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ABSTRACT 
 

Several EEG studies have found ERPs that directly reflect error monitoring processes that 
are thought to occur in the anterior cingulate cortex.  Researchers have observed 
differences in these ERPs in individuals with depression, yet the direction of these 
patterns have been inconsistent.  While some results suggest that depressed individuals 
have increased responses to mistakes because they are more sensitive to the negative 
implications of being wrong, other results suggest that they have decreased responses to 
error due to feelings of helplessness.  The present study explored these error-processing 
differences using selective-attention tasks that involve cognitive and affective processing 
to tease apart the effects of depression.  Our analyses failed to show significant 
differences in error-related ERPs between depressed and control subjects although they 
revealed relationships between the ERP components and subsequent behavior, thus 
providing insight on how cognitive control is executed.  We also explored these error-
processing mechanisms in terms of affective differences and find that positive affect 
contributes to cognitive control.  Implications of these findings along with suggestions 
for extensions on the present study are discussed.   
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INTRODUCTION 

 

The accelerating advancement of both brain imaging and electrophysiological 

recording techniques in the past two decades has allowed researchers to explore in greater 

depth the mechanisms of mood disorders within the brain. By examining the 

neuroanatomical correlates of affective, cognitive, and behavioral functions that are 

specific to mood disorders, we have been able to learn how these different components 

interact with one another and how they join together to produce manifest symptoms.  

Depression is one such mood disorder that has been extensively researched due to its 

widespread influence on such a large portion of the U.S. population.  Each year, more 

and more is discovered about its origins in the brain as well as how changes in brain 

activity affect cognition and behavior throughout the course of the disorder.  As imaging 

technology continues to improve, researchers gain the opportunity to narrow their focus 

on specific aspects of depressive disorders.  

The goal of our study is to extend current research on depression and examine its 

cognitive and neural bases in terms of behavior regulation.  More specifically, our focus 

will be on the mechanisms of error monitoring and subsequent responsive changes made 

by students with depressive tendencies.  While this study will mainly serve to contribute 

to the existing literature on depression, it also seeks to add to current knowledge of 

general error-monitoring processes and their neural correlates particularly in the limbic 

system of the brain.   
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BACKGROUND 

Depression.    

Decades of research have analyzed depression from a wide variety of perspectives 

in order to obtain a comprehensive understanding of the disorder.  Developmental studies 

have looked at how environmental factors contribute to its onset, cross-cultural studies 

have examined how the disorder manifests itself across cultures, and personality studies 

have looked at how personality traits predispose certain individuals.  More recently, 

cognitive studies have investigated the disorder from a neuropsychological point of view 

in order to gain an understanding of how various processes within the brain contribute to 

cognitive differences in depressed individuals.   

 Existing cognitive theories on depression describe depressed individuals as 

having the tendency to attribute negative events to internal and stable factors which lead 

to feelings of helplessness and depression (Abramson, Seligman, & Teasdale, 1978).  

They also tend to be hypersensitive to criticism and negativity which results in 

ruminative response styles (Nolen-Hoeksema, 2000).  This lack of motivation coupled 

with helpless coping attitudes results in diminished executive functioning skills as well as 

deficits in the ability to demonstrate effective behavior needed for daily functioning.  

Some researchers regard these abnormalities as deficits in self-regulation and therefore, 

focus their research attention on error monitoring processes that are strongly associated 

with these cognitive tendencies.  By examining these processes, we are better able to 

tease apart the different components of information processing within the brain and to 

look at specific regions affected by corresponding cognitive and affective changes.   
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Error monitoring.   

A person’s ability to detect errors in his or her own performance and subsequently 

modify behavioral strategies so that overall performance may be improved is critical for 

effective behavior.  Such a system allows an individual to perform appropriately in given 

situations and to adapt easily to changes in rules. While perfect performance on any task 

is rare, the cost of imperfect performance at times may be detrimental to an individual.  

For example, an inability to recognize errors made while learning a new task means that 

the task cannot be learned properly.  Imagine the problems that would arise if a person 

could not detect errors made while learning to play a new tune on the piano, or if he was 

able to detect them but could not change his behavior as he approached that particular 

problem note.  A performance of the song would be tainted with errors.  Therefore, it is 

adaptive for the human cognitive system to include a configuration of structures that 

monitors human behavior to ensure accuracy in performance by correcting for potential 

errors.  From a psychological point of view, this mechanism of reducing the incidence of 

poor performance also serves to protect the individual from both internal and external 

criticism and while preserving a sense of self-worth.   

Early research directed at uncovering such an error monitoring mechanism mainly 

focused on observable compensatory behaviors following the occurrence of errors 

(Rabbitt, 1966).  Researchers would infer from these studies the existence of an error 

detection system based on behaviors such as error correction or post-error slowing, which 

were thought to represent the cognitive processing of an error and an intentional 

adjustment to strategy.  Although none of these studies adequately served as hard 

evidence for an error monitoring system, these observations laid the groundwork as 
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future studies expanded on experimental techniques.  It was not until the advancement of 

neuroimaging and electrophysiological recording techniques that researchers were able to 

grasp more direct evidence of such a system.  Presently, functional imaging studies using 

tools such as positron emission tomography (PET) and functional magnetic resonance 

imaging (fMRI) have allowed researchers to identify physiological correlates of cognitive 

and emotional states that possibly contribute to the error-monitoring process.  These tools 

have allowed researchers to observe neurological activity as subjects perform tasks 

designed to elicit events of error.  Several of these neuroimaging studies have localized 

this performance monitoring process to the anterior cingulate cortex (ACC) in the limbic 

system.  Meanwhile, studies on electrophysiological activity, which is commonly 

measured by electroencephalogram (EEG), have observed event-related potentials 

(ERPs) specific to the occurrence of errors.  This method of measurement differs from 

functional imaging as it allows researchers to take into account the temporal properties of 

the signal as well as its electrical strength.  Congruence of data from functional imaging 

and ERP allows researchers to draw strong conclusions regarding the localization of these 

cognitive functions.  They also allow us to examine specific processes with high spatial 

and temporal acuity for a more thorough representation of how errors are detected and 

how compensatory behavior is triggered.  All in all, findings from each of these two types 

of methods bear express implications for the error monitoring process within the 

framework of a mood disorder such as depression.   

Anterior Cingulate Cortex.   

Presently, a vast majority of neuroimaging studies point to the anterior cingulate 

cortex (ACC) as the center of performance monitoring.  The ACC, located on the medial 
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surface of the frontal lobe, is a part of a network of structures in the limbic and motor 

areas of the brain.  This network regulates both the cognitive and emotional processing of 

behavior and contributes to processes such as error detection, behavior regulation, and 

strategy formation.  Lesions in the ACC result in symptoms such as apathy, inattention, 

dysregulation of autonomic functions, and emotional instability (Kennard, 1954; Tow & 

Whitty, 1953, Corkin, et al., 1979; as cited in Bush, Luu, & Posner, 2000).  Although its 

functions in performance monitoring have been widely researched, its exact role in the 

process of error monitoring is still unclear.  Thus far, it is known to play an executive role 

in detecting and signaling a need for control.   

Several theories regarding the role of ACC in performance monitoring have been 

posited.  Originally, it was thought to contribute to performance monitoring by 

facilitating error detection.  The observation of enhanced ACC activity in both erroneous 

and correct responses, however, exposed a need to re-evaluate this theory (Carter et al., 

1998).  As a result, these researchers (Carter et al., 1999) proposed the conflict 

monitoring theory, which is currently the most strongly supported theory on the role of 

the ACC.  It suggests that the ACC detects and processes cognitive conflict within a 

given task.  Many studies of conflict monitoring use speeded reaction tasks which present 

stimuli that elicit competing responses and require the subject to choose the correct 

response as quickly as possible.  Accordingly, Botvinick, Cohen, & Carter (2004) cite 

studies which have found the strongest ACC activation to occur during this response 

selection, when subjects must choose between the automatic incorrect response and the 

correct secondary response.  
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Further evidence that ACC response triggers strategic adjustments in cognitive 

control is described by Kerns, Cohen, & MacDonald III (2004) who found stronger ACC 

activity to precede behavior reflecting relatively focused attention.  Meanwhile, weaker 

activity preceded behavior reflecting less focused attention.  This study was conducted 

using the Stroop task (1935) in which subjects were presented with congruent and 

incongruent color-word combinations.  Congruent trials consisted of combinations in 

which the color of the word matched the word itself (i.e. the word “red” written in red 

ink) whereas incongruent trials consisted of combinations in which the color of the word 

did not match the word (i.e. the word “red” written in blue ink).  This task has been 

shown by numerous studies to be effective in eliciting incorrect automatic responses, 

making it an ideal measure of various cognitive functions in the experimental setting.  

Kerns, Cohen, & MacDonald III (2004) found that incongruent Stroop trials elicited high 

ACC activity and resulted in improved performance in subsequent trials, suggesting that 

the ACC is responsible for triggering the execution of response control.   

One of the major outputs from the ACC leads to the prefrontal cortex (PFC), a 

region that is thought to maintain a representation of goals along with the means with 

which an individual can achieve them (Miller & Cohen, 2001, as cited in Davidson et al., 

2002).  This region has consistently shown increased activity during post-conflict 

behavioral adjustments, suggesting that signals from the ACC recruit control functions 

from the PFC.  In doing so, the PFC activates the appropriate representations needed to 

implement control.  Kerns, Cohen, & MacDonald III (2004), for example, show that 

conflict-related ACC activity consistently precedes increased PFC activity, resulting in 

behavioral adjustment.   
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The PFC is also the region in which abnormalities of activation in depressed 

patients are most commonly reported in comparison with all other brain regions.  Its 

activity often guides the overriding of inappropriate but automatic responses in conflict-

inducing tasks.  Deficiencies in goal-directed behavior and in the overriding of automatic 

responses in depressed subjects have been traced back to underactivity in regions of the 

PFC (Davidson et al., 2002).  Together, the ACC and PFC create a system which ensures 

that mistakes are noticed and corrected in the most efficient way possible.      

Studies using fMRI and PET further show that cognitive and emotional 

information are processed separately in the ACC, thus dividing the structure into at least 

two parts.  The dorsal ACC (dACC), which is highly connected to regions that function 

in attention such as the parietal cortex, lateral prefrontal cortex, and the premotor and 

supplementary motor areas (Devinsky, Morrell, & Vogt, 1995), has been implicated in 

cognitive processing.  It is activated when individuals are presented with cognitively 

demanding tasks that involve stimulus-response selection during response competition 

(as elicited by the Stroop task) and it is underactive during intense emotional states such 

as depression or pain anticipation (Bench, 1992; Drevets et al., 1998).  Studies also show 

that subjects with dACC damage experience difficulty in changing responses during a 

task.  This finding supports the theory that conflict signals in the dACC trigger 

compensatory adjustments in response strategies to produce more positive outcomes in 

the future (Gehring & Taylor, 2004).  The rostral ventral subdivision of the ACC (rACC), 

on the other hand, has been found to be responsible for affective processing activated 

during the assessment of emotional or motivational information as well as goal directed 

behavior.  It should not be a surprise, then, that this region is highly connected to affect-
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related structures such as the amygdala, periaqueductal gray, and hypothalamus 

(Devinsky, Morrell, & Vogt, 1995).   

This functional dichotomy in the ACC can be tested by a modified Stroop task in 

which the cause of interference differs from that of the original color-word Stroop.  Like 

the color-word Stroop, the emotional Stroop elicits automatic processing of the meaning 

of the word in the stimulus despite instruction to name its color.  The difference lies in 

the meaning of the word being used.  Whereas an incongruent trial in the color-word 

Stroop consists of a color that does not match up with the word (which names a different 

color), the emotional Stroop uses words of emotional valence to serve as a distraction.  

