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Abstract 

The primary objective of the present study was to investigate the relationship between cognitive 

control and stress regulation, two self-regulatory processes that utilize similar cognitive 

processes and brain regions.  To examine cognitive control, the present study used EEG 

methodology to measure the ERN, a neural signal reflective of error-monitoring, during a Stroop 

task.  Salivary cortisol production served as the primary measure of stress regulation and was 

measured at three time points through the experiment, including before and after a combined 

public speaking task and math task stress manipulation.  Unexpectedly, cognitive control 

variables did not predict individuals’ cortisol responses to the stress manipulation but did predict 

individuals’ cortisol responses to the EEG and Stoop task.  The results indicate that those 

individuals more effective at cognitive control, as evidenced by large ERN amplitudes, were also 

more effective at stress regulation during the EEG and Stroop task, as evidenced by small 

cortisol responses.  The main finding supports the common-systems view of self-regulatory 

processes generated by the current literature.   
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Overview 
 

“To err is human,” originally written by Alexander Pope has become a common saying 

(Bartleby, 2005).  Humans make mistakes in all realms of life.  However, as humans we possess 

the ability to detect and remedy our own errors in a flexible and adaptive fashion and, 

consequently, to learn from our errors.  We engage in a similar process of detecting and 

responding to both cognitive errors and emotional errors.  When learning how to type on a 

computer, we attempt to place our fingers on the appropriate letters of the keyboard, and 

whenever our finger simply hits the wrong key, we recognize our mistake, try to be more careful, 

and attempt to hit the correct key the next time.  This simple process, along with various other 

tasks, requires the implementation of cognitive control.  In daily life, we encounter various 

stressors, and it is up to us how we react to those stressors.  When engaging in a public speaking 

task, some of us may become overly anxious, impairing our ability to give a speech.  However, 

we are capable of regulating our emotions and our reactions to stressors in ways that are more 

adaptive and that calm us down enough to give a speech.  Whether it is an incorrect button press 

in a cognitive task or it is our overly intense reaction to a stressful situation, our brains recognize 

our incorrect behavior and attempt to correct the behavior.  Similar brain structures and cognitive 

processes seem to be associated with both cognitive control and emotion regulation.  This 

present research aims to investigate the relationship between cognitive control and stress 

regulation, a form of emotion regulation.   

Cognitive Control 

 We regulate our behavior in an adaptive manner through cognitive control.  Cognitive 

control is the flexible process that allows us to accurately detect when our behavior has gone 

awry, to then signal for intensified control, and finally to respond to these signals by correctly 
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adjusting our behavior (van Veen & Carter, 2006; Compton et al., in press; Kerns et al., 2004; 

Ridderinkhof, van den Wildenberg, Segalowitz, & Carter, 2004).  Two key steps of cognitive 

control have been identified: evaluation/ monitoring and regulation/ execution (Compton et al., 

in press; Ridderinkhof, van den Wildenberg, Segalowitz, & Carter, 2004).  The evaluative 

portion involves monitoring actions, detecting difficulties, and signaling for regulation.  The 

subsequent regulation portion involves responding to signals to augment control and adjust 

behavior in an adaptive fashion.  These two affiliated processes of evaluation and regulation 

comprise cognitive control.   

 Although these two steps are closely linked together, each step utilizes separate brain 

regions (van Veen & Carter, 2006; Ridderinkhof, van den Wildenberg, Segalowitz, & Carter, 

2004; Kerns et al., 2004; Ridderinkhof, Ullsperger, Crone, & Nieuwenhuis, 2004).  The anterior 

cingulate cortex (ACC), located in the medial frontal cortex, has been implicated in evaluation, 

the first step of cognitive control.  To study evaluation, experiments utilize attentional conflict 

paradigms that involve the presentation of some task-irrelevant stimuli, such as the Stroop task 

and the Simon task (O’Leary & Barber, 1993).  Incongruent trials occur when task-irrelevant 

stimuli conflict with task-relevant stimuli, and congruent trials occur when task-irrelevant stimuli 

coincide with task-relevant stimuli.  During incongruent trials of the Stroop color-naming task, 

response competition occurs when the word ‘GREEN’ appears in red ink, and the correct 

response is ‘red’ but the dominant, incorrect response tendency is ‘green.’  Using an attentional 

conflict paradigm, Carter et al. (1998) found activation in the ACC during incorrect responses 

but also during correct responses when response competition was high.  Response competition 

entailed a task where dominant but incorrect response tendencies exist, which must be inhibited 

in order to correctly respond.  Therefore, Carter et al.’s findings suggest that the ACC plays a 
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role in the online monitoring of performance and that the ACC is especially sensitive to 

conditions in which errors are likely to occur, as in tasks involving response competition.  

Functional magnetic resonance imaging (fMRI) shows increased activity in the ACC during the 

presence of increased response competition such as in the incongruent trials of the Stroop color-

naming task, which suggests that the ACC sensitively monitors performance and plays an 

evaluative function in cognitive control (Carter et al., 2000; Botvinick, Cohen, & Carter, 2004).   

Various fMRI studies (Kiehl, Liddle, & Hopfinger, 2000; Carter et al., 1998) report 

increased activation in the ACC when errors are made, which suggests the ACC accurately 

detects problems in performance.  When engaging in attentional conflict paradigms, typically 

once individuals encounter an incongruent or response conflict trial, they will perform better on 

the subsequent incongruent trial because they will being exerting enhanced cognitive control.  

While engaging in an attentional conflict task, humans with ACC lesions were unable to alter 

their performance after an incident of response conflict, which normal control subjects and 

subjects with other areas of brain damage not affecting the frontal cortex were able to do 

(Pellegrino, Ciaramelli, & Ladavas, 2007).  Together, these imagining and lesion studies suggest 

the ACC is important for performance monitoring, error detection, and signaling the need for 

enhanced control, which are the essential components of the evaluative step of cognitive control.   

 Regulation, the second step of cognitive control, has been localized to the areas of the 

lateral prefrontal cortex (van Veen & Carter, 2006; Ridderinkhof, Ullsperger, Crone, & 

Nieuwenhuis, 2004; Ridderinkhof, van den Wildenberg, Segalowitz, & Carter, 2004; Kerns et 

al., 2004; Garavan, Ross, Murphy, Roche, & Stein, 2002).  Lateral prefrontal cortex activation 

occurs during behavioral adjustments following errors, demonstrating that this brain region is 

associated with executing behavioral change (Garavan, Ross, Murphy, Roche, & Stein, 2002; 
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Kerns et al., 2004).  Using the Stroop color-naming task and fMRI, Kerns et al. (2004) found that 

activity in the ACC on both conflicting trials and error trials predicted behavioral adjustment on 

subsequent trials that coincided with increased activity in the prefrontal cortex.  The proposed 

model of cognitive control in the brain consists of the ACC monitoring performance, detecting 

conflict, and then alerting the prefrontal cortex so that the prefrontal cortex can enhance control 

and resolve the conflict (van Veen & Carter, 2006; Ridderinkhof, Ullsperger, Crone, & 

Nieuwenhuis, 2004).   

EEG Technique 

To examine the error-monitoring component of cognitive control from a different 

perspective than brain imaging, electroencephalogram (EEG) methodologies are utilized. 

Although fMRI studies localize the error-monitoring to activation in the ACC, fMRI is unable to 

examine the temporal aspects of error-monitoring.  Brain imaging techniques, such as functional 

magnetic resonance imaging (fMRI) and positron emission tomography (PET), measure blood 

flow activity within the brain, an indirect measurement of brain activity (Stern, Ray, & Quigley, 

2001).  fMRI and PET provide excellent means of precisely localizing where activity is 

occurring.  However, both fMRI and PET are not as time-sensitive as the EEG and can only 

measures changes in blood flow every few seconds while the EEG measures changes in electrical 

activity in milliseconds (Stern, Ray, & Quigley, 2001).  The EEG technique provides better 

temporal resolution while fMRI provides better spatial resolution, and, therefore, both techniques 

are needed to accurately investigate and characterize error-monitoring.  The brain, specifically 

the ACC, produces a unique response to errors called error-related negativity (ERN), which can 

be examined using the EEG (Gehring, Goss, Coles, Meyer, & Donchin, 1993).  
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The electroencephalogram (EEG) technique provides a unique and valuable perspective 

to investigate error-monitoring.  Neural processes occurring inside the brain generate electrical 

activity.  The electrical activity present on the scalp reflects the cortical activity occurring 

underneath the scalp inside of the brain.  The EEG technique measures the electrical signals 

detected by electrodes positioned directly on top of the scalp surface.  These electrical signals are 

then amplified and their changes in voltage over time are recorded (Luck, 2005).  The EEG 

allows for the measurement of electrical brain activity in an especially time-sensitive manner that 

can reflect changes by the millisecond.   

 The EEG can be used to measure specific brain responses to certain cognitive, sensory, 

and motor events. The distinct and consistent neural responses to specific events are called 

event-related potentials (ERPs).  The N170 is a one type of ERP specifically related to human 

face perception that is a negative potential evoked over the posterior temporal region of the scalp 

approximately 170 milliseconds after the presentation of a visual human face stimulus (Bentin, 

Allison, Puce, Perez, & McCarthy, 1996).  Another example of an ERP reflecting cognitive 

processing is the P300, which is a positive potential evoked after the presentation of an “oddball” 

or novel stimulus, which may be auditory or visual in nature (Stern, Ray, & Quigley, 2001; 

Bentin, Allison, Puce, Perez, & McCarthy, 1996).  There is a relevant and informative ERP 

specifically related to error detection and compensation called error-related negativity, also 

known as the ERN (Gehring et al., 1993).  The ERN functions as a useful means of examining 

the error-monitoring component of cognitive control.   

Error-Related Negativity 

The ERN is a negative deflection up to 10 microvolts in amplitude that begins as soon as 

the error is made and peaks within 100 milliseconds (Gehring et al., 1993).   The electrodes 
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located on the frontocentral midline portion of the scalp, specifically the Fz, FCz, and Cz sites, 

elicit the greatest ERN response.  Due to differences in task type, two distinct forms of the ERN 

exist and occur at different time points: the response-ERN and the feedback-ERN.  The 

response-ERN is generated directly following the commission of an erroneous response during a 

task in which the participants can immediately determine the accuracy of their response based on 

their own internal knowledge (Gehring et al., 1993; Holroyd & Coles, 2002).  The feedback-

ERN is generated directly following the presentation of negative response accuracy feedback 

during a task in which the participants are able to determine the accuracy of their response only 

after being shown external feedback (Holroyd & Coles, 2002).  The ERN occurs regardless of 

the modality that the stimuli are presented in and that the response is made in, which suggests the  

ERN is reflective of a broad, flexible cognitive control system that detects errors made in all 

different sensory modalities (Yeung, Botvinick, & Cohen, 2004; Holroyd & Coles, 2002).  The 

response-ERN occurs after both perceived and unperceived errors, suggesting ERN is not 

generated due to conscious awareness of an error but instead may reflect a subconscious error-

monitoring mechanism (Nieuwenhuis, Ridderinkhof, Blom, Band, & Kok, 2001).  The ERN 

reflects the brain’s response to errors and provides a window into the evaluative component of 

cognitive control. 

The size of the ERN appears to be affected by various factors that influence the error-

monitoring system.  Some of the initial investigators of the ERN (Gehring et al., 1993) found the 

amplitude of the ERN to be greatest when accuracy was emphasized, rather than emphasizing 

speed alone or both speed and accuracy.  This suggests that the ERN reflects the importance 

being placed on errors.  In addition to error detection, Gehring et al. (1993) also found the ERN 

to be associated with error compensation.  Larger ERN amplitudes related to a higher probability 
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that the trial following an error would be correct (post-error accuracy) and to slower response 

times on correct trials directly following an error (post-error slowing).  Therefore, larger ERN 

amplitudes correspond to compensatory behaviors expected following errors, which is indicative 

of enhanced cognitive control.  Individuals with obsessive-compulsive disorder and anxiety have 

been shown to exhibit larger ERN amplitudes than non-OCD and non-anxious individuals, 

suggesting an over activation of the error-monitoring system consistent with characteristics of 

both disorders (Gehring, Himle, & Nisenson, 2000; Hajcak, McDonald, & Simons, 2003).  All 

together these studies suggest the ERN plays a role in error-monitoring and error compensation.   

 The ACC, an area of the brain implicated in cognitive control and error-monitoring, is 

posited as the source generating the ERN.  Because of the poor spatial resolution of the EEG 

technique, it is difficult to determine the exact location inside of the brain where the electrical 

activity is being generated.  Therefore, other techniques such as fMRI and lesion studies have 

been employed to determine the source of the ERN.  Various fMRI studies implicate the ACC as 

the primary brain region responsible for error-monitoring and error detection (Kerns et al., 2004; 

Carter et al., 1998; Kiehl, Liddle, & Hopfinger, 2000; van Veen & Carter, 2006). Using both 

fMRI and EEG, Mathalon, Whitfield, & Ford (2003) found the ERN to be correlated with fMRI 

activation of the ACC during error production.  Individuals with damage to the ACC resulting 

from a ruptured aneurysm do not display an ERN when making an error on an Eriksen Flankers 

task, a type of response interference task.  However, on the same task, normal control subjects 

with no brain damage consistently generate ERNs when producing an error, which suggests the 

ACC is essential in the production of the ERN (Stemmer, Segalowitz, Witzke, & Schönle, 2003).  

Consistent with the literature on cognitive control, error-monitoring as measured by the ERN 

seems to be localized to the ACC.   
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 The reinforcement learning theory of the ERN posited by Holroyd and Coles (2002) 

offers a comprehensive, logical explanation of the relationship between the ACC and error-

monitoring, as measured by the ERN.  The concept of reinforcement learning is based upon the 

idea that actions resulting in positive feelings and outcomes will be reinforced and repeated in 

the future but actions resulting in negative feelings and negative outcomes are less likely to be 

repeated in the future.  The reinforcement learning theory provides support for the ERN as a 

good measure of cognitive control. 

 According to Holroyd and Coles’s theory, the basal ganglia, a system of subcortical brain 

structures, determines the value of an action and if the value changes over time.  The 

mesencephalic dopamine system is based in the basal ganglia and projects to other areas of the 

cortex, including the ACC.  The neurotransmitter dopamine acts as a positive reinforcer.  The 

fulfillment of positive expectations triggers the release of dopamine, resulting in increased levels 

of dopamine.  Whereas, when expectations are violated or a negative event occurs, dopamine 

fails to be released, resulting in decreased levels of dopamine.   The decline in dopamine leads to 

the activation of the ACC, the controller of behavior.  The drop in dopamine generates an error 

signal within the ACC.  The ERN is a measurement of this error signal.  Therefore, the ERN 

reflects the reinforcement learning signal of dopamine being transmitted to the ACC.  The error 

signal prompts the ACC to adjust the behavior in a way in which negative outcomes can be 

avoided.  Holroyd and Coles’s theory supports the idea that cognitive control involves 

monitoring the appropriateness of our behaviors and utilizing this information to learn from our 

mistakes and to promote adaptive behaviors.  
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Emotion Regulation  

 Like cognitive control, emotion regulation utilizes similar methods to manage emotions.  

Emotion regulation involves steps of monitoring emotions, detecting inappropriate emotions, and 

changing emotions to better fit the situation at hand.  These steps are similar to the processes 

involved in cognitive control.   Both cognitive control and emotion regulation are adaptive 

processes that adjust to regulate our responses to the situation at hand.  The exact definition of 

emotion regulation is still unclear in the literature; however, one definition states that, “Emotion 

regulation refers to the processes by which we influence which emotions we have, when we have 

them, and how we experience and express them” (Gross, 2002, p.282).   

To understand emotion regulation, it is helpful to define emotions.  Emotions possess 

experiential, behavioral, cognitive, and physiological qualities.  One such definition is called the 

“modal model” of emotion, which includes four main parts: situation, attention, appraisal, and 

response (Gross & Thompson, 2007).  Below is a figure of the “modal model” of emotion from 

Gross & Thompson (2007): 

 

Specific situations, internal/ mental or external, elicit emotions within an individual.  First, an 

individual encounters a situation that induces his or her attention because the situation is relevant 

and meaningful to him or her.  When an individual appraises the situation, he or she assesses 

“the situation’s familiarity, valence, and value relevance” (Gross & Thompson, 2007, p.5).  

Then, the appraisal motivates the individual to emotionally respond to the situation, and 

emotional responses can involve changes in experience, behavior, or physiology.   
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The regulation of emotion can occur at multiple points within the generation of an 

emotion (John & Gross, 2007).  In their diagram below, John & Gross (2007) identify five 

different points where emotion regulation can arise: 

 

Individuals can select the situations they encounter by avoiding situations that cause them to 

produce negative emotions and by entering situations that cause them positive emotion.  At the 

situation stage, individuals can modify the situation they find themselves in to create an optimal 

emotional response.  At the attention stage, individuals may choose to focus their attention to 

certain aspects of the situation, such as concentrating on the positive aspects of a seemingly 

negative situation.  After individuals have concentrated their attention on a situation, they can 

change their cognitions by reappraising the situation in more positive light.  At the response 

stage, individuals can alter the elicited response, for example by suppressing negative emotions.  

At each of the five points, individuals are capable of either down-regulating or up-regulating 

emotions (John & Gross, 2007). 

John & Gross (2007) identify reappraisal to be especially effective in regulating emotions 

because it occurs prior to the emotion response.  Reappraisal involves mentally altering the 

meaning of a situation that elicits emotion (Ochsner et al., 2004).  For example, if a student is 

stressed about finals week because he or she is focused on the four exams that must be 

completed in one week, the student could reappraise the situation and feel less stressed by 

focusing on the fact that in less than seven days all finals will be completed and summer will 
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begin.  Cognitive control plays an integral role in the reappraisal process because our cognitions 

about the situation must be changed in order to reappraise the situation and ultimately to alter our 

emotional response.  Reappraisal can be used to either up-regulate or down-regulate our 

emotions, which can both function in negative or positive ways depending on the situation 

(Ochsner et al., 2004).  Cognitive control plays an active role in the ‘altering of cognitions’ that 

takes place during reappraisal, an important method of emotion regulation.  Some of the brain 

regions implicated in cognitive control have also been implicated in emotion regulation. 

Neural Basis of Emotion Regulation 

Recently, the neural basis of emotion regulation has been explored.  Brain regions 

involved in controlling emotion and generating emotion interact to create the phenomenon 

known as emotion regulation.  The major brain structures comprising the neural circuitry of 

emotion consist of the prefrontal cortex (specifically the dorsolateral and ventral regions), ACC, 

amygdala, hypothalamus, hippocampus, and insula (Davidson, Fox, & Kalin, 2007; Heller, 

2004).  The amygdala, hypothalamus, cingulate cortex, anterior thalamus, mammillary bodies, 

hippocampus, and parahippocampal gyrus together form the limbic system, which is important in 

emotional functioning.  The amygdala, in particular, plays a role in fear, emotional learning, and 

both conscious and unconscious emotional responses to stimuli (Heller, 2004).  The brain 

regions specifically involved in controlling emotion and creating changes of emotion include the 

prefrontal cortex and the ACC (Ochsner & Gross, 2005).   Research suggests that the brain 

regions involved in emotion regulation are similar to those involved in cognitive control 

(Ochsner & Gross, 2005).   

Using fMRI, Ochsner et al. (2004) sought to determine the neural correlates of up- and 

down-regulation of negative emotion using reappraisal techniques.  Subjects were shown 
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negative and neutral images.  For each image, subjects were told to look at the image and 

respond naturally, to increase their emotions (up-regulate), or to decrease their emotions (down-

regulate).  Prior to the task, experimenters informed subjects to increase negative emotions by 

focusing internally on the scene, making the scene more self-relevant, and imaging the scene 

getting worse.  To decrease negative emotions, subjects were instructed to focus externally on 

the scene, view the scene from a detached perspective, think of alternative meanings, and 

imagine the scene getting better.  Experimenters compared brain activation during increase 

emotion and decrease emotion trials to activation during the look and respond naturally trials.  

Both up- and down-regulation of emotion resulted in similar patterns of brain activation in the 

left lateral prefrontal cortex, dorsal ACC, and dorsal medial prefrontal cortex.  However, the 

types of regulation differed in amygdala activation, such that down-regulation resulted in 

decreased amygdala activation and up-regulation resulted in increased amygdala activation.  

Their findings suggest the amygdala, a site where emotions are generated, is being regulated by 

the frontal lobe, which implies emotion regulation occurs through the interaction of limbic and 

prefrontal cortex brain regions.  Ochsner et al. (2004) suggest that the reappraisal form of 

emotion regulation involves cognitive control (located in frontal lobe) modulating emotional 

processes (located in the amygdala).   

Successful emotion regulation relies on the ability to control negative emotional 

responses often by utilizing cognitive strategies, such as suppressing negative affect by way of 

cognitive reappraisal.  Using fMRI, Phan et al. (2005) investigated the brain structures involved 

in the voluntary suppression of negative affect, a specific type of cognitive reappraisal. Subjects 

viewed aversive, unpleasant pictures that promote arousal and negative affect.  Within their 

session, subjects experienced two conditions: the Maintain (control) condition and the Suppress 
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(experimental) condition.  During the Maintain condition, experimenters instructed subjects to 

examine and experience the pictures naturally without attempting to change their natural 

emotional reactions.  During the Suppress condition, experimenters told subjects to voluntarily 

decrease their negative affect by using a cognitive reappraisal strategy, which entailed 

reinterpreting the picture so that the picture did not cause the subject to experience negative 

emotions.   

Phan et al. (2005) found the areas of brain activated while subjects viewed and evaluated 

the negative pictures included the amygdala, anterior insula, medial prefrontal cortex, and 

primary visual cortex, which are brain areas involved in processing emotional information and 

some which are part of the limbic system.  However, during the Suppress condition, the 

additional brain regions activated included dorsal medial prefrontal cortex, dorsal ACC, 

dorsolateral prefrontal cortex, ventrolateral prefrontal cortex, and orbitofrontal cortex.  Many of 

the brain regions recruited during the Suppress condition play important roles in the cognitive 

control of emotion (Ochsner & Gross, 2005).  Most importantly, Phan et al. (2005) found that the 

increased activity in the dorsal ACC, dorsolateral prefrontal cortex, and ventrolateral prefrontal 

cortex was associated with decreased activity in the brain structures responsible for negative 

affect.  This study concludes that the suppression of negative affect by reappraisal results in 

activating brain areas associated with cognitive control and decreasing the activation of brain 

areas associated with experiencing negative emotions, which together demonstrate emotion 

regulation.   

Similarly, Beauregard, Lévesque, & Bourgouin (2001) investigated the neural correlates 

of suppression of sexual arousal using another cognitive reappraisal strategy.  They studied 

brain’s role in emotion regulation using fMRI by examining the conscious down-regulation of 
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sexual arousal.  They examined the differences in brain activation when males simply viewed 

erotic film clips and were told to act naturally (sexual arousal condition) and when they viewed 

erotic film clips and were told to inhibit their emotional reactions (attempted inhibition 

condition).  During the sexual arousal condition, activation occurred in brain areas of the limbic 

system, including the right amygdala, right anterior temporal pole, and hypothalamus.  Whereas, 

during the attempted inhibition condition, activation did not occur in the limbic system areas but 

did occur in the right dorsolateral prefrontal cortex and the right ACC (Beauregard, Lévesque, & 

Bourgouin, 2001).  These findings suggest emotion regulation utilizes the prefrontal cortex and 

ACC as a cognitive control system in order to down-regulate emotion generated by limbic 

structures.   

Recent studies (Ochsner et al., 2004; Phan et al., 2005; Beauregard, Lévesque, & 

Bourgouin, 2001) suggest the usefulness of cognitive strategies in regulating emotion, 

specifically negative emotion or affect.  They also demonstrate that cognitive emotion regulation 

strategies, such as reappraisal and suppression, employ some of the same brain regions involved 

in cognitive control.  Such evidence suggests the limbic emotion-generation system works in 

concert with the frontal cognitive emotion-control system to successfully regulate emotion. 

Stress Regulation  

Emotion regulation is intimately connected with stress.  The successful regulation of 

emotion lessens the possibility that stress response will be activated by psychological factors and 

improves the possibility that behavioral reactions to psychological stressors are adaptive 

(Sapolsky, 2007).  Using the Cognitive Emotion Regulation Questionnaire, Martin & Dahlen 

(2005) found that rumination, low positive appraisal, and self-blame subscales of cognitive 

emotion regulation predicted stress, as self-reported by subjects using the Depression Anxiety 
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Stress Scales.  Coping with stress involves cognitively and behaviorally managing the demands 

that the individual appraises as difficult or overwhelming (Lazarus, 1993).  According to coping 

theory, the use of adaptive, effective cognitive coping strategies will lead a person to experience 

less stress, and conversely, the use of maladaptive, ineffective cognitive coping strategies will 

lead a person to experience more stress (Martin & Dahlen, 2005).  Therefore, the particular 

cognitive coping strategies of rumination, low positive appraisal, and self-blame have been 

identified as unsuccessful ways of coping with stress (Martin & Dahlen, 2005).  Cognitive 

control of emotion functions as an important mechanism in the regulation of stress.   

 What is stress?  Some define stress by focusing on the stimulus that induces stress, or the 

stressor, while others define stress by focusing on the response produced in reaction to the 

stressor.  However, Lazarus (1999) integrates these two approaches in his definition of stress and 

views stress as the relationship between the stressor and the response to that stressor.  Lazarus 

uses a seesaw analogy in which one end of the seesaw is the demands of the stressor and the 

other end is the resources the individual possesses that can be used to manage the demands of 

stressor.  High stress occurs when the demands of the stressor outweigh the resources the 

individual has to deal with the stressor.  Others view stress similar to Lazarus’s seesaw analogy; 

specifically, they view stress to be the “result of a mismatch between the demands of a given 

situation and the individual’s perceived ability to deal with those demands” (Matthews, Deary, 

and Whitehead, 2003, p.242).  Both psychological and physical stressors can succeed in 

activating the stress response.  The stress response triggers cognitive, emotional, and 

physiological reactions to stress, which are often related to one another.  Stress regulation allows 

individuals to mitigate or to intensify their reaction to a stressor.   
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   People regulate and manage their stress by utilizing different coping methods. Lazarus 

(1999) provides a model of regulating stress and emotional reactions to stress that includes 

appraisal and coping techniques, which both make use of cognitive processes.  Before the 

emotional and physiological stress responses begin, individuals respond cognitively by 

appraising the stressor and its context.  During appraisal, individuals consider how adaptive or 

maladaptive the stressor is to themselves.  In evaluating the stressor, individuals also consider 

what means they have of coping with the stressor.  After the evaluation of the stressor, the 

individual’s emotional and physical reaction to the stressor then ensues.  The individual’s 

reaction to stress reflects the individual’s capability of regulating his or her stress.  

