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ABSTRACT 

The error related negativity (ERN) is an event-related brain potential that is sensitive to errors. It reflects 

individual differences in the extent to which individuals recruit neural systems involved in monitoring 

errors and systems for cognitive control that then make adjustments to future behavior. It has been 

closely linked to anxiety through diverse disorders and symptoms, but recently evidence highlights the 

role of anxious apprehension as a key individual difference related to error monitoring. Diverse 

hypotheses have emerged to explain this relationship. While some views emphasize the role of 

motivation and emotion, others suggest that a transient compensatory control is responsible for this 

relationship. Although both theories recognize the potential for state anxiety to potentiate the ERN, 

there is limited literature that allows a comparison of these competing hypotheses. The present study 

investigated the interaction of state and trait anxiety on the ERN by comparing ERN amplitude before 

and after a five minute worry induction period that specifically targeted each individual’s greatest 

current worries. Results did not unequivocally support one specific theory, but rather provide some 

preliminary evidence of how trait and state worry may interact and affect the ERN. Suggestions for 

future research are provided, including using worry induction paradigms in which the worries increase 

threat or significance of errors.  
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INTRODUCTION 

Although at moderate levels, anxiety can be an adaptive response contributing to survival or success 

(e.g., high threat situation, aid in job/test performance), in high levels, it can overwhelm and hinder 

performance, and lead to the emergence of clinically significant impairment. Anxiety disorders are 

strongly associated with poor health outcome, including high prevalence of cardiovascular diseases in 

individuals with anxiety disorders (Vogelzangs et al., 2010). Each year, anxiety disorders are among the 

most prevalent psychological disorders, affecting over 40 million people in the United States alone 

(Kessler, Chiu, Demler, & Waters, 2005). Given the high prevalence in the population, anxiety disorders 

are a constant focus of research designed to understand their etiology, with the ultimate aim of treating 

and preventing their occurrence. The Diagnostic and Statistical Manual of Mental Disorders, 5th edition 

(DSM-5)  recognizes over ten different codes to classify the diverse anxiety-related disorders including 

generalized anxiety disorder (GAD), panic disorder, social anxiety disorder, and specific phobias, as well 

as disorders included in the new categories of obsessive-compulsive and related disorders and trauma 

and stressor-related disorders (American Psychiatric Association, 2013). While symptoms are contingent 

on the specific anxiety disorder, research suggests that anxiety symptoms can be broken down into two 

separate categories that are shared across disorders: anxious arousal (i.e., somatic tension and 

physiological arousal) and anxious apprehension (i.e., worry1; Nitschke, Heller, Imig, Mcdonald, & Miller, 

2001).  

The nosological classification system of mental disorders has focused on separating and re-categorizing 

symptoms and disorders, nonetheless there is a fundamental value in investigating the commonalities 

across disorder rