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Abstract

Previous research has indicated that anxious individuals are more prone to evaluate ambiguous

information as negative compared to non-anxious individuals. The feedback-related negativity

(FRN) component of event-related brain potential (ERP) has been shown to be sensitive to

outcome evaluation. The current ERP study aimed to test the hypothesis that the FRNs associated

with ambiguous outcomes and negative outcomes are different between high trait-anxiety (HTA)

and low trait-anxiety (LTA) individuals. The FRN was measured as a difference wave created

across conditions. We found significantly different FRN responses between high-anxious and low-

anxious participants in ambiguous outcome condition, as well as in negative outcome condition.

Moreover, the HTA group’s FRN responses under the ambiguous outcome condition were larger

than the negative outcome condition. Nevertheless, the FRN following neutral outcome did not

show any difference between the two groups. The present results support the idea that there is link

between individual differences in anxiety and ambiguous outcome evaluation, which possibly

reflects the adaptive function of anxiety. Additionally, the results indicate that the mechanisms

underlying the evaluation of neutral outcomes and ambiguous outcomes might be different from

each other.
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The evaluation of an outcome is an important step towards decision-making (Paulus, 2005),

since adaptive decision-making requires encoding the outcome, either good or bad, of prior

action (Platt, 2002). During the stage of outcome evaluation, neural signatures were found to

be associated with the difference between expected and actual outcomes. This kind of

signatures is a key to adjust the assessment of preferences among possible options of the

subsequent decision-making. In this way, past outcomes could affect the future assessment

of options available (Paulus, 2005).

It has been suggested that study of event-related potential (ERP) could provide important

insights into the nature of outcome evaluation (Yeung, Holroyd, & Cohen, 2005). Feedback-

Related Negativity (FRN), a negative-going component of the ERP, is related with

processing of the outcome value and motivational significance of ongoing events (Yeung et

al., 2005). The FRN peaks between 200 and 300 ms following the presentation of feedback

stimuli, being larger after losses than after gains in simple tasks (Bellebaum & Daum, 2008;

Gehring & Willoughby, 2002). In addition, the FRN has been demonstrated to be larger for

unexpected negative outcomes than expected ones (Hajcak, Moser, Holroyd, & Simons,

2007; Holroyd, Hajcak, & Larsen, 2006). Taken together, the amplitude of FRN is

influenced by both the valence and the expectation of the outcome (Cohen & Ranganath,

2007). According to reinforcement learning theory, the FRN might reflect a reward

‘prediction error’, a signal elicited when the monitoring system has to revise its reward

expectations for the worse (Holroyd et al., 2006; Nieuwenhuis, Holroyd, Mol, & Coles,

2004). Emerging evidence has shown that the amplitude of FRN could be impacted by

individual differences in affective processing (e.g., depression, stress and neuroticism),

indicating the influence of emotion on outcome evaluation (Foti & Hajcak, 2009; Hirsh &

Inzlicht, 2008; Sato et al., 2005; Simons, 2010).

Information regarding outcome valence plays a critical role in many aspects of decision-

making (Lipshitz, Gilad, & Suleiman, 2001). Nevertheless, the outcomes received are often

ambiguous or uninformative in our daily life. When clarity is lacking, the meaning of an

ambiguous outcome would be influenced by perceiver’s own bias. Blanchette and Richards

(2003) pointed out that ‘the process of resolving ambiguity is both pervasive and central for

everyday cognition’.

Uncertainty may create situations that allow many factors (such as emotion) to bias

judgment (Blader, 2007). It has been widely accepted that emotional states could affect the

way in which events are interpreted (Blanchette & Richards, 2003). Previous studies have

shown that high-level anxiety is associated with an increased likelihood of negative

interpretation of ambiguous stimuli, such as facial expression and lexical information (Bensi

& Giusberti, 2007; Blanchette & Richards, 2003; Kverno, 2000; Richards et al., 2002). This

tendency is not surprising, since anxiety is linked to attentional bias toward threat-related

information (Bar-Haim, Lamy, & Glickman, 2005; Blanchette & Richards, 2003; Li, Li, &

Luo, 2005). Ambiguous stimuli could be more threatening than familiar ones, since the

potential danger is not known clearly (Hirsh & Inzlicht, 2008). Thus, the relationship

between anxiety and negative interpretation of ambiguous information might imply the

adaptive function of anxiety. Hence, it would also be important to determine whether

anxiety plays a role in the evaluation of ambiguous outcomes during decision-making.
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Previous ERP research has demonstrated that neutral or ambiguous feedback could elicit an

FRN as large as those elicited by negative feedback (Holroyd et al., 2006). Thus far, it is still

not clear whether the FRN following ambiguous outcomes can be influenced by anxiety.

Recently, we investigated the FRN during a simple monetary gambling task (Gu, Huang, &

Luo, in press). In this task, participants were asked to gamble for rewards, and their choices

were followed by feedback events. There were three kinds of outcome valence: positive,

negative and ambiguous. Under the ambiguous outcome condition, participants either gained

or lost money in the trials, but the feedback did not indicate the actual outcome (Holroyd et

al., 2006). Before the experiment, the participants were encouraged to guess whether they

won or lost when they received ambiguous outcomes.

The ERP results revealed that the amplitude of the FRN following negative outcomes was

inversely related with trait anxiety level. In our opinion, this result reflected a difference in

expected rather than actual outcome evaluation. Since anxious people are more likely to

expect a negative outcome in risk-taking tasks (Eisenberg, Baron, & Seligman, 1998; Mitte,

2007; Shepperd, Grace, Cole, & Klein, 2005), we hypothesize that the ‘prediction error’ is

smaller in anxious subjects than in non-anxious subjects when the outcome is negative.

However, no group difference was found in the FRN following ambiguous outcomes, which

was contrary to our expectation. We suspected that when we encouraged participants to

guess the valence of ambiguous outcomes, the FRN in the ambiguous condition might be

intensely influenced by the activity of guessing, and the impact of anxiety on outcome

evaluation would be harder to observe in this situation (Gu et al., in press).

This idea is supported by a study focus on neuroticism. Recently, Hirsh & Inzlicht (2008)

reported that uncertain feedback elicited a larger FRN in neurotic individuals compared to

non-neurotic individuals. It is worth noting that they did not ask the participants to guess the

meaning of uncertain outcomes. Neuroticism is defined as a predisposition toward many

kinds of negative affective states, including depression, anxiety, anger, and shame (Miller &

Pilkonis, 2006). In light of this discovery, we speculate that the influence of anxiety on

ambiguous outcome evaluation should be reflected on the amplitude of FRN, if we could

reduce the impact of guessing activity.

In the current study, we aimed to use the FRN as an objective measure in exploring the

relationship between anxiety and ambiguous outcome evaluation with limited interference of

guessing activity. A version of Gehring & Willoughby’s (2002) monetary gambling task was

applied while under EEG recording. The current paradigm was similar to our previous

experiment (Gu et al., in press), except with the modification of reducing the influence of

guessing activity. We hypothesized that the amplitude of the FRN would be significantly

different between high-anxious participants and low-anxious participants in ambiguous

outcome condition, as well as in negative outcome condition.
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1. Methods

1.1 Participants

253 undergraduate students (All Chinese) participated in a mass screening with the Chinese

version of Spielberger’s Trait Anxiety Inventory (STAI). This scale has demonstrated good

internal consistency, as well as convergent and discriminant validity (Shek, 1993;

Spielberger, Gorsuch, Lushene, Vagg, & Jacobs, 1983). Subsequently, students who scored

high in trait anxiety (in the upper 25% of the distribution) were considered as high-trait

anxious people, while the students who scored low (in the lower 25% of the distribution)

were considered as low-trait anxious (LTA) people. From those who were suitable for this

criteria, we randomly chose 34 students (18 females; mean age 20.53 years [S.D. = 2.15])

and invited them to participate in the experiment. 17 of them were assigned to the high-trait

anxiety (HTA) group (6 females), while 17 were assigned to the low-trait anxiety (LTA)

group (8 females). An independent-samples T test revealed that the two groups differed

significantly in trait-anxious score (56.59 vs. 35.29, p < 0.001), but not in age (20.82 vs.

20.24, p = 0.433). All participants denied regular use of medication or other nonmedical

substances with the potential to affect the central nervous system. All had normal vision

(with correction), and none had a history of neurological disease. All of them were right-

handed.

In order to control the effect of depression during analysis, the Chinese version of Zung self-

rating depression scale (SDS) was used to assess self-reported symptoms of depression.

Excellent reliability and validity of the SDS in both clinical and non-clinical samples has

been previously established (Shu, 1993; Zung, Richards, & Short, 1965). An independent-

samples T test revealed that the two groups differed significantly in SDS score (36.65 vs.

