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Abstract 
 

This study tested the possibility of an emotion-specific influence on error-related 

negativity (ERN), a physiological response to error commission. The ERN is thought to 

reflect an expectancy violation, triggered by negative feedback. Our study tested whether 

the expectancies underlying the ERN are influenced by the emotional context of the error, 

and whether anxiety increases sensitivity to contextual emotion, thus influencing the 

ERN. In a trial and error learning task, in which subjects matched specific keys with 

individuals of varying emotion expressions, we expected that subjects would produce 

bigger ERN values on happy face trials than angry, and that anxious subjects would show 

this effect to a greater degree. Contrary to predictions, no effect of emotion or anxiety on 

ERN amplitude was found. Instead, anxiety-related and emotion-related effects were 

present only in response to feedback that was not the primary indication of actual 

performance. We discuss the possible implication that anxious individuals may devote 

more resources to the processing of irrelevant, negative emotional information, leading to 

inefficient and possibly maladaptive error-monitoring. 
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Error-Monitoring 

Our lives are filled with choices. As humans, we inevitably make mistakes on 

occasion, but on the whole we are very effective at recognizing our errors and learning 

from them. This process of recognition and compensation is facilitated by a brain system 

for error-monitoring, which is influenced by two main components. One is cognition, the 

process of logical reasoning and rationalization in decision making. The other component 

is affect, which influences both the process and outcome of the decisions people make. 

The process of error-monitoring is especially susceptible to affective influences because 

mistakes can have emotionally negative consequences. In everyday life, the outcomes of 

our actions are often ambiguous – cues from other people and the surrounding 

environment, as well as from our own emotional state, can affect our evaluations of our 

actions and our likelihood of repeating these actions. Anxiety, for example, can influence 

both how perception occurs and what is perceived, thereby influencing what we expect to 

result from our actions within a given environment. The present research sought to 

broaden our understanding of the relationship between error-monitoring, emotional 

context, and anxiety, using a neural measure known as the error-related negativity, or 

ERN. 

EEG, ERP, and ERN 

The importance of error-monitoring is highlighted by the presence of a system 

within the brain that is specifically designed to detect and correct errors. A distinct 

electrical signal known as error-related negativity (ERN) is emitted by the brain in the 

event of an error. The ERN is extracted from electroencephalogram (EEG) readings, 

which reflect neural processes in the brain. By placing non-invasive electrodes on the 
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scalp, voltage changes that result directly from neuronal activity can be detected and 

measured. This direct measure of brain activity is unique to EEG; other methods only 

indirectly reflect brain activity, measuring the amount of blood moving to a particular 

area (fMRI) or the amount of glucose metabolism occurring in an area (PET). From EEG 

measures, we can extract basic information about an individual’s alertness, as reflected 

by the prominence of different types of waveforms in the electrical signals emitted by the 

brain.  

More specific information about the neural processes occurring within an 

individual’s brain can be gleaned from the EEG when it is examined in relation to 

particular events occurring within an individual’s environment. Precise patterns of neural 

activity can be observed in reaction to different types of events, such as the perception of 

a face (N170; Bentin, Allison, Puce, Perez, & McCarthy, 1996), or the presentation of an 

“oddball” stimulus (P300; McCarthy & Donchin, 1980). These patterns are known as 

event-related potentials, or ERPs. ERPs are especially useful in studying neurocognitive 

processes because they allow for specific changes in brain activity to be matched in time 

with a cognitive process. For example, at the moment a person commits an error in a 

cognitive task, the ERP that occurs with error commission provides detailed information 

about the presence and timing of the neural activity that underlies this cognitive process. 

This error ERP is called the error-related negativity (ERN).  

Error-Related Negativity 

The ERN is a neural signal that can be measured in the fronto-central region of 

the scalp, along the midline. It is a negative electrical potential that occurs in response to 

the commission of errors or to negative feedback. Its amplitude has been shown to 
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increase with added motivational factors, such as monetary rewards (Gehring, Goss, 

Coles, Meyer, & Donchin, 1993), and with increased certainty of error commission 

(Scheffers & Coles, 2000). The ERN only occurs in response to negative outcomes, and 

specifically in response to losses, not just to making the worse of two choices (Gehring & 

Willoughby, 2002). A smaller negativity is sometimes evident on correct trials, especially 

when there is a high degree of uncertainty about response correctness (Pailing & 

Segalowitz, 2004a), but the potential is larger and more pronounced following true errors 

or negative feedback. The ERN occurs within 150 ms after a response is made in a simple 

choice task, and 250-300 ms after the presentation of negative feedback in situations 

when the individual is not aware of the correct response at the time of his or her choice. 

Differences in timing and task-type in an error-monitoring situation can result in 

two distinct types of ERN – response-ERN (rERN) and feedback-ERN (fERN). The 

rERN occurs when an individual implicitly knows the correct answer, but makes an 

incorrect choice because of time pressure or momentary confusion. In this case, the 

detection of the error occurs immediately after the commission of the error, eliciting an 

rERN within 150 ms. The fERN occurs when the individual is unsure of the correct 

response, as in a guessing situation or a situation with random outcomes. In this case, the 

ERN occurs after the individual receives feedback; only then can performance be 

evaluated in terms of the results. In learning paradigms, in which participants learn to 

associate a particular response with specific feedback, the ERN can be seen (over the 

course of many trials) to move from the time of feedback to the time of response 

(Nieuwenhuis, Holroyd, Mol, & Coles, 2004). Thus, as individuals learn to associate 

particular responses with particular outcomes, they can evaluate their performance at the 
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time of response, no longer needing explicit feedback to know the outcome. They are 

shifting from an external mode to an internal mode of error-monitoring. The fact that 

fERN and rERN occur sequentially in learning demonstrates that the two are a result of 

the same neural system, which has been localized to the same brain structure for both 

fERN and rERN – the anterior cingulate cortex (fERN: e.g., Taylor et al., 2006; rERN: 

e.g., Brázdil, Roman, Daniel, & Rektor, 2005). This system is generalizable to many 

situations, with the overall purpose of detecting erroneous and maladaptive behavior so 

that it can be compensated for and changed.  

Anterior Cingulate Cortex 

We know from the predictable elicitation of the ERN in response to errors, both in 

time and scalp location, that there must be an organized and regular neural system within 

the brain that underlies the ERN response. Studies point to the anterior cingulate cortex 

(ACC) as the source of the brain activity that produces the ERN. Kerns et al. (2004) 

found that activation of the anterior cingulate cortex was associated with situations of 

conflict monitoring, and predicted prefrontal cortex activity related to behavioral 

adjustments. This study suggests that the anterior cingulate cortex is involved in error 

monitoring and cognitive control. Several other studies have used a combination of 

functional magnetic resonance imaging (fMRI) and EEG monitoring to demonstrate a 

correlation of the ERN response with activity in the ACC, specifically the rostral section 

(Debener et al., 2005; Mathalon, Whitfield, & Ford, 2003). If, as these studies imply, the 

ACC is the source of the ERN, then the ACC plays a central role in error-detection and 

error-monitoring, as well as in the adjustment of behavior after error commission and in 

the production of an adaptive motor response. 
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The ACC is associated with several brain functions, both cogitive and emotional. 

It is part of the brain’s limbic system, and along with the hippocampus, amygdala, and 

hypothalamus, is responsible for integrating emotion into experience and cognition 

(Neafsey, Terreberry, Hurley, Ruit, & Frysztak, 1993). The ACC is also involved in 

cognitive processes, such as attentional control and the planning of motor movements 

(Devinsky & Luciano, 1993). Thus, as an error-monitoring center, it has influential 

connections with cognitive components involved in judgment and decision making, 

emotional components such as anticipation of and reaction to outcomes, and motor 

components such as planning for behavioral adjustment in avoidance of future errors. 

Reinforcement Learning Theory of ERN 

The reinforcement learning theory of the ERN (RL-ERN) provides a more 

detailed account of the role of the ACC in error-monitoring (Holroyd & Coles, 2002). 

According to this theory, the neurotransmitter dopamine acts as a reinforcement, 

ultimately causing behavior either to stay the same or to be adjusted. The ACC is an 

intermediary step in this process. In decision making, dopamine is released in anticipation 

of a positive, rewarding outcome. If this positive expectation is fulfilled, the dopamine 

level increases, reinforcing the behavior. In contrast, if the expectation is violated and a 

negative outcome results from the action, dopamine levels fall below baseline. This 

dopamine drop leads to an activation of the ACC, the brain area responsible for planning 

a motor response or behavioral adjustment to avoid further negative outcomes. This 

activation of the ACC in response to negative outcomes is the neural process that is 

reflected in the ERN. Thus, according to the Holroyd and Coles (2002) theory, the 

violation of expectancy that occurs with a negative outcome causes the production of the 
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ERN, and facilitates a change in behavior – essentially, it gives us the ability to learn 

from our mistakes. 

 The RL-ERN theory has spurred much research, though results have been 

somewhat contradictory. The theory implies that expectancy generation (and release of 

anticipatory dopamine) should occur from moment to moment, on a situational basis. A 

supporting study by Holroyd, Larsen, and Cohen (2004) found that participants generated 

expectancies for success based on the context-specific values of stimuli, rather than their 

overall worth. For example, participants in a “win condition,” in which they could win 

five cents, two and a half cents, or nothing at all, produced ERNs when they won nothing. 

Participants in a corresponding “lose condition” produced the biggest ERNs when they 

lost the largest amount of money, and did not produce ERNs when they lost no money, 

which was their best possible outcome. Thus, the absolute value of the outcome did not 

matter; it was the evaluation of the outcomes and the contingent expectancies generated 

within the situation that moderated ERN amplitude. The worst possible outcome within a 

situation, regardless of its absolute value, led to an ERN, demonstrating a situation-

specific evaluation of possible outcomes and subsequent generation of expectancy. 