After a reaction to the stress is initiated, individuals employ different coping mechanisms 

to deal with the current stressor.  Coping includes how the individual will cognitively and/ or 

behaviorally work to reduce or manage the demands that result in generating stress (Folkman, 

1984). There are different coping styles that individuals may utilize to deal with a stressful 

situation.  Endler & Parker’s Coping Inventory for Stressful Situations (CISS) identifies three 

basic coping styles individuals use in stressful situations: task-oriented, emotion-oriented, and 

avoidance-oriented (Cosway, Endler, Sadler, & Deary, 2000).  Task-oriented coping involves 

actively managing the problem at hand.  Emotion-oriented coping involves focusing on the 

emotions elicited by the stressful situation.  Avoidance-oriented coping involves attempting to 

avoid the problem (Cosway, Endler, Sadler, & Deary, 2000).  Emotion-oriented coping 

behaviors have been linked to psychopathology and psychological distress, unlike task-oriented 

coping (Endler & Parker, 1994).  Both coping and appraisal can be seen as ways of cognitively 

mediating the emotional and physiological reaction to stress (Lazarus, 1999).   
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Stress itself is not an emotion, but it does succeed in eliciting emotions.  In fact, stress 

can provoke a wide range of emotions depending on the situation.  Anger, anxiety, guilt, shame, 

sadness, envy, jealousy, and disgust are some types of emotions stress can elicit.  The emotions 

stress induces have been termed “stress emotions” (Lazarus, 1993, p.244).  Both emotional and 

physiological responses to stress are subject to an individual’s self-regulation.   

Our bodies respond physiologically to stressors, and this response can be enhanced or 

reduced through stress regulation.  Our brains recognize a stressor through interactions between 

the frontal cerebral cortex and amygdala.  The cerebral cortex first perceives the stressor, and 

then, the amygdala provides an emotional evaluation of the stressor (Lovallo & Thomas, 2000).  

The amygdala then activates the hypothalamus.  The hypothalamus activates the sympathetic 

division of the autonomic nervous system and activates the hypothalamo-pituitary-adrenocortical 

(HPA) axis.  The activation of these two systems is known as the body’s ‘flight or fight’ 

response.  The activation of the sympathetic nervous system results in alterations of the body’s 

internal organs and smooth muscles, resulting in physiological responses such as increased heart 

rate, elevated blood pressure, increased breathing rate, and inhibition of stomach and pancreatic 

activity (Nolen-Hoeksema, 2007).  The HPA axis is a system that releases hormones to increase 

physiological arousal in order to respond to a stressor. 

The signal to activate the HPA axis originates in the hypothalamus.  The hypothalamus 

releases corticotrophin releasing factor (CRF).  CRF then signals the anterior pituitary gland to 

secrete adrenocorticotrophic hormone (ACTH).  ACTH activates the adrenal glands, specifically 

the adrenal cortex and adrenal medulla, to release many different hormones to promote the stress 

response. ACTH stimulation of the adrenal medulla results in the release of epinephrine and 

norepinephrine.  ACTH stimulation of the adrenal cortex results in the release of corticosteroids 
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into the bloodstream. One of the major corticosteroid hormones released is cortisol.  The 

hormones released form the physiological stress response.  A negative feedback system located 

at the pituitary, hypothalamus, and hippocampus functions to regulate cortisol secretion (Lovallo 

& Thomas, 2000).  The HPA axis functions as an integral component of the human body’s 

physiological response to stress that is subject to top-down regulation by the frontal cerebral 

cortex and amygdala.  The regulation of the physiological stress response can be examined by 

measuring the physical byproducts of HPA axis activation and the sympathetic nervous system.   

Measuring the Stress Response 

 Cortisol serves as one the main hormones released by the HPA axis in response to stress.  

Because cortisol is released into the bloodstream during stressful situations, cortisol levels can be 

measured through blood, urine, and saliva samples (Lovallo & Thomas, 2000).   Many different 

factors affect cortisol levels, including circadian rhythm, season, age, sex, pregnancy, menstrual 

cycle, eating, drinking, exercise, and smoking (Pollard & Ice, 2007).  Dickerson & Kemeny 

(2004) revealed many important patterns of cortisol responses to stressors when they performed 

a meta-analysis reviewing 208 studies that induced psychological stressors in the lab and 

measured cortisol levels.  The highest levels of cortisol occur in samples taken twenty-one to 

thirty minutes after the onset of the stressor.  The combination of public speaking and a cognitive 

task was the type of stressor that elicited the greatest cortisol response.  Additionally, the greatest 

changes in cortisol levels occurred when the stressor was characterized by social-evaluative 

threat and uncontrollability.  Overall, Dickerson & Kemeny (2004) demonstrated the reliability 

and usefulness of cortisol as a physiological measure of the endocrine response to stress, 

specifically the activation of the HPA axis.  Effective stress regulation entails small increases in 

cortisol levels when encountering a stressful situation. 
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 Heart rate serves as another byproduct of the physiological stress response that is also 

subject to regulation.  The physiological stress response activates the sympathetic division of the 

autonomic nervous system, and one result of this activation is an increase in heart rate.  

Experiencing a stressor, such as a giving a speech and performing mental arithmetic, typically 

result in an increase in heart rate (Sgoutas-Emch et al., 1994).  Measuring heart rate is a 

noninvasive, simple way to measure the autonomic nervous system’s reaction to stressors.  Small 

increases in heart rate after encountering a stressor indicate effective stress regulation.  

 Stress comes in many forms and affects all individuals differently.  When we encounter 

stress, we utilize coping mechanisms to deal with the stressor at hand.  Stress regulation controls 

the degree to which stress affects an individual.  Our emotional or physiological responses to 

stress can be modified by stress regulation.  Effective stress regulation is adaptive and is capable 

of mitigating the stress response.  Stress regulation functions as an outgrowth of our emotion 

regulation system.  Stress regulation, emotion regulation, and cognitive control require 

individuals to draw upon similar self-regulatory processes to function adaptively in their 

environments.  Research linking cognitive control and emotion regulation can begin to reveal the 

specific similarities between these two processes.  

Connecting Cognitive Control & Emotion Regulation 

 Both the cognitive control and emotion regulation literature implicate the use of 

evaluative and monitoring steps followed by executive control steps in order to make either 

cognitive or emotional behavior more adaptive.  Both literatures also identify overlapping brain 

regions as being involved in cognitive control and emotion regulation.  One brain structure of 

particular interest is the ACC.  The ACC functions as a component of the limbic system involved 

in emotion processing.  In cognitive processing, the ACC functions to monitor performance, 
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detect errors, and signal for enhanced control.  Therefore, both cognitive and emotional 

processing and regulation utilize the ACC.  Because cognitive control and emotion regulation 

follow similar steps to reach similar goals and utilize similar brain regions to do so, the next 

logical step is to conduct research on how these two types of regulation may be connected, and 

few studies have directly examined this relationship.      

 Inzlicht & Gutsell (2007) suggest that the self-control of emotions and cognitions utilize 

the same underlying neural system of executive control.  The term ‘self-control’ is used to 

describe the regulation of both emotions and cognitions.  They believe the overuse of the self-

control mechanism leads to a weakening of self-control and that the mental capacity to engage in 

self-controlling behaviors has a limit.  Therefore, engaging in an emotional self-control task 

depletes the resources of the self-control system, so that when engaging in a subsequent 

cognitive self-control task one performs worse because most of the resources of self-control have 

been depleted.  In their recent study, Inzlicht & Gutsell (2007) investigated the idea of one 

central system of self-control for both cognition and emotion by examining the effect of 

regulating emotion on conflict-monitoring in a subsequent cognitive task.  Their study consisted 

of subjects first watching an emotional movie. Half of the subjects were told to watch the movie 

carefully (control group) and the other half of subjects were told to suppress their internal and 

external emotions and reactions to the movie (emotion-suppression group).  Then after the 

movie, EEG recording of the subjects occurred as they engaged in a color-naming Stroop task, 

which is a type of cognitive task that requires cognitive control, specifically conflict-monitoring.   

The results, which matched with their predictions, demonstrated that prior self-control, 

specifically emotion regulation, hindered the performance of the conflict-monitoring system, 

another form of self-control.  Specifically, Inzlicht & Gutsell (2007) found those subjects who 
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suppressed their emotions during the movie, compared to control subjects, performed worse on 

the Stroop task and exhibited a smaller, weaker ERN response.  Unlike the controls, the ERNs of 

the emotion-suppressed group did not differ between error and correct trials, which indicates 

poor conflict-monitoring.  These findings demonstrate that the neural systems underlying 

emotion regulation and cognitive control can influence one another and that these two systems 

may be closely related to each other because they both utilize the ACC.  Inzlicht & Gutsell 

(2007) believe these results indicate that we possess one central system of self-control regulating 

cognition and emotion and that this self-control system has limited resources to draw upon.  

In another study, Compton et al. (in press) investigated if error-monitoring and correction 

predicted individuals’ stress regulation in daily life, a specific form of emotion regulation.  

Compton et al. (in press) is one of the first studies to specifically examine the relationship 

between stress regulation and cognitive control. Subjects engaged in a Stroop color-naming task 

during EEG recording, and the ERN was used as a measure of error-monitoring.  Cognitive 

control was measured by computing an ERN difference score, in which the ERN amplitude of 

the correct trial was subtracted from the ERN amplitude of the error trial, and by computing an 

accuracy difference score, in which accuracy following correct trials was subtracted from 

accuracy following error trials.  Higher ERN difference scores indicated that the subject better 

distinguished error from correct trials and, in turn, had higher rates of accuracy on the task as a 

whole.  Effective cognitive control was characterized by high ERN and accuracy difference 

scores.   

Compton et al. (in press) measured stress regulation over two weeks by correlating the 

number of stressors subjects reported each day with their self-reported daily anxiety.  High stress 

reactivity was characterized by increased stressors resulting in increased anxiety, reflective of 
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poor stress regulation.  Low stress reactivity was characterized by increased stressors failing to 

increase anxiety levels, reflective of effective stress regulation.  They found that subjects who 

exhibited better cognitive control (higher ERN difference score and higher accuracy difference 

score) also better regulated their emotions (lower stress reactivity score).  Compton et al.’s 

research findings support the idea that cognitive control and emotion regulation are connected 

with one another and possibly rely upon common systems of control.  

Despite the similarities between the research literatures of cognitive control and of 

emotion regulation, very few research studies have attempted to directly investigate the 

connections between these two regulatory processes that both utilize monitoring and control.  

Inzlicht & Gutsell (2007)’s findings support the idea of a single system of self-control consisting 

of limited resources that is responsible for regulating emotion and cognition.  Compton et al. (in 

press) provides support of cognitive control and stress regulation as related processes possibly 

with common underlying neural systems.  The important interactions between cognitive control 

and emotion regulation have not been well-explored, but the existing research implies that the 

two regulatory processes may be closely related to one another (Inzlicht & Gutsell, 2007; 

Compton et al., in press).  Although these studies begin to relate these two types of regulation in 

the brain, more research is required to further investigate the relationship between cognitive 

control and emotion regulation. 

The Current Study 

After extensively reviewing the literature, there appears to be gap concerning the 

relationship between cognitive control and stress regulation.  When separately examining the 

literature of cognitive control and of stress regulation, similar brain areas and cognitive processes 

are mentioned in each.  However, few studies have directly examined the relationship between 
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cognitive control and stress regulation.  The study performed by Compton et al. (in press) links 

the two self-regulatory processes using a physiological measure of cognitive control and a self-

report measure of stress regulation. To supplement the self-report measure, the present study 

attempts to link cognitive control and stress regulation by utilizing methods that have 

successfully measured each process physiologically in previous studies.  If these two self-

regulatory processes are connected as we suspect, then we expect to successfully uncover their 

connection by using reliable, widely used methods.  A plethora of previous studies have utilized 

the ERN as a direct neural measure of cognitive control (e.g., Gehring, Goss, Coles, Meyer, & 

Donchin, 1993; Holroyd & Coles, 2002; Compton et al, in press).  Many studies examining 

stress regulation have used cortisol, a byproduct of HPA axis activation, as a measure of the 

stress response (e.g., Garcia-Leal et al., 2005, Bollini, Walker, Hamann, & Kestler, 2004; 

Sgoutas-Emch et al., 1994).  The current study seeks to examine whether individual differences 

in cognitive control predict individual differences in stress regulation, a specific form of emotion 

regulation.  Using well-known, reliable methods, this study aims to relate cognitive control and 

stress regulation through physiological measures of each process, specifically the ERN and 

cortisol.  By relating biological byproducts of these two self-regulatory processes, this study will 

begin to more concretely answer the question left in the literature concerning the relationship 

between cognitive control and stress regulation as they function in the brain.   

 Many studies have proven the ERN to be a valid measure of error-monitoring, which we 

will also utilize as our primary measure of cognitive control.  The ACC is a brain area especially 

implicated in cognitive control.  We are able to directly measure the activity of the ACC in 

cognitive control tasks by examining the ERN.  The present study will primarily build upon 

Compton et al. (in press)’s study that related cognitive control as measured by the ERN to 
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emotion regulation as measured by daily self-reported stress reactivity.  This study’s primary aim 

is to relate the ERN, a measure of cognitive control, to two separate measures of stress 

regulation: the self-reported emotional response and the physiological response to stress. 

To measure emotion regulation, we have chosen to investigate stress regulation in 

particular, like Compton et al. (in press).  The literature on stress and coping demonstrate that in 

regulating our response to stress, we are, in turn, able to regulate our emotions.  The literature 

also suggests that cognitive processes such as reappraisal and coping are intimately involved in 

the regulation of stress.  Compton et al. (in press)’s sole measure of emotion regulation consisted 

of self-reported emotional reactions to stress, specifically stress reactivity calculated from 

correlating daily anxiety levels with amounts of daily stressors.  Compton et al.’s two week 

measurement of stress reactivity provided a unique insight into responses to day-to-day stressors, 

which is valuable in relating cognitive control to emotion regulation in daily life.  Self-report 

measures provide valuable information about an individual that many physiological measures are 

unable to achieve; however, self-report measures also have particular confounds.  Each 

individual responding to the same self-report measure may interpret the questions differently.  