28.82, p = 0.002).

1.2 Procedure

Before the experiment, each participant was told that he/she would participant in a gambling

game. He/she was instructed about the rules, as well as the meaning of symbols in the task,

and was asked to respond in a way that would maximize the total score amount. The higher

the score a participant earned, the more bonus money he/she would receive at the end of the

experiment.

During the formal task, the participant sat comfortably in an electrically shielded room,

approximately 100 cm in front of a computer screen. Each trial began with the presentation

of a central fixation point (white against a black background). After 1200 ms, two white

rectangles (2.5 degree × 2.5 degree) appeared on either side of the fixation point, in either of

which individually presented the numbers ‘9’ or ‘99’ (indicating the score). The participant

then selected one of the two alternatives by pressing the ‘F’ or ‘J’ keys on the keyboard with

his/her left or right index finger (‘F’ for the alternative on the left, and ‘J’ for the one on the

right). The alternatives remained on the screen until the participant made a choice, which

was then highlighted by a thickening of the red outline of the chosen rectangle for 500 ms.

Then the numbers disappeared for a short interval, of random duration between 800 and

1200 ms. Finally, the result of the participant’s choice was presented in the chosen rectangle
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for 1000 ms, indicating the valence of the feedback (see Fig. 1). The formal task consisted of

four blocks of 160 trials each.

There were four kinds of possible feedbacks: ‘+’, ‘−’, ‘0’, and ‘*’. The ‘+’ symbol indicated

that the participant won as many points as he/she chose in this trial, while the ‘−’ symbol

indicated the reverse. The ‘0’ indicated a neutral feedback, which means the participant

neither won nor lost. The ‘*’ symbol indicated an ambiguous feedback. Prior to the

experiment, the participant was told that the ambiguous feedback was an uninformative

outcome, of which the valence could be positive, negative or neutral, but it was impossible

for him/her to guess the real valence in any given trial. Unbeknownst to the participant, the

feedbacks were provided according to a pre-determined pseudorandom sequence, and all

participants received exactly 160 of each type of feedback.

At the end of the task, the participant was informed of the total score that he/she had earned.

Then they were paid 50-70 Chinese yuan for their participation (the exact number is

depended on their task performance). Stimulus display and behavioral data acquisition were

conducted using E-Prime software (Version 1.1, Psychology Software Tools, Inc.,

Pittsburgh, PA).

1.3 Psychophysiological recording, data reduction, and analysis

The electroencephalogram (EEG) was recorded from 64 scalp sites using tin electrodes

mounted in an elastic cap (NeuroScan Inc., Herndon, Virginia, USA), with an online

reference to the right mastoid and off-line algebraic re-reference to the average of the left

and right mastoids. Horizontal electrooculogram (HEOG) was recorded from electrodes

placed at the outer canthi of both eyes. Vertical electrooculogram (VEOG) was recorded

from electrodes placed above and below the left eye. All inter electrode impedance was

maintained at < 5 kΩ. EEG and EOG signals were amplified with a 0.05–100 Hz bandpass

filter and continuously sampled at 1000 Hz/channel.

During the offline analysis, ocular artifacts were removed from the EEG signal using a

regression procedure implemented in the Neuroscan software (Semlitsch, Anderer, Schuster,

& Presslich, 1986). Any trials in which EEG and EOG voltages exceeded a threshold of

±100 μV during the recording epoch were excluded from the analysis. The EEG data were

digitally filtered with a 30-Hz low-pass filter and were baseline-corrected by subtracting

from each sample the average activity of that channel during the baseline period.

For each feedback stimulus, a 1200 ms epoch of data was extracted from the continuous data

files for analysis (from 200 ms before the feedback onset to 1000 ms after the feedback

onset). To minimize overlap between the FRN and other ERP components, the amplitude of

the FRN was measured as the maximum difference wave between different conditions in a

window of 200-400 ms following the feedback presentation, relative to a 200 ms pre-

stimulus baseline. We followed the methods of Holroyd & Krigolson (2007) and created

three kinds of difference waves by subtracting the ERP on positive outcome trials from the

ERP on negative outcome trials (called ‘negative – positive’ difference wave), from the ERP

on neutral outcome trials (called ‘neutral – positive’ difference wave), and from the ERP on

ambiguous outcome trials (called ‘ambiguous – positive’ difference wave). The difference
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waves were evaluated at the electrodes where maximal activity was reached (See 2.2 FRN

for detail).