According to the RL-ERN theory, the ERN amplitude should be greatest when the 

likelihood of committing an error is smallest. In other words, ERN amplitudes should 

have a direct relationship with individuals’ expectations of success, with the largest 

ERNs occurring in response to errors when the probability of success is highest, and the 

smallest ERNs occuring following errors in conditions where the probability of success is 

lowest. One study tested this idea by creating conditions of frequent and infrequent 

rewards. Those participants in the frequent reward condition had bigger ERN amplitudes 
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in response to errors than participants in the infrequent condition (Holroyd, Nieuwenhuis, 

Yeung, & Cohen, 2003). Thus, the sizes of ERN amplitudes reflected the degree to which 

expectations were violated when participants received negative feedback or an absence of 

reward. 

Not all research has supported the RL-ERN theory. In one study, participants 

were placed in three conditions in which their random choices yielded a reward in 20%, 

50%, or 80% of trials, depending on the condition (Hajcak, Holroyd, Moser, & Simons, 

2005). The RL-ERN theory predicts that individuals’ expectations and subsequent ERN 

amplitudes should be influenced by their probability of success, with the largest ERNs 

occurring in high success conditions (80%), the smallest ERNs occurring in the low 

success condition (20%), and medium-sized ERNs in the 50% success condition. 

Contrary to these predictions, though, the ERNs were not significantly different between 

the three conditions. While these results seem counter to the RL-ERN theory, the findings 

from this study and previous studies in which the theory was supported can be reconciled 

to provide a better understanding of the ERN. Because of the randomly generated 

outcomes in the study by Hajcak et al. (2005), participants had no opportunity to learn 

from their mistakes or adjust behavior in order to improve the outcomes of their actions. 

Thus, an individual’s overall engagement in the task, and an ability to learn from and 

compensate for errors, seems to be crucial in the elicitation of an ERN response that is 

mediated by expectancy violation. This makes sense within the RL-ERN framework, as 

the ACC activation (which produces the ERN) is thought to reflect motor planning and 

the facilitation of behavioral change. 
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A recent study provides support for the idea that an ability to adjust behavior and 

learn from errors is necessary for the RL-ERN theory to come into play. Participants 

were instructed to learn by trial and error which mouse button was better to press for each 

of six total stimuli (Gibson, Krigolson, & Holroyd, 2006). In doing so, they also learned 

to associate the stimulus-response pair with a particular probability of success, which was 

either 80%, 50%, or 20%. The results showed that ERNs are largest in situations when a 

positive outcome is most likely (80% success), moderate when a positive and negative 

outcome are equally likely (50% success) and smallest when a positive outcome is least 

likely (20% success). Thus, when people are able to learn and effectively adjust behavior 

after making an error, their ERN amplitudes reflect the expectancies generated within a 

particular situation, in accordance with the RL-ERN theory. 

Affect and Error-Monitoring 

While the above studies of the RL-ERN can broaden our understanding of the 

ERN and the underlying neural processes, they are not sufficient for explaining the 

process of human error-monitoring. These studies have come solely from a cognitive 

standpoint, in which an expectation is generated through a process of logical, 

probabilistic reasoning. Like many human processes, though, our generation of 

expectancies is not completely rational. Emotion is likely to have a profound influence on 

a process like error-monitoring, in which one’s anticipation of the outcome, decision 

making, and reaction to the outcome are permeated with affective influences. 

According to Forgas (2000), affect influences both how we think and what we 

think – the process of thinking and the content of our thoughts. The decision-making 

process, and the errors that sometimes result from it, are sensitive to emotion.  Pham 
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(2004) posits that in the decision-making process, feelings act as a source of information 

(just as concrete facts and probabilities do) and consequently influence judgments and 

choices. According to these theorists, emotion is not only an influential factor – it is an 

inherent and ever-present part of decision making.  

One important way in which emotions influence decision making is through an 

anticipation of the emotional end state or affective consequences of an action. Choices 

are made not only on the basis of the likelihood of success, but also the likelihood of 

resulting pleasure (Mellers, 2000). Damasio’s somatic marker hypothesis (1998) states 

that decisions are made based on an anticipation of the possible resulting emotions and 

associated bodily states. The outcomes of previous decisions have emotional and 

physiological consequences, which become “somatic markers”. These bodily and 

emotional markers are invoked in anticipation of possible future outcomes, consequently 

influencing which choice is made. When damage to the prefrontal cortex impairs the 

ability to invoke this anticipatory state, decision making is increasingly random and 

impulsive (Damasio, 1998). According to this theory, a successful decision maker will 

make a choice that, in past decisions, has resulted in a positive emotional outcome. The 

RL-ERN theory fits nicely into the framework of the somatic marker hypothesis: 

anticipatory dopamine release triggers bodily states associated with possible emotional 

outcomes, which influence the decision-maker to select an action with positive emotional 

associations and to expect a positive outcome. When the chosen action does not yield the 

expected outcome, the ACC is activated to produce a behavioral response. This ACC 

activation causes the ERN. 
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In situations of decision-making, the influence of affect is not necessarily counter-

productive to logical thinking. Rather, it is a relevant source of information about the 

outcome of an action. For example, we may use cues such as others’ facial expressions to 

evaluate our performance on a task with an ambiguous outcome. In situations like this, 

affect can provide an important source of information when concreteness is lacking. In 

accord with the somatic marker hypothesis, Carter and Pasqualini (2004) found that 

participants with increased autonomic responses in a gambling task learned more quickly 

and were more successful than those with smaller autonomic responses. This indicates 

that the induction of bodily states associated with emotional outcomes can aid in learning 

and decision making. Studies like this one make it easy to see how emotion in decision 

making has evolved as an adaptive and informative cue. 

Affect and ERN 

 The world is full of emotional information, and even though much of it is not 

specifically relevant to the self, affective context has a demonstrated influence in decision 

making and error-monitoring processes. Differences in affective context, then, may result 

in distinct expectancy generation. To examine the possibility that the expectancy 

generation underlying the ERN is influenced by emotional context, one study compared 

ERN amplitudes across three emotional backgrounds (Larson, Perlstein, Stigge-Kaufman, 

Kelly, & Dotson, 2006). Healthy individuals (excluding people with high levels of 

anxiety and depression) completed a simple choice task over one of three task-irrelevant 

emotional backgrounds, namely, positively-, negatively-, and neutrally-valenced scenes 

(eg. babies, mutilation, and nature scenes, respectively). Participants showed bigger ERN 

responses following errors made in the context of the positive background, compared to 
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the negative and neutral backgrounds. In the RL-ERN framework, these results 

demonstrate that people’s expectancies are influenced by emotional context; they expect 

to succeed more in the presence of positive information, and consequently produce bigger 

ERNs when they make errors in this condition. Thus, affective context can influence 

ERN amplitude even if the emotion is not related to task outcomes. Expectancies are 

influenced by probabilistic, cognitive information as shown in the RL-ERN studies, but 

emotional cues also have an important influence on expectancy generation. 

 Individual differences are prominent in the study of emotion because of the 

varying ways in which different people internalize and experience emotion. These 

individual differences have been tied to altered error-monitoring as reflected by the ERN. 

Participants rated low on neuroticism were found to have smaller motivation-related 

changes for monetary rewards, as shown by smaller ERN responses (Pailing & 

Segalowitz, 2004b). This suggests that neuroticism (often associated with negative affect) 

may cause an increased sensitivity of the ERN, specifically to motivational aspects. High 

negative affect itself is associated with larger ERN responses overall (Hajcak, McDonald, 

& Simons, 2004). In another study, ERN amplitude was higher early in a task for 

individuals high in negative affect, but lower later in the task for those individuals 

compared to low negative affect individuals, suggesting that they substantially 

disengaged over time (Luu, Collins, & Tucker, 2000). These results are one indication 

that the relationship between ERN and affect may be more complex than a simple 

elevated ERN response in states of negative affect. It is useful, then, to consider affect 

and its relationship to specific theories of the ERN. 
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 To date, though, the RL-ERN theory has received little attention in the study of 

individual differences in affect and ERN. Prior research findings on negative affect seem 

to contradict the expectancy generation aspect of the RL-ERN. For example, depression 

is characterized by hopelessness and feeling like a failure. Individuals high in depression 

should thus generate expectations of failure more than non-depressed individuals, causing 

decreased ERN amplitudes with errors. This prediction, however, conflicts with prior 

findings of larger ERN amplitudes associated with negative affect (e.g. Hajcak, 

McDonald, & Simons, 2004). This increased amplitude can be better explained by a 

malfunction or hyperactivity in the error-monitoring system as a whole. These functional 

differences may indirectly result in altered expectancy generation. In other words, the 

disorders themselves may not directly influence the ERN; rather, the expectancy 

generation that underlies the ERN may be altered in these disorders, causing overall 

differences in ERN responses compared to those of healthy individuals. Very little 

research has directly tested expectancy generation in relation to individual differences in 

affect, though preliminary evidence suggests that individual differences in affect may 

systematically influence expectancy generation in certain situations (Compton et al., in 

press). This issue will be examined more closely in the upcoming discussion, particularly 

in regard to the situational factors that seem to bring out differentiated expectancy 

generation in anxious versus non-anxious individuals. 

Anxiety 

 Anxiety is a condition characterized by hypersensitivity to mistakes and increased 

doubt and worry about one’s actions. Worry, a measure of anxiety, is correlated with 

perfectionism, especially with a perfectionistic concern over mistakes (Stöber & 
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Joormann, 2001). While negative affect is prominent in both anxious and depressive 

conditions, depression can be differentiated on the basis of anhedonia, whereas anxiety is 

related to physiological hyperarousal (Clark & Watson, 1991). Error-monitoring, a 

process of evaluating the outcomes of behavior and of recognizing mistakes, should be 

especially affected by a condition like anxiety. Studies have shown that error-monitoring 

and anxiety are, in fact, related. Obsessive-compulsive disorder, an anxiety disorder 

associated with obsessive checking and self-doubt, has been linked to overall enhanced 

ERN responses (Gehring, Himle, & Nisenson, 2000; Ruchsow et al., 2005). Medications 

used to treat anxiety result in decreased ERN amplitudes, implying that anxious 

symptomology is related to increased ERN responses (Johannes, Wieringa, Nager, 

Dengler, & Münte, 2001; Riba, Rodríguez-Fornells, Münte, & Barbanoj, 2005). Finally, 

individuals with a high level of general anxiety show an overall increased ERN response 

(Hajcak, McDonald, & Simons, 2003). Taken together, these results indicate that the 

error-monitoring system reflected in the ERN is hyperactive or over-engaged in anxiety 

conditions. 

 General anxiety, in more severe forms, can cause impaired functioning, emotion 

dysregulation, and health problems (Riskind, 2005). The anterior cingulate cortex, 

previously discussed as the neural source of the ERN, is often associated with anxiety 

disorders. For example, the ACC is sometimes lesioned in psychosurgery for treatment of 

severe OCD or anxiety conditions (Mashour, Walker, & Martuza, 2005). In relation to 

error-monitoring, specifically, one study measured ACC activity in error trials with low 

and high error-rates, for trait-anxious versus normal participants. In low error-rate trials, 

which are presumably easier than high error-rate trials, higher anxiety levels predicted 
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increased ERN amplitudes, while anxiety did not differentiate ERN amplitudes on high 

error-rate trials. This suggests that in low error-rate trials, anxious individuals process 

their mistakes at a greater depth, even when the task is not demanding and requires little 

behavioral compensation (Paulus, Feinstein, Simmons, & Stein, 2004). They are devoting 

more resources to the error-monitoring process even though the risk of error commission 

is low. Taken together, the results of these studies show that anxiety, the ACC, and error-

monitoring processes are all interconnected; the ERN source (ACC) is influential in 

anxiety, and thus the error-monitoring that occurs there must produce anxiety-infused 

ERN responses.  

State Anxiety versus Trait Anxiety 

 In our discussion of anxiety, it is important to distinguish between two distinct 

types – state and trait anxiety. Much ERN research has focused on trait anxiety and 

measures of worry, revealing a general pattern of increased overall ERN activity (e.g., 

Hajcak et al., 2003). There are some indications that state anxiety may not show the same 

pattern. For example, Moser, Hajcak, and Simons (2005) found that induced fear, a 

prominent component of state anxiety, did not have an effect on the ERN response. In 

consideration of these results, it is useful to identify those factors that differentiate trait 

and state anxiety, and, in the framework of the RL-ERN theory, factors that may cause 

divergent expectancy generation. 

State anxiety has been differentiated from trait anxiety on the basis of emotional 

selectivity; while trait-anxiety produced a specific bias to negative words in an emotional 

Stroop task, high state anxiety was associated with an overall attentional bias to all 

emotional words (both positive and negative), compared to low state anxiety (Rutherford, 
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MacLeod, Campbell, 2004). These distinct attentional patterns could potentially influence 

expectancy generation differently. In the context of RL-ERN and expectancy violation 

theory, it is useful to consider that state anxiety is strongly tied to situational factors, 

given that it is a temporary condition. While trait anxiety is likely related to internal 

causes, state anxiety is the combined product of internal and external influences. Thus, 

situation-specific aspects, such as contextual information, should be more influential for 

state-anxious than for non-anxious or trait-anxious individuals. For these reasons, state 

anxiety, not trait anxiety, is the primary focus of the following discussion of anxiety and 

expectancy generation.  

Anxiety and Expectancy Generation 

 From the perspective of the RL-ERN theory, it is reasonable to propose that the 

altered error-monitoring seen in anxiety may cause anxious individuals not simply to 

have higher overall ERN responses, but to have distinct expectancy generation. This, in 

turn, may lead to systematic differences in ERN responses. What, then, is different about 

the expectancies of anxious individuals, compared to those of non-anxious individuals? 

This question leads us to examine various attentional processes that are influenced by 

anxiety and other conditions of affective distress. 

 While positive affect predicts more top-down, schematic processing, negative 

affect (strongly correlated with anxiety) is associated with bottom-up, vigilant processing 

(Forgas, 2000). Positive affect facilitates the adaptation of a preexisting scheme or idea to 

a situation; negative affect increases one’s attention to situation-specific circumstances 

and details in the construction of a new conception of the event. This suggests that 

contextual information may influence expectancy generation in anxious more than in 
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non-anxious individuals, because anxious individuals are building their perception of the 

event from the bottom up. In doing so, they notice more details such as contextual 

information. This different focus may cause a discrepancy in the interpreted value of the 

stimulus for anxious and non-anxious individuals, leading to differing expectations about 

that stimulus and related outcomes. 

 In one study, participants completed an auditory task in the presence of a task-

irrelevant emotional context. Participants high in state anxiety showed an increase in 

attention to the auditory stimuli in the presence of threatening emotional contexts, 

compared to participants with normal anxiety levels (Mercado, Carretié, Tapia, & 

Gómez-Jarabo, 2006). While other studies have demonstrated a similar threat-related 

attentional bias in anxious individuals, this bias is predominately (but not exclusively) 

associated with trait rather than state anxiety (Byrne & Eysenck, 1995). State anxiety 

appears to be more closely correlated with an increased sensitivity to situation-specific 

information in general, in which increased context sensitivity overrides other emotional 

biases (Blanchette & Richards, 2003). Apart from the threat-bias findings, the results 

from Mercado et al. (2006) demonstrate that task-irrelevant emotional information 

influences anxious individuals more than non-anxious individuals, as demonstrated by 

increased attention. These anxiety-related differences in processing within emotional 

contexts are especially influential in the generation of expectancies, as occurs in error-

monitoring. 

Anxiety and Context 

Context contains a wealth of emotional information that could potentially 

influence expectancy generation. Findings from Blanchette and Richards (2003) provide 
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evidence that high state anxiety is related to an increased sensitivity to context. In this 

study, participants were briefly presented with a visual image associated with one of the 

two meanings for a homophone (for example, hair was presented for “dye”, and a coffin 

was presented for “die”). Then participants heard the homophone (“dye”/”die”) and were 

instructed to write what they heard. State anxiety predicted an increased tendency to write 

the word associated with the picture. In this study, anxiety did not produce a bias toward 

threat-related or emotional stimuli; anxiety only predicted an increased sensitivity to 

context. Thus, in ERN production and the underlying expectancy violation, context may 

influence the expectancies of anxious individuals more than healthy individuals, simply 

because they are more sensitive to it. 

 A recent study provides evidence that task-irrelevant emotional context influences 

state-anxious participants’ expectancies more than those of non-anxious participants 

(Compton et al., in press). In this study, participants had to press one key for a male face 

and a different key for a female face, after the rapid presentation of a face image. These 

faces had angry, happy, or neutral expressions, but since the emotion was irrelevant to the 

task, the facial expression made up the emotional context. In error trials, state-anxious 

participants showed smaller ERNs in angry face blocks and larger ERNs in happy face 

blocks compared to less anxious participants, demonstrating increased sensitivity of ERN 

amplitudes to affective context as anxiety levels increased. Though this experiment was 

not originally designed to examine expectancy generation, these results can be interpreted 

as an indication that face emotionality influenced anxious participants’ expectancy 

generation more than non-anxious participants’. Anxious individuals seemed to have a 

greater expectation of success in the happy face trials, subsequently producing larger 
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ERNs, and a smaller expectation of success in angry face trials, resulting in smaller 

ERNs. State anxiety, here, influenced the error-monitoring process not simply by 

enhancing the ERN activity but by moderating the process by which expectancies were 

generated. 

An Overview 

 In the course of this discussion, the error-monitoring process that results in error-

related negativity and the many factors that contribute to this process have been 

illustrated. According to the RL-ERN theory, the ERN results from the occurrence of a 

negative, unexpected event, acting as a signal for a behavioral compensation (Holroyd & 

Coles, 2002). While research on the RL-ERN has focused on cognitive influences on 

expectancy generation, affect plays two important roles in the process as well. First, 

affective information influences decision making. This information can be both internal, 

such as an anticipated emotional response to the outcome of one’s action, and external, 

such as contextual information like positive emotion or facial expressions (Forgas, 2000). 

The second major influence of affect is the emotional state of an individual. Differences 

in individuals’ affective states cause divergences in the way information is perceived and 

processed within an environment, and, more specifically, the way expectancies are 

generated. Anxiety is one affective state that influences the perception of an environment 

and subsequent expectancies generated within that environment. Increased sensitivity to 

emotional context in anxious individuals has been shown to influence expectancy 

generation and ERN amplitude (Compton et al., in press). In order to gain a thorough 

understanding of the ERN and the processes that underlie it, we must examine the 
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influences of emotional state and emotional context on expectancy generation and the 

ERN. 

The Current Study 

  While previous research has created a useful basis for understanding error-

monitoring and emotion, it includes discrepancies as well as areas of weakness. Error-

monitoring and anxiety have only been studied in very limited paradigms, in which 

several possible anxiety-related confounds were present. The current study was designed 

to address this issue by examining the joint influence of affective context and anxiety on 

the expectancy generation process underlying the ERN. The first research question our 

study aimed to answer was whether or not there is an overall influence of affective 

context on expectancy generation and ERN magnitude. Using the foundation of the RL-

ERN, we examined the possibility that expectancy generation underlying the ERN is 

influenced by emotional information in the context of the error.  More specifically, we 

tested whether a positive emotional context would generate a higher expectancy for 

success, and subsequently a bigger ERN, than a negative emotional context. A 

confirmation of this prediction would support Larson et al.’s (2006) findings, extending 

them to a learning task, with facial expressions instead of positive or negative 

backgrounds making up the affective context. 

 The present study also sought to examine the role of anxiety on expectancy 

generation within emotional contexts. Given that anxiety has been associated with an 

increased sensitivity to context (Blanchette & Richards, 2003), we tested whether or not 

anxious individuals generate expectancies differently than non-anxious individuals, 

producing ERNs that are more tied to the emotional context of the error.  Would anxious 
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individuals show a bigger ERN in the presence of positive emotional information than 

non-anxious individuals, and would anxious individuals show a smaller ERN than non-

anxious individuals in the presence of negative emotional information? Such results 

would conceptually confirm the results of Compton et al. (in press), but in a task set-up 

that was less susceptible to anxiety-related biases and that assessed the effects of 

expectancy generation in more straightforward manner. 