Individuals’ responses are also filtered through themselves first before they answer and, 

therefore, responses may not accurately represent what the subjects are actually feeling but 

instead only what they consciously recognize they are feeling.  All self-report questionnaires are 

also subject to being affected by social desirability.  Due to confounds of the self-report 

questionnaires, other measures of stress regulation are needed.  Therefore, in our study, the 

primary measures of stress regulation will be physiological measures, which are naturally more 

objective because the subject has less conscious influence over them.  To supplement our 

physiological measures of the stress response, we will include a measure of the self-reported 
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emotional response, specifically subjective stress and state anxiety, to the stress-inducing task as 

well as a self-reported measure of stress coping styles.   

Stress triggers both physiological and subjective emotional responses, and Compton et al. 

(in press) only examined the latter.  However, the present study will examine both self-reported 

and physiological reactions of the stress response to obtain a better measure of stress regulation.  

By using two separate measures of stress regulation as opposed to one like Compton et al. (in 

press), our study will provide novel, stronger evidence for linking cognitive control to stress 

regulation.  The physiological stress response will be measured by examining heart rate and 

cortisol level changes following a stress-inducing task.  An increase in heart rate is a typical 

response to the brain’s activation of the sympathetic nervous system in response to stress.  To 

examine how the brain is involved in stress regulation, a measure of cortisol production will be 

utilized.  Areas of the prefrontal cortex implicated in cognitive control are also are responsible 

for triggering the activation of the HPA axis.  Cortisol serves as a direct measure of HPA axis 

activation in response to stress.  Therefore, our measure of cognitive control (the ERN) and 

measure of stress regulation (cortisol) will both be reflective of brain processes.  Utilizing both 

physiological stress responses and self-reported emotional stress responses will allow us to more 

accurately investigate stress regulation and its relationship to cognitive control.     

Hypotheses 

 Due to the similar brain processes and regions involved in cognitive and emotion 

regulation, we predict a relationship between cognitive control and stress regulation.  We expect 

those individuals who demonstrate enhanced cognitive control will also demonstrate better stress 

regulation.  Conversely, we expect those individuals who demonstrate poor cognitive control to 

also demonstrate poor stress regulation.  Specifically, we expect high measures of cognitive 
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control (ERN amplitude difference score, reaction time difference score, and accuracy difference 

score following errors) to be correlated with effective stress regulation, measured as low levels 

of physiological response to stress (cortisol response, heart rate response).   

 Additionally, we expect self-reported measures of subjective stress, state anxiety and 

specific coping styles to be correlated with cognitive control variables and with physiological 

responses to stress.  Specifically, we predict those individuals with high measures of cognitive 

control (ERN amplitude difference score, reaction time difference score, and accuracy difference 

score following errors) and with low levels of physiological response to stress (cortisol response, 

heart rate response) to report low subjective stress and state-anxiety and to report using task-

oriented coping on the CISS.  We assume individuals who are effective regulators of stress will 

display low physiological responses to stress and, in turn, will subjectively report experiencing 

less stress and anxiety during the stressful situation.  Conversely, we expect individuals who are 

ineffective regulators of stress will display high physiological response to stress and, in turn, will 

subjectively report experiencing more stress and anxiety during the stressful situation.  Task-

oriented coping involves actively managing the stressful situation, and we predict individuals 

who are better at cognitive control, or regulating their behavior in an adaptive manner, will 

utilize task-oriented coping.  Therefore, we also predict individuals who are worse at cognitive 

control will not utilize task-oriented coping and instead will utilize emotion-oriented or 

avoidance-oriented coping.   

Methods 

Participants 

 Thirty-seven Haverford College undergraduates (18 men, 19 women) were recruited to be 

participants.  Subjects received monetary compensation in exchange for their in participation in 
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the experiment.  All participants were prescreened in order to exclude individuals with 

neurological history, uncorrected visual defects, learning disability, or regular use of substances 

that affect the central nervous system.  During the recruitment process, participants were also 

given a brief overview of what the study entailed, including a description of the EEG technique 

and of the activities during the experiment that may induce stress. 

Overview of Procedure 

 Subjects first provided us with a baseline heart rate and salivary cortisol sample.  Then, 

the cap and electrodes for the EEG task were applied.  Participants then engaged in the cognitive 

task.  Following the cognitive task, the cap and electrodes were removed, and then a second 

salivary cortisol sample and heart rate measurement were obtained.  Then, subjects engaged in 

the stress-inducing task.  Following the stress-inducing task, subjects completed a few brief 

surveys, provided a third, final salivary cortisol sample and heart rate recording, and finally were 

paid and debriefed.   

Cognitive Task 

 We utilized the same cognitive task and protocol as Compton et al. (in press).  While the 

subjects were performing the cognitive task, we recorded the electrical activity on their scalp 

through EEG recording.  We utilized a Stroop color-identification task to measure error-

monitoring and correction.  Previous studies of error-monitoring have utilized tasks similar to the 

Stroop task (e.g., Gehring et al., 1993).  To increase the level of difficulty of the task and the 

number of errors generated, we created a 6-choice version of the Stroop task.  For each trial, the 

subject designated the color of the target word (red, orange, yellow, green, blue, or purple) by 

using the first three fingers of each hand in standard typing position on a keyboard.   
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 Initially, the task started with a practice block composed of 24 trials.  During this block, 

accuracy feedback was provided after each trial to guarantee that the subjects knew the correct 

stimulus-response mapping for the following experimental blocks.  The main experiment 

consisted of 10 blocks of 66 trials each, totaling 660 trials.  Between each of the 10 trial blocks, 

subjects were given a break.  The break screen reminded the subject of the correct stimulus-

response mapping.  Each block contained 30 incongruent trials (e.g., the word “blue” in green 

color), 30 neutral trials (e.g., the word “dog” in green color), and 6 congruent trials (e.g., the 

word “green” in green color).  All trial types (incongruent, neutral, and congruent) were 

randomly intermixed within each block. 

 All stimuli were shown against a black background.  Each trial event consisted of a 500-

ms blank screen, followed by a 150-ms presentation of the target word and then another blank 

screen that remained until the subject made a keypress or for a maximum of 2 s.  After the key 

press, a 600-ms blank screen was presented before the next trial began.  Subjects obtained 

feedback only during the practice trials.  During the main experimental blocks, subjects did not 

receive any explicit feedback screens, and instead, had to rely upon their own implicit processes 

of error-monitoring and correction. 

EEG Data Acquisition and Recording 

Electrodes were applied using an elastic cap (Quik-Cap) that included Ag/AgCl 

electrodes.  Correct positioning of the cap was confirmed by measurements from nasion and 

inion and by measuring from left to right ear to ensure the midline electrodes were centered.  

Data were recorded continuously from 8 scalp sites: Fz, FCz, Cz, Pz, F3/F4, and C3/C4.  The 

ERN, an error-related potential, is typically observed from the midline sites (Fz, FCz, Cz, Pz), 

which were the sites for the reported data.  Electrical signals were amplified using a NuAmps 
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amplifier along with NeuroScan software, with a sampling rate of 1000 Hz and a bandpass filter 

setting of 0.1-40 Hz (-3 dB).  Data were collected using the right mastoid as a reference.  

Electrodes placed above and below the left eye and on both the right and left temples monitored 

eye movements.   

EEG Data and Signal Processing 

The EEG data processing was performed offline after collecting the EEG data.  Initially, 

the data was digitally re-referenced offline to the average of the left and right mastoids.  Then, 

the artifacts in the data were reduced through three processes.  First, manual removal of gross 

artifacts occurred by visual inspection the EEG continuous file.  Secondly, using Neuroscan 

software, a regression-based blink reduction algorithm was used for ocular artifact reduction.  

Thirdly, using a +/- 150 µv threshold, the remaining artifacts in the EEG were identified, 

resulting in the exclusion of the corresponding epochs. 

Baseline correction of the epochs was conducted, and baseline values were determined by 

the values in the interval 200-100ms preceding the button press.  Response-locked signal 

averaging was performed by creating epochs from -200 ms to 600 ms around each button press.  

For each subject, an ERP was created by averaging across epochs.  Averaging was performed 

separately for both incorrect and correct trials and for each of the four electrode sites.  Finally, a 

grand average waveform across all subjects was created for incorrect and correct trials and for 

each of the four electrode sites.  The peak amplitude of the response-ERN for each subject and 

condition (correct, incorrect) was extracted by using the NeuroScan software by locating the 

most negative point between 0 and 100 milliseconds post-button press. 
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Measures of Cognitive Control 

 From the cognitive task data, we extracted three measures of cognitive control.  First, we  

obtained an ERN difference score, calculated by subtracting the error-trial amplitude from the 

correct-trial amplitude.  High ERN difference scores indicate better distinguishing of errors from 

correct trials by the ERN.  Second, we obtained a reaction time difference score, which was 

calculated by subtracting the reaction time on correct trials following correct responses from the 

reaction time on correct trials following errors (post-error slowing).  High reaction time 

difference scores indicate greater slowing after errors, which is typically associated with error 

compensation and large ERN amplitudes (Gehring et al., 1993).  Thirdly, we obtained an 

accuracy difference score, which was calculated by subtracting the accuracy following correct 

trials from the accuracy following error trials.  High accuracy differences scores indicate that 

after an error, there is less chance another repeated error will occur (post-error accuracy).  

Successful cognitive control is associated with higher scores on all three measures.  

Stress-Inducing Task 

 The experimental stress manipulation closely modeled the protocols used by Sgoutas-

Emch et al. (1994) and by Bollini, Walker, Hamann, & Kestler (2004).  The first half involved a 

public speaking task or speech stressor, which involved similar instructions as Sgoutas-Emch et 

al. (1994).  Subjects were asked to imagine a situation where they were falsely accused of 

shoplifting, to prepare a 2 minute speech to explain what happened at the store, and to present 

their 2 minute speech to the experimenter while also having their speech videotaped.  

Participants were given 3 minutes to prepare their speech.  They were also told they were being 

videotaped in order for us to compare their speech and their performance to other participants.  

Unlike Sgoutas-Emch et al. (1994), we provided subjects during their speech with a poster 
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hanging on the tripod stand of the camera that listed the five components their speech should 

include.  A video camera was present and turned on in the room facing the participant giving the 

speech, but the participant was not really videotaped.  The videotaping was used to enhance 

social-evaluative threat and make the speech stressor more similar to public speaking, both of 

which have been shown to generate a stronger stress response and elicit greater levels of cortisol 

(Dickerson & Kemeny, 2004). Please refer to Appendix A for the exact details and instructions.   

 After the speech stressor, participants engaged in a mental arithmetic stressor which 

closely modeled the protocol used by Bollini, Walker, Hamann, & Kestler (2004).  The 

arithmetic stressor consisted of a working-memory math test involving adding numbers (1 to 15) 

one after the other as they are randomly presented on the computer screen at a rate of 

approximately one number per second.  Subjects announced their answers aloud.  The arithmetic 

task was a visual version of the paced auditory serial analysis test (PASAT).  Unlike Bollini, 

Walker, Hamann, & Kestler (2004), we created one short practice block and divided the actual 

arithmetic task into three blocks of trials.  Subjects received accuracy feedback after each trial 

from the experimenter only during the practice block.  The practice block consisted of 10 trials 

and each block of the arithmetic task consisted of 60 trials each.  After each block, the subject 

took a short break and received instructions from the experimenter that emphasized the 

importance of responding quickly and accurately.  The mental arithmetic stressor lasted 

approximately ten minutes.  During the mental arithmetic stressor, subjects wore headphones 

where loud, unpleasant noise blasts were presented to make the task more challenging and to add 

an element of uncontrollability, which has been shown to generate a stronger stress response and 

elicit greater levels of cortisol (Dickerson & Kemeny, 2004).  The experimenter pretended to 
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record the subject’s answers on a piece of paper; however, no measures of performance were 

actually recorded.  Please refer to Appendix B for details and exact instructions. 

Measures of Stress Response 

Cortisol and heart rate functioned as the two main physiological measures of stress.  

Heart rate was measured using special wrist-watch that detects heart rate.  Cortisol levels were 

measured by collecting saliva samples.  To minimize circadian rhythm effects on cortisol, all 

subjects were run between 2:30PM and 8:30PM.  Subjects drooled or spit through a small straw 

into a microcentrifuge tube.  Then, the experimenter securely closed the lid of the 

microcentrifuge tube, and then, the saliva samples were frozen until the assay was performed.  

Prior to performing the assay, the samples were defrosted and then centrifuged in order for 

mucous strands and particles to be caught in the tip of the microcentrifuge tube and for clear 

saliva samples to be extracted.  To extract the amounts of cortisol present in each sample, we 

assayed all saliva samples for corticosterone using a commercially available cortisol enzyme 

immunoassay (Cortisol EIA) kit for saliva (DS Labs, Arlington, Texas).   During the assay, 

saliva samples were incubated with the cortisol antiserum at room temperature on a shaker set 

for 45 minutes.  At the end of the assay, the absorbance of the solution in the wells was 

immediately read using a microplate reader set to a dual wavelength measurement of 600 

nanometers.  The cortisol assay of all saliva samples was performed after all subjects had 

completed the experiment.   