For the purpose of comparison, we also evaluated the amplitude of P3 by identifying its

maximum voltage at electrode position Pz, where this ERP component typically reaches

maximum amplitude (Holroyd, Baker, Kerns, & Muller, 2008), within a 300–600ms

window.

2. Results

2.1 Behavioral results

We defined the choice of ‘9’ to be the risk-avoidant choice in our experiment, predicting

that participants 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 or

high-return).

To provide a basis for comparison with previous research, an independent-samples T test

was used to compare the average level of risk-avoidant choice made by each participant, as

well as the average time each participant took to decide, and between groups. The group

difference of the average number of risk-avoidant choices made by members of the HTA

group (302.06 times [S.D. = 96.44]) and the LTA group (355.71 times [S.D. = 98.88]) were

not statistically significant (t (34) = −1.60, p = 0.119). The average time taken for decision-

making by the HTA group (763.16 ms [S.D. = 385.48]) was shorter than for the LTA group

(838.45 ms [S.D. = 585.10]), but this result failed to reached significance (t (34) = −0.44, p

= 0.661).

For the purpose of investigating the potential influence of outcome valence to ongoing

decision-making, we also 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 result was entered into a 4 (outcome valence) × 2 (outcome magnitude)

ANOVA test, using the trait anxiety group as the between-subject factor. The main effects

of valence (F (3, 96) = 27.68, p < 0.001) and magnitude (F (1, 32) = 16.43, p < 0.001), as

well as the valence × magnitude (F (3, 96) = 22.82, p < 0.001) interaction were significant.

This result indicated that the participants were more prone to be risk-avoidant after they

received positive outcomes (59.6%) than other kinds of outcomes (negative: 42.5%, neutral:

52.1%, ambiguous: 51.7%). This finding is consistent with previous research that decision

makers would become more risk-avoidant after receiving rewards (Isen, Nygen, & Ashby,

1988; Loewenstein, Weber, Hsee, & Welch, 2001). However, we did not find significance in

the main effect of group (F (1, 32) = 1.87, p = 0.181), the valence × group interaction (F (1,

32) = 1.39, p = 0.256), the magnitude × group interaction (F (1, 32) = 0.09, p = 0.767), or

the valence × magnitude × group interaction (F (1, 32) = 2.50, p = 0.082). These results

indicated that there was no difference in the behavioral performance between HTA group

and LTA group.
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2.2 FRN

Consistent with our previous study (Gu et al., in press), the scalp distribution of the

difference waves was maximal at frontal-central areas of the scalp, at electrode position FCz

(−6.51 μV), 299.25 ms following the onset of the feedback.

To confirm that the amplitude of the FRN was not confounded by overlap with the P3, we

followed the method of Holroyd & Krigolson (2007) and Hirsh & Inzlicht (2008) to carry

out paired-samples T tests on the amplitude of difference wave at FCz and Pz (where the

peak of P3 is localized in our study). The result indicated that the difference waves were

significantly larger at FCz than Pz (−5.99 μV vs. −4.98 μV, t (34) = −5.60, p <0.001).

ERP amplitude of difference waves at electrode FCz were entered into a 3 (outcome

valence: ‘negative – positive’, ‘neutral – positive’, ‘ambiguous – positive’) × 2 (outcome

magnitude: ‘9’ vs. ‘99’) × 2 (trait anxiety group: HTA vs. LTA) ANOVA test, using the trait

anxiety group as the between-subject factor. The Greenhouse-Geisser correction for repeated

measures was applied to within-subject comparison.

The main effect of outcome valence was not significant (F (2, 64) = 2.30, p = 0.116),

indicating that there was no significantly difference in the amplitude when we compare three

kinds of ERP difference waves. The main effect of outcome magnitude (F (1, 32) = 8.06, p =

0.008) was significant. The valence × group interaction (F (2, 64) = 13.92, p < 0.001) was

also significant. However, the interactions were not significant, i.e. the magnitude × group

interaction (F (1, 32) = 0.60, p = 0.444), the valence × magnitude interaction (F (2, 64) =

3.314, p = 0.058), nor the valence × magnitude × group interaction (F (2, 64) = 1.40, p =

0.253).

Consequently, simple effect analysis was conducted to investigate the valence × group

interaction. The result showed a reliable group effect (F (1, 32) = 5.20, p = 0.024) on the

‘negative - positive’ difference wave, indicating that the FRN was significantly higher in

LTA group (−7.04 μV) than HTA group (−5.10 μV). In contrast with this effect, we found

that the ‘ambiguous - positive’ difference wave was significantly lower in LTA group than

HTA group (−5.91 μV vs. −7.83 μV; F (1, 32) = 5.10, p = 0.025). Nevertheless, the group

factor failed to reach significance on the amplitude of the ‘neutral - positive’ difference

wave (−6.20 μV vs. −6.96 μV; F (1, 32) = 0.81, p = 0.369).

Moreover, we separated the sample into HTA group and LTA group, and used paired-

samples T test to compare the ‘negative - positive’ and ‘ambiguous - positive’ difference

wave in both groups. In HTA group, the ‘negative - positive’ difference wave was

significantly smaller than ‘ambiguous - positive’ one (−4.4 μV vs. −7.5 μV; t (16) = 4.91, p

< 0.001). However, the opposite was true in LTA group: the ‘negative - positive’ difference

wave was larger than ‘ambiguous - positive’ one (−6.7 μV vs. −5.3 μV; t (16) = −3.33, p =

0.004).

Since depression has also been linked to modulation of the FRN amplitude (Foti & Hajcak,

2009), we measured the possible effect of depression in two different ways. First, the SDS

score was entered into the ANOVA test described above as a covariate. Although the main
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effect of outcome magnitude (F (1, 31) = 1.58, p = 0.218) was not significant, the valence ×

group interaction (F (2, 62) = 9.43, p < 0.001) remained significant, indicating that there is a

unique influence of anxiety on FRN amplitude. The main effect of SDS score itself (F (1,

31) = 1.20, p = 0.281) failed to reach significance.

In addition, we calculated the Pearson’s correlation between SDS score and the amplitude of

FRN at position FCz. The results revealed that the correlation between SDS score and the

‘ambiguous - positive’ difference wave (r = −0.46, p = 0.006) turn out to be significant.

However, the correlation between SDS score and the ‘negative - positive’ (r = −0.01, p =

0.967) or the ‘neutral - positive’ (r = −0.08, p = 0.649) difference wave did not reach

significance.

2.3 P3

ERP amplitude of the P3 at electrode Pz was analyzed in a 4 (outcome valence: positive,

negative, neutral, ambiguous) × 2 (outcome magnitude: ‘9’ vs. ‘99’) × 2 (trait anxiety group:

HTA vs. LTA) ANOVA test, with trait anxiety group as the between-subject factor. The

Greenhouse-Geisser correction for repeated measures was applied to within-subject

comparison.

The main effects of valence (F (3, 96) = 19.37, p < 0.001) and magnitude (F (1, 32) = 53.71,

p < 0.001) were significant. According to these results, the P3 was larger in the positive

outcome condition (17.23 μV) than the other three conditions (negative: 15.85 μV, neutral:

14.73 μV, ambiguous: 14.15 μV). In addition, it was larger in the risky condition (18.44 μV)

than risk-avoidant condition (12.55 μV). However, the main effect of group factor (F (1, 32)

= 1.00, p = 0.324) was not significant. Also note that neither the valence × group interaction

(F (3, 96) = 1.86, p = 0.165) nor the magnitude × group interaction (F (1, 32) = 3.57, p =

0.068) reached significance. The valence × magnitude interaction (F (3, 96) = 4.09, p =

0.010) was significant. The valence × magnitude × group interaction (F (3, 96) = 0.43, p =

0.723) was not significant. To sum up, the anxiety group factor did not affect the amplitude

of P3 significantly.

3. Discussion

The present study used classic negative deflection FRN as an indicator of responses to

various feedback among high and low anxiety individuals in a decision-making task.

Consistent with our hypotheses, the FRN revealed group differences in negative outcome

condition and ambiguous outcome condition. Compared to the LTA group, the HTA group

exhibited a smaller FRN following negative feedback and a larger FRN following

ambiguous feedback. Nevertheless, the FRN following neutral feedback did not show any

difference between HTA and LTA participants. The amplitude of P3 did not reveal any

group difference. Therefore, the possibility that the impact of anxiety on the FRN was

confounded by the P3 could be excluded.