Researchers expect that an attentional bias towards words of emotional value to the 

particular subject will cause interference; therefore, it will take him or her more time to 

name the color of the word.  Emotional Stroop effects are especially pronounced in 

patients with mood disorders, especially when the words used are relevant to their 

disorders.  For example, patients who show increased frequency and intensity of 

rumination are more distracted by valenced words such as “failure,” “stupid,” or 

“pathetic.”  When these words are presented in an emotional Stroop task, researchers 

observe a slowing down of responses which is attributed to the individual’s pre-

occupation with these emotional stimuli (Williams, Mathews, & MacLeod, 1996).    

If rACC is responsible for emotional processing and dACC is responsible for 

cognitive processing, these mechanisms should be reflected in brain activation, such that 

the rACC shows more activity during the emotional Stroop and dACC shows more 

activity during the counting Stroop.  In a variation on the classic color-word Stroop, the 

counting Stroop (cStroop; Bush et al., 1998) is presented in the form of up to four 
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vertically stacked words; subjects are instructed to press a button that indicates the 

number of words on the screen regardless of its meaning.  During neutral trials, these 

words are taken from a neutral semantic category such as “furniture.”  During 

interference trials, however, number words are incongruent with the number of words 

appearing on the screen (e.g. the word “three” presented four times).  For these trials, it is 

the task of the subject to suppress automatic processing (which comes with reading the 

word), and instead, count the number of words on the screen.  In comparison to neutral 

trials, interference trials show a significant increase in dACC activity (Bush et al., 1998).   

The emotional counting Stroop (ecStroop; Whalen et al., 1998) uses the same 

mechanism as the counting Stroop except that interference trials consist of words that 

affectively interfere with response processing.  This effect is comparable to that created 

by the emotional Stroop as emotionally valenced words serve as a distraction during 

cognitive processing.   Activation during the ecStroop occurs mainly in the rACC, thus 

these two Stroop modifications allow the locational comparison of affective and 

cognitive error-processing.  Both require cognitive control in order to resolve the given 

conflicts, yet they do so by recruiting distinct processes due to the differing nature of 

interference.  Using these measures, researchers are able to differentiate between the 

multiple facets of cognitive control. 

 In summary, the color-word Stroop has been modified in several ways to 

accommodate research focused on mood disorders using neuroimaging technology.  

Studies using these modified tasks support the notion that the ACC consists of a cognitive 

and affective division which work together to ensure effective cognitive control. 
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Electrophysiological methods in studying error monitoring. 
 

While neuroimaging studies have proved effective in localizing the source of 

performance monitoring to the ACC and PFC, parallel studies using electrophysiological 

measures have uncovered a brain wave that is distinct to error processing.  Early studies 

report an error-related negativity (ERN; Gehring et al., 1993) or error negativity (Ne; 

Falkenstein, Hohnsbein, & Hoormann, 1991) during choice reaction time tasks.  The 

ERN/Ne originates from a dipole source located in the vicinity of the ACC and has been 

consistently modeled as a sharp, negative deflection appearing at the midline with a 

fronto-central maximum approximately 50-150 ms after an erroneous response is made 

(Gehring et al., 1993; Falkenstein, Hohnsbein, & Hoormann, 1991).  Some studies have 

also shown that this negative potential is often (though not always) followed by an error 

positivity (Pe; e.g. Falkenstein, Hohnsbein, & Hoormann, 1991) which is represented by a 

slower positive waveform with centro-parietal distribution peaking 300-500 ms following 

the error.  These two waveforms comprise the event-related potential (ERP) following 

action monitoring and error detection, and are thought to be representative of different 

aspects of error processing. 

Similar to early beliefs about ACC function, the ERN was originally thought to 

reflect an error-detection and compensation process because of its consistent occurrence 

in conjunction with incorrect responses. Early ERN researchers described this process as 

one in which a mismatch signal is produced as a result of a comparison between an actual 

(erroneous) response against a required (correct) response.  Such a signal would trigger 

an error compensation process whose effect could be observed in compensatory behavior 

such as slowing-down in subsequent behavior or inhibition of erroneous responses.  
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Gehring et al. (1993), for example, found that error-related ERPs were related to attempts 

to break erroneous responses.  They also found that when ERNs were larger, they were 

more likely to be followed by a correct response on the same trial.  These results suggest 

that ERNs are related to attempts at compensating for errors.   

Also introduced in early studies was the idea that the ERN may also reflect a 

motivational or affective component of error processing.  This hypothesis was supported 

by several researchers, including Gehring et al. (1993) who found an enhanced ERN 

when task emphasis was placed on the accuracy of performance while a diminished ERN 

appeared when emphasis was placed on response speed at the expense of accuracy 

(similar findings are discussed in Falkenstein, Hohnsbein, & Hoormann, 1991).  In other 

words, the greater the motivation of the subject, the more enhanced the ERN.   

Shortly after it was proposed, however, the error detection theory encountered at 

least one obstacle.  Researchers observed a similar (though less enhanced) peak when 

subject responses were correct (Correct Response Negativity, or CRN; e.g. Falkenstein, 

Hoorman, & Hohnsbein, 2000; Vidal et al., 2000).  The CRN was explained as a 

reflection of either error-processing on correct trials or simply measurement artifacts 

(such as stimulus-related activity).  So, as with the theories regarding ACC function, 

these findings called for a revision to the error detection theory so that it would account 

for the CRN.  The most widely supported alternative theory, proposed by Vidal et al. 

(2000), suggests that rather than reflecting the outcome of an error-detection process, the 

ERN represents an ongoing conflict comparison process which consequently leads to 

error detection and an emotional reaction.  In other words, the ERN/Ne does not represent 

the outcome of the process; instead, it represents the process itself.   
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The observation that the ERN originates from the ACC region throws this theory 

in line with the conflict monitoring theory of the ACC.  It holds that the ERN reflects an 

overall conflict monitoring system in the ACC where the ACC detects competition 

between processes that conflict throughout a given task.  (Botvinick et al.,2001; Carter et 

al., 1998).  As previously discussed, competition arises when automatic processing of 

inappropriate responses interferes with processing of correct responses.  This delays 

behavioral response while the correct response is selected to overcome the incorrect 

response.  Color-word Stroop tasks are difficult because they elicit two competing 

responses which must be teased apart before an answer can be given.  During these 

speeded reaction tasks, errors are normally committed when an impulsive response is 

given before a full response evaluation is made (Gratton et al., 1988).  Based on this idea, 

we would not expect to see ERN activity reflecting the evaluation process until after an 

error is made and detected.  This explanation sufficiently accounts for the CRN since the 

checking of correct responses can also occur after the response is made.  Furthermore, 

these data converge with current fMRI research on the ACC.  

  To date, most researchers have focused on validating the ERN/Ne so that in 

comparison, much less is known about the error positivity (Pe).  When it was first 

observed, Falkenstein et al. (1991) projected various possibilities of its functional 

significance, including predictions that it may be reflective of error correction processes 

or that it represents the deactivation of the ERN/Ne.  However, a series of cognitive tasks 

designed to address each of these possibilities has proved them unlikely (for further 

detail, refer to Falkenstein et al., 1991).  Instead, the more probable explanation for the Pe 



 15

is that it either reflects a motivational or emotional component to the error assessment 

process or it simply reflects conscious error recognition.   

Thus far, research on the Pe is supportive of both of these possibilities.  Vidal et 

al. (2000) found that while the ERN appears during both incorrect and correct trials, Pe 

seems to exclusively appear with incorrect response trials.  This suggests that it could 

play a role in what is deemed as further processing after initial error detection.  In a 

different type of study, Nieuwenhuis et al. (2001) used an antisaccade task where subjects 

were asked to make an error judgment in each trial.  They found that the ERN was always 

present irrespective of whether or not the subject was aware of the error.  In contrast, 

they found the Pe to be more pronounced following perceived errors than unperceived 

errors, thus supporting the conscious error recognition hypothesis.  Meanwhile, the 

hypothesis that the Pe may represent an emotional component to error processing is 

supported by evidence that it is smaller for subjects with high error rates.  The reasoning 

behind this is that individuals who commit more frequent errors might regard these 

mistakes with less subjective or emotional significance than do individuals who rarely 

make mistakes and are consequently more affected by them (Falkenstein et al., 2000).     

Some authors have further separated the Pe into two subcomponents according to 

latency.  The “early” component is said to occur 180 msec after the response at the 

central site and the “late” component occurs after about 300 msec at the parietal site (e.g. 

vanVeen & Carter, 2002; Ruchsow et al., 2005).  While the “early” Pe has been 

considered as a functional part of the ERN because it happens shortly after the negative 

ERN peak, the “late” Pe has been regarded as a separate part of error processing 

altogether.  More information about their distinctive roles can be gathered by comparing 
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activation in the ACC against these latencies.  VanVeen & Carter (2002), for example, 

found that dACC was activated during both erroneous and correct conflict trials 

suggesting that ERN-related error monitoring occurs in that area.  Meanwhile, the rACC 

is more likely to contribute to the Pe since its post-error activity occurs closer in time to 

the late Pe peak.  Aligning rACC activity with the late Pe, then, would also support the 

hypothesis that the Pe is related to an emotional component of error processing. 

 Overall, electrophysiological representations of error-monitoring processes show 

close ties between activity in the affective and cognitive ACC divisions.  The temporal 

resolution with which EEGs are recorded and the distinctions made between the two 

components of the ERN allow researchers the ability to investigate the timing of each 

error-monitoring component as they relate to behavioral changes.   

Error monitoring and mood disorders.   

These general theories about the mechanisms of error monitoring and how they 

are represented in experimental studies serve as a foundation for researchers to explore 

individual cognitive differences within given populations.  More specifically to this 

present study, the investigation of erroneous responses coming from individuals with 

mood disorders has allowed a teasing apart of the cognitive and affective differences that 

compose the disorders. This has resulted in a clearer understanding of the underlying 

problems that contribute to the expressed symptoms of these disorders.   

It remains uncontested that deficits within error monitoring processes, as reflected 

in the ERN and Pe, manifest themselves in various mood disorders.  For example, anxiety 

is often studied in terms of error-monitoring since its symptoms are generally 

characterized by heightened doubts about one’s own actions and hypersensitivity to 
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mistakes.  This implies that anxious individuals have different methods of processing and 

managing errors in comparison to normal subjects.  It is not surprising, then, that subjects 

with anxiety disorders have shown exaggerated neural responses to errors in tasks 

measuring ERNs (Hajcak et al., 2003; Gehring et al., 2000).  Hajcak et al. (2003) have 

found that subjects who measure high in anxiety and worry show enhanced error-related 

brain activity for both correct and incorrect trials in speeded reaction time tasks. 

These findings fit in with the conflict-monitoring hypothesis where anxiety for 

these subjects is behaviorally expressed in both voluntary and involuntary actions that are 

directed towards escaping or avoiding the anxiety source.  Individuals with obsessive-

compulsive disorder (OCD) prove to be good subjects for such studies because they 

behaviorally express their anxiety by constantly checking their own actions.  This 

behavior can be thought of as a constant comparison of the individual’s desired internal 

states against his or her reactions to external and internal stimuli.  Such a hyperactive 

conflict monitoring system would be expected to exhibit heightened electrophysiological 

responses to errors due to the inclination of the comparison process to reveal conflicts 

regardless of whether they are actually there.  These subjects would be expected to show 

more motivation to perform well on given tasks and to be more emotionally affected by 

errors by showing more distress as a response.  In accordance with these hypotheses, 

subjects with OCD show that symptom severity is directly correlated with ERN activity 

(Gehring, 2000).  

