin &
Potts, 2004a), which is consistent with the pattern of our results. Future research measuring
individual differences in personality traits related to risky behavior (e.g. impulsivity and
reward-seeking) will elucidate the problem (see Hsee & Hastie, 2006).

According to some researchers, the P3 amplitude is a reflection of inhibitory activity level
(Sanz, Molina, Martin-Loeches, Calcedo, & Rubia, 2001). The frontal lobe is directly related
to this inhibitory process, while many authors have emphasized the participation of the
frontal lobe in P3 generation (Alexander, DeLong, & Strick, 1986; Savage et al., 1994). In our
opinion, the relationship between the P3 component and risk-avoidant tendency in this
study might imply the impact of inhibition function on decision making. That is, the P3
amplitude reflects the subject’s effort to inhibit his/her desire to search for high-return
benefit. It is not surprising that this relationship is more prominent in the HTA group, since
high-anxiety people are more willing to avoid potential risk. Therefore, they are more likely
to successfully inhibit the impulse to make a risk-seeking decision, indicated by the higher
correlation between P3 amplitude and risk-avoidant ratio.

We suggest that our results provide new insight into the relationship between anxiety level,
inhibition function, and decision making. High-anxiety people are more prone to make risk-
avoidant choices, because the activity of inhibition control impacts their decision-making
behavior more strongly, compared to low-anxiety people. To take a step further, we argue
that our discovery is not limited in the area of economic decision making. Anxiety urges us
to make conservative decision in the same way that it protects us from potential threats (see
Maner et al., 2007).

Interestingly, the overall risk-avoidant ratio was not sensitive to the level of anxiety in this
study, which might be inconsistent with the results of previous research (Eisenberg et al.,
1998; Miu et al., 2008; Raghunathan & Pham, 1999; Shepperd et al., 2005). It might be worth
pointing out that in previous studies, the subjects’ decision-making tendencies were
investigated with questionnaires, and no feedback would be expected in this kind of
experiment (i.e. Eisenberg et al., 1998). In contrast, participants would immediately receive
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the outcome associated with their choice after a decision had been made in our task. We
suggest that throughout our task, the participants always adjusted their decision-making
strategies according to the outcomes they got. That is to say, the task is actually a process of
probability learning for the participants. Therefore, it is not surprising that the influence of
anxiety on overall behavioral performance was not significant. According to this theory,
when the outcome is not available in each trial, the impact of anxiety on decision-making
tendency should be stronger. This hypothesis is supported by one of our recent studies, in
which the ‘framing effect” paradigm was applied and no outcome was provided after the
participants made their decision. In that study, we confirm that high-anxiety people chose
the risk-avoidant option more often than low-anxiety people.

To sum up, in the current study, high-anxiety and low-anxiety participants did not
significantly differ in their decision-making tendency. Nevertheless, anxiety impacted
decision-making behavior in an indirect way. The P3 amplitude elicited by the outcome was
significantly correlated with the risk-avoidant ratio, while this phenomenon was more
prominent in the high-anxiety group than the low-anxiety group. In our opinion, the
relationship between P3 amplitude and risk-avoidant ratio reflects the role of inhibition
function in decision making. This relationship is stronger among high-anxiety people,
because they are more likely to inhibit their desire to choose high-risk/high-return option.
The results of this study extend our understanding about the impact of high-anxiety
people’s inhibition function on their behavior.

3. Conclusion

This chapter provides a review of two of our recent studies, which are interested in the
relationship between anxiety and inhibition function. Although they focus on different
aspects of human behavior (emotional processing and economic decision making,
respectively), both of them indicate the importance of inhibition function to high-anxiety
people’s behavior. According to the ERP results, in the emotional processing study, low-
anxiety subjects selectively inhibited the processing of negative stimuli, while high-anxiety
subjects treated positive and negative stimuli equally. In the decision making study, there
existed a relationship between risk-avoidant tendency and the subjects’ effort to inhibit their
impulse to choose high-risk/high-return option. Both findings imply that high-anxiety
people might exhibit some degree of excessive inhibition (Huang et al., 2009), which is
inconsistent with some previous research (i.e. Derakshan et al., 2009; Mayer & Merckelbach,
1999; Sanz et al., 2001). Further investigation would be necessary to verify whether high-
anxiety people’s inhibition function is hypoactive or hyperactive, compared to low-anxiety
people. In our opinion, both of the hypotheses might be true. Strong anxious feeling
interferes with the activity of the brain regions that are associated with the inhibition
function, such as prefrontal cortex (Bishop, 2007; Bishop et al., 2004). Therefore, the high-
anxiety peoples’ inhibition function might act abnormally in the way that either a
hypoactive or a hyperactive state would appear, depending on the circumstance. Future
research on this issue will prove beneficial to both clinical and non-clinical studies.

In both of our studies, the impact of the inhibition function is indexed by the amplitude of
ERP P3 component. Inspired by some previous research (i.e. Falkenstein et al., 1999; Righi,
Mecacci, & Viggiano, 2009; Sanz et al., 2001), we associate P3 amplitude and the inhibition
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function in our research. In other studies, the P3 (including so-call ‘P3a” and ‘P3b’) is also
suggested to be linked with different types of cognitive abilities, such as working memory
updating (Donchin & Coles, 1988), allocation of processing resources (Imai & Tsuji, 2004;
Utku, Erzengin, Cakmak, & Karakas, 2002), perceptual awareness (Hon, Epstein, Owen, &
Duncan, 2006), sensory discrimination (Molnar, 1999), revision of the mental representation
(Pontifex, Hillman, & Polich, 2009), or cognitive self-evaluation (Righi et al., 2009). It would
be worthwhile to see if the P3 actually reflects the activity of a fundamental cognitive
component of these abilities. In addition, P3 amplitude reduction has long been associated
with various kinds of problem behaviors, e.g., alcoholism (Maurage et al., 2007), drug abuse
(Iacono & Mcgue, 2006), obsessive-compulsive disorder (Sanz et al., 2001), and pathological
gambling (Stojanov et al., 2003). In the near future, we might see the P3 be regarded as a
supplemental diagnostic indicator in the area of clinical psychology, like the case of P50 in
schizophrenia (de Wilde, Bour, Dingemans, Koelman, & Linszen, 2007; Kurayama et al.,
2009; Sanchez-Morla et al., 2008).
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