3.1 Negative outcome vs. ambiguous outcome

This study replicated our previous finding (Gu et al., in press) that the FRN elicited by

negative outcome was significantly smaller for HTA than for LTA participants. In our
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opinion, this result reflects the impact of anxiety on outcome expectation. According to

reinforcement learning theory, the system which generates the FRN encodes the difference

between expectations and actual outcomes as a reward prediction error (Cohen, Elger, &

Ranganath, 2007). Since the anxious people are more likely to hold pessimistic outcome

expectation (Eisenberg et al., 1998; Mitte, 2007; Shepperd et al., 2005), their expectation

would be much closer to negative outcome compared with non-anxious people. As a result,

the FRN signaling the difference between expectations and negative outcomes would be

smaller for HTA people than for LTA people.

But why did the HTA group showed larger FRN than LTA group in the ambiguous

condition? It has been pointed out that humans always expect to receive feedback with

certainty (Polezzi, Lotto, Daum, Sartori, & Rumiati, 2008). In other words, individuals with

different anxiety levels may have similar outcome expectation to ambiguous outcome. Thus,

outcome expectation may not count for the ERP difference in this condition. According to

many researchers, anxiety is linked with intolerance to uncertainty (Krain et al., 2008;

Maner & Schmidt, 2006). Consequently, anxious people might think the ambiguous

outcome is very intolerable and has negative feeling to it, although it can’t be worse than

negative outcome actually. Consistent with this idea, the FRN was larger following

ambiguous outcomes than following negative outcomes in the HTA group, suggesting that

the ambiguous outcomes were even worse than negative outcomes in the HTA participants’

minds.

As an alternative, the group difference in the FRN following ambiguous outcome may be

better accounted for by the relationship between anxiety and attention, since a lot of research

on this relationship have revealed that anxiety is associated with systematic biases in the

interpretation of ambiguous information (Blanchette & Richards, 2003). Previous research

suggested that the FRN indicates the motivational, or affective significance of ongoing

events (Yeung & Sanfey, 2004). It is reasonable to assume that the HTA participants paid

more attention to ambiguous outcomes, and be more likely to be affected by ambiguity
compared with the LTA participants. That is to say, the affective influence of ambiguous

outcome on HTA participants was larger than on LTA participants.

Both of these explanations indicate that the anxious people are more likely to have negative

feeling about the ambiguous outcomes. Whereas exposure to familiar negative stimuli

produces a well-defined threat, ambiguous feedback can be even more threatening because

the potential danger is not yet understood (Hirsh & Inzlicht, 2008). Thus, the interpretation

bias toward ambiguous feedback could help us detecting the potential danger or harm. In

evolutionary terms, the main function of anxiety is keeping us away from cues that indicate

the presence of a threat (Nesse, 2005), possibly including potential threat. It’s not surprising

to see neural responses to ambiguous feedback are also related to the personality trait of

neuroticism (Hirsh & Inzlicht, 2008), which is closely linked with anxiety (Miller &

Pilkonis, 2006).

However, we could not rule out the possibility that the depression selectively influenced the

evaluation of ambiguous outcomes, since there is a significant correlation between the SDS

score and the amplitude of FRN associated with ambiguous outcomes, but not between SDS
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and the other two kinds of FRN. Similar with the effect of anxiety, depression is linked with

an increased tendency to impose negative interpretations on ambiguous information

(Lawson & MacLeod, 1999). Nevertheless, this result is not completely consistent with

previous research, since it has been demonstrated that the FRN to non-rewards relative to

rewards was inversely related to depression (Foti & Hajcak, 2009). Further proof is still

needed.

3.2 Ambiguous outcome vs. neutral outcome

According to the reinforcement learning theory, the FRN reflects the outcome evaluation

based on a binary classification of good versus bad outcomes (Hajcak, Moser, Holroyd, &

Simons, 2006). Both neutral feedback and uninformative feedback were considered to be

‘bad’ outcomes, since the FRN associated with these two kinds of outcomes were both as

large as which associated with negative outcome (Holroyd et al., 2006). However, we found

that the FRN elicited by neutral outcomes did not show a significant group difference, while

the FRN elicited by ambiguous outcomes did. These results indicate that the mechanisms

underlying the evaluation of neutral outcomes and ambiguous outcomes might be different

from each other. While the neutral outcome only contains certain information, the

ambiguous outcome is an ill-defined feedback. Interpreting ambiguous information is not a

purely data-driven process but can be biased by top-down influence (Voss, Rothermund, &

Brandtstadter, 2008). Thus, emotional states could have a wide-ranging influence on many

aspects of this kind of information processing (Voss et al., 2008). According to our results,

we suggest that the level of anxiety is correlated with the evaluation of ambiguous

outcomes, but not correlated with the evaluation of neutral outcomes. Nevertheless, this

study is inconclusive. Further work will be needed to explore the underlying mechanism of

these two kinds of outcome evaluation.