Our methodology, while designed to examine the ERN, emotional context, and 

anxiety, also addressed several weaknesses and limitations of previous studies with 

similar aims. First, because research on RL-ERN theory is somewhat contradictory, the 

present study created a framework in which expectancy generation was relevant and 

influential. Thus, participants had a high degree of control over the outcomes of their 

actions; in other words, though they inevitably made mistakes, they were able to learn 

from these mistakes and compensate for them. Without such behavioral control, RL-ERN 

findings have been inconsistent (e.g., Hajcak et al., 2005). Situations in which learning 

and behavioral adjustment are possible have been much more reliable in demonstrating 

an RL-ERN expectancy generation effect (e.g., Gibson et al., 2006). 

 Secondly, participants were given explicit feedback on their choices. Because 

doubt about one’s actions is often associated with anxiety, we removed this possible 

difference between anxious and non-anxious conditions by giving participants explicit 

feedback about the accuracy of their responses. In the Compton et al. (in press) study, the 

task was highly difficult and participants were not given feedback about their responses. 

Thus, anxiety may have influenced the ERN because of a divergent evaluation of 

performance or a more critical interpretation of ambiguous results by anxious participants 
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compared to non-anxious participants, rather than dissimilar generation of expectancies. 

There is some evidence that the doubt associated with a lack of explicit feedback may be 

an influential factor in the differentiation of ERN responses (or lack thereof) across 

anxious and non-anxious individuals. A recent study of obsessive-compulsive disorder 

and ERN failed to replicate previous findings of enhanced ERN responses in OCD 

conditions (Nieuwenhuis, Nielen, Mol, Hajcak, & Veltman, 2005). One possible 

explanation for this lack of an anxiety effect was the use of explicit feedback, while 

previous experiments did not provide feedback. The present study sought to rule out 

possible confounding effects like doubt, making expectancy generation the most likely 

potential source for differences between the two anxiety groups. 

 Thirdly, participants received monetary rewards and losses that closely 

corresponded to their performance in the task. This was done in order to provide added 

motivation, which has been shown to enhance ERN responses (Gehring et al., 1993). This 

also should have increased participants’ levels of engagement in the task. Previous 

research has shown an increased tendency for individuals high in negative affect to 

disengage over time (Luu et al., 2000). Thus, monetary rewards served to control 

engagement levels, removing the possibility that diverging engagement levels across 

anxiety conditions differentially affected ERN amplitudes. 

 Finally, the results from Compton et al. (in press), and Larson et al. (2006), are 

somewhat contradictory. While Compton et al. found that contextual information 

mattered more as anxiety levels increased, Larson et al. found that emotional context was 

influential in non-anxious individuals’ expectancy generation and subsequent ERNs (high 

state-anxious subjects were excluded). The present study tested the generalizability of 
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each of these findings. Unlike the Larson et al. study, it measured the ERN while taking 

into account individual differences in anxiety and the possibility of an interaction effect 

with a task-irrelevant emotional context. Unlike the Compton study, it used a more 

straight-forward manipulation of expectancy generation by attempting to remove possible 

anxiety biases such as uncertainty and disengagement. 

Though not the primary research aim, our experiment also tested the influence of 

learning on the timing of the ERN response. The task used a trial and error learning 

method, during which participants’ responses resulted in positive or negative feedback, 

based on accuracy. In order to slow the learning process and elicit more errors, 

participants received negative feedback on 10% of the trials regardless of their responses. 

We predicted that, while initially ERNs would occur in response to negative feedback, 

the ERN would move to the time of response as the participant learned the correct 

answer. After learning this association, the participant would no longer need an external 

evaluation of performance, but could monitor the accuracy of their response internally. 

Thus, feedback-ERNs, or fERNs, would occur with initial learning, while response-ERNs 

(rERNs) would become apparent as the associations were learned. Similar studies on 

affect and expectancy generation (Larson et al., 2006; Compton et al., in press) have 

focused on the rERN, leaving the influence of affective context on the fERN largely 

unexplored. Our study allowed us to compare the fERN’s and rERN’s sensitivities to 

affect, and to explore the possible differences between internally- and externally-cued 

manifestations of the error monitoring system, both of which may be intrinsically 

sensitive to affect. 
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These research aims were addressed through the use of a trial and error learning 

task, in which participants learned to associate particular keys with photographs of four 

individuals, displaying three emotional expressions each (happy, angry, neutral). These 

faces made up the positive, negative, and neutral affective contexts, respectively. Explicit 

feedback alerted participants to their errors, causing the elicitation of ERNs. The ERN 

amplitudes were compared across the three emotional conditions, and across individuals 

with high and low anxiety levels to account for the possibility of an emotional context by 

anxiety interaction. 

Hypotheses 

 We predicted that affect would influence expectancy generation and ERN 

magnitude. On the basis of the RL-ERN theory, and the importance of affective 

influences on expectancy generation, we expected that the emotional context would have 

an overall influence on ERN amplitudes. Specifically, we predicted that the ERN 

amplitudes would be biggest with errors committed in the presence of happy faces, 

because of a higher expectation for success, and smallest in the presence of angry faces, 

because of a lowered expectation for success.  

 We also predicted that anxiety would interact with expression type in its effect on 

expectancy generation and ERN amplitude. We expected that participants high in state 

anxiety would generate expectancies that were more closely tied to affective context, 

because of different processing strategies and attentional focuses such as increased 

sensitivity to context. Thus, the ERN responses of high state-anxious participants would 

be more influenced by the facial expressions of the stimuli than the ERN responses of 

low state-anxious participants. We hypothesized that anxious participants would show the 
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same pattern of ERN magnitude (largest in the presence of happy faces, smallest in the 

presence of angry faces), but their ERN amplitudes would show this pattern to a larger 

degree, compared to the ERNs of less anxious participants. 

 

Method 

Participants 

Participants were undergraduate students recruited from Haverford College through 

postings on a college message board. They received payment ($25) in exchange for 

participation in the experiment. Participants were prescreened to exclude users of 

medication or non-medical drugs that could potentially influence central nervous system 

function. The prescreening was used to limit participants to those with normal (or 

corrected) vision without a history of neurological problems. Finally, the prescreening 

included a trait anxiety questionnaire, in order to include participants with a range of trait 

anxiety levels. The trait portion of the State-Trait Anxiety Inventory (STAI; Spielberger, 

1968) was given in the prescreening. This questionnaire is made up of 20 questions 

which address general anxiety levels, stable over long periods of time (See Appendix A). 

Thirty-one participants were selected on the basis of the prescreening (21 females, 10 

males). Three subjects’ data were excluded from all analyses because of problems in 

electrophysiological recording, leaving 28 subjects (19 females, 9 males). The mean trait 

anxiety score was 43.89 (SD=10.57), and scores ranged from 26-71 with a median of 

41.5. Participants also completed the state anxiety portion of the STAI (see appendix B) 

at the close of the experiment, answering based on their mood and emotions throughout 
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the experimental period. State anxiety scores averaged 40.32 (SD=8.07), ranging from 

26-58 with a median of 38.5. 

Stimulus Materials 

 The stimuli were made up of twelve black-and-white photographs of faces, from a 

pre-made set, pre-tested for emotional validity (Ekman and Friesen, 1976). They included 

four individuals (two male, two female), each portraying happy, neutral, and angry facial 

expressions (See Appendix C). Images were presented using E-Prime software on a Dell 

Dimension desktop computer.  

Procedure 

 After the participant gave his or her informed consent to participate in an 

experiment about “perceptual learning,” the experimenters began the electrode cap-

application procedure. Once fitted with the cap, the participant moved to a small room in 

which EEG was monitored by one computer while they performed the task on an adjacent 

computer. The experimenter instructed the participant to begin the computer task, and left 

the room. 

 Participants were instructed to learn, through trial and error, which of four keys 

(D, F, J, K) best corresponded to which of four individuals portrayed in the face images. 

They were told that the correspondences were not perfect, but that they should do their 

best to learn the overall pattern. Participants were told that they would win three cents for 

each correct response and lose three cents for each incorrect response, in addition to 

receiving explicit feedback about their performance on each trial. They were told to 

perform the task as quickly and as accurately as possible. 
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 The task consisted of 720 trials, divided into six blocks of 120 trials each. 

Participants responded to the presentation of a face image with a key press. Though 

pictures of each individual were displayed with happy, angry, and neutral expressions, 

the emotion of the face was irrelevant to the correct key choice. While each of the four 

individuals portrayed in the photographs was assigned to one of the four keys, on 10% of 

the trials participants always received incorrect feedback. This was to ensure enough 

error trials and to add to the difficulty of learning the correspondences. Pilot tests 

revealed overall error rates of 29%-41%, yielding enough errors to produce solid ERP 

averages, but with a level of accuracy that demonstrated the associations were learned 

over the course of the task. The twelve stimuli (four individuals with three facial 

expressions each) were presented in random order, so that each block included 40 trials 

for each expression. 

 Trials began with a 500-ms display of a fixation point (+), followed by the face 

stimulus, which was flashed in the center of the visual field for 150 ms. Failure to 

respond within 1000 ms resulted in an incorrect feedback screen and a three cent penalty. 

A correct response resulted in a correct feedback screen, displayed for 1000-ms, which 

read in green ink, “Correct! You’ve earned 3 cents!” An incorrect response resulted in a 

corresponding negative feedback screen, which read in red ink, “Incorrect! You’ve lost 3 

cents!” A running total of the participant’s monetary earnings was displayed directly after 

each feedback screen for 350 ms. After finishing the learning association task, the 

participant completed the state portion of the STAI. Following this, the cap was removed 

and the participant was debriefed and paid.  
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EEG Data Acquisition and Signal Processing 

An elastic cap containing Ag/AgCl electrodes (Quik-Caps) was used to detect 

EEG signals. A NuAmps amplifier, controlled by Neuroscan software, was used to 

amplify neural signals. Data were recorded from five scalp sites: Fz, FCz, and Cz (along 

the frontal midline), and T5 and T6 (over the left and right temporal lobes). The frontal 

midline sites were the primary focus of this research, given that the ERN is typically 

observed there; data from T5 and T6 were collected for future purposes and will not be 

examined here. Data were also collected from the right and left mastoid. The right 

mastoid was used as a reference for on-line processing, and data were re-referenced off-

line using the average of the left and right mastoid. Four electrodes placed above and 

below the left eye and on the left and right temple measured vertical and horizontal eye 

movements, which can influence signals from the scalp electrodes. Data were recorded at 

a sampling rate of 1000 Hz, with a bandpass filter of .1-30 Hz. During the data collection, 

the EEG measures were marked at several points. At the onset of each stimulus, keypress, 

and feedback screen, a digital trigger coded for that particular stimulus type (happy, 

neutral, or angry), response type (correct or incorrect), and type of feedback (positive, 

negative, or false feedback), respectively, was sent via the parallel port to the EEG 

amplifier for event marking. 