For several reasons, the existence of characteristic error monitoring patterns in 

anxiety disorders suggests that similar patterns may also be found in depressed subjects.  

First, the two disorders are highly comorbid and have been demonstrated to share a 
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number of overlapping characteristics.  Anxious and depressed individuals both tend to 

experience a large amount of emotional distress as well as ongoing negative affect (Clark 

& Watson, 1991).  Second, depression is often associated with oversensitivity to failure 

where pre-occupation with poor performance can cause adverse responses to mistakes.  

In a behavioral study, Elliot et al. (1997) found this abnormal response to negative 

feedback in depressed patients.  Whereas non-depressed subjects showed an increase in 

reaction time and a reduction of errors following negative feedback on their performance, 

depressed subjects did not show these changes in behavior.  These results show that, 

while depressed subjects did not simply “give up” on the task by guessing, they made no 

effort to slow down in order to improve performance.  These results point to an 

“inefficiency” in using feedback to guide subsequent performance.   

From a different angle, depression and anxiety also appear to represent opposing 

ends of a cognitive spectrum where anxiety is associated with greater attention to task 

performance while depression deals with motivational and strategy-forming deficits.  

These cognitive differences and affective similarities lead researchers to expect distinct 

ERN patterns in depressed subjects although the direction of the projected trend is 

unclear.  

Overall, ERN research on patients with depressive disorders has proved 

controversial because findings have varied depending on testing methods and cognitive 

tasks.  One important difference in methodology is in the type of feedback used in these 

ERN studies.  Explicit feedback refers to a cue from the experimenter following subject 

response which indicates that a mistake has been made.  A subject’s response to this 

feedback is reflected in the feedback ERN (fERN) which occurs shortly after feedback 
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onset.  Meanwhile, implicit feedback refers to the subject’s own detection of errors 

around the time of his response to the trial stimulus.  It occurs prior to explicit feedback 

and is reflected in the response ERN (rERN).  While both implicit and explicit feedback 

are often addressed in ERN studies, focus on explicit feedback has been more prevalent 

partly due to the fact that it allows the experimenter to control for subjects’ awareness of 

their own mistakes.   

The purpose of external feedback is also to provide the subject with an indication 

of how his or her performance matches that expected by the experimenter.  Positive 

feedback normally serves as reinforcement that appropriate strategies are being used to 

perform the task while negative feedback serves to inform the subject that strategy 

changes are necessary if performance is to be improved.  Modifications in strategy 

exhibit themselves through behavioral response patterns in subsequent trials of the task. 

It should be noted here that rERN and fERN appear to have an inverse 

relationship in normal subjects.  Holroyd & Coles (2002) found that during trial-and-error 

learning tasks, the amplitude of feedback ERN was larger than the response ERN, 

indicating that the subject was relying on feedback information to gauge performance.  

Conversely, when the subject already had a good idea of a “correct response” in a 

speeded reaction task, response ERNs were larger than feedback ERNs since the conflict 

detection could be made without the aid of explicit feedback. 

Because negative feedback gives us a glimpse of possible strategy modifications 

throughout the task, it becomes useful when studies on the mood disorder population 

want to look at how their behaviors are monitored.  The notion that depressed individuals 

are hypersensitive to feedback suggests to researchers that external feedback plays an 
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important role in determining the size of the ERN.  While investigating whether 

depressed subjects would be oversensitive to explicit feedback on task performance, 

Elliott et al. (1997) found an effect of negative feedback on depressed subjects where 

chances of subsequent failure were higher in trials following error trials, thus depressed 

subjects showed maladaptive response patterns to negative feedback.  Rather than 

guiding improvement of performance, negative feedback results in stronger emotional 

effects that interfere with efficient feedback usage.  As a result, these individuals dwell 

on their failures and performance remains unimproved. 

With these results, Elliott et al. (1997) conclude that both cognitive and affective 

processing guide subject reactions to feedback.  Cognitively, explicit feedback gives 

practical information on how well the subject is performing in the task so that he or she 

can make the necessary cognitive adjustments.  This, however, is often accompanied by 

an additional emotional reaction in depressed subjects, especially when the feedback is 

negative.  From here, affective processes can take one of two routes.  On one hand, 

negative feedback can result in an increase on subject determination to succeed in the 

task and improve performance; on the other hand, oversensitivity to criticism could turn 

feedback into a distraction.  This inhibits the subject’s ability to use this information to 

monitor subsequent performance or alter strategy, resulting in sustained poor overall 

performance.  Elliott et al. suggest that these two affective processes are dependant on 

subject group where depressed subjects show increased chances of failure on trials 

following error trials in comparison to normal control subjects.   

Several studies have aimed to look at how ERN amplitudes and subsequent 

performance in depressed subjects are affected by variations on feedback and how these 



 21

amplitudes generally compare with the normal population.  A review of existing 

literature, however, reveals a major discrepancy in current findings which has yet to be 

reconciled.  While some studies have found the ERN to be enhanced in depressed 

subjects as it is in anxious subjects, other studies have found the opposite effect.   

Ruchsow et al. (2004) offer a study which showed a reduced ERN in depressed 

subjects.  This study was conducted using a modified Eriksen flanker task to elicit errors 

in participants previously diagnosed with major depressive disorder.  Subjects were 

presented with a string of five letters in which the middle letter was either congruent or 

incongruent with the other four.  Subjects were instructed to react to the stimulus by 

pressing a button on the keyboard that corresponded with the letter in the middle of the 

string.  In this study, smiling or frowning face icons were used as explicit feedback 

stimuli following each trial.  The results of this study showed that negative feedback 

elicited ERNs of smaller amplitudes in trials following error trials, indicating that the 

conflict detection system was not working as hard after a mistake was made.   

These researchers view the reduced negativity as the reflection of an impaired 

response monitoring system in which the central reward pathway is underactivated.  

Because of this, depressed subjects are unable to use the response monitoring system to 

detect conflicts with the purpose of altering behavior to ensure good performance.  This 

decreased ERN is consistent with decreased dACC activity in depressed subjects found 

through various methods of neuroimaging such as PET and fMRI (Bench et al., 1992; 

Beauregard et al., 1998; cited in Davidson et al., 2002).  Both these types of imaging 

studies, along with the decreased ERN, support the hypothesis that the ACC is 

underactive in depressed subjects.   
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Meanwhile, other studies have produced the opposite results in which ERN 

amplitude is enhanced in depressed subjects when compared with normal subjects.  For 

example, Tucker & Luu et al. (2003) provided feedback to subjects as they performed in 

a spatial compatibility task in which arrows pointing to the left or right appeared in either 

the left or right visual field on the computer screen.  Subjects were instructed to respond 

as quickly as possible by pressing the arrow key that pointed in the same direction as that 

presented on the screen.  Feedback was given after each block of trials (to minimize 

response correction) in the form of letter grades (A, C, or F).  Contrary to what we would 

have expected based on Ruchsow et al.’s results, this task showed that depressed subjects 

had increased ERN amplitudes when given negative feedback.   This increase can 

interpreted as an oversensitivity to negativity.  Although previous research has observed 

decreased reaction times with positive feedback signals and a slowing-down effect with 

negative feedback (Derryberry, 1991), this type of interaction between depressed and 

control subjects was absent in Tucker & Luu’s study such that neither subject group 

engaged in significant error compensation activity.  The absence of error compensation in 

these groups of subjects poses the possibility that negative feedback on this particular 

task did not carry enough affective significance for the subjects to make an effortful 

change in behavior.  If this is the case, then the validity of ERN amplitudes elicited by 

this task must be reconsidered. 

Affect.   

The large impact of the affective component of feedback on behavior coupled 

with affective similarities between anxiety and depressive disorders have lead some 

researchers to suggest that the enhanced ERN is not a function of anxiety or depression 
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per se, rather it is a function of negative affect.  In considering the high comorbidity and 

shared symptomology of depression and anxiety, Clark and Watson (1991) proposed a 

tripartite model in which the two types of disorders share the characteristic of high 

negative affect (NA) but differ in levels of positive affect (PA) since the degree to which 

individuals have positive mood and pleasurable experiences are vary largely between 

depression and anxiety.  While anxiety is thought to be a mood disorder which exhibits 

high levels of both positive and negative affect, depression is thought to result from low 

levels of positive affect and high levels of negative affect.       

It should be noted that the positive and negative dimensions of affect have been 

found to be the two dominant aspects of mood and are quite independent of one another 

despite their opposing labels (Watson & Tellegan, 1985).  It is possible for one, but not 

the other, to have distinct correlational patterns with other variables.  Negative affect 

represents “the extent to which a person is feeling upset or unpleasantly engaged rather 

than peaceful” while positive affect represents “the extent to which a person feels a zest 

for life and is most clearly defined by…expressions of energy and pleasurable 

engagement”  (Clark & Watson, 1991, p.321).  These distinctions have guided research 

on the effects of NA and PA on cognitive performance in various types of tasks designed 

to measure error monitoring.   

Some studies have backed the possibility that enhanced ERNs are associated with 

high NA (Hajcak, McDonald, & Simons, 2004; Luu, Collins, & Tucker, 2000).  Hajcak et 

al. examined this possibility by dividing college students into two groups with one 

reflecting the depression profile (high-NA/low-PA) and another reflecting the anxiety 

profile (high-NA/high-PA) according to the tripartite model.  The researchers 
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administered the Positive and Negative Affect Schedule (PANAS; Watson et al., 1988) 

which had been found to be an accurate measure of the two mood dimensions.  Subjects 

then performed a Stroop-like task while EEGs were recorded.  Results showed that high 

NA subjects had more enhanced ERNs than low NA subjects, indicating that enhanced 

ERNs may be specific to high NA.  Another interesting aspect of NA observed by Luu et 

al. (2000) was that over long periods of time, this relationship between NA and ERN 

amplitude began to invert.  ERN measures showed a degree of disengagement in which 

ERN amplitudes were enhanced for depressed subjects in the beginning of a task but over 

time, these amplitudes began to decrease.  This can be attributed to a drop in motivation 

to do well on the task over time and highlights the idea that cognitive performance is also 

influenced by the affective component of feedback which follows in greater emotional 

distress in response to the criticism.  

Lastly, none of these studies found a significant impact of PA on ERN amplitudes 

nor did levels of PA predict depression or anxiety.  While this suggests that PA does not 

play a role in influencing error-monitoring processes, it would be worthwhile to further 

investigate the matter before coming to that conclusion.  The tripartite model creates a 

clear distinction between depression and anxiety patients on the notion that one group 

experiences high-PA while the other group experiences low-PA.  Further research on PA 

and ERN patterns would aid in the interpretation of studies showing affective influence 

on the process of self-monitoring.    
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THE CURRENT STUDY 

 Thus far, research has shown that individuals with high NA, including a 

population of people with anxiety and depressive disorders, have increased ERNs due to 

oversensitivity to mistakes.  However, recent studies focusing on depression have also 

found decreased ERNs as well as hypoactivity of the ACC in association with the 

occurrence of errors and negative feedback.  Both of these are said to reflect an impaired 

conflict monitoring system.  These inconsistent findings have yet to be reconciled and 

introduce the need for further research on the topic.  In addition, very little research has 

been conducted on the Pe component of the error ERP aside from a limited number of 

studies which suggest that it reflects the motivational aspect of error processing or 

conscious error recognition.  Further exploration of this component would serve to tell us 

more about its role in error processing and add to the general literature regarding 

cognitive and affective roles in depression.     