3.3 Behavioral performance

Supposing the process of outcome evaluation is indeed different between HTA and LTA

individuals, it might be surprising to see there was not any intergroup difference in

behavioral performance in our experiment. However, it is worth noting that the behavioral

results of many previous studies are similar with our work (Gu et al., in press; Hockey,

Maule, Clough, & Bdzola, 2000; Mitte, 2007; Paulus, Feinstein, Simmons, & Stein, 2004).

Previous research suggests that the interaction between anxiety and performance in a

stressful task does not always have a negative effect, since additional cognitive resources

may be allocated to cope with the stressful temporary condition (Righi, Mecacci, &

Viggiano, 2009). It’s possible that HTA participants did try to control the effect of emotion

during the task. That is, they might hold a form of compensation strategy to help them with

decision making, as well as in other cognitive tasks (Cumming & Harris, 2001).

3.4 The role of guessing activity

In our previous experiment (Gu et al., in press), the ‘FRN’ elicited by ambiguous outcomes

was apparently larger than the FRN elicited by negative outcomes. In addition, the FRN did

not show any relationship with anxiety level. We suspected that when we encouraged

participants to guess the valence of ambiguous outcomes, the FRN would be overlapped by

another negative wave associated with guessing activity (Gu et al., in press). This kind of
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negative wave is indifferent to level of anxiety. In this study, we did not ask the participants

to guess the meaning of ambiguous outcomes by themselves. Moreover, we told the

participants before the experiment that it was impossible to guess the real valence in any

given trial, so as to reduce the possible guessing activity. Consequentially, the FRN

following ambiguous outcomes revealed a group difference, and it was no longer

significantly larger than the FRN following negative outcomes. In our opinion, the

differences in the results reflect the disappearance of the negative wave associated with

guessing activity in the current study.

As an alternative interpretation, it is possible that the LTA participants only orient to the

ambiguous outcome when explicitly told to do so. In contrast, the HTA participants orient to

the ambiguous outcome regardless of whether they were told to or not. Since we don’t have

enough evidence to support that our method had successfully controlled the influence of

guessing in the current study, a conclusion could not be reached. Nevertheless, the

possibility that guessing (or other mental activity) may interfere with anxiety-related

responses definitely deserves future investigation.

To sum up, the current ERP results provide evidence that the FRN following ambiguous and

negative outcomes is significantly different between HTA and LTA individuals.

Additionally, HTA group’s FRN responses following ambiguous outcomes were larger than

those following negative outcomes. Our results indicate that the high-anxious people are

more likely to assign very negative value to the ambiguous outcomes, compared to low-

anxious people. Taken together with our previous study (Gu et al., 2009), guessing or other

activity might modulate such negative effect under ambiguity or uncertainty among high-

anxious people. These investigations may prove beneficial to the understanding of the

underlying features of anxiety and clinical application.
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Highlights

➢ The feedback-related negativity in response to negative outcome is smaller in

high-anxiety group than low-anxiety group.

➢ The feedback-related negativity in response to ambiguous outcome is larger

in high-anxiety group than low-anxiety group.

➢ The feedback-related negativity in response to neutral outcome is insensitive

to level of anxiety.

➢ The level of depression is selectively correlated with the feedback-related

negativity in response to ambiguous outcome.
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Figure 1. The sequence of events within a single trial of the monetary gambling task
On each trial, the fixation point would last for 1200 ms. Then the participant was presented

with a choice of two alternatives, one of which he/she was asked to select using their left or

right index finger. The alternatives would remain still until the participant made his/her

choice. After that, his/her choice was highlighted for 500 ms. After a subsequent interval of

800-1200 ms, the participant received feedback, lasting 1000 ms, which indicated whether

he/she gained or lost in this trial. RT: Response time.
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Figure 2. Grand-average event-related potentials evoked by the presentation of feedback at the
FCz recording site
Positive, negative, neutral, ambiguous: valence of the outcome.
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Figure 3. Three types of ERP difference waves of HTA and LTA groups at the FCz site (left
panel), as well as the corresponding scalp topographies (right panel)
The gray shaded areas indicate the 200-400 ms analysis window in which the FRN was

quantified.
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