 Artifact reduction occurred off-line in two steps. Gross artifacts (such as muscle 

movements or environmental interferences) were removed manually. The effects of 

blinks were removed using an ocular artifact reduction algorithm from Neuroscan 

software. Signal averages were calculated separately for correct and incorrect responses 

for each emotional condition, as well as for correct and incorrect feedback. Epochs, or 
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short time intervals within the EEG recording, were created around each event marker, 

which included the surrounding -200-600 ms. Within these epochs, the rERN was defined 

as the most negative point in -50-150 ms surrounding the keypress, while the fERN was 

defined as the most negative point within 200-400 ms after the presentation of feedback.  

Design 

 A 2x3x3 factorial design was used, with the three factors being accuracy of 

response (within subjects- correct vs. incorrect), scalp site of electrode (within subjects- 

Fz, FCz, Cz), and emotion of picture stimulus (within subjects- happy, angry, neutral). 

Both state and trait anxiety scores were added separately as covariates within these 

analyses, and in the case of significant results or trends, participants were divided in half 

based on a median split of their self-reported anxiety scores, creating conditions of high 

and low anxiety. Analyses were carried out separately for rERN and fERN values as 

dependent variables. Though we did not expect any differences, the fERN and rERN 

occur at different time points in trial events, and thus were examined separately.  

In our analyses, learning effects needed to be taken into account, as the fERN 

should only have occurred during the learning phase, when subjects were using explicit 

feedback to guide performance. Likewise, the rERN should only have occurred with 

errors after the participant learned the correct mappings and could evaluate performance 

at the time of response. The first block of trials constituted the learning phase of the 

experiment, as indicated by pilot subjects’ results (accuracy was much improved and 

consistent after the first block, demonstrating that they had learned the associations by the 

end of the first block). In consideration of the learning phases in the experiment, we 

separated Block 1 from Blocks 2-6 and conducted independent analyses for each. A 
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2x3x3 ANOVA was performed on both fERN values for the first block and rERN 

analyses for the subsequent blocks.  

The fERN analysis of Blocks 2-6 paralleled our other analyses, with the addition 

of one level to the accuracy factor (a 3x3x3 ANOVA). Along with correct and incorrect 

levels of accuracy, there was a false-feedback level, in which participants always 

received false feedback, no matter how they responded. In these analyses, we did not 

expect a correct-incorrect difference in fERN values, due to subjects’ decreased reliance 

on external feedback after learning task associations. Instead, we expected a bigger fERN 

to occur only in response to false feedback (reflecting an expectancy violation). 

 

Results 

 The trial and error learning task used in the present experiment was designed to 

elicit errors both in the learning phase (Block 1), and in the subsequent blocks (2-6). As 

described above, three separate sets of analyses were conducted, which included 

feedback-ERNs in Block 1, response-ERNs in Blocks 2-6 combined, and feedback-ERNs 

in Blocks 2-6 combined. Trials were categorized as incorrect or correct, and as angry, 

happy, or neutral face-trials. This allowed us to compare ERN amplitudes on the different 

emotion trial-types, and across different levels of accuracy. In ANOVAs, p-values were 

corrected using the Greenhouse-Geisser adjustment when appropriate. 

Behavioral Data 

In Block 1, participants made an average of 19.5 errors per emotion type 

(SD=8.11), yielding accuracy rates that ranged from 30 percent to 90 percent correct. 

Participants’ learning rates and performance on the task varied greatly, an issue that will 
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be discussed later on. In Block 1, four subjects were excluded from analyses because they 

made fewer than seven errors per emotion type. For ERP data, it is important to have 

sufficient error trials in order to average out environmental or muscle artifacts that are 

unique to individual trials. Thus the remaining 24 subjects had cleaner ERN averages that 

were reflective not just of individual trials but of average responses over several trials. In 

the first block, after applying a one-way repeated-measures ANOVA, error rates were not 

found to differ significantly across the three levels of emotion type (F<1). This 

demonstrates that different levels of difficulty were not a possible cause of differences in 

ERN amplitude between emotion types. 

In Blocks 2-6, two subjects were excluded from all analyses because of a scripting 

problem in the task which affected their performance (the problem did not influence other 

subjects). Participants made an average of 19.6 errors per emotion type (SD=15.50), 

yielding accuracy rates of 66 percent to 99 percent correct. This improvement in 

performance over Block 1 demonstrates that subjects did in fact learn the task 

associations. Contrary to our intentions in task design, a significant effect of emotion type 

on number of errors was found, after a one-way repeated-measures ANOVA was 

performed (F(2,48)=4.49, p<.03). Mean values are presented in Table 1. Post-hoc tests 

revealed that angry faces elicited significantly more errors than happy faces, while error 

numbers on happy and angry trials did not significantly differ from neutral face trials 

(Tukey’s HSD, p<.05).   
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Table 1 
Mean and Standard Error for the number of errors committed in each emotion trial-type 

 _____Angry_____ _____Happy_____ _____Neutral_____ 

 Mean SE Mean SE Mean SE 

Number of Errors 27.2 4.02 22.2 3.23 25.9 4.10 

 
The results of ERNs for each emotion type will be considered in light of this possible 

confound. 

Physiological Data 

Although three separate sets of analyses were conducted, the predictions were 

similar for each set. On the basis of the RL-ERN theory, we expected larger ERN 

amplitudes in happy-face, positive emotion trials, compared to smaller amplitudes in 

angry face, negative emotion trials. This prediction would yield an accuracy x stimulus 

emotion interaction, with a bigger difference in ERN amplitude between incorrect and 

correct trials in the presence of happy faces, and a smaller incorrect-correct difference in 

angry face trials.  We also expected that subjects high in anxiety would show this effect 

to a greater degree than low-anxiety subjects. This prediction would be supported by a 

three-way accuracy x stimulus emotion x anxiety interaction, with high anxiety predicting 

increased ERN differentiation between correct and incorrect responses in happy-face 

trials, and smaller differentiation in angry-face trials, compared to low anxiety 

participants’ ERNs. 

First Block 

 In analyses of the first block, we examined the amplitude of the feedback-ERN as 

subjects learned the task associations. In all fERN analyses, the fERN was defined as the 

most negative point in the 200-400 ms surrounding feedback presentation. Trials in 
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which subjects responded incorrectly and received negative feedback were compared to 

those in which a correct response was followed by positive feedback. The emotion of the 

face was also recorded. A repeated measures 2 (accuracy- correct/incorrect) x 3 

(emotion- angry/happy/neutral) x 3 (site- Fz/FCz/Cz) ANOVA was performed to test our 

first hypothesis. The analysis revealed a main effect of accuracy (F(1,23)=6.45, p<.02), 

revealing that the fERN response was more negative in incorrect trials (M=-1.41 µV, 

SE=1.33) than in correct trials (M=1.23 µV, SE=.95). A graph of correct and incorrect 

feedback grand-averages is shown in Figure 1. 
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Figure 1. Grand-average waveform depicting the fERN on correct and error trials in 
Block 1. Time 0 ms is the time of feedback presentation. The fERN can be seen around 
300 ms. 
 
This main effect of accuracy replicates findings from a large body of ERN literature 

indicating greater negativity following error feedback, lending validity to our fERN 

paradigm. However, there was no significant interaction between emotion and accuracy 
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(F(2,46)=1.65, p=.21). This finding did not support our first hypothesis, failing to 

demonstrate larger ERNs in the presence of positive emotion than negative emotion.  

To test our second hypothesis, a covariate of state anxiety was added to the 

analysis. Contrary to our predictions, there was no significant interaction between 

accuracy, emotion, and state anxiety (F<1). State anxiety did not predict an increased 

sensitivity of the ERN to emotional context. When state anxiety was replaced by trait 

anxiety as a covariate, a similar lack of interaction between trait anxiety, accuracy, and 

emotion occurred (F<1). Thus, in the first block/learning phase of the task, fERN 

analyses did not support the proposed hypotheses.  

Blocks 2-6: Response-ERN Analyses 

 For Blocks 2-6, separate analyses were conducted for response-ERN (ERN at 

time of button press) and feedback-ERN (ERN at time of feedback) amplitude values. In 

rERN analyses, five subjects (in addition to two excluded because of a scripting problem) 

were excluded because they lacked sufficient error trials. In rERN analyses, the rERN 

was defined as the most negative point in the -50-150 ms surrounding the keypress. A 

repeated measures ANOVA was performed on data from the remaining 21 subjects: 2 

(accuracy) x 3 (emotion) x 3 (site). The results revealed a main effect of accuracy 

(F(1,20)=29.29, p<.001), demonstrating that as expected, subjects showed more negative 

rERN values on incorrect trials (M=-7.05 µV, SE=1.12) than on correct trials (M=-1.57 

µV, SE=.79). A grand-average waveform for rERN trials is shown in Figure 2. 
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rERn at FCz Site (Blocks 2-6)
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Figure 2. Grand-average waveform depicting the rERN on correct and error trials in 
Blocks 2-6. Time 0 is the time of kepress. The rERN can be seen around 50 ms. 
 
In consideration of the first hypothesis, there was no significant effect of contextual 

emotion on accuracy (F<1). Thus, although subjects showed a pronounced rERN on 

incorrect trials, rERN values did not differentiate across the three emotional contexts. 

 Results revealed a main effect of site, indicating that the ERN was maximal at the 

frontal site (F(2,40)=13.35, p<.01; Fz=-5.43, SE=.96; FCz=-4.24, SE=.84; Cz=-3.27 

SE=.78). Because site did not directly relate to any of our hypotheses, and because it did 

not interact with any other factors, we did not pursue analyses of this effect.  

 When a state anxiety covariate was added to the analysis, no significant 

interaction was found between accuracy, emotion, and state anxiety (F<1). When a 

similar ANOVA was performed, replacing state anxiety with trait anxiety, the effect was 

still not significant (F<1). Contrary to our hypothesis, anxiety did not influence the 

rERN’s sensitivity to contextual emotion. 
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Blocks 2-6: Feedback-ERN Analyses 

 In Blocks 2-6, a separate analysis was performed on feedback-ERNs (ERNs 

elicited by display of the feedback screen). For these analyses, 10 subjects were excluded 

either because of a scripting problem in the task or because they had too few error trials 

to create clean averages for each emotion type. This set of analyses was also distinct 

because of an additional level of the accuracy factor; while, like previous analyses, it 

included correct and incorrect trials, a false-feedback level was added, in which 

participants received negative feedback regardless of their response. This level of 

accuracy was only relevant in Blocks 2-6 because subjects needed to have learned the 

task associations to recognize that they were, in fact, receiving inaccurate feedback. We 

expected fERN values on false-feedback trials to display a similar emotion-specific 

pattern to that of fERN amplitudes on error trials, given that false feedback constituted 

unexpected, negative feedback. 

A 3 (accuracy) x 3 (emotion) x 3 (site) ANOVA was performed on fERN 

amplitudes for the remaining 18 subjects. Unlike the two other sets of analyses, no 

significant effect of accuracy was found, though there was an effect on the level of a 

trend (F(2,34)=2.38, p<.12). See Figure 3 for a depiction of the fERN. This lack of an 

accuracy effect was not surprising, given our expectation that, in this learning paradigm, 

ERNs would move from the time of feedback to the time of response. Thus, in the 

learning phase (Block 1), fERNs were much larger on incorrect trials than correct, while 

in Blocks 2-6, after the task associations had been learned, rERNs were most reflective of 

this correct-incorrect difference. These results indicate that participants switched from an 
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overall external monitoring to internal monitoring of performance after they learned the 

task. 
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Figure 3. Grand-average waveform depicting the fERN on correct, error, and false-
feedback trials in Block 2-6. Time 0 ms is the time of feedback presentation. No distinct 
fERN on error or false-feedback trials is apparent (see time 300 ms). 
 

In consideration of our hypotheses, no interaction between accuracy and emotion 

was apparent (F(4,68)=1.35, p=.27). When a state anxiety covariate was added to the 

analyses, there was no significant interaction between accuracy, emotion, and state 

anxiety (F(4,64)=1.62, p=.20). This interaction also failed to achieve significance when a 

trait anxiety covariate replaced the state anxiety covariate (F(4,64)=1.70, p=.19). This set 

of analyses, like the previous sets, failed to support our main hypotheses, in that emotion 

trial-type did not influence ERN amplitude, nor did subjects high in anxiety show 

increased sensitivity to emotional context, as reflected by their ERNs. 

The fERN analyses in Blocks 2-6 did yield several unpredicted significant effects 

when trait and state anxiety covariates were added. A main effect of emotion was found 
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when a trait anxiety covariate was added to analyses (F(2,32)=3.29, p=.05). Because this 

main effect was only present with trait anxiety as a covariate, we focused on a near 

significant trait anxiety by emotion interaction (F(2,32)=2.91, p<.08).  Trait anxiety did 

not correlate with average amplitudes on any emotion trial-type when considered 

separately (p>.5). However, when we calculated a difference score between average 

amplitude on happy trials and angry trials, a significant correlation with trait anxiety 

became apparent (r=.49, p<.05). See Figure 4 for a graph of this relationship. In this 

correlation, a positive difference score represents a bigger ERN on angry trials than 

happy trials, while a negative score reflects a larger ERN on happy trials than angry 

trials. Thus, as trait anxiety scores increased, so did the likelihood that larger average 

amplitudes would be present on angry face trials than happy face trials. 
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Figure 4. Scatter plot of Trait-STAI scores by happy trial means minus angry trial means. 
 

Other near significant effects were present when state anxiety was made a 

covariate in the 3 (accuracy) x 3 (emotion) x 3 (site) ANOVA, in an interaction between 

accuracy, emotion, and site (F(8,128)=2.43, p<.06). A four way interaction was also 
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present between accuracy, emotion, site, and state anxiety (F(8,128)=2.17, p=.08). On 

closer examination, we found that this accuracy by emotion interaction was significant at 

the Cz site (F(4,64)=3.74, p<.02), but not at the Fz site (F<1) or FCz site (F<1). Means at 

the Cz site across emotion and accuracy conditions are displayed in Table 2. 

Table 2 
Mean fERN amplitude at Cz for each emotion type across correct, incorrect, and false-
feedback trials  

 _____Angry_____ _____Happy_____ _____Neutral_____ 

 Mean SE Mean SE Mean SE 

Correct -6.58 1.19 -6.11 1.18 -6.34 1.25 

Incorrect -8.09 2.14 -7.79 1.53 -7.49 2.01 

False Feedback -8.50 1.33 -9.55 1.89 -7.85 1.60 

 
Further analyses were performed at the Cz site to determine the direction of the 

interaction. In a 3 (accuracy) x 3 (emotion) ANOVA of Cz site values, a state anxiety 

covariate was added, demonstrating a significant 3-way interaction between accuracy x 

emotion x state anxiety (F(4,64)=3.40, p<.01). This effect remained close to significant 

when state anxiety scores were made into a dichotomous factor (to better understand the 

direction of interaction), with high/low groups created on the basis of a median split 

(F(4,64)=2.67, p<.06). We were further able to narrow the significant interaction of 

accuracy x state anxiety to happy face trials (F(2,32)=9.43, p<.01), and not to angry face 

trials (F<1) or neutral face trials (F<1). For a graph of mean values on happy face trials 

across accuracy and state anxiety levels, see Figure 5. 
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fERN Values across State Anxiety and Accuracy 
Levels (Happy Faces at Cz)
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Figure 5. Mean fERN amplitudes at site Cz on happy face trials across three accuracy 
levels and two state anxiety levels. 
 
 On happy face trials, error and false-feedback responses varied based on an 

individual’s level of state anxiety. In error trials, individuals low in state anxiety had 

bigger ERN responses than those high in state anxiety, while on false-feedback trials, 

individuals high in state anxiety had larger ERN responses than those low in state 

anxiety. This analysis was further confirmed when a difference score of error trial 

amplitude minus false-feedback amplitude was calculated. This value correlated 

significantly with state anxiety (r=.80, p<.001). A graph of this correlation can be seen in 

Figure 6. A negative score demonstrates a larger ERN response for error trials than for 

false-feedback trials, while a positive score demonstrates a larger error response for false-

feedback than for error trials. 
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State STAI by Error-False Difference (Happy 
faces at Cz)
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Figure 6. Scatter plot of State-STAI scores by error trial means minus false-feedback trial 
means of happy face amplitudes at site Cz. 
 
On happy face trials, subjects low in state anxiety had a bigger ERN response when they 

in fact made an error, whereas high state anxiety subjects had a bigger ERN when they 

were given negative feedback, independent of their actual performance. 

 

Discussion 

The present research sought to explore the relationship between the ERN, 

emotional context, and anxiety, using an expectancy generation framework. Our results 

revealed main effects of accuracy for the fERN in Block 1 and the rERN in Blocks 2-6, 

demonstrating the effectiveness of our paradigm in the elicitation of a correct-incorrect 

difference in amplitude, or ERN. These results indicate that our task successfully invoked 

the same error-monitoring system described in other studies of the ERN (e.g. Gehring, 

Goss, Coles, Meyer, & Donchin, 1993; Holroyd, Larsen, & Cohen, 2004). Our results 

showed a learning-related shift in ERN timing; the fERN occurred with explicit feedback 
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to learning-related errors in the first block, while the rERN occurred with the subject’s 

keypress to errors due to time pressure or attention lapses in Blocks 2-6. This 

demonstrates that subjects transitioned from an external to an internal mode of error-

monitoring over the course of the task. We aimed to measure the effect of emotional 

context on error-monitoring, predicting that ERN values would reflect an expectancy 

violation, being biggest in happy face trials and smallest in angry face trials. We 

predicted that anxiety would increase an individual’s sensitivity to emotional context, 

thereby amplifying the expectancy violation effect from the previous prediction. Contrary 

to our hypotheses, the results from our study did not demonstrate a significant interaction 

between emotional context and ERN amplitude, nor did they demonstrate an anxiety-

related increased sensitivity to emotional context. Surprisingly, some anxiety-related 

effects arose in fERN analyses of Blocks 2-6, though no overall accuracy effects were 

present in these analyses. Trait anxiety predicted a greater overall angry-face response, 

while state anxiety produced significant effects only on happy face trials, revealing a 

differentiated processing of false feedback by state-anxious subjects. 

While our study aimed to answer some new questions related to the ERN and 

anxiety, it also attempted to replicate findings from previous studies. Overall, our study 

failed to reproduce the results of these previous experiments, namely, Compton et al. (in 

press) and Larson et al. (2006). Both of these studies found that ERN amplitude was 

influenced by contextual emotion (though Compton et al. only found this effect for 

anxious subjects), in that the largest amplitudes were present in positive contexts, and the 

smallest were present in negative contexts. These studies fit into the expectancy violation 

framework central to the RL-ERN theory (Holyroyd & Coles, 2002), while our study, 
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which failed to find differences in ERN amplitude across emotional contexts, did not. It is 

important, then, to identify the unique aspects of our study that may have been 

responsible for this failure to replicate results, thus shedding light on factors that were not 

previously thought to be influential in the ERN and expectancy generation. 

Unlike the Compton et al. (in press) study in which emotion types were divided 

into blocks, our study was made up of randomly intermixed emotion types. Each of the 

six blocks included an equal number of each emotion type, which were displayed in 

random order. This points to the possibility that the rapidly displayed and changing 

emotion types in our study did not, or ceased to, influence the participants in a 

meaningful way, not only because they were irrelevant to the task, but because they were 

so fleeting and erratic. When emotions are presented in a solid block, as in Compton et 

al., they may carry more influence in the error-monitoring process because of the overall 

emotional tone that accumulates with the repetition of many happy or angry faces. 