 Because the goal of this study was to focus on the effects of depression on 

behavior monitoring, all subjects were matched for anxiety and selected based on their 

depressive tendencies.  This was done to eliminate effects of anxiety for both depressed 

and control subjects.     

 In order to examine the cognitive and affective dimensions of error processing in 

individuals with depressive tendencies, we used the counting Stroop (cStroop) and 

emotional counting Stroop (ecStroop) tasks to elicit errors.  This was done so that a 

distinction could be made between responses elicited solely by cognitive processing and 

responses which also involved an affective component.  In making this distinction, we 

were also able to compare the amplitudes of ERN and Pe separately, thus narrowing 
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down the possible causes for each of these error-related ERP components based on the 

idea that the ERN and cStroop are related to cognitive processing while the Pe and 

ecStroop are related to affective processing.     

Hypotheses.   

The first question we sought to address, then, was whether or not subjects with 

depressive tendencies would show exaggerated neural responses to errors based on 

negative feedback.  We predicted that depressive tendencies would yield enhanced ERNs 

in response to feedback due to hypersensitivity to criticism and that these ERNs would be 

the same across both the cStroop and the ecStroop.  We did not expect an ERN difference 

in the two Stroop tasks because previous studies have shown them to reflect the cognitive 

component of error-processing, that is, the recognition that an error has been made and 

that response strategies need to be changed.   

Conversely, we predicted a significant difference between Pe elicited by the 

cStroop versus the ecStroop across all subjects.  Since the Pe has been hypothesized to 

represent an affective component to error-monitoring, we expected it to be more 

enhanced in the ecStroop task for both depressed and control subjects.  Further, we 

expected the degree of Pe enhancement to be greater for depressed subjects since past 

studies have shown them to be more affected by emotionally valenced words that 

matched their disorders.   

Lastly, we expected different compensatory behaviors across both pairs of 

subjects and tasks resulting in a full statistical interaction.  We predicted that subjects 

with depressive tendencies would show the least adaptive compensatory behaviors on the 

ecStroop due to the tendency to be more distracted by emotionally valenced words.  We 
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also expected them to show this same behavioral pattern on the cStroop, but to a lesser 

degree.  We then predicted that normal subjects would show more adaptive compensatory 

behaviors on the cStroop and the ecStroop as these subjects would be less affected by 

emotionally distracting words.  These normal subjects would slow down more often 

following errors and show fewer overall errors.     

In summary, we expected that depressed subjects would show similar enhanced 

reactions to errors or external criticism as other researchers have observed in anxious 

subjects compared to controls.  Despite this similarity, we also expected that depressed 

and anxious subjects would differ in the amount of motivation available to alter strategies 

and improve performance based on this cognitive information.  

 

Method.       

Participants.  An online screening questionnaire was made available to undergraduate 

students at Haverford College and Bryn Mawr College through email and website 

advertising in order to identify students reporting high- and low- depressive tendencies.  

This questionnaire consisted of the Beck Depression Inventory (BDI; Beck et al., 1961) 

and the Penn State Worry Questionnaire (PSWQ; Meyer et al., 1990) (see Appendix A).  

The BDI is currently the most widely used self-report measure of depressive symptoms 

as it demonstrates high validity and ability to discriminate between non-depressed and 

depressed individuals (Sloan et al., 2002).  It is a twenty-one item measure that targets 

four intensities of depressive thought.  Subjects are required to select the statement that is 

most true of him or herself.  The PSWQ is a sixteen-item measure used to assess 

individual attitudes towards worry on a five-point Likert scale and has shown to be 
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accurate in both clinical and non-clinical populations (Meyer et al., 1990).  Students who 

completed this online questionnaire were entered into a lottery for two cash prizes.  

Based on questionnaire responses, twenty-five undergraduates (6 male, 19 

female) with normal or corrected-to-normal vision were invited into the laboratory for 

further experimentation.  Screening criteria for these participants also excluded those 

with a history of neurological disorders or use of medication or drugs that may affect the 

central nervous system.  Of these twenty-five subjects, one was excluded from our 

analysis due to unusually high error rates and noisy ERP data.  Of the remaining twenty-

four subjects, the ten who scored high on the BDI were placed in a “high depression” 

group while the fourteen who scored low on the BDI) were placed in a “low depression” 

control group.  These scores are consistent with cutoffs suggested by Beck and 

Beamesderfer (1974) as cited in a review on the BDI (Beck, Steer, & Garbin, 1988).  

Beck and Beamesderfer found that non-depressed and minimally depressed individuals 

score <10 on the BDI.  Meanwhile, individuals who are moderately to severely depressed 

score 19-29 and severely depressed individuals score from 30-63.  Subjects in our two 

groups were also matched in anxiety according to PSWQ scores (see Table 1 for means).  

All subjects were blind to their group status and received further monetary compensation 

of twenty dollars for a one hour session. 
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 Control group (n=14) Depressed group (n=10) 

BDI Means (SD) 5.3 (3.6) 28 (6.2) 

    Range 0-12 21-38 

PSWQ Means (SD) 61.8 (9.0) 59.2 (12.8) 

 

Table 1.  BDI and PSWQ means for control and depressed subjects.   

 

Measures.  In order to investigate error-monitoring processes, electrophysiological and 

behavioral responses were recorded as subjects performed modified versions of the 

cStroop and the ecStroop tasks on a Dell Dimension desktop using E-Prime software.  

The goal of using these tasks was to elicit ERN/Pe waves that would later be analyzed for 

amplitude differences between subjects.  For both tasks, stimuli consisted of one to four 

identical words stacked up on the screen.  Unused word slots were filled with x’s so that 

subjects would be forced to read the word while counting the number of times it 

appeared, thereby increasing task difficulty.  Subjects were instructed to report the 

number of words on the screen by a button-press on the keyboard.  At all times, subjects 

had four fingers on the F, G, H, and I keys with the letter “F” corresponding to one word, 

“G” corresponding to two words, and so on.  Subjects began the experiment with the left 

hand and were instructed to switch hands between each trial block. 

Both tasks consisted of “neutral” and “interference” trials.  For the cStroop, 

interference stimuli consisted of number words (one, two, three, four) where the number 

of words on the screen was different from the semantic meaning of the word being 

presented.  Neutral stimuli consisted of animals (dog, cat, bird, mouse) so that the 
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semantic meaning of the word would not interfere as the subject counted the number of 

words on the screen (see Figure 1). 

 

Figure 1.  Example of cStroop stimulus with interference trial (left) vs. neutral trial (right).  
 

The ecStroop was different in that its neutral trials consisted of words of a neutral 

semantic category (table settings: cup, bowl, fork, glass) while the interference trials 

consisted of words of emotional valence which pertain to depression (sad, grief, hurt, fail) 

(see Figure 2).  As with the cStroop, subjects were instructed to ignore the meaning of the 

words and simply report the number of times the word appeared.  In both tasks, the ratio 

of interference to neutral trials was 1:1. 

 

Figure 2.  Example of ecStroop stimulus with interference trial (left) vs. neutral trial (right). 
 

For each trial, a fixation mark (+) was presented for 500 ms prior to stimulus 

onset.  The word stimulus was flashed for 100 ms followed by a blank screen as the 

subject made a response.  A maximum of 2 seconds were allowed for the response, after 
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which the trial was considered incorrect.  The subject’s response triggered a blank screen 

for 600 ms, followed by a feedback screen.  This 600 ms blank screen was placed to 

ensure that rERN and fERN would not overlap.  Correct responses were followed by the 

word “Correct!” written in white ink while erroneous responses were followed by the 

word “Incorrect!” written in red ink.  Both were displayed for 500 ms.  The purpose of 

including feedback was to ensure subject awareness of errors and allow the opportunity 

to correlate these findings with results of task performance following errors.  Throughout 

the experiment, event markers were sent from the E-prime program to the EEG amplifier 

to mark the time of subject response and time of feedback onset.   

In order to assess (state) mood at the time of the experiment, subjects were asked 

to complete the Positive and Negative Affect Schedule (PANAS; Watson et al., 1988) 

which is a 20-item self-report measure (see Appendix B).  Ten items of the PANAS 

measure positive affect (PA) and ten items measure negative affect (NA) on a Likert-type 

scale ranging from “very slightly” to “extremely.”  The PANAS has been shown to be a 

reliable measure of mood in various time frames depending on the instructions with 

which it is administered (Watson, Clark, & Tellegen, 1988).  In the present study, 

subjects were instructed to indicate the extent to which they had felt each mood in the 

past week to determine recent mood.  These data were later analyzed to see if levels of 

PA and NA were correlated with depression and anxiety as predicted by the tripartite 

model (Clark & Watson, 1991).   

 

Procedure.  Upon arrival, subjects were fitted with an EEG cap after being given a brief 

overview of the experiment and giving signed consent.  Each subject was seated directly 
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in front of the computer monitor and given a set of task instructions and one block of 8 

practice trials (using an unrelated set of semantically neutral words) in the presence of the 

experimenter.  After the practice trial, he or she was then left alone to perform both the 

cStroop task and the ecStroop task in an order counterbalanced across groups.  Subjects 

were instructed to respond as quickly and as accurately as possible so that subjects would 

consider both aspects of performance as being important.  Each task consisted of 5 trial 

blocks with 72 trials per block (360 total trials per task).  Upon completion of the task, 

subjects were asked to fill out the PANAS questionnaire online.  Caps were then removed 

and subjects were debriefed and paid.   

 
Electrophysiological recording and data compression.  Electrophysiological data were 

collected through electroencephalogram (EEG) recording.  Subjects were fitted with a 

Quik-Caps system connected to a NuAmps amplifier filtered with a bandpass of 0.1 to 30 

Hz.  Using Ag/AgCl electrodes, EEGs were recorded at a sampling rate of 1000 Hz from 

the frontal (Fz), fronto-central (FCz), and central (Cz) sites using the right mastoid (A2) 

as a reference.  Eye movements were monitored by electrodes placed above and below 

the left eye and on both temples.   

After the experiment, voltages were re-referenced to the average of both mastoids 

in order to balance out any asymmetries in reference-site activity.  Gross artifacts were 

manually removed and a regression-based blink reduction algorithm was used to replace 

any remaining movement artifacts.  To construct the rERN and Pe, epochs from the 

continuous EEG record were created beginning 200ms prior to each subject response and 

continuing for 600ms thereafter.  Epochs for each trial type (incorrect vs. correct trials 

and cStroop vs. ecStroop) were then averaged into separate waveforms for each subject.  
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Finally, the rERN for each subject was defined as the most negative point within the time 

frame of -50-150 ms after subject response while the Pe was defined as the most positive 

peak occurring 200-400 ms after subject response.  These waveforms were constructed 

separately for correct and incorrect trials.  The fERN was constructed in the same way 

but with epochs created beginning 300 ms prior to feedback screen onset and ending after 

500 ms.  After waveform averages were made, the fERN was defined as the most 

negative point within the time frame of 300-500 ms after feedback screen onset.   

 

Overview of Analysis. The main hypotheses in this experiment predicted significant 

differences in error monitoring ERPs and behavioral compensation between depressed 

and control subjects.   In order to find support for the hypotheses regarding ERPs, the 

effects of electrode site, task, accuracy, and subject group were analyzed separately with 

repeated-measures analyses of variance (ANOVA) on the dependent variables of rERN, 

fERN, and Pe amplitude.  This was done through a 3 Site (Fz, FCz, Cz) x 2 Task 

(cStroop, ecStroop) x 2 Accuracy (correct response, incorrect response) x 2 Group 

(control, depressed) experimental design.   

For our analyses on behavioral compensation, we looked at the effect of task, 

accuracy on previous trial (n), and subject group on current trial performance (n+1) as 

measured by both reaction time and accuracy.  Each variable was analyzed using a 2 Task 

(cStroop, ecStroop) x 2 Previous Accuracy (correct, incorrect) x 2 Group (control, 

depressed) ANOVA.   

General behavioral data for this experiment were measured through accuracy and 

reaction time.  Both types of data were analyzed for control vs. depressed group 
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differences with 2 Task (cStroop, ecStroop) x 2 Congruency (neutral, interference) x 2 

Group (control, depressed).  The criteria for significance in all analyses was alpha <.05. 

  

RESULTS 

Behavioral Data.  Several manipulations were made throughout this experiment to elicit 

the various responses needed to test our hypotheses.  While the presence of cognitive and 

emotional stimuli allowed us to test for affective differences in error monitoring, the 

presence of both neutral and interfering stimuli allowed us to control for the causes of 

error.  In order to determine whether these manipulations were successful, we first 

examined their effects on reaction times and response accuracy using a 2 (Task) x 2 

(Congruency) x 2 (Group) ANOVA.   

In regards to reaction time, this analysis revealed a main effect of task 

(F(1,22)=27.758, p<.001) where reaction times were slower during the cognitive task 

(M=599 ms, SE=18.7) than they were during the emotion task (M=556 ms, SE=18.1), 

indicating that subjects in both groups found the cognitive task to be significantly harder.  

There was also a main effect of congruency (F(1,22)=31.304, p<.001) which confirmed 

that interference stimuli yielded longer reaction times (M=590 ms, SE=17.4) than neutral 

stimuli (M=565 ms, SE=18.6).  The differences in congruency, however, varied in that 

reaction times were farther apart in the cognitive task than they were in the emotion task 

(F(1,22)=36.597, p<.001) (see Table 2).   
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 Cognitive Task Emotional Task 

Interference trials 623 (18.6) 557 (17.2) 

Neutral trials 575 (19.3) 555 (19.2) 

 

Table 2.  Reaction time means in ms (SE) for Congruency x Task across all subjects.  

 

This interaction makes sense given that cognitive interference words posed more 

direct conflict for subjects than emotional interference words.  These differences further 

varied by subject group, thus creating a 3-way interaction, F(1,22)=5.982, p<.05 (see 

Figure 3). 
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Figure 3.  Reaction time means for control and depressed subjects throughout the two tasks.    

 

Statistical isolation of each task allowed us to determine the group effect in this 

interaction.  According to our predictions regarding performance behavior, we expected a 
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2 (Congruency) x 2 (Group) ANOVA for the emotion task to show an interaction 

between congruency and group, indicating that depressed subjects would have slower 

reaction times during interference trials than the control subjects (i.e. that their 

performance would be more negatively affected by emotional stimuli).  We did not 

expect this difference to be as pronounced during the cognitive task.  The ANOVA did 

not show this interaction to be significant (p>.15).  It should be noted, however, that the 

means in Figure 3 do suggest a slightly larger congruency effect for depressed than 

control subjects in the emotion task.   

Instead, the effect of group in the interaction was the result of performance 

differences in the counting task.  Isolation of this factor revealed a significant congruency 

effect in which reaction times for interference trials were significantly longer than those 

for neutral trials (F(1,22)=51.560, p<.001).  There was also a marginally significant 

interaction between congruency and subject group (F(1,22)=3.227, p<.1) where reaction 

times for interference trials were significantly longer for control subjects in comparison 

to depressed subjects.  In other words, control subjects were more affected by interfering 

cognitive stimuli than depressed subjects.  

 Another way in which we determined the effectiveness of our stimuli 

manipulations was by looking at the accuracy of subject performance.  Using the same 

2x2x2 ANOVA, we found that task differences did not have an effect on accuracy 

(p>.15); therefore, where subjects may have taken a longer time to respond to stimuli in 

the cognitive than the emotional task, they were equally accurate in their responses.  

Congruency, however, did have an effect on performance accuracy (F(1,22)=5.808, 

p<.05) where neutral stimuli yielded higher accuracy rates (M=96.0% correct, SE=.6) 
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than interfering stimuli (M=95.5% correct, SE=.5).  A further Task x Congruency 

interaction (F(1,22)=41.165, p<.001) showed that these differences in accuracy were 

greater in the cognitive than emotional task (see Table 3).  Participants were also slightly 

more accurate for interference than neutral trials in the emotional task.  Lastly, we did not 

see group differences in overall performance accuracy (p=.799) nor were there 

interactions involving the group factor.   

  Cognitive Task Emotional Task 

 Neutral Interference Neutral Interference 

Accuracy  96.4 (0.7) 94.5 (0.6) 95.6 (0.6) 96.5 (0.5) 

  

Table 3.  Accuracy in % correct (SE) across all subjects separated by task 

 

In summary, the reaction time data showed us that manipulations of stimuli in 

each task successfully elicited differences in error monitoring strategy.  Subjects took 

longer periods of time to respond to cognitive stimuli and overall interfering stimuli were 

more difficult.  Opposite of what we expected, control subjects were more affected by 

interfering cognitive stimuli than depressed subjects.  From the accuracy results, we 

found that both groups had high accuracy and that subjects were not so distracted by 

interfering emotional stimuli as they were in the interfering cognitive task.    

 

Main hypotheses.   

ERN results.  Our first hypothesis predicted an effect of depressive tendencies on the 

ERN where we expected the depressed group to show more sensitivity to errors, that is, 

enhanced ERNs, during both the cStroop and the ecStroop tasks.  We used a 3 (Site) x 2 
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(Accuracy) x 2 (Task) x 2 (Group) ANOVA to explore this possibility.  First, a main 

effect of accuracy (F(1,21)=55.899, p<.001) confirmed that an rERN did, in fact, appear 

in error trials (M=-7.297 µV, SE=.876) but not in correct trials (M=-1.568 µV, SE=.644) 

(see figure 4).  

 

Figure 4.  These waveforms depict the response-locked rERN and Pe at the frontal site for 
correct and incorrect trials.   
 

This reaffirms that the ERN is indeed an error-related effect.  However, we did 

not find this effect to vary by subject groups as hypothesized (p>.5)    Instead, we found it 

to vary by task (F(1,21)=5.111, p<.05) where the rERN was significantly greater 

throughout the emotional task (M=-5.034 µV, SE=.719) than it was throughout the 

cognitive task (M= -3.832 µV, SE=.717), indicating that the emotional stimuli affected 

both groups of subjects significantly more than the cognitive stimuli.  As shown in Figure 

5, we also found these two factors to have a marginally significant interaction 

(F(1,21)=3.352, p=.081) where the differences between rERN amplitudes were greater 

between tasks for error trials than they were for correct trials.   
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Figure 5.  These waveforms depict the response-locked rERN and Pe during the cognitive and 
emotional tasks.   
 
 

While the main hypothesis regarding group differences in rERN was not 

supported, data from this analysis support past findings regarding the relationships 

between errors, task differences, and ERN amplitudes.    

 Although we expected the relationship between fERN and depression to be 

similar to those expected of rERN, none of its effects and interactions on the same 

ANOVA reached statistical significance.   

 

Pe results.  Our second hypothesis addressed the role of Pe in error-monitoring ERPs.  

We predicted that both subject groups would yield larger Pe amplitudes during the 

emotional task in comparison to the cognitive task because past studies have proposed 

that this ERP component reflects affective processing.  Our hypothesis also predicted that 

this enhancement of Pe would be greater for depressed subjects because they would be 
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more affected by the emotionally valenced words in the task.  Again, we used a 3 (Site) x 

2 (Accuracy) x 2 (Task) x 2 (Group) ANOVA to explore these possibilities.   

First, we confirmed that the Pe was error-related.  As expected, a main effect of 

accuracy (F(1,21)=30.562, p<.001) showed that Pe’s were much larger following 

incorrect trials (M=12.089 µV, SE=1.209) than they were following correct trials 

(M=3.325 µV, SE=.791).  Across all subjects, we found this effect of accuracy to interact 

with electrode site (F(2,42)=9.021, p<.01) where the smallest differences of error vs. 

correct Pe amplitudes occurred at the frontal site (see Table 4).    

  

 Sites 

 Fz FCz Cz 

Correct trials 4.440 (.757) 3.860 (.862) 1.674 (.897) 

Error trials 11.393 (1.116) 13.256 (1.361) 11.619 (1.326) 

Control group 9.226 (.825) 9.000 (.904) 6.872 (1.023) 

Depressed group 6.608 (.941) 8.116 (1.030) 6.420 (1.166) 

 

Table 4.  Pe means in µV (SE) at each site, differentiated by trial accuracy and subject groups 

 

 We also found that regardless of accuracy, Pe amplitudes varied significantly at 

each electrode site (Fz: M=7.917 µV, SE=.626; FCz: M=8.558 µV, SE=.685; Cz: 

M=6.646 µV, SE=.776; F(2,42)=8.710, p<.01).   

Although we predicted that the emotional task would result in larger Pe 

amplitudes across all subjects, the results from this ANOVA revealed a surprising trend 

in the opposite direction.  Rather than showing an enhanced Pe in the emotion task, the 
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subjects showed a trend of enhanced Pe amplitudes during the cognitive task (see Figure 

5), though this effect was not significant (p=.101).  This finding undermines the idea that 

Pe plays an affective role in error monitoring since it is enhancement is not observed in 

either the emotion task or the depressed subjects.   

Lastly, counter to our predictions regarding differences in subject groups, we did 

not find a main effect of group on overall Pe amplitudes (p>.3).  This suggests that all 

subjects showed similar affective responses to the stimuli.  We did, however, find a 

marginal interaction of group with electrode site (F(2,42)=3.022, p<.06) where the largest 

Pe difference between subjects occurred at the frontal site (see Table 4).  This group 

difference introduces the need to focus our analysis on the frontal site.    

While the ANOVA including all three sites did not reveal significant group 

differences in Pe amplitude (p=.318), this new focus on effects at the frontal site using a 2 

(Accuracy) x 2 (Task) x 2 (Group) ANOVA showed that control subjects had higher 

amplitude Pe’s (M=9.226 µV, SE=.825) than depressed subjects (M=6.608 µV, SE=.941) 

across both tasks, F(1,21)=4.373, p<.05.  Again, this finding contradicts our expectations 

of greater Pe amplitudes for depressed subjects and forces us to reconsider the proposed 

affective role of Pe in error monitoring.   

 

Behavior compensation.  Our third and final hypothesis addressed compensatory 

behaviors which occur when mistakes are made.  By analyzing differences in reaction 

time and task accuracy following errors, we expected to find an interaction across 

subjects and tasks where more compensatory behavior (that is, more slowing down and 

fewer mistakes) would occur with control subjects on cognitive and emotional tasks 
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while less compensatory behavior (that is, less slowing down and more subsequent 

mistakes) would occur with the depressed subjects.  Within depressed subjects, this was 

predicted to occur more so on the emotional task and to a lesser degree on the cognitive 

task.   

 Before explaining the results, it should be noted that an additional control subject 

was excluded from this portion of analysis due to low error rates, bringing the number of 

subjects to n=23.  A 2 Task x 2 Previous Accuracy x 2 Group ANOVA showed that there 

was no evidence of group differences in behavioral change following errors by slowing 

down (p>.1).  Analysis on reaction time compensation, however, did reveal a main effect 

of previous-trial accuracy where subjects slowed down significantly more following 

errors (M=700 ms, SE=29.3) than correct trials (M=570 ms, SE=18.3), F(1,21)=19.896, 

p<.001.  There was also an effect of task where errors made during the cognitive task 

caused more slowing down (M=670 ms, SE=23.4) than errors made during the emotional 

task (M=600 ms, SE=19.3), F(1,21)=15.941, p<.01.  This was expected given the 

difficulty of the incongruent conditions in the cognitive task in comparison to those in the 

emotion task.  The effects of these two variables resulted in a full interaction where the 

degree of slowing down after errors was larger in the cognitive task than the emotional 

task, F(1,21)=4.767, p<.05 (see Table 5).   

 

 Cognitive task Emotional task 

Previous correct trial 590 (19) 550 (18.4) 

Previous error trial 750 (38.6) 651 (26.2) 

 

Table 5.   Task x previous trial reaction times for both subject groups in ms (SE).  
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When examining accuracy compensation, we found a surprising effect of 

previous-trial accuracy where error trials were more likely to yield subsequent error trials 

(M=91.3% correct on trial n+1, SE=1.9) than correct trials (M=96.0% correct on trial 

n+1, SE=.5).  This indicates a smaller degree of compensatory behavior following errors 

for both subject groups which is the opposite of our hypothesis.  There were also no 

group differences with accuracy in the degree to which subjects compensated after error 

trials (p>.5).   

Relationship between ERPs and behavioral compensation. 

 If the ERN and Pe are to reflect error-monitoring processes, we suspected that 

they would be correlated to efforts of behavioral compensation.  To investigate this 

possible relationship, a Pearson’s correlation was run between ERN/Pe amplitude and 

compensating reaction time (that is, reaction times only for trials following error trials).  

Across both subject groups, we found that the ERNs at the frontal and central sites did in 

fact predict subsequent behavior (Fz: r(24)=-.622, p<.01; Cz: r(24)=-.475, p<.05) where 

subjects with larger ERNs were more likely to slow down in trials following error trials.  

We also found that Pe’s were strongly correlated with subsequent behavior (Fz: 

r(24)=.513, p<.01; FCz: r(24)=.634, p<.01; Cz: r(24)=.474, p<.05) suggesting that higher 

amplitude Pe’s generally led to greater amounts of slowing down.  These correlations 

were then divided by subject group to determine whether these ERP components would 

predict behavioral compensation for both depressed and control subjects.  

When isolating depressed subjects, this analysis revealed negative correlations at 

the Frontal (r(10)=-.807, p<.01) and Central (r(10)=-.744, p<.05) sites, indicating that 
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depressed subjects with larger rERNs were more likely to slow down following errors.  

Correlations within the control group did not reveal any such relationship (at Fz: r(14)=-

.362, p<.2; at Cz: r(14)=-.261, p>.3).  This finding supports one of our main hypotheses 

which predicts that depressed subjects would show greater ERNs following errors due to 

hypersensitivity to being wrong.  These greater ERNs result in a greater amount of effort 

in behavioral change so that the likelihood of being wrong again in the subsequent trial is 

diminished.     

 Consistent with the lack of significant data on fERN throughout the study, the 

same correlation using fERN amplitudes failed to show significant results.  Pearson’s 

correlation with the Pe amplitudes, however, showed Pe to be positively correlated with 

reaction time compensation at all three electrode sites for depressed subjects (Fz: 

r(24)=.747, p<.05; FCz: r(24)=.853, p<.01; Cz: r(24)=.832, p<.01).  In other words, 

depressed subjects with enhanced Pe are more likely to slow down following errors.  No 

such correlations were found for control groups.  In summary, we found both ERN and 

Pe amplitudes to predict behavioral adjustments following errors.     

Affect analysis. 

While the three main hypotheses in this study predicted differences between 

subjects with high-depression and low-depression based on BDI scores, affective data 

was also collected using the PANAS to determine whether or not these groups matched 

tripartite model of depression (Clark and Watson, 1991).  According to this model, 

depression is characterized by high levels of negative affect (NA) and low levels of 

positive affect (PA) while non-depressed control subjects show the opposite with low 

levels of NA and high levels of PA.  An independent samples t-test revealed that there 
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were, indeed, significant group differences in our sample where our high-depression 

group scored higher on the NA scale (M=26.7, SE=7) than the low-depression control 

group (M=18.2, SE=3.72), t(22)=-3.835, p<.01.  As expected, the high-depression group 

scored slightly lower on PA (M=27.3, SE=7.54) than the low-depression group 

(M=30.79, SE=5.85).  However, these differences were not significant (p<.2).   

As several studies have revealed a strong relationship between affect and error-

monitoring ERPs in terms of depression, many researchers (Hajcak et al., 2004; Luu et 

al., 2000) have proposed that differences in ERN are not a function of a single mood 

disorder, but rather they are a function of negative affect.  The following exploratory 

analyses examined the impact of both PA and NA on behavioral and psychophysiological 

responses to errors in the current study. 

 

Affect and ERN.  Past studies have found positive correlations between NA and rERN 

where high NA subjects tend to show enhanced ERNs (Luu, 2000; Hajcak, 2004).  This 

reinforces past findings of enhanced ERNs in depressed patients since high NA is said to 

be an affective trait of depression.  Surprisingly, we did not replicate these results in our 

study (p=.657).  On the other hand, while most studies have failed to show relationships 

between the PA and ERN, we found a slight trend in which PA was positively correlated 

with rERN at the frontal site during error trials, r(24)=.345, p=.099.  In other words, 

subjects who scored lower in PA showed enhanced ERN peaks.  While a large amount of 

information has already been gathered on the relationship between ERN and NA, 

relatively little is known about the effects of PA.   The appearance of this correlation 

called for further analysis of PA group differences in regards to ERP amplitudes. 
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The following analyses are similar to those used to address the main hypotheses 

of this study according to depression.  The main difference exists in the between-subjects 

variable which is now PA Group (high PA, low PA).  Using scores obtained from 

PANAS, subjects were split at the median score of 31 with 10 subjects in the high PA 

group and 13 subjects in the low PA group.        

 Beginning with the rERN, a 3 (Site) x 2 (Accuracy) x 2 (Task) x 2 (PA Group) 

ANOVA revealed several main effects and interactions.  First, there was a main effect of 

accuracy in which error trials yielded more negative rERNs (M=-7.217 µV, SE=.849) 

than correct trials (M=-1.563 µV, SE=.642), F(1,21)=54.889, p<.001.  Second, there was 

also a main effect of task in which the emotional task elicited larger rERNs (M=-5.030 

µV, SE=.717) than the cognitive task (M=-3.750 µV, SE=.695), F(1,21)=5.296, p<.05.  A 

marginal interaction between these two effects showed that the amplitude difference was 

larger between the emotional and cognitive tasks for error trials than it was for correct 

trials (p=.061).  Both of these effects are identical to those reported in the previous rERN 

analysis.  Next, we found a three-way interaction between task, site, and PA group, 

F(2,42)=7.831, p<.01.  Lastly, the occurrence of a four-way interaction between 

accuracy, task, site, and PA group (F(2,42)=6.636, p<.01) prompted additional analysis 

so that the sources of the interaction could be localized (see Table 6 for means).   
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 Low PA High PA 

 Correct Trials Error Trials Correct Trials Error Trials 

 Emo. Cog. Emo. Cog. Emo. Cog. Emo. Cog. 

Fz -.2953 

(1.0) 

-2.324 

(.814) 

-8.831 

(1.210) 

-8.316 

(1.447) 

-.663 

(1.140) 

-.672 

(.928) 

-7.856 

(1.380) 

-4.435 

(1.650) 

Cz -2.922 

(1.058) 

-2.119 

(.886) 

-9.753 

(1.334) 

-7.415 

(1.139) 

-.814 

(1.206) 

-.942 

(1.011) 

-7.235 

(1.521) 

-5.356 

(1.299) 

FCz -2.227 

(.977) 

-1.228 

(.689) 

-9.532 

(1.495) 

-6.121 

(1.482) 

-1.060 

(1.113) 

-.839 

(.785) 

-6.520 

(1.705) 

-5.236 

(1.690) 

 

Table 6.  Amplitude means µV (SE) in a Task x Site x Accuracy x PA Group ANOVA 

 

In order to simplify these interactions so that important factor differences could be 

located, we conducted follow up tests to determine the site at which there were PA group 

differences.  We found that the frontal site was the only one with marginally significant 

effects F(2,44)=19.525, p<.001).   At this site, a 2 (Accuracy) x 2 (Task) x 2 (PA Group) 

showed that low PA group rERN amplitudes were generally larger than high PA group 

rERN amplitudes.  This difference was larger for the counting task than it was for the 

emotion task (see Figure 6).   

 Consistent with all other findings in this experiment, fERN did not correlate with 

any measures of PA or NA.   
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Figure 6.  High- and Low PA group differences in rERN amplitude. 

 

Affect and Pe.  In their study on negative affect’s relation to error-related 

psychophysiology, Hajcak et al. (2004) found that subjects in a high NA group had 

smaller Pe for both error and correct trials during a Stroop-like task.  This finding was 

replicated in the present study where NA was negatively correlated with Pe on correct 

trials (r(24)=-.481, p<.05) so that subjects with higher NA had smaller Pe’s.  Although 

there was a similar trend on error trials, the correlation was not significant (r(24)=-.335, 

p=.110).  PA was in no way correlated with Pe amplitudes for correct (p>.5) or error 

(p>.5) trials.   

 Because an earlier significant correlation between PA and rERN prompted further 

investigation of their relationship, we extended this exploration to include the Pe as well 

to see if differences between high- and low-PA groups also existed in Pe amplitudes.  A 3 

(Site) x 2 (Accuracy) x 2 (Task) x 2 (PA Group) ANOVA revealed a main effect of 

accuracy where Pe amplitudes were larger for error trials (M=11.801 µV, SE=1.223) than 

correct trials (M=3.166 µV, SE=.764), F(1,21)=31.268, p<.001)  There was also a main 

effect for site, where Pe amplitudes were significantly different at each electrode 
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(F(1,21)=10.756, p<.001) which further interacted with accuracy.  Compared with correct 

trials, incorrect trials elicited larger Pe’s overall yet the difference in Pe sizes was largest 

at the Cz site, F(2,42)=9.209, p<.001.  Each of these effects was previously reported 

when investigating means according to depression.  New to this analysis is an interaction 

between site and PA group which showed that Pe amplitudes at Cz were significantly 

smaller for high PA subjects than low PA subjects, F(2,42)=4.079, p<.05.  Lastly, this 

analysis revealed a significant 4-way interaction between accuracy, task, site, and PA 

group, F(2,42)=4.075, p<.05.   

Follow up analyses on the specific effect of accuracy on this interaction showed 

that the interaction is mainly due an effect of error trials (F(2,44)=3.051, p=.057).  Figure 

7 illustrates the remaining factors in relation to one another.  This interaction shows that 

within error trials, low- and high-PA groups yield similar Pe’s on the emotion task 

whereas there are significant differences in Pe amplitudes in the cognitive task.  This 

difference is most pronounced at the central site.   
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Figure 7.  These Pe amplitude means illustrate the interaction between affective group, 

site, and task.   
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 In summary, we found that low PA subjects had larger rERNs than high PA 

subjects.  This exploratory analysis also revealed Pe differences at each site between PA 

groups where most of the Pe differences occurred at the central site.  Furthermore, within 

error trials, varying PA levels were related to greater differences in Pe size where the low 

PA group had larger Pe amplitude differences than the high PA group in the cognitive 

task.  This difference was not present in the emotion task.   

   

DISCUSSION 

 This experiment was designed to explore the cognitive and affective dimensions 

of error processing in individuals with depressive tendencies by looking at 

psychophysiological and behavior compensating responses to mistakes.  Previous 

research on the ERN in relation to depression has shown that the two may be related, 

however it has left a great amount of uncertainty over the nature of this relationship.  The 

current study was designed to shed light on some of these uncertainties as well as explore 

both the Pe component of the error ERP and the roles of affective differences (NA/PA) in 

error monitoring. 