Salivary samples were taken and heart rates were recorded at three time points during the 

experiment: at the beginning of the experiment as soon as the subject arrived at the lab (Time 1), 

after the EEG task (Time 2), and after the stress-inducing task (Time 3).  Cortisol responses, 

measured by three cortisol response scores, were calculated by subtracting the cortisol level after 
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the EEG task (Time 2) from the cortisol level measured after the stress-inducing task (Time 3), 

by subtracting the cortisol level when the subject first arrived (Time 1) from the cortisol level 

measured after the EEG task (Time 2), and by subtracting the cortisol level when the subject first 

arrived (Time 1) from the cortisol level measured after the stress-inducing task (Time 3).  Heart 

rate responses, measured by heart rate difference scores, were determined using the same method 

to calculate cortisol responses.  Higher cortisol responses and higher heart rates were assumed to 

reflect an enhanced response to stress, indicative of poor stress regulation.   

Self-Report Measures 

 Immediately after the completion of the stress-inducing task, subjects responded to online 

surveys at a computer.  We provided three different surveys as self-report measures to 

supplement the physiological data.  First, subjects completed the subjective stress scale (SSS; 

Bollini, Walker, Hamann, & Kestler, 2004).  The SSS was administered to determine the 

intensity of subjective stress as self-reported by the subject on a 10-point Likert-like scale.  The 

SSS is comprised of a single question, “On this scale from 0 to 10, with 0 as ‘no stress’ and 10 as 

‘very stressed’, how stressed do you feel at this time?”   

Second, subjects completed the state portion of the State-Trait Anxiety Inventory (STAI; 

Spielberger, 1968).  The state portion of the STAI is a commonly used questionnaire to measure 

transient changes in anxiety.  The state portion of the STAI asked subjects to indicate how each 

statement described their feelings during the last hour, using the following response options: not 

at all, somewhat, moderately so, very much so.  The following are sample items from the state 

portion of the STAI: 

 I was tense. 

 I felt nervous. 

 I felt worried. 
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Then, subjects completed Endler & Parker’s Coping Inventory for Stressful Situations 

(CISS) to determine what specific coping strategies each individual subject employs when 

encountering a stressful situation.  The CISS is a 48-item questionnaire consisting of three scales 

and two subscales.  Subjects respond to statements by circling a number on a five-point scale that 

characterizes how much they engage in the stated activities when they encounter a stressful 

situation.  The three scales include: task-oriented coping scale, emotion-oriented coping scale, 

and avoidance-oriented coping scale.  The following are sample items from each of the three 

main scales described: 

Task-oriented coping scale: 

          Focus on the problem and see how I can solve it 

Emotion-oriented coping scale: 

     Blame myself for having gotten into this situation 

Avoidance-oriented coping scale: 

     Think about the good times I’ve had 

Results 

 The three measures of cognitive control (ERN amplitude, post-error slowing, post-error 

accuracy), the two physiological measures of the stress response (cortisol, heart rate), and the 

self-report measures of stress (CISS, STAI, SSS) were each analyzed separately.  Then, the 

measures of cognitive control and the physiological and self-report measures of stress were 

correlated with one another.   

Behavioral Performance Data 

 Behavioral performance on the cognitive task was measured by overall accuracy rate, 

post-error accuracy rate (accuracy difference score), average response time, and post-error 

response time (response time difference score).  Accuracy rates on the Stroop color-identification 
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task averaged 91% correct (SD= 5%, range 79% to 99%).  Accuracy was significantly lower on 

trials following errors (M = 86%, SD = 10%) than on trials following correct responses (M = 

92%, SD= 4%; t(36) = -4.48, p < .0001), which suggests that the likelihood of making an error is 

higher after an error (14%) compared to after a correct response (8%).  Response times on the 

Stroop color-identification task averaged 669 ms (SD= 115 ms, range 446 ms to 969 ms).  

Reaction time on the trial immediately following an error (M = 743 ms, SD = 159 ms) was 

significantly slower than the reaction time on the trial immediately following a correct response 

(M = 657 ms, SD = 110 ms; t(36) = 5.10, p < .0001), which indicates that the group as a whole 

tended to slow down following mistakes.  Overall the behavioral performance data indicate that 

after making an error, the group as a whole tends to be less accurate and tends to slow down. 

ERN 

 The response-ERN functioned as the main measure of cognitive control. The ERN peak 

was defined as the most negative point between 0 and 100 milliseconds post-button press.  Peak 

ERN amplitudes were analyzed by a 2 x 4 repeated measures ANOVA with two levels of 

Accuracy (correct, error) and four levels of Site (Fz, FCz, Cz, and Pz).  Greenhouse-Geisser 

adjustments were applied to all effects.  As predicted, the main effect of Accuracy indicated 

greater negative amplitudes following errors (M = -6.70 μv, S.E. = 0.75) than following correct 

responses (M = -1.69 μv, S.E. = .52; F(1, 35) = 48.15,  p < .0001).  This finding of a main effect 

of Accuracy verifies the presence of an error-related negativity (ERN) in the group as a whole.  

The ERN is illustrated in the grand-average response-locked waveforms presented in Figure 1 

for the FCz site. 
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Figure 1. Grand-average waveform of correct and error trials 
at the fronto-central (FCz) site.  Time zero is the time of the 

buttonpress response.  The ERN is located on the error line at 
approximately ~50 ms. 

 
There was no main effect of Site (F(3, 105) = 2.99, p = .068), indicating that the average 

amplitudes across all four sites were not significantly different from one another when 

examining both correct and incorrect trials together.  There was an Accuracy x Site interaction 

(F(3,105) = 4.33, p < .05), indicating accuracy differentiation is more pronounced at some sites 

than others.  Accuracy differentiation is the difference between the most negative point detected 

0 to 100 ms post-button-press after an erroroneous response compared to after a correct response. 

Table 1 contains the means and standard error of the means of the ERN peak for all Site and 

Accuracy levels.  The greatest accuracy differentiation occurred at the FCz site compared to the 

other sites, Fz, Cz, and Pz.  Therefore, subsequent analyses utilize data from the FCz site because 

the ERN occurring at the FCz site better distinguishes errors from correct trials than the ERN 

occurring at the other sites.  The results successfully demonstrated the presence of an ERN, the 

ERP component that served as the primary measure of cognitive control.   
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Accuracy Site Mean (μv) S.E.M. (μv) 
Correct Fz -1.32 0.54 
 FCz -1.20 0.64 
 Cz -1.15 0.57 
 Pz -3.09 0.66 
Incorrect Fz -6.17 0.90 
 FCz -7.27 0.87 
 Cz -6.50 0.81 

 Pz -6.85 0.78 
Table 1. Means and S.E.M.s of the ERN amplitude, divided by accuracy and site. 

Cortisol 

 Cortisol served as the main physiological measure of stress regulation.  Saliva samples 

were taken at Time 1 (T1), Time 2 (T2), and Time 3 (T3) in order to determine cortisol levels at 

all three time points.  All saliva samples were assayed using an enzyme immunoassay (EIA) kit 

to determine cortisol levels.  Each saliva sample was assayed twice, resulting in duplicate 

cortisol readings for each sample.  The duplicate readings of cortisol samples were highly 

correlated (r = .78, p < .01), which indicates a high reliability of the cortisol assay itself.  Cortisol 

levels for each sample were determined by averaging the two readings of each sample. Cortisol 

levels were not significantly correlated with the hour of the day during which the experiment was 

conducted, indicating that circadian rhythm did not influence cortisol levels.  This null result 

suggests that running subjects during the same six-hour period in the late afternoon and evening 

successfully eliminated any significant effects of circadian rhythm on cortisol levels.  Our results 

suggest that the method used to obtain saliva and the cortisol assay were reliable and accurate in 

nature.   

 Subjects’ cortisol levels at T1, T2, and T3 were significantly correlated with one another 

(T1 & T2, r = .70, p < .01; T2 & T3, r = .71, p < .01; T1 & T3, r = .56, p < .01).  Such strong, 

positive correlations suggest stability among cortisol levels taken for each individual throughout 
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the session and once again suggesting the reliability of the cortisol assay.  Cortisol levels were 

analyzed using a one-way, repeated measures ANOVA with Time (1, 2, 3) as the factor. Means 

and standard error of the means of cortisol levels at the three time points are reported in Table 2.   

Time Mean (μg/dL) S.E.M. (μg/dL) 
Time 1 1.25 0.12 
Time 2 1.29 0.14 
Time 3 1.30 0.17 

Table 2. Means and S.E.M.s for cortisol levels. 

For the group as a whole, no significant changes occurred in cortisol levels between the three 

time points (F < 1).  Contrary to hypotheses, cortisol levels did not significantly increase 

throughout the experimental session, but instead cortisol levels remained relatively stable 

throughout the session for the group as a whole.  Although cortisol levels did not increase for the 

group as predicted, the present study focused on individual differences in stress regulation as 

measured by cortisol, which cannot be determined until later analyses when change in cortisol is 

correlated with cognitive control variables.  In subsequent analyses examining cortisol 

production, a variable called the cortisol response score is used.  The cortisol response score 

reflects the difference in cortisol levels between two different time points during the experiment 

(see p. 37 for exact calculations).   

Heart Rate 

 Heart rate functioned as the secondary physiological measure of stress.  Heart rate was 

measured at T1, T2, and T3.  Subjects’ heart levels at T1, T2, and T3 were significantly 

correlated with one another (T1 & T2, r = .77, p < .0001; T2 & T3, r = .79, p < .0001; T1 & T3, 

r = .79, p < .0001).  Such strong, positive correlations suggest stability among heart rate 

measurements taken for each individual throughout the session.  Table 3 contains the means and 

standard error of the means for heart rate taken at all three time points.   
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Time Mean  (beats/ min) S.E.M. (beats/ min) 
Time 1 81.44 2.96 
Time 2 71.94 2.32 
Time 3 71.71 2.25 

Table 3. Means and S.E.M.s for heart rate. 

Heart rates were analyzed using a one-way, repeated measures ANOVA.  A main effect of Time 

demonstrated that heart rate at all three times was not equal (F(2,66) = 20.37, p < .0001).  Fisher 

LSD post hoc tests indicated that heart rate at T1 was significantly higher (p < .0001) than at T2 

and at T3.  Heart rate at T2 and T3 did not differ significantly from one another (p > .05).  These 

results suggest heart rate was highest at the very beginning of the experimental session when the 

subject first arrived, and then, heart rate proceeded to decrease for the rest of the experimental 

session compared to T1.  Contrary to predictions, heart rate did not change during the stress 

manipulation, as evidenced by no significant change in heart rate from T2 to T3.   

Self-Report Surveys 

 Subjects completed five self-report surveys after the completion of the stress-inducing 

task, which included the subjective stress scale (SSS), the state portion of the State-Trait Anxiety 

Inventory (STAI), and the Coping Inventory for Stressful Situations (CISS)- avoidance scale, 

emotion scale, task scale.  Table 4 reports the means for each of the five self-report surveys.  

Survey N Mean S.D. 
CISS- avoidance 35 2.46 0.61 
CISS- emotion 35 2.66 0.75 
CISS- task 35 3.65 0.72 
STAI 37 2.53 0.45 
SSS 34 5.44 2.20 

Table 4. Means and standard deviations for self-report surveys (described on p.37) 

The five different self-report measures were correlated with one another, and four significant 

correlations arose.  First, as predicted, the STAI positively correlated with the SSS (r = .43, p < 
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.05), suggesting those participants who reported higher state anxiety levels also reported feeling 

more stressed.  Second, the STAI positively correlated with the CISS-emotion scale (r = .45, p < 

.01), which demonstrates that those participants who reported higher state anxiety levels also 

utilized emotion-based coping strategies.  Third, the SSS positively correlated with the CISS-

emotion scale (r = .47, p < .01), which suggests participants who felt more stressed also utilized 

emotion-based coping strategies.  Fourth, the SSS positively correlated with the CISS-avoidance 

scale (r = .54, p < .01), indicating participants who felt more stressed also utilized avoidance-

based coping strategies.  The results suggest that individuals who reported feeling anxious and 

stressed, indicative of poor stress regulation, also utilized maladaptive coping strategies, which 

supports the initial predictions.  

Cognitive Control- ERN & Behavioral Performance  

The measures of cognitive control consisted of the ERN, a physiological measure, and 

behavioral performance data.  To determine if the ERN and behavioral performance measures 

were both reflecting similar aspects of cognitive control, we correlated the ERN difference score 

at the FCz site (correct-trial amplitude minus error-trial amplitude) with the reaction time 

difference score, accuracy difference score, and overall accuracy score. The FCz ERN difference 

score was not correlated with the reaction time difference score.  In addition, the accuracy 

difference score was not correlated with the reaction time difference score.  As expected, the FCz 

ERN difference score was positively correlated with the accuracy difference score (r = .42, p < 

.05) and with the overall accuracy score (r = .49, p < .01).  This strong positive correlation 

suggests those participants who better differentiated between errors and correct responses, 

indicative of enhanced cognitive control, also improved their performance after making mistakes 

and performed more accurately overall.  Also as expected, the accuracy difference score was 
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positively correlated with overall accuracy (r = .48. p < .01), reflecting that those individuals 

improving their performance after errors were also more accurate on the cognitive task overall.  

This suggests those individuals with larger ERN difference scores, which indicate greater 

cognitive control, get better after making mistakes and are more accurate on the task overall, all 

of which are behaviors associated with enhanced cognitive control.   For the most part, the ERN 

data and the behavioral performance data fit with one another and created a congruent picture of 

cognitive control, as predicted. 

Stress Regulation- Cortisol, Heart Rate, & Self-Report  

The measures of stress regulation consisted of two physiological measures (cortisol and 

heart rate) and of self-report surveys.  To determine if cortisol and heart rate measured stress 

response and regulation in similar ways, we correlated the three cortisol response scores (the 

difference in cortisol between salivary samples taken at T3 and T2, at T1 and T2, at T1 and T3) 

with the three heart rate response scores (the difference in heart rate between recordings taken T3 

and T2, at T1 and T2, at T1 and T3).  The three cortisol response scores did not significantly 

correlate with the three heart rate response scores.  Unexpectedly, the two physiological 

measures of stress did not correspond with one another.   

Then, the relationship between the physiological measures and self-reported measures of 

stress was examined.  Heart rate was not significantly correlated with any of the self-report 

measures.  Correlations were conducted between all five self-report measures of stress, the 

cortisol levels at T1, T2, and T3, and the three cortisol response scores.  The cortisol levels at T1, 

T2, and T3 were not correlated with any of the self-report measures.  In addition, the cortisol 

response scores from T1 to T3 and from T2 to T3 did not correlate with any of the self-report 

measures.  These results suggest that the physiological measures of stress (cortisol levels and 
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changes in cortisol levels) were not related to the self-reported measures of stress, with one 

exception.  The cortisol response score from T1 to T2 negatively correlated with the SSS self-

report question (r = -.37, p < .05).  Contrary to predictions, this negative correlation indicates 

that those participants who reported feeling the most stressed on the SSS also exhibited a smaller 

increase in cortisol from T1 to T2, demonstrating an incongruent relationship between a self-

reported measure of stress and a physiological measure of stress.  Overall, the lack of correlation 

between the physiological and subjective measures of stress was unexpected.   

ERN & Physiological Measures of Stress 

 Correlations served as the primary analyses conducted to test the main hypotheses 

concerning the relationship between cognitive control and stress regulation.  Correlations were 

conducted between the ERN data (ERN difference score) and the physiological measures of the 

stress response (heart rate, cortisol).  There were no significant correlations between the ERN 

difference score and the three different heart rate difference scores, indicating no relationship 

between heart rate measurement and the ERN, the secondary physiological measurement of 

stress and the primary physiological measurement of cognitive control.   

The relationship between ERN difference scores and cortisol response scores was also 

investigated.  The ERN difference score was not correlated with two of the three cortisol 

response scores (from T1 to T3 and from T2 to T3).  However, the FCz ERN difference score, 

our primary measure of cognitive control, was negatively correlated with the cortisol response 

score between T1 and T2 (r = -.44, p < .01).  This negative correlation is illustrated below 

through a scatterplot in Figure 2.   
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Figure 2. Scatterplot of correlation between cortisol response and ERN amplitude.   
ERN amplitude difference score was calculated by subtracting the ERN error-trial amplitude from the ERN correct-
trial amplitude at the FCz site.  The cortisol response was calculated by subtracting the cortisol concentration of the 

saliva sample taken at Time 1 from the cortisol concentration of the saliva sample taken at Time 2.   
 

High ERN difference scores reflect larger peak amplitudes of the ERN, which indicate greater 

accuracy differentiation, and therefore also indicate enhanced cognitive control.  The results 

indicate that those subjects with large ERN difference scores, and in turn with enhanced 

cognitive control, have a decreased stress response as evidenced by smaller increases in cortisol 

from T1 to T2 than those subjects with less cognitive control.   Conversely, subjects with smaller 

ERN peak amplitudes and lower ERN difference scores, and therefore, less cognitive control, 

exhibit an increased stress response as evidenced by larger increases in cortisol from T1 to T2.  

Supportive of the main hypothesis, those individuals with enhanced cognitive control were better 

able to regulate stress as demonstrated by a significant negative correlation between FCz ERN 

difference score and the cortisol response score from T1 to T2.  However, the same pattern was 

not observed for the cortisol response score from T2 to T3, differing from original predictions.   
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We then investigated the idea that those individuals with enhanced cognitive control may 

be better at performing cognitive tasks, and, therefore, their success may lead them to feel less 

stressed.  First, the overall accuracy score was correlated with the ERN difference score and the 

cortisol response scores, as previously reported.  That is, those individuals with larger ERN 

amplitudes, indicating enhanced cognitive control, performed well on the Stroop color-

identification task.  Overall accuracy was not correlated with the cortisol response scores from 

T2 to T3 or from T1 to T3.  However, overall accuracy was negatively correlated with the 

cortisol response score from T1 to T2 (r = -.40. p < .05), suggesting that those individuals 

performing well on the task produced a smaller change in cortisol from T1 to T2, which is 

reflective of adaptive stress regulation.  According to the data, subjects performing successfully 

on the cognitive task displayed greater cognitive control and produced a decreased stress 

response during the cognitive task.   

Because overall accuracy was significantly correlated with both the ERN difference score 

and the cortisol response score from T1 to T2, we conducted a partial correlation to remove the 

shared variance of the overall accuracy variable.  Once overall accuracy was controlled, the 

partial correlation between the ERN difference score and the cortisol response score was still 

negative, but it did not quite reach significance (partial r = -.32, p = .064).   Although not 

significant, this trend supports the previous finding of a negative correlation between the ERN 

difference score and the cortisol response score from T1 to T2 and shows that this relationship 

remains even when effects due to overall accuracy are removed.  After accounting for the 

accuracy variable, the main finding relating cognitive control, as characterized by the ERN, to 

stress regulation, as characterized by cortisol, was still upheld. 
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Behavioral Performance & Physiological Measures of Stress 

The relationship between the behavioral measures of cognitive control (accuracy 

difference score, reaction time difference score) and the changes in cortisol levels was 

investigated.  None of three cortisol response scores significantly correlated with the accuracy 

difference score or the reaction time difference score, suggesting that changes in cortisol did not 

relate to the subject’s accuracy or reaction time on trials following errors.  Although not 

significant, there was a trend of a negative correlation between the accuracy difference score and 

the cortisol response score from T1 to T2 (r = -.28, p = .092).  This trend suggests that those 

subjects improving after mistakes on the cognitive task also exhibit smaller increases in cortisol 

during the cognitive task (T1 to T2), supportive our prediction that those individuals better at 

cognitive control are also better at stress regulation.  In addition, heart rate was not correlated 

with any of the behavioral performance data.  Behavioral performance data did not exhibit as 

many negative correlations with the heart rate or cortisol data as originally predicted. 

Cognitive Control & Self-Reported Measures of Stress 

 To determine the relationship between the ERN and self-reported measures of stress, 

correlations were conducted between the ERN difference score and the five self-report measures.  

The ERN difference score was not significantly correlated with any of the five self-report 

measures (CISS-avoidance, CISS-emotion, CISS-task, STAI, SSS).  Thus, cognitive control as 

measured physiologically by the ERN was not related to self-reported measures of stress.  Then, 

the relationship between the two behavioral measures of cognitive control (accuracy difference 

score, reaction time difference score) and the self-reported measures of stress was examined.  

The accuracy difference score was not correlated with any of the self-report measures.  The 

reaction time difference score was not correlated with any of the self-report measures, except for 
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the SSS.  The SSS was negatively correlated with the reaction time difference score (r = -.35, p < 

.05), suggesting that those subjects reporting higher stress also exhibited more slowing down 

after making an error on the cognitive task.  The self-reported measures of stress did not relate to 

the cognitive control variables as predicted. 

Discussion 

 The primary objective of the present study was to investigate the relationship between 

cognitive control and stress regulation.  Using EEG methodology, we examined the ERN, a 

neural signal reflecting the evaluative component of cognitive control.  We investigated stress 

regulation by examining cortisol production throughout different points of the experiment. Large 

ERN amplitudes illustrate enhanced cognitive control, and small cortisol responses during a 

stressful situation indicate effective stress regulation.  Based on current knowledge about 

cognitive control and stress regulation, we predicted that both self-regulatory processes would be 

related to one another.  Specifically, we expected individuals who exhibit effective cognitive 

control to also exhibit effective stress regulation.   

The results reveal that individuals who were better at cognitive control, as measured by 

greater ERN amplitudes, were also better at stress regulation, as measured by smaller increases 

in cortisol, verifying the main hypothesis although not in the way originally predicted.  

Unexpectedly, no correlation was found between cognitive control variables and the cortisol 

response from T2 to T3, during the stress manipulation.  Instead, the ERN difference score, the 

primary measure of cognitive control, negatively correlated with the cortisol response from T1 to 

T2, during the EEG and Stroop task.  Individuals who produced large ERN amplitudes during 

the cognitive task produced less cortisol change from the time the experiment began until the 

completion of the cognitive task.  As predicted, individuals better at cognitive control were also 
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be better at stress regulation, exhibited by a smaller physiological stress response, although not 

during the time period of the experiment originally predicted. 

Cognitive Control 

Cognitive control is composed of two processes, an evaluative component that detects 

when behavior has gone awry and signals for more control and an executive component that 

responds to signals by adaptively modifying behavior (van Veen & Carter, 2006).  Using EEG, 

this study attempted to measure the evaluative component through the ERN, a neural response to 

errors reflecting error-monitoring.  The cognitive task consisted of the same Stroop color-

identification task used by Compton et al. (in press), and the results confirm the effectiveness of 

using the task to generate an ERN.  As predicted and demonstrated by previous studies (Gehring 

et al., 1993; Holroyd & Coles, 2002; Compton et al., in press), error trials exhibited a more 

negative amplitude than correct trials for the ERN as shown in Figure 1.  Like Compton et al. (in 

press), the ERN generated at the FCz site best distinguished between errors and correct trials 

than at other sites.  The evaluative component of cognitive control was successfully measured in 

this study by the ERN.  

Intimately connected with the evaluative component of cognitive control is the executive 

component.  After evaluation occurs, individuals modify their behavior in ways that demonstrate 

enhanced cognitive control.  The execution of these adaptive behaviors was measured by 

behavioral performance data (post-error slowing and post-error accuracy). Enhanced conflict 

monitoring, measured by larger ERN amplitudes and by ACC activation, has been associated 

with a slow-down in reaction time following an error (post-error slowing), which can be viewed 

as a conservative compensatory behavior initiated to prevent committing subsequent errors 

(Gehring et al., 1993; Garavan et al., 2002).  In the present study as well as other studies (e.g. 
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Compton et al., in press), no association between the ERN and post-error slowing was found, 

suggesting inconsistencies in the literature concerning the value of post-error slowing as a 

measure of compensatory behavior.  Gehring & Knight (2000) suggest post-error slowing may 

result from the persistence of the same problems that generated the original error.  Therefore, 

post-error slowing may simply be an extension of the previously committed error rather than a 

compensatory behavior, suggesting post-error slowing is an “imperfect measure of corrective 

behavior” (Gehring & Knight, 2000, p. 518).  Post-error accuracy may function as a better 

measure of compensatory behavior than post-error slowing.   

As illustrated in this study and other studies (e.g. Gehring et al., 1993; Compton et al., in 

press), improvement following errors (post-error accuracy) is considered a beneficial 

compensatory behavior one engages after making an error and is related to large ERN 

amplitudes.  This improvement is an active sign of enhanced cognitive control.  Although for the 

group as a whole, the likelihood of making an error was higher after an error compared to after a 

correct response, participants with larger ERNs exhibited a smaller likelihood of making an error 

after an error than after a correct response.  Participants who better differentiated between errors 

and correct responses, illustrated by large ERN amplitudes, also improved their performance 

immediately after errors and achieved higher overall accuracy rates on the cognitive task, 

replicating the findings of Compton et al. (in press).  Those individuals with better error-

monitoring systems also exhibited better error-compensation systems (Gehring et al., 1993). 

Consistent with the current literature (van Veen & Carter, 2006; Compton et al., in press), the 

evaluative and executive components of cognitive control, ERN and post-error accuracy, related 

to one another, suggesting both components play important roles in cognitive control.  
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The Relationship between Cognitive Control & Stress Regulation 

Both error-monitoring and error-compensation, the evaluative and executive components 

of cognitive control, related to the cortisol response from T1 to T2, which indicates both 

components play roles in stress regulation, consistent with current literature (Compton et al., in 

press).  Effective error monitoring, measured by large ERN amplitudes, was related to less 

cortisol production during the cognitive task, as illustrated by a significant negative correlation in 

Figure 2 (p. 47).  Figure 2 contains two outliers, one on either end of the scatter plot, which 

could possibly be influencing the significant negative correlation.  These outliers may be valid 

points, and a larger sample size would yield more data points and determine if these points are 

truly outliers.  Similar to the present findings, Tops, Boksem, Wester, Lorist & Meijman (2006) 

reported a significant negative correlation between ERN amplitude and change in salivary 

cortisol during the Eriksen Flanker Task, another type of cognitive task.  In addition, effective 

error-compensation behaviors, measured by high overall accuracy rates and high post-error 

accuracy, also related to decreased cortisol response during the cognitive task in the present 

study.  However, the negative correlation between post-error accuracy and the cortisol response 

was only marginally significant, though in the predicted direction.  Similar to the present results, 

Compton et al. (in press) found that enhanced cognitive control, measured by both the evaluative 

and executive components, related to decreased stress reactivity.  Compton et al.’s measure of 

stress reactivity was based upon self-report data, whereas the measure of the stress response in 

the present study was based upon changes in cortisol levels present in saliva samples.  The 

present study built upon Compton et al.’s study by demonstrating that a decreased physiological 

stress response relates to enhanced cognitive control.   
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 The relationship between cognitive control and stress regulation demonstrated in the 

present findings could be due to a third variable, such as overall task performance or accuracy.  

Maybe those individuals with better cognitive control naturally perform more accurately on 

cognitive tasks because of their enhanced cognitive system.  Support for this idea comes from a 

theory of cognitive control posited by Hammond & Summers (1972), which describes 

incomplete cognitive control as frequently contributing to poor performance on cognitive tasks.  

Consequently, being successful on a cognitive task may produce less feelings of stress and 

anxiety than being unsuccessful, or feeling less stressed and less anxious may allow an 

individual to perform more accurately on a cognitive task.  Various studies have demonstrated 

that high levels of state anxiety or trait anxiety result in worse task performance than low levels 

of anxiety (Harris & Cumming, 2003; Eysenck, 1985).  Consistent with this literature, the 

present findings indicate that individuals performing more successfully on the task better 

distinguished between errors and correct responses as illustrated by the ERN and also exhibited a 

smaller cortisol response during the cognitive task.  Therefore, better cognitive control could 

relate to decreased stress through the mediating variable of success, or task accuracy.    

To investigate this possibility, the role task accuracy played in mediating the relationship 

between the ERN and cortisol response was explored.  Using a partial correlation, the 

relationship between the ERN and cortisol response was examined while removing the effect of 

overall accuracy.  The results of the partial correlation indicated a marginally significant negative 

correlation between ERN amplitude and cortisol change even when the effects due to overall 

accuracy were removed.  Once the effects of accuracy were removed, the results still suggested 

that effective stress regulation, evidenced by smaller physiological response to stress, relates to 

effective cognitive control as measured by large ERN amplitudes.  Similarly, Compton et al. (in 
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press) reported that the relationship between cognitive control and daily reported stress reactivity 

remained even once accuracy was taken into consideration.  Both the present findings and 

Compton et al.’s findings demonstrate that the strong relationship between cognitive control and 

stress regulation is still upheld once accuracy is accounted for.  Therefore, these results fail to 

support the idea that success is the mediating variable between the significant relationship of 

cognitive control and stress regulation.   

Another possible explanation of the relationship between cognitive control and stress 

regulation is that both self-regulatory processes utilize similar cognitive processes and brain 

regions (Inzlicht & Gutsell, 2007; Compton et al., in press).   Both cognitive control and stress 

regulation utilize similar steps that involve evaluating the error or stressor at hand and 

subsequently executing control to make the cognitive or emotional behavior more adaptive. 

Many of the same neural systems involved in cognitive control are also involved in emotion 

regulation, such as the ACC and the prefrontal cortex (PFC) (Oschner & Gross, 2005; Kerns et 

al., 2004; Phan et al., 2005; van Veen & Carter, 2006). Cognitive control and emotion regulation, 

two different forms of self-regulation, appear to utilize the same pool of limited resources, 

suggesting a possible link between brain structures involved in each self-regulatory process and 

supporting the notion of one central system of self-control (Inzlicht & Gutsell, 2007).  The 

present results support the idea of a single self-regulatory system in the brain that controls both 

cognition and emotion. 

The present study successfully related a physiological measure of cognitive control, the 

ERN, with a physiological measure of stress regulation, cortisol, suggesting a possible neural 

link between these two self-regulatory processes.  Cortisol is a byproduct of HPA axis activation.  

The brain areas responsible for top-down regulation of the HPA axis, specifically the frontal 
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cerebral cortex and amygdala, are involved in emotion regulation (Lovallo & Thomas, 2000).  

The ACC has been posited as the source of the error-monitoring system while the PFC has been 

posited as the source of the executive behaviors involved in error-compensation (Stemmer, 

Segalowitz, Witzke, & Schönle, 2003; van Veen & Carter, 2006).  Neural structures responsible 

for self-regulation and control that produce the ERN and associated behavioral changes, the ACC 

and PFC, may also influence cortisol release by way of the frontal cerebral cortex and amygdala, 

neural structures involved in emotion regulation.  However, due to the methodology of the 

present study and the fact that several structures are involved in regulating cortisol, the present 

findings cannot reveal which specific brain structures account for the individual differences in 

cortisol response that relate to the ERN.  

Dopamine (DA) may serve as a possible self-regulatory mechanism in the brain utilized 

by both cognitive control and stress regulation.  In their reinforcement learning theory of the 

ERN, Holroyd and Coles (2002) suggest that the ERN is created when a negative reinforcement 

learning signal, specifically a decrease in DA levels, is transmitted to the ACC by way of the 

mesencephalic DA system and then the ACC utilizes the signal to adjust behavior in an adaptive 

way.  Similarly, DA appears to serve an important function in regulating stress, specifically by 

the mesencephalic DA system influencing the HPA axis (Sullivan & Gratton, 2002; Pruessner, 

Champagne, Meaney, & Dagher, 2004).  In their review of animal studies, Sullivan & Gratton 

(2002) found that the right medial PFC is essential for normal, adaptive activation of 

physiological stress responses and that the PFC regulates the HPA axis by way of the 

mesencephalic DA system.  Animals display an increase in DA metabolism in the right PFC 

when placed in novel, stressful situations, but when animals engage in a coping behavior, such as 

chewing on an object, both DA and HPA activity diminish (Berridge, Mitton, Clark & Roth, 
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1999).  During an anxiety-inducing stress task, healthy human subjects exhibited significant DA 

release in the ventral striatum.  The amount of DA released was proportional to the amount of 

salivary cortisol produced, and both DA and cortisol release were highly correlated with one 

another (Pruessner, Champagne, Meaney, & Dagher, 2004). Together, these studies suggest that 

a strong link exists between DA systems and HPA axis activation.  Both coping with stress and 

generating an ERN are adaptive self-regulatory behaviors that involve a decrease in DA.  

Although it needs to be further explored, DA appears to function as an important signal in 

regulating both cognition and stress and could provide a potential mechanism to account for the 

present findings linking cognitive control and stress regulation.  

Stress Manipulation 

The major limitation of the current study was the failure of the stress manipulation to 

generate a physiological stress response.  Contrary to predictions, the stress manipulation did not 

succeed in increasing cortisol levels from T2 to T3 in the group as a whole, and the cortisol 

responses from T2 to T3, during the stress manipulation, did not correlate with any cognitive 

control variables.  These results call into question the effectiveness of the stress manipulation.  

The stress manipulation contained a public-speaking task and a mental arithmetic task, each 

modeled directly after a stress manipulation that succeeded in producing a physiological stress 

response (Sgoutas-Emch et al., 1994; Bollini, Walker, Hamann, & Kestler, 2004).  Sgoutas-

Emch et al.’s speech stressor succeeded in increasing the heart rate and blood pressure of 

participants.  Bollini, Walker, Hamann, & Kestler’s mental arithmetic task succeeded in eliciting 

a significant cortisol increase in over half of all participants.  The procedure was based upon the 

assumption that utilizing the two different stress manipulations in the same experiment would 

generate the same or greater physiological stress response.  During the pilot tests of the stress 
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manipulation, cortisol levels in saliva were unable to be examined due to time restraints and only 

subjective feedback about the stressfulness of manipulation was obtained.  The subjective 

feedback received from pilot subjects suggested that the public speaking and math tasks were 

both stressful in nature.  Future studies should pilot test all stress manipulations, even those 

successfully used before, by measuring cortisol levels as well as asking for subjective feedback 

to ensure the manipulations generate stress responses in a different sample.  

Although some of the results that supported the main hypothesis, they were not the 

results originally predicted to support the hypothesis.  The original prediction was to find a 

significant correlation between ERN amplitude and cortisol response from T2 to T3, during the 

stress manipulation, but instead the actual results revealed a significant correlation between ERN 

amplitude and cortisol response from T1 to T2, during the cognitive task.  Therefore, it is 

important to consider why individual differences in ERN would be related to cortisol change 

from T1 to T2 and not from T2 to T3.  The T1 measurement was taken as soon as the subject 

arrived, and the T2 measurement was taken after the cap had been applied and after the subject 

completed the Stroop color-identification task.  Cognitive tasks alone, such as the Stroop task, 

can succeed in eliciting significant cortisol responses (Dickerson & Kemeny, 2004; Lovallo & 

Thomas, 2000).   Although, a public speaking/ cognitive task combination, like the one used in 

the present study, typically elicits significantly greater salivary cortisol response than a cognitive 

task alone (Dickerson & Kemeny, 2004).  Cortisol increases from T1 to T2 may reflect the 

subjects’ initial anxiety about coming into the laboratory for the experiment and may also reflect 

the stress they experienced while performing the cognitive task.  An individual’s naturally 

induced stress response may be stronger than an experimentally induced stress response, which 

may account for the current findings.  
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The extent to which cognitive control variables could predict individual differences in 

cortisol change from T1 to T2 rather than from T2 to T3 could be due to the EEG and Stroop 

task (T1 to T2) appearing more foreign to the subjects than public speaking and math task (T2 to 

T3).  All participants were undergraduates at a liberal arts college where their high school and 

college curriculums likely included public speaking and mental arithmetic tasks.  Recurrent 

events have “a smaller effect on cortisol than more novel events” (van Eck, Berkhof, Nicolson, 

& Sulon, 1996, p.455).  Therefore, it is reasonable that for the participants the EEG and Stoop 

task, a novel event, had a greater effect on individual cortisol production than the combined 

public speaking-mental arithmetic task, comprised of two recurrent events.  The present findings 

suggest cognitive control may be more related to individual differences in cortisol production 

during a novel task than during a recurrent task.   

The sequence of tasks within the stress manipulation, specifically the public-speaking 

task first and the mental arithmetic task second, possibly resulted in primarily detecting cortisol 

production during the first task rather than the second task.  The third cortisol sample was taken 

after the subject completed the stress manipulation and filled out online surveys, which was 

approximately 20 minutes after the second sample was taken.  The highest levels of cortisol 

occur in samples taken 21 to 30 minutes after the onset of the stressor (Dickerson & Kemeny, 

2004).  Public speaking tasks typically elicit a greater cortisol response compared to mental 

arithmetic tasks (Dickerson & Kemeny, 2004).  Accordingly, the speech stressor was placed at 

the beginning of the stress manipulation so that the T3 sample was taken approximately 20 

minutes after the onset of the speech task.  Some individuals may have found the public speaking 

task more stressful while other individuals may have found the mental arithmetic task more 

stressful.  If individuals were not stressed by the first speech task and primarily stressed by the 
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second math task, then the third sample of cortisol taken would be 10 to 15 minutes post-stressor 

onset and would not be within the 21 to 30 minute post-stressor onset period where cortisol 

levels are highest.  If subjects only found the math task stressful and accordingly produced 

cortisol, the cortisol increase may not have been detected because it is generally smaller in nature 

and because it was sampled too early.  This potential confound may have contributed to the lack 

of significant cortisol change in the group from T2 to T3, during the stress manipulation.  

Heart Rate 

Heart rate, the second physiological measure of stress in addition to cortisol, did not 

prove to be a helpful measure.  Heart rate measurements at all three time points were positively 

correlated with one another, suggesting stability among heart rate taken for each individual 

throughout the session.  Contrary to predictions, across the sample, heart rate was highest at T1 

when subjects first arrived at the experiment.  Heart rate at T1 was significantly higher than at T2 

or T3.  Similar to cortisol, heart rate before and after the stress manipulation did not differ 

significantly.  Additionally, heart rate and cortisol did not measure the stress response in similar 

ways, as evidenced by no significant correlations between change scores for cortisol and heart 

rate.  Self-report measures of stress and heart rate were also unrelated.  The validity of the heart 

rate measurement should be called into question.  Heart rate was measured using a wrist-watch 

device that automatically calculated heart rate at the touch of a button.  Two different wrist-

watch devices measured heart rate because sometimes one was not functioning properly.  The 

same subject’s heart rate was sometimes measured with two different devices, potentially 

making the data less reliable.  The lab where the experiment occurred was located on the fifth 

floor, and many participants climbed four flights of stairs prior to their initial heart rate 

measurement.  This physical activity may have influenced initial heart rate measurement, 
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specifically by significantly increasing heart rates at T1.  The heightened heart rate at T1 could 

also reflect subjects’ anxiety about the experiment itself.  Due to the multiple confounds of the 

heart rate measurement, it is not surprising that heart rate generated unexpected results and did 

not significantly relate to cortisol or to any of the cognitive control variables, including the ERN 

and behavioral performance data.  

Self-Report Measures 

Significant positive correlations among some of the self-report measures of stress suggest 

that as a whole the self-report measures portrayed a similar view of stress.  Subjects reporting 

feeling more anxious at the time also reported feeling more stressed at the time, evidenced by a 

positive correlation between the STAI and the SSS.  Both anxiety and stress are two emotions 

expected to co-occur with one another because both are signs of maladaptive regulation of 

emotion and stress (Compton et al., in press).  As predicted, anxious and stressed individuals 

both utilized emotion-oriented coping, a maladaptive coping style linked to psychopathology and 

psychological distress (Endler & Parker, 1994).  In addition, individuals reporting more stress 

utilized avoidance-oriented coping, another maladaptive coping strategy.  In agreement with the 

current literature, the results indicate that those individuals who are poor regulators of stress, as 

indicated by self-reports of feeling anxious and stressed, also utilize detrimental coping 

mechanisms.  Although the self-report measures together created a coherent and logical picture 

of the subjective response to stress, the self-report measures failed to relate to physiological 

stress regulation and cognitive control variables in expected ways and failed to elucidate the 

relationship between the two self-regulatory processes.   

The subjective stress response measured by the SSS did not relate to the physiological 

measures of stress as expected.  Naturally, self-reported measures and physiological measures of 
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stress were expected to positively correlate with one another because they are both important 

elements of the stress response that have been correlated with one another in past studies 

(Bollini, Walker, Hamann, & Kestler, 2004).  No relationship was found between the subjective 

stress response and heart rate, which may be due to the unreliability of the heart rate measure.  