Additionally, anxious individuals may be more sensitive to these irrelevant but consistent 

emotional contexts, thus displaying more of an influence of emotion on their ERNs than 

non-anxious individuals, as was found in Compton et al. (in press). Randomly intermixed 

trials may have prevented this anxiety effect from emerging in our study. This suggests 

that the order of presentation of emotion trial-types, whether blocked together or 

randomly intermixed, may be influential in bringing out anxiety-related differences, and 

thus should be considered in future task designs. However, in a task construction similar 

to ours, Larson et al. (2006) used randomly ordered emotion trial-types, and found a 

significant effect of emotional context on the ERN. Thus, while this factor may have 
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reduced anxiety-related effects, it cannot explain our lack of a significant effect of 

emotion on ERN amplitude. 

Our study was also unique in that it produced variable accuracy rates, which 

ranged from 66%-99% correct (in Blocks 2-6, after the task associations were learned). 

The high variability in performance across subjects may have disguised anxiety-related 

effects by producing more variable results in general. Thus, the noise created by this high 

degree of variability may have made anxiety-related differences between subjects harder 

to detect. Some subjects were able to complete the task almost perfectly, indicating that 

errors were not caused simply by task difficulty, but by a lack of motivation or 

disengagement. Given the low degree of task difficulty, it is unlikely that participants 

experienced uncertainty about the correctness or incorrectness of their responses. Unlike 

the highly difficult task in Compton et al., we eliminated the confound of doubt which 

could produce an anxiety-based bias. Our failure to achieve significant anxiety-related 

results supports the idea that heightened ERNs in high-anxious individuals are related to 

increased doubt about one’s actions, rather than an increased sensitivity to context. We 

also reduced doubt in our experiment by providing explicit feedback, the implications of 

which will be discussed in light of our task construction. 

Our study also differed from both Larson et al. and Compton et al. in that it used a 

learning paradigm. Unlike these other experimental tasks in which subjects explicitly 

knew from the experiment directions which button was best to press, ours required 

subjects to learn the best response through trial and error. Central to this was our 

provision of performance-related feedback. While the other studies measured response-

ERNs and relied on participants’ internal performance-monitoring, we provided explicit 
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feedback, and measured subjects’ responses to external evaluation (fERN) in addition to 

the rERN. By providing feedback, we reduced subjects’ doubt about their actions, 

thereby preventing a doubt bias in anxiety from confounding our results. In previous 

literature, the possibility of anxiety-based differences in doubt associated with a lack of 

concrete feedback has not been addressed directly. For example, Hajcak, McDonald, and 

Simons (2003) did not give subjects explicit feedback about their performance. This 

study found that anxious individuals had larger overall ERN responses, while our study 

found no difference between anxious and non-anxious individuals’ overall ERN 

responses. Our study points to a possible flaw in Hajcak et al. (2003) and Compton et al. 

(in press), in that they did not consider that failure to provide feedback could bring out 

the effects of anxiety. Our results support the idea that in these studies, doubt, rather than 

hyperactivity or differing expectancy generation in the error-monitoring system, may 

have amplified the influence of anxiety on the ERN. 

The use of explicit feedback is also important because it requires a smaller 

amount of internal regulation from subjects; in other words, they can rely on the explicit 

feedback to evaluate their performance, rather than internally monitoring their 

performance. The correct-incorrect difference (rERN) present on trials in Blocks 2-6 

demonstrates that subjects knew they were committing an error at the time of keypress 

response, and thus were internally monitoring their performance to some extent. They 

had transitioned from the external monitoring used during task-learning in Block 1 to an 

internal monitoring mode. However, the fact that significant effects were present in fERN 

analyses (Blocks 2-6) indicates that subjects were attending to feedback as well. This 

attention to feedback demonstrates that some of the pressure to internally regulate 



Error-Monitoring and Anxiety 47

performance may have been dispelled in our study. The reduction in the effort required of 

subjects by way of explicit feedback, compared to the uncertainty in Compton et al. and 

Larson et al., is one possible explanation for the lack of emotion-related effects in our 

study. By providing explicit feedback, we may have reduced subjects’ reliance on 

internal cues such as their own reactions and emotions. In our study, subjects may have 

been experiencing the detection and recognition of errors in a less internalized and 

emotionally-influenced way, which consequently may have reduced other emotion-

related influences on the ERN, including the affective context. 

 In interpreting our results, we need to take into consideration the fact that 

performance was significantly different across the three emotion types, though ERN 

values for each emotion type did not differ. Subjects made the most errors in angry face 

trials, and the least in happy face trials. In terms of an expectancy generation framework, 

this difference could have indirectly made face emotion relevant to the task, with subjects 

using face emotion as an indication of their probability for success in that particular type 

of trial. If this were the case, unlike our predicted effect in which subjects would expect 

to fail more in angry face trials because of the negative emotionality, they actually would 

fail more. In the RL-ERN theory (Holroyd & Coles, 2002), expectancies are generated 

based on the probability of success. Because more errors occurred on angry face trials, 

subjects may have expected to succeed less in these trials than on happy face trials, which 

could have led to smaller ERN amplitudes in the presence of angry faces. Because we did 

not achieve emotion-related differences, this possibility is irrelevant, though it does seem 

to undermine the expectancy generation framework proposed in the RL-ERN theory. 

Neither the task-irrelevant emotional context (a predicted influence in our study) nor the 
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probability of success on a particular emotion trial-type (a predicted influence in the RL-

ERN framework) affected ERN magnitude in a way that was reflective of expectancy 

violation. 

A bias toward detection and recognition of happy faces similar to that seen in our 

results was demonstrated in a recent study, in which subjects searched a crowd for 

different emotion types (Juth, Lundqvist, Karlsson, & Öhman, 2005). It is possible then, 

that subjects performed better on happy face trials because individuals are more easily 

recognized or are processed more quickly in that emotional condition. Another possible 

explanation for this face-emotion effect on performance is that angry faces were more 

distracting to subjects, and thus they performed more poorly on those trials. Both of these 

explanations are plausible, and should be addressed in future research. While we did find 

some anxiety-related differences in the presence of happy and angry faces, anxiety did 

not interact with performance. Accordingly, the performance bias in happy face trials was 

not an influential factor in our findings regarding individual differences in anxiety. 

 While our results did not support our hypotheses, the study did reveal some 

unexpected, yet interesting, results. In fERN analyses of Blocks 2-6, the relationship 

between fERN and trait anxiety depended on emotion trial-type, as demonstrated when a 

difference score between fERN values on happy and angry trials was calculated.  We 

found that as trait anxiety scores increased, so did the likelihood that amplitudes would 

be larger on angry face trials than on happy face trials. Keeping in mind that these 

amplitudes were reflective of average values across correct, incorrect, and false-feedback 

trials, this finding seems to fit with a larger body of literature on trait anxiety and a 

differentiated processing of threat-related stimuli. For example, one study found that high 
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trait-anxious individuals demonstrated faster latencies and larger amplitudes (on several 

attention-related ERP components, not ERN specifically) in the perception and 

processing of threatening faces (Bar-Haim, Lamy, & Glickman, 2005). Though we 

focused on a different ERP component and did not record latencies, this finding 

corresponds with the increased response amplitudes of trait-anxious subjects that were 

present on angry face trials in our study. Trait-anxious subjects seemed to react more 

strongly to angry faces than to happy faces, lending more attentional resources to these 

potentially threat-related cues and processing them at a greater depth. This supports the 

idea that trait-anxious individuals may have a more dispositional and constant sensitivity 

to threat-related stimuli (e.g. Byrne & Eysenck, 1995), while state-anxious individuals 

are sensitive to emotion on a situation-specific, trial-by-trial basis, as discussed below. 

 In fERN analyses of Blocks 2-6, results revealed an interaction between state 

anxiety and accuracy. The main difference occurred in happy face trials, in which high 

and low state anxiety individuals differed in their responses to incorrect and false-

feedback trials. While we predicted that false feedback would cause an expectancy 

violation reflected by greater ERN amplitude, this effect was only apparent in the case of 

high-anxious subjects. Low state-anxious subjects had a bigger ERN compared to high-

anxious subjects when they in fact made an error, whereas high state-anxious subjects 

had a larger ERN when they were given negative feedback, independent of their actual 

performance. In interpreting these results, it is first necessary to consider why this effect 

only occurred on happy-face trials. This finding fits into our original hypotheses 

regarding expectancy generation. Subjects may have been primed by happy faces (but not 

by angry or neutral faces) to expect success, and consequently produced larger ERNs in 
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happy face trials with the presentation of negative feedback (whether related to an error 

or false feedback). Perhaps no significant effect emerged on neutral- or angry-face trials 

because subjects had reduced expectations for success as compared to those in the 

positive emotional context.  

In the presence of a positive emotional context, high-anxious individuals were 

more sensitive to unexpected, negative false feedback, while low-anxious subjects were 

more sensitive to actual error feedback. This is interesting to consider in light of a study 

by Ehlis, Herrmann, Bernhard, & Fallgatter (2005), which found that fERN amplitudes 

on false-feedback trials did not differentiate from those of correct trials. When subjects 

actually committed errors, they demonstrated a pronounced rERN, but no fERN. Thus, 

fERN values on correct, error, and false-feedback trials did not differ. The researchers 

posited that subjects were no longer sensitive to external feedback once they could 

evaluate their performance internally, at the time of response. However, this study did not 

consider a possible influence of individual differences in anxiety. Our study opens the 

possibility of an anxiety-related increased sensitivity to false feedback. As previously 

discussed, anxiety is associated with doubt about one’s actions, as well as increased 

negative emotionality (Clark & Watson, 1991). Therefore, while low-anxious individuals 

are not vulnerable to this false performance feedback, high-anxious individuals process it 

as if they had, in fact, committed an error. This assertion requires further research, given 

that this effect was only significant in happy face trials, and that our study was not 

designed to specifically address this question. If this effect were to be confirmed in future 

research, it would have important implications about anxiety and adaptive functioning. 

By producing an ERN in response to false feedback, anxious subjects are beginning to 
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implement the error-processing system that results in behavioral compensation, although 

their actual performance does not need to be adjusted. This is both inefficient and 

maladaptive when no error was actually committed. 

In making sense of our results, one key element to note is that emotion-related 

and anxiety-related effects only emerged in our analyses of the fERN in Blocks 2-6. 

Unlike the results from fERN analyses in Block 1 and rERN analyses in Blocks 2-6, no 

overall differences in ERN amplitude across correct, incorrect, and false-feedback trials 

were present in this analysis. Considering that in Blocks 2-6 subjects generated larger 

rERNs in error trials compared to correct trials, we can infer that they had at least 

partially reverted to an internal mode of performance-monitoring. Explicit feedback was 

no longer necessary in subjects’ performance monitoring processes, but according to our 

data, subjects still attended to this feedback, especially when individual differences in 

anxiety were taken into account. At the time of this feedback-induced response, neither 

angry faces nor false feedback were relevant to the subject’s performance or to a 

behavioral adjustment required for future trials, but an increased level of anxiety 

predicted heightened sensitivity to these stimuli. Anxious and non-anxious subjects 

processed feedback similarly when it was relevant to performance, but anxious subjects 

showed differences in error-processing when feedback was extraneous to performance. 

Thus, the relevance of feedback was a key factor in eliciting differentiated ERN 

responses across anxiety levels.  

In a way, our results parallel those from a previously discussed study, which 

demonstrated that anxious subjects had bigger ERN responses than non-anxious subjects 

in low-error rate trials, but no ERN differences in high-error rates trials (Paulus, 
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Feinstein, Simmons, & Stein, 2004). In this study, anxious individuals appeared to devote 

more resources than non-anxious individuals to processing errors only when little 

behavioral compensation was needed, while in our study anxious individuals devoted 

more resources to error-processing only when feedback was irrelevant. Both of these 

studies reveal an anxiety-linked unnecessary and potentially maladaptive addition to the 

error-monitoring process. 

These findings are revealing about the differences between state and trait anxiety 

and about the effects of both on everyday functioning. Trait anxiety predicted an increase 

in the average response amplitude to angry faces, while state anxiety predicted an 

increase in the average response amplitude to false feedback in happy face trials. Taken 

together, our results demonstrate a sort of hyperactivity of the error-monitoring system in 

anxious subjects, though trait and state anxiety were sensitive to different elements within 

the process of error-detection and recognition, and though these effects were only present 

in certain task conditions. Angry faces and false feedback are both negative emotional 

information, and the nature of each fits with what we know about trait anxiety (constant 

sensitivity to threat, e.g., angry faces) and state anxiety (situation-specific contextual 

sensitivity, e.g., negative feedback in the presence of happy faces). Both trait and state 

anxiety seemed to increase individuals’ sensitivities to negative emotional information, a 

tendency which has been described in past literature as well (Clark & Watson, 1991). 

Our data indicate that anxious individuals process errors similarly to non-anxious 

individuals, as shown by the fERN (Block 1) and rERN (Blocks 2-6) correct-incorrect 

difference values, which did not interact with anxiety. Only when this common elevated 

response to error trials compared with correct trials is absent, (as occurred in fERN 
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analyses of Blocks 2-6) do anxious and non-anxious subjects begin to differ in their 

processing of negative information. In response to stimuli like angry faces (trait anxiety) 

or false feedback (state anxiety), anxious subjects seem to process this negative 

information at a greater depth than non-anxious subjects. These differences highlight the 

fact that an alignment of two specific factors seems to bring out anxiety-related 

differences – when information is both irrelevant to performance and emotionally 

negative, anxious subjects devote more resources than non-anxious subjects to the neural 

process underlying the ERN. While it is unclear whether anxiety is a cause or an effect of 

this bias, our study suggests that individual differences in anxiety are instrumental in this 

distinct processing pattern. It is important to recognize that a few of these effects were 

only marginally significant, and that our task was not designed to address these research 

questions specifically. That being said, our results fit into and add to existing research in 

a way that warrants future research, bringing a new perspective and highlighting new 

areas on which to focus. 

The results of our study have drawn attention to areas of weakness in research, 

and to issues and complexities that were not previously thought to be influential in 

studies of error monitoring and anxiety. Future research should be devoted to these issues 

because they affect common cognitive processes that occur constantly, processes that 

relate to emotion, decision-making, and anxiety. For example, our study raises questions 

about the way ERN-anxiety studies are performed. Our failure to replicate previous 

results indicates that some influential factor was changed in our experiment, and future 

research should attempt to pinpoint whether this factor was the randomly intermixed trial-

types, the use of explicit feedback, or the variable degree of task performance. Our study 
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revealed that the fERN can be informative even after subjects have switched to an 

internal performance-monitoring mode, which is most obviously displayed in the rERN. 

To further examine the anxiety effects that emerged in these analyses, the latency of a 

stimulus-locked potential (such as the N170 in face processing) should be measured 

together with amplitude in a similar task. This experiment would allow us to compare 

anxious subjects’ to non-anxious subjects’ speeds in recognizing certain emotions 

(latency), as well as the amount of cognitive resources they devote to processing each 

emotion type (amplitude). 

Our finding regarding state anxiety and an increased ERN response to false 

feedback in the presence of positive emotion at site Cz opens several new channels for 

research. False feedback seemed to influence high state-anxious individuals more than 

low state-anxious individuals; this effect should be followed up with the provision of 

false feedback to anxious and non-anxious subjects in a variety of different contexts, such 

as emotional faces, positively- and negatively-valenced scenes, and non-emotional 

contexts. Because the effect was only present at site Cz, it would be useful to conduct a 

similar study using fMRI instead of ERP, which would provide a more exact localization 

of the effect. This would also help to determine whether the effect at the Cz site has a 

different neural source or is part of a different brain system than the effects at the Fz and 

FCz sites. Research has demonstrated that distinct subregions of the anterior cingulate 

cortex are active in different aspects of cognitive control processes (Swick & Jovanovic, 

2002; Milham & Banich, 2005). Error-monitoring is one such cognitive control process, 

but further research is needed in order to explore differences in ACC subregion activation 

that may be specific to this process. Finally, state and trait anxiety appeared to be 
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sensitive to different types of negative emotional information in our experiment. 

Individuals with varying levels of state and trait anxiety should be compared in tasks with 

different types of emotional stimuli, in order to pinpoint systematic tendencies in their 

sensitivities to this information. 

Although our study failed to support the proposed hypotheses, the effects revealed 

in our results are interesting and potentially informative about the possibility of 

differentiated error-monitoring in individuals with increased levels of anxiety. In its 

failure to replicate previous similar studies, our paradigm brought to light several factors 

that were previously not known to be influential in ERN and affect studies. The effects 

we did find highlight anxiety-related influences (both trait and state) on error-monitoring 

processes, especially in situations when these processes are not specifically relevant to 

actual task performance and include emotionally negative information.  

Over the course of evolution, humans have become intrinsically sensitive to 

emotion, because of the informative cues it can provide about one’s performance in a 

world full of uncertainty. The results of our study provide support for the idea that 

anxiety, while probably adaptive in some situations (e.g., fight-or-flight), may result in 

the unnecessary allocation of resources in the processing of negative information such as 

angry faces or false negative cues about one’s performance. Among other ways, we can 

learn about this through error-monitoring, by examining a simple neural response called 

the ERN. The ERN has the straightforward purpose of recognizing erroneous behavior in 

order to make an adjustment, but the many factors that contribute to and influence the 

ERN make it a fascinating and worthwhile research focus. The results of our study 

emphasize the important and complicated relationship between emotion – both 
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environmental and internal – and error-related negativity. While our study answered 

some questions about anxiety’s effect on the ERN and error-processing, it raised several 

more questions about the profound influence of emotion on error-monitoring and on our 

decision making in everyday life. 
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Appendix A. Self Evaluation Questionnaire; Trait-Anxiety Portion 
 
A number of statements which people have used to describe themselves are given 
below. Read each statement and then check the appropriate button to indicate how 
you generally feel. There are no right or wrong answers. Do not spend too much 
time on any one statement but give the answer which seems to describe how you 
generally feel. 
 

Almost never  Sometimes  Often  Almost Always 

 
1. I feel pleasant. 

2. I feel nervous and restless. 

3. I feel satisfied with myself. 

4. I wish I could be as happy as others seem to be. 

5. I feel like a failure. 

6. I feel rested. 

7. I am "calm, cool, and collected". 

8. I feel that difficulties are piling up so that I cannot overcome them. 

9. I worry too much over something that doesn't really matter. 

10. I am happy. 

11. I have disturbing thoughts. 

12. I lack self-confidence. 

13. I feel secure. 

14. I make decisions easily. 

15. I feel inadequate. 

16. I am content. 

17. Some unimportant thought runs through my mind and bothers me. 

18. I take disappointments so keenly that I can't put them out of my mind. 

19. I am a steady person. 

20. I get in a state of tension or turmoil as I think over my recent concerns and interests. 
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Appendix B- Self Evaluation Questionnaire; STAI-State Anxiety Portion 

Please indicate how much each statement describes your feelings during the last hour. 

 
Not at all   Somewhat   Moderately so  Very much so 

 
 

1. I felt calm. 

2. I felt secure. 

3. I was tense. 

4. I was strained. 

5. I felt at ease. 

6. I felt upset. 

7. I was worrying over possible misfortunes. 

8. I felt satisfied. 

9. I felt frightened. 

10. I felt comfortable. 

11. I felt self-confident. 

12. I felt nervous. 

13. I felt jittery. 

14. I felt indecisive. 

15. I felt relaxed. 

16. I felt content. 

17. I felt worried. 

18. I felt confused. 

19. I felt steady. 

20. I felt pleasant. 
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Appendix C. Examples of Angry, Happy, and Neutral Face Stimuli (Ekman and Friesen, 

1976) 

 
  Person A 
 

     
            Angry                   Happy     Neutral 
 
  Person B 
 

     
          Angry                   Happy     Neutral 