 A thorough analysis of both psychophysiological and behavioral data led us to 

conclude that none of our three main hypotheses were supported in this experiment.  Our 

first hypothesis addressed the inconsistencies in previous ERN studies regarding the 

effect of depression and negative affect.  Past studies cite conflicting findings regarding 

the ERN where some researchers have found individuals with high NA and depression to 

have enhanced ERNs due to oversensitivity to mistakes (Luu and Tucker, 2003); 
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meanwhile, other researchers have found the opposite, where depression has been 

associated with decreased ERNs due to impairment in the error monitoring system 

(Ruchsow et al., 2004).  These findings were obtained through a variety of experimental 

paradigms within which performance feedback and experimental tasks varied.  Using two 

variations of the Stroop task, the cStroop and the ecStroop, one of our main goals was to 

tip the balance in favor of one finding or the other.  Because sensitivity to criticism is a 

common symptom of clinical depression (American Psychiatric Association, 1994), we 

hypothesized that ERNs would be enhanced for depressed subjects.   

To begin with, our analyses revealed that ERNs in this study were, indeed, related 

to error processing since ERN amplitudes were larger in error trials than in correct trials.  

The theory that the ERN is related to error monitoring is largely supported by 

researchers, thus our replication of this basic finding shows us that the strategies used to 

elicit ERN/Pe in the present study were valid.  The analysis also revealed larger ERNs 

during emotional tasks than during cognitive tasks, suggesting that subjects overall were 

more sensitive to mistakes made when emotion words were used in the stimuli.  

However, when the distinction was made between subjects with low- and high 

depression, there were no differences in ERN.  In the same way, where depressed 

individuals are thought to be characterized by low PA, our analysis of PA data did not 

reveal group differences in ERN amplitude.  This absence of differences between the 

depressed and control groups suggests that the criteria used to create the groups may not 

have sufficiently divided the participants.  This limitation will be discussed shortly.  

 Still pertaining to our first hypothesis, a surprising finding in our ERN data was 

the failure to find significant effects on feedback ERN.  External feedback was included 
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in the experiment as a means of controlling for error awareness within each subject.  This 

way, we avoided uncertainty of knowing whether the subject was aware of his or her 

mistakes in error trials so that we could focus on investigating the mechanisms recruited 

by the error monitoring system to process the error and implement compensatory 

strategies.  We expected greater negativity following feedback on error versus correct 

trials.   

Our analysis on feedback ERN, however, showed that none of the experimental 

manipulations affected its amplitude.  This suggests that either the external feedback 

given at the end of each trial was ineffective or that error monitoring mechanisms were 

not recruited during these parts of the task.  The former reason is unlikely to be true since 

the visual feedback used in this experiment closely mirrored feedback used in past 

experiments which have found said fERN differences.  Instead, the latter is more likely 

because of the inverse relationship between rERN and fERN that has been reported by 

several researchers (Holroyd & Coles, 2002) in recent studies.  This effect is based on the 

idea that, for Stroop-like tasks, subjects who are already aware of mistakes made on a 

given trial will process the error immediately following the response.  Thus, external 

feedback is of no use to them in determining task performance.  On the other hand, for 

tasks that leave uncertainty regarding so-called “good performance” (e.g. tasks that 

require the subject to estimate time), subjects depend on external feedback to decide 

whether behavioral strategies need to be changed.   

The results of the present experiment support the notion that rERN and fERN are 

inversely related.  Given the high accuracy rate of over 95% for all subjects throughout 

the experiment, we assume that the tasks presented relatively little challenge to them.  
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Because of this low level of task difficulty, subjects were most likely aware of their 

mistakes even as they pressed the incorrect key.  Indeed, the rERNs appeared almost 

immediately after subject response, showing that it took subjects very little time to 

process their mistakes.  For this reason, external feedback did not contribute to error 

monitoring processes in this experiment.     

 Our second hypothesis addressed what is thought to be the emotional component 

of the error-ERP, that is, the Pe.  This positive peak appears soon after the cognitive 

processing of errors (ERN) and has been found to be more pronounced when an 

individual is aware of his or her mistake (Nieuwenhuis et al., 2001).  Its close tie with the 

affective division of ACC further encourages the notion that it is related to emotional 

processing.  In the present study, both the cStroop and ecStroop were used to elicit error-

related ERPs to determine whether the processing of emotion in these tasks would be 

exhibited in Pe amplitude.  The rationale behind this was that, whereas cStroop uses 

emotionally neutral stimuli, the ecStroop offers the addition of emotionally valenced 

stimuli which would increase the affective processing reflected in Pe responses.  These 

two tasks were also used for the purpose of exploring Pe differences between depressed 

and control subjects.  Since depression is characterized by differences in affect, we 

expected depressed subjects to show higher levels of affective processing of emotionally 

valenced words used in the ecStroop as compared to the control subjects.  

While our results show that Pe amplitudes are greater for error trials than correct 

trials thus reflecting emotional reactions to errors, none of the analyses support our 

hypothesis that the Pe would be larger with emotional task stimuli or depression.  

Contrary to our expectations, there was a trend of enhanced Pe’s during the cognitive task 
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for both depressed and control subjects.  At first, these results may seem to undermine the 

idea that Pe represents an affective component of error processing altogether, however, 

they can also be considered as evidence of an ineffective task manipulation.  That is, 

emotionally valenced words did not have the expected effect on task performance or 

emotional response.   

Setting our hypothesis aside, the effect of task on Pe amplitude may be a product 

of varying degrees of task difficulty rather than the emotional valence of task stimuli.  

Reaction time data reveal a difference in subject response to the two tasks where subjects 

slowed down significantly more during cognitive interference trials.  This suggests that 

the cognitive interference trials were more difficult than all other trial types.  If this was 

the most challenging part of the experiment, subjects may have become more frustrated 

when committing errors due to failure to ignore the interfering number words.  Such an 

effect would not have been as large in a less-challenging emotion task where subjects 

would have had more control over their responses due to the smaller degree of 

interference.  In this way, errors made in cognitive interference trials would have resulted 

in a larger emotional reaction as reflected in the Pe.  Relating this idea back to the finding 

of a larger rERN during the emotional task, subjects showed more sensitivity to mistakes 

during these tasks because the interference was relatively easier to overcome.    

Also taken from this analysis of Pe was the finding that control subjects had larger 

Pe’s than depressed subjects across all tasks, suggesting that control subjects felt stronger 

emotional conflict and should have been more motivated to change their behaviors in 

subsequent trials.  While contradicting our expectations, this finding supports those of 

Ruchsow et al. (2004) where they propose an underactivity in the reward systems of 
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depressed subjects and smaller degree of emotional sensitivity to negative feedback.  This 

underactive reward system is said to result in an inability to motivate change in 

subsequent behavior.  Although our data show group effects on Pe amplitudes, these ERP 

differences did not translate into successful behavioral compensation.   

Instead, our data on behavior compensation showed that all subjects tend to make 

more mistakes following error trials despite our correlational findings that larger ERN 

and Pe amplitudes both predict attempts at compensating by slowing down.  While we 

had expected to observe this relationship between ERPs and compensation in reaction 

time, the direction in which our accuracy effect occurred was unexpected.  Contrary to 

our third hypothesis where we predicted that depressed subjects would show less 

compensatory behavior following errors than control subjects, these data suggest that 

when subjects in both groups made mistakes, they had more trouble escaping a rhythm of 

errors despite attempts at slowing down.  This continuity of error may have been due to 

preoccupation with the error itself which distracted subjects from being able to 

implement new response strategies. 

In summary, the use of cStroop and ecStroop in this study revealed larger ERNs 

in emotional tasks and a trend of larger Pe’s in cognitive tasks across both subject groups 

despite our expectations that the cognitive nature of cStroop would elicit greater ERNs 

and the affective nature of the ecStroop would elicit greater Pe’s.  While our findings 

were the opposite of what we predicted, they suggest that, despite our attempts to 

demotivate subjects with emotional distractions on the ecStroop, greater salience of 

negative affect did not change their motivation throughout the tasks.  Instead, motivation 

to alter behavior following errors seemed to come from varying degrees of task difficulty.  
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This confound of task difficulty would explain the greater cognitive rERN reactions to 

mistakes made on the relatively easier emotion task, signaling to the subject the need for 

more focus and greater cognitive control.  Meanwhile, subjects had greater affective Pe 

reactions when they made mistakes on the relatively more difficult cognitive tasks, 

suggesting that they reacted to mistakes with more frustration due to the inability to 

exercise greater cognitive control on this difficult task.  According to this interpretation, 

then, the differences between the cStroop and ecStroop in this experiment were less a 

matter of cognitive or emotional thinking, rather the tasks differed in their degrees of 

difficulty. 

In considering the differences between depressed and control groups in this study, 

the absence of ERN differences in response to errors suggest that the two subject groups 

had similar cognitive processing of errors.  Meanwhile, we found depressed subjects had 

smaller Pe’s than control subjects overall.  This result was unexpected as we had 

expected depressed subjects to show a greater affective reaction to mistakes than control 

subjects.  Instead, our results suggest that depressed individuals were not as bothered by 

their mistakes.  While this contradicts our expectations, it fits well with the idea that 

depression is often characterized by a general sense of helplessness and lack of control on 

the turnout of events (Abramson, Seligman, & Teasdale, 1978).  

What does not follow so neatly from this difference in Pe amplitudes between 

subject groups is the behavioral result of these components of error processing.  If Pe 

reflects affective response and motivation to change behavior, one would expect it to 

occur in conjunction with significantly slower responses and higher accuracy following 

errors.  Then we would expect control subjects, who show higher Pe amplitudes than 
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depressed subjects, to respond with slower reaction times and higher accuracy on trials 

following error trials.  This, however, was not the case.  The fact that both control and 

depressed subjects in this study made more errors following error trials indicates that 

their efforts at compensating were ineffective.  This becomes even more puzzling when 

we consider the control group which had greater affective responses to errors, suggesting 

that they would show some improvement in performance.  These results reveal an 

inconsistency in the way Pe amplitudes ultimately translate into behavioral change. 

Several factors may have led to the inconsistencies and unexpected findings found 

throughout this study.  Recent years have seen an ongoing debate regarding the use of 

“subthreshold” depressive symptoms in research regarding the nature of depression as 

well as its treatments.  Lewinsohn et al. (2000) address this question by comparing 

subthreshold symptoms against depression as a categorically distinct phenomenon by 

examining dysfunction on several levels.  They find that increasing levels of depressive 

symptoms are associated with increasing levels of different manifestations of depression 

such as substance abuse disorder and psychosocial dysfunction.  With these data, they 

conclude that depression exists on a continuum and does not depend on crossing a 

particular threshold.  Research such as this lends credence to the use of pre-clinical 

subjects in the present study.   

Nevertheless, the absence of major group differences in ERN and Pe where past 

studies have found them to exist may be attributed to the fact that the composition of our 

depressed subject group was still fundamentally different to those used in previous 

research.  Whereas past studies finding enhanced ERN in depressed subjects have used 

clinically depressed patients (Tucker and Luu, 2003; Ruchsow, 2004), our subjects 
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consisted of pre-clinically depressed students identified by high BDI scores.  