No significant correlations between cortisol and the subjective stress were found, except for one 

unexpected significant negative correlation.  Participants who reported feeling more subjective 

stress on the SSS also exhibited a smaller cortisol response from T1 to T2.  This finding is 

somewhat counterintuitive and also contradictory to the original hypothesis that those individuals 

who feel more stressed would also elicit larger cortisol increases due to an activated 

physiological stress response.  The SSS asked participants how stressed they felt at the current 

time, which occurred immediately after the stress manipulation ended.  Therefore, it is puzzling 

that a relationship existed between cortisol levels during the cognitive task and the subjective 

stress reported presumably about the stress manipulation.  Unexpectedly, the subjective stress 

reported after the stress manipulation was unrelated to the cortisol response during the stress 

manipulation (T2 to T3).  Physical and subjective experiences of stress may not always be 

congruent in nature.  Having no significant positive correlations between the self-reported stress 

response and physiological measures of stress suggest that in this study, stress could not be 

successfully characterized by physical and subjective responses together.    

Anxiety, a common emotion elicited by stress, was examined using the STAI, but similar 

to the subjective stress response, state anxiety was unrelated to the physiological stress response. 

State anxiety did not relate to heart rate, which was expected considering the confounds of the 

heart rate measure.  However, cortisol, the more reliable physiological measure of stress, also did 

not relate to state anxiety.  Similar to the present findings, Garcia-Leal et al. (2005) reported that 
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participants did not elicit increases in cortisol levels during a simulated public speaking task 

despite the participants’ reporting increased state anxiety during the task itself.  In addition, a 

study by Takai et al. (2004) found no relationship between cortisol increases and STAI scores 

during psychological stress.  However, other studies have found that negative mood states, 

including anxiety, associate with increases in cortisol production (Jacobs et al., 2007).  Overall, 

there appears to be a conflict in the literature concerning the relationship between state anxiety 

and cortisol levels.  It is possible that the feelings the stress manipulation elicited in the present 

study were not those related anxiety but instead related to another related emotion because stress 

can elicit many different types of emotions in addition to anxiety (Lazarus, 1993).  Nonetheless, 

self-reported state anxiety failed to relate to the physiological measures of stress and failed to 

provide insight into the stress response.   

In addition to being unrelated to physiological measures of stress, subjective stress (SSS) 

and state anxiety (STAI) also failed to relate to cognitive control variables in predicted 

directions.  Post-error slowing was unrelated to state anxiety but related to subjective stress in an 

unexpected way.  Subjects reporting higher stress, a sign of ineffective stress regulation, also 

exhibited more slowing down following errors on the cognitive task, which is sometimes thought 

of as an effective compensatory behavior associated with cognitive control.  However, this 

counterintuitive finding points to the imperfect nature of post-error slowing as a corrective, 

compensatory behavior (Gehring & Knight, 2000).  Additionally, Compton et al. (in press) found 

post-error slowing to be unrelated to stress reactivity and to be an unsuitable measure of effective 

cognitive control.  Unlike Compton et al.’s findings, both measures of the self-reported stress 

response were unrelated to the ERN and to post-error accuracy, a compensatory behavior 

associated with cognitive control.  Compton et al. successfully demonstrated that self-reported 



Cognitive Control & Stress Regulation 64  
 

stress reactivity, calculated by relating the number of daily stressors with self-reported anxiety, 

related to cognitive control as measured by the ERN and by post-error accuracy.  The self-report 

measures used in the present study were taken at one point in time, whereas Compton et al.’s 

measures occurred daily for two weeks.  Individual differences in self-reported stress may be 

more accurately assessed by aggregating over multiple time points, as Compton et al. did.  In 

addition, Compton et al. measured stress in a more naturalistic way by examining reports of 

natural stressors individuals encounter in their daily lives whereas this study measured stress in a 

laboratory setting using an artificially designed stress manipulation. Unfortunately, this study 

was unable to relate self-reported stress measures to cognitive control. 

To measure how individuals mange stress, the CISS self-report was utilized to determine 

individual coping styles (emotion-oriented, task-oriented, avoidance-oriented), but none of the 

coping styles related to the physiological stress or cognitive control variables.  The CISS listed 

specific activities related to each coping style (please refer to p. 38 for examples) and asked 

participants to “indicate how much you engage in these types of activities when you encounter a 

difficult, stressful, or upsetting situation” (CISS, Endler & Parker).  The statements used on the 

scale are very specific in nature, and the questionnaire instructs participants to answer the 

questions based on when you encounter a ‘general’ stressful situation, not the specific stressful 

situation that was experienced in the lab that day.  Therefore, subjects coping styles on the CISS 

may relate to general daily stressful situations, like those measured by Compton et al. (in press), 

and may not related to a specific lab-induced stressful situation, such as stress manipulation 

employed in the present study, where these coping strategies may be less likely employed.   

In the present study, a coping measure utilizing a process approach rather than a style 

approach may have more accurately and sensitively assessed how participants deal with stressful 
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situations and may have related to cognitive control variables.  The CISS is a measure used to 

determine basic coping styles (Endler & Parker, 1994).  Lazarus (1993) distinguishes between 

two approaches to coping measurement: style and process.  The style approach, utilized by the 

CISS, focuses on specific personality traits that a person possesses that more or less determine 

how an individual copes regardless of the situation they are in (Lazarus, 1993).  According to the 

style approach, a person’s coping style seems fairly static in nature.  However, Lazarus (1993) 

prefers to measure coping using a process approach, which focuses on the situation and context 

to determine how an individual deals with a given situation.  The process approach may be more 

accurate in nature because it focuses on the ways coping varies across different situations and 

over time.  Task-oriented coping may be more adaptive than emotion-oriented coping in certain 

situations, but in other situations, emotion-oriented coping may be more adaptive.  Therefore, 

creating styles of coping and ranking them hierarchically is not as accurate or beneficial as 

measuring coping using a process approach.  For example, to measure how students cope with an 

exam using the process approach, Lazarus (1993) describes measuring ways of coping at 

multiple stages related to the exam (preparation beforehand, the taking of the test itself, waiting 

period between finishing the exam and receiving a grade, and after grades are received) rather 

than just at one time point, such as when the exam is administered.  Using the process approach, 

Lazarus (1993) describes how students’ coping patterns vary greatly throughout the different 

stages involved with the exam, which could not be seen by a style approach.  Both cognitive 

control and emotion regulation are effective mechanisms of self-regulation that change 

frequently and adapt to different situations to generate optimal outcomes.  Therefore, coping 

would be better characterized by a process approach rather than a style approach, and coping, as 

measured using a process approach, may then relate to cognitive control variables.  
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To supplement the physiological measures of stress, self-report measures were used to 

examine subjective responses to stress and to further understand emotion regulation.  Emotion 

regulation involves controlling which emotions to experience, when and how they are 

experienced, and how emotions are expressed (Gross, 2002).  The SSS and STAI attempted to 

reveal which emotions, specifically stress and anxiety, the subjects were experiencing during the 

stress manipulation, but these emotions failed to relate to the physiological stress response or 

cognitive control.  Future studies should examine a wider variety of emotions that are elicited by 

stress.  The CISS attempted to examine how regulation of emotion occurs by revealing the 

specific coping styles individuals utilize to cognitively and behaviorally manage stress.  Coping 

measured using a process approach rather than a style approach may allow for relationships 

between coping and cognitive control to be revealed.  Additionally, none of the self-report 

measures related to physiological stress responses or cognitive control variables in predicted 

ways, which suggests a need for further refinement of what emotion regulation is and how it 

manifests itself.   Specifically, the types of emotions being elicited, how those emotions are 

being managed, and how the body physically responds to these emotions need to be clarified.  

Once emotion regulation is better defined conceptually and physiologically, emotion regulation’s 

relationship to cognitive control can be better explored. 

Despite various limitations and unexpected results, the present study successfully related 

two self-regulatory processes that have not been associated with one another by many other 

previous studies.  This study remains as one of the first studies to successfully relate the ERN to 

cortisol responses.  The main finding that individuals with enhanced cognitive control are also 

more effective regulators of stress during a cognitive task fits with the common-systems view of 

self-regulatory processes generated by the current literature.  This study begins to fill the gap in 
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the literature dealing with the relationship between cognitive control and stress regulation, two 

seemingly distinct self-regulatory processes that may actually overlap more than previously 

thought.   

Future Directions 

 Ideally, future studies could examine cognitive control’s relationship to stress reactivity 

when measuring stress reactivity both physiologically and subjectively in more naturalistic 

settings.  Cortisol appears to be a reliable method to measure the physical stress response, and 

the aggregation of cortisol responses during a variety of events could more accurately 

characterize an individual’s stress reactivity.  Cortisol production could be examined during 

stressful events individuals encounter in their daily lives over a two-week period.  For a 

subjective measurement, future researchers could utilize a method similar to Compton et al. (in 

press) that includes daily reports of stressors and anxiety for a two-week period. By using more 

naturalistic and long-term physiological and subjective data of stress reactivity, the relationship 

between stress reactivity and cognitive control could be better characterized.    

Due to the limitations of the present study’s methodology, the exact brain areas involved 

in cognitive control and emotion regulation were unable to be revealed.  To precisely determine 

if these two self-regulatory processes utilize similar brain areas, future studies could also utilize 

fMRI to pinpoint the exact locations of these processes in the brain.  fMRI studies have 

examined brain areas involved in cognitive control, and separately, other fMRI studies have 

examined brain areas involved in emotion regulation.  Looking across these fMRI studies, 

similar brain areas appear to be activated in each self-regulatory process; however, no fMRI 

studies in the current literature have examined both processes in the same study and within the 

same subjects.  Future fMRI studies could observe if any of the same brain areas are co-activated 
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within the same subjects while performing a cognitive control task and while performing an 

emotion regulation task.  Co-activation of brain regions within the same subjects during the two 

tasks would support the common-systems view of emotional and cognitive self-regulation.   

Self-regulatory processes, including cognitive control and stress regulation, can go awry 

in various psychological disorders.  Individuals with obsessive-compulsive disorder and anxiety 

exhibit larger ERN amplitudes than healthy individuals, suggesting an over-activation of the self-

regulatory process of error-monitoring (Gehring, Himle, & Nisenson, 2000; Hajcak, McDonald, 

& Simons, 2003).  Depression has been associated with abnormal responses of the HPA axis to 

stress.  Specifically, in depressed individuals, negative events are not related to a change in 

cortisol levels whereas in non-depressed individuals negative events are associated with 

increases in cortisol (Peeters, Nicholson, & Berkhof, 2003).  Future research could examine the 

relationship between cognitive control as measured by the ERN and stress regulation as 

measured by cortisol and by daily stress reactivity in clinical populations. Such research could 

provide insight into the dysfunction of self-regulatory processes in these psychological disorders.  

Conclusion 

 Although not in the ways originally predicted, the present study successfully 

demonstrated a relationship between cognitive control and stress regulation.  The findings have 

advanced the knowledge about the particular relationship between these two essential regulatory 

processes by demonstrating a relationship between ERN amplitudes and changes in cortisol 

production.  These findings have implications for the cognitive control, emotion regulation, 

coping, and stress literatures.  The results support a common-systems view that cognitive control 

and stress regulation utilize similar brain structures and cognitive processes.  Therefore, the 

results imply that the two seemingly distinct processes of cognitive control and stress regulation 
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may actually be more closely related than previously thought.  Finally, this research promotes 

future interdisciplinary study between these fields of psychology, which will lend itself 

furthering research in all these fields as well as assisting in clinical applications.   
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Appendix A 

Speech Stressor Details 

 The details of the speech stressor and instructions were the following (adapted from 

Sgoutas-Emch et al., 1994): 

 Subjects were asked to imagine that they were in a department store shopping when a 

security guard falsely accused them of shoplifting.  Subjects were instructed to prepare a 2-min 

speech to (a) tell their side of the story, (b) tell the manager what the security guard did wrong 

and why the security guard may have suspected them of shoplifting, (c) say how they can prove 

they did not steal the item, (d) specify what should happen to the security guard for the mistake, 

and (e) summarize their points.  Subjects were instructed to give intelligent and well though out 

answers because their speech would be recorded and compared with the speeches of others.  

Subjects were given 3 min to prepare and 2 min to present their speeches.   
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Appendix B 

Mental Arithmetic Stressor Details 

 The mental arithmetic stressor consisted loud, unpleasant noises being presented through 

headphones while the subject performed a numerical working-memory test.  The details of the 

mental arithmetic stressor and instructions were the following (taken directly from Bollini, 

Walker, Hamann, & Kestler, 2004 with a few small changes): 

The working memory math test is a visual version of the paced auditory serial analysis 

test (PASAT).  In this task, the participant is presented with a series of numbers on a computer 

screen, at a rate of one per seconds.  Before beginning the task, the experiment gave instructions 

for performing the visual PASAT while listening to the loud, aversive noises through 

headphones.  The instructions were as follows: 

I would like you to complete an arithmetic task that is quite simple.  At the same 

time that you perform the task, you will hear a variety of noises through the 

headphones.  Most people find these noises loud and unpleasant.  These noises are 

supposed to make the task more challenging.  In this arithmetic test, you will be 

asked to add simple numbers one after the other.  Your job will be to add the 

number you see with the number you saw just before it, ignoring the answer you 

give for the added numbers.   

For example,  (SEE EXAMPLE SHEET- show to subject & explain) 

 
This is one example, but you will have one practice set where I tell you if your 

answers are right or wrong.   

 

The numbers on the screen will be presented very quickly.  It is important that 

you try to give an answer after each number and that you accurate in your 

answers.  Your accuracy rate will be compared with others. I will be recording 

your answers, so please speak loudly enough that I can hear you.  I will not be 

correcting you after each answer. There will be 3 blocks of trials and after each 
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block there will be a short break where I will give you additional instructions.  It 

is important that you complete the task.  Ready?   

 