Furthermore, researchers such as Gotlib (1984; as cited in Beck, Steer, and Garbin, 1988) 

have suggested that the degree to which BDI predicts depression varies depending the 

population in question.  They warn that high scores on the BDI for university students 

should be interpreted with caution due to the BDI’s strong correlation with other self-

report measures of psychopathology among students.  In the present study, BDI scores 

ranged from 21-38 which falls in Beck’s recommended range defining moderate (19-29) 

to severe (30-63) depression.  While it is true that our BDI scores were fairly high for 

subjects in our depressed group, they may have merely represented maladaptive 

functioning in the population (Beck et al., 1998).  If this is the case, our between-group 

comparisons are not reflections of error-monitoring differences between depressed and 

non-depressed individuals, rather, they are more reflective of individual differences 

throughout a group with varying levels of functioning .  Thus, future studies using 

subclinical populations would benefit from targeting a more diverse population where 

multiple age groups are taken into account.   

Another reason why this study may not have revealed the predicted group ERN 

differences is because subjects were matched on anxiety measures.  Overall, subjects had 

high anxiety levels where, out of 80, the group averages were 61.8 for the control group 

and 59.2 for the depressed group.  Past studies have shown that individuals with high 

anxiety tend to have enhanced error-related brain activity regardless of whether they are 

making mistakes (Hajcak et al., 2003).  This is reflective of their constant worry and 

attention to achieving perfect task performance.  Because we attempted to control for this 
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by matching anxiety levels between groups, it is difficult to assess whether ERP 

differences were a product of properties of anxiety or depression.  

For this reason, the separation of subjects by affective traits (PA/NA) provided a 

helpful contribution to this investigation of error-related ERPs.  This allowed the 

possibility of exploring past studies that have proposed an alternative explanation for 

depressive differences in error monitoring.  Hajcak et al. (2004), for example, propose 

that these differences in error-monitoring are products of positive and negative affect.  

Rather than viewing the differences as functions of depression or anxiety, these studies 

view them as a result of the affective differences which have been carefully teased out by 

Clark and Watson (1991). 

Indeed, our data regarding affective differences have offered new perspectives on 

the roles of positive and negative affect in error-processing.  While there is a plethora of 

literature on error monitoring for individuals with high NA, relatively little is known 

about the role of PA.  For example, researchers focusing on affect have found high NA to 

be associated with greater ERN and smaller Pe (Hajcak et al., 2004) while others have 

looked at PA and failed to find a relationship between it and the ERN (Luu et al., 2000).  

Recall that PA represents the extent to which an individual has energy and feels 

enthusiasm towards living, and that depression is characterized by low PA.  While 

normal control subjects (as in our study) would be expected to have high PA, this 

difference was not found to be significant in our study, calling for caution when drawing 

conclusions based on these data.  Nevertheless, where past studies have not found PA to 

significantly impact ERN or Pe, results from the present study suggest a possible 

relationship between them.   
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Analysis of PA in regards to the Pe showed several main effects and interactions, 

suggesting a close connection between the two.  At the central site, Pe amplitudes were 

significantly smaller for high PA subjects than they were for low PA subjects.  

Meanwhile, error trials elicited larger Pe’s overall.  This could be interpreted as an 

indication of smaller emotional reactions to mistakes on the part of subjects with high PA 

while subjects with low PA were more bothered by erroneous performance.   

Additionally, a statistical interaction revealed similar Pe’s on the emotion task 

between high and low PA subjects showing that they affectively processed errors in the 

emotion task in the same way.  Yet, at the central site, there was a significantly larger 

difference of Pe amplitudes where low PA subjects showed higher Pe’s in the counting 

task than the emotion task.  Meanwhile, high PA subjects did not show such a large 

difference in Pe size between tasks.   

Despite these multiple findings, it is difficult to draw conclusions regarding PA 

without first establishing solid grounds on affect.  One way in which the present study 

can be extended in the future would be to account for differences of anxiety between the 

depressed and control subjects.  Since PA is said to differ between depressed and anxious 

subjects, additions of depressed subject groups with high- and low- anxiety would be 

helpful in guiding the exploration of PA effects in error-monitoring.  Such a study would 

not only clarify the affective differences between depression and anxiety, but they would 

also shed light on the specific effects of PA differences.  

One additional limitation that could be addressed in a future study stems from the 

fact that the BDI and PSWQ were administered approximately one month before 

participants were invited into the lab for ERP data collection.  Furthermore, pre-screening 
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for the experiment occurred during a time of high stress at the colleges (preceding final 

exams) while ERP data collection occurred immediately following a month-long break.  

Although the BDI has been found to be a stable evaluator of depression as a trait (rather 

than state), uncertainty regarding the effect of events over that month could have been 

avoided by administering the PANAS twice: once as a part of the pre-screening 

questionnaire and again at the time of the study.  Manipulations in the instructions could 

have also been made so that it measured trait affect rather than state affect.  This would 

have allowed us to detect major affective differences that may have evolved over the 

course of the month. 

Although this study did not reveal the hypothesized group differences in error-

related ERPs and behavioral changes, its results began to bridge many existing gaps in 

the literature on error-monitoring brain activity, especially those pertaining to positive 

affect and the role of Pe in error-processing.  While conclusions regarding their roles 

cannot be made based on these results alone, they do motivate the need to continue 

research on the emotional aspects of error processing.  Findings from this study affirm 

the notion that emotion largely shapes mental and behavioral responses to errors.  This 

research carries important implications for the large percentage of the U.S. population 

that struggles with depression and other affective disorders.  Without an effective error-

monitoring system, learning processes are hindered and mistakes made in important tasks 

persist uncorrected.  For this reason, the establishment of strong links between affect and 

error-monitoring can ultimately play an important role in guiding the shape of therapeutic 

efforts tailored to depression.     
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APPENDIX A.  PRE-SCREENING ONLINE QUESTIONNAIRE – PART 1: PENN 
STATE WORRY QUESTIONNAIRE (PSWQ), PART 2: BECK DEPRESSION 
INVENTORY (BDI)  
 
 
Self-Evaluation Questionnaire—Part 1 
 
Please indicate the number from the scale below that best describes how typical or 
characteristic each of the 16 items is of you. 
 
_____________________________________________________________ 
Not at all typical  Somewhat typical   Very typical 
1 2 3 4 5 
_____________________________________________________________ 
 
 
 
_____   1.  If I don't have enough time to do everything, I don't worry about it. 
 
_____   2.  My worries overwhelm me. 
 
_____   3.  I don't tend to worry about things. 
 
_____   4.  Many situations make me worry. 
 
_____   5.  I know I shouldn't worry about things, but I just can't help it. 
 
_____   6.  When I am under pressure, I worry a lot. 
 
_____   7.  I am always worrying about something. 
 
_____   8.  I find it easy to dismiss worrisome thoughts. 
 
_____   9.  As soon as I finish one task, I start to worry about everything else I have to  
            do. 
 
_____   10.  I never worry about anything. 
 
_____   11.  When there is nothing more I can do about a concern, I don't worry about it  
 anymore. 
 
_____   12.  I've been a worrier all my life. 
 
_____   13.  I notice that I have been worrying about things. 
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_____   14.  Once I start worrying, I can't stop. 
 
_____   15.  I worry all the time. 
 
_____   16.  I worry about projects until they are done. 
 
 
 
Self-evaluation questionnaire-  Part 2 
 
 
Please read each group of statements carefully.  Then pick out the one statement in each 
group that best describes the way that you have been feeling the past week, including 
today.  Be sure to read each statement in each group before making your choices. 
 
I do not feel sad. 
I feel sad. 
I am sad all the time and I can’t snap out of it. 
I am so sad or unhappy that I can’t stand it. 
 
I am not particularly discouraged about the future. 
I feel discouraged about the future. 
I have nothing to look forward to. 
I feel that the future is hopeless and that things cannot improve. 
 
I do not feel like a failure. 
I feel I have failed more than the average person. 
As I look back on my life, all I see are a lot of failures. 
I feel I am a complete failure as a person. 
 
I get as much satisfaction out of things as I used to. 
I don’t enjoy things the way I used to. 
I don’t get any real satisfaction out of anything anymore. 
I am dissatisfied or bored with everything. 
 
I don’t feel particularly guilty. 
I feel guilty a good part of the time. 
I feel guilty most of the time. 
I feel guilty all of the time. 
 
I don’t feel I am being punished. 
I feel I may be punished. 
I expect to be punished. 
I feel I am being punished. 
 
I don’t feel disappointed in myself. 
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I am disappointed in myself. 
I am disgusted with myself. 
I hate myself. 
 
I don’t feel I am any worse than anybody else. 
I am critical of myself for my weaknesses or mistakes. 
I blame myself all the time for my faults. 
I blame myself for everything bad that happens. 
 
I don’t have any thoughts of killing myself. 
I have thoughts of killing myself but I would not carry them out. 
I would like to kill myself. 
I would kill myself if I had the chance. 
 
I don’t cry any more than usual. 
I cry more now than I used to. 
I cry all the time now. 
I used to be able to cry, but now I can’t cry even though I want to.   
 
I am no more irritated now than I ever am. 
I get annoyed or irritated more easily than I used to.   
I feel irritated all the time now. 
I don’t get irritated at all by the things that used to irritate me. 
 
I have not lost interest in other people. 
I am less interested in other people than I used to be. 
I have lost most of my interest in other people. 
I have lost all of my interest in other people. 
 
I make decisions about as well as I ever could. 
I put off making decisions more than I used to. 
I have greater difficulty in making decisions than before. 
I can’t make decisions at all anymore. 
 
I don’t feel I look any worse than I used to. 
I am worried that I am looking old or unattractive. 
I feel that there are permanent changes in my appearance that make me look unattractive. 
I believe that I look ugly. 
 
I can work about as well as before. 
It takes extra effort to get started at doing something. 
I have to push myself very hard to do anything. 
I can’t do any work at all. 
 
I can sleep as well as usual. 
I don’t sleep as well as I used to. 
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I wake up one to two hours earlier than usual and find it hard to get back to sleep. 
I wake several hours earlier than I used to and cannot fall back to sleep. 
 
I don’t get more tired than usual. 
I get tired more easily than I used to. 
I get tired from doing almost anything. 
I am too tired to do anything. 
 
My appetite is not worse than usual. 
My appetite is not as good as it used to be. 
My appetite is much worse now. 
I have no appetite at all anymore. 
 
I haven’t lost much weight, if any, lately. 
I haven’t lost more than 5 pounds. 
I have lost more than 10 pounds. 
I have lots more than 15 pounds. 
 
I am no more worried about my health than usual. 
I am worried about physical problems such as aches and pains, or upset stomach, or 
constipation. 
I am very worried about physical problems and its hard to think of much else. 
I am so worried about my physical problems that I cannot think of anything else. 
 
I have not noticed any recent changes in my interest in sex. 
I am less interested in sex than I used to be. 
I am much less interested in sex now. 
I have lost interest in sex completely. 
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APPENDIX B. POSITIVE AND NEGATIVE AFFECT SCHEDULE (PANAS) 

This questionnaire is designed to assess people's moods and emotions. It contains a 
number of words that are often used to describe moods, and you will be asked to indicate 
how much each word describes how you have felt THIS PAST WEEK. All the data 
collected in this questionnaire are anonymous, and no identifying information (e.g. your 
name or student ID) will be obtained or stored. 

1-very slightly/not at all 

2- a little 

3-moderately 

4-quite a bit 

5-extremely 

 

ATTENTIVE      

STRONG                

IRRITABLE         

INSPIRED            

AFRAID                 

ALERT                 

UPSET  

ACTIVE  

GUILTY  

NERVOUS  

EXCITED  

HOSTILE  

PROUD  

JITTERY  

ASHAMED  

SCARED  

ENTHUSIASTIC  

DISTRESSED  

DETERMINED  

INTERESTED  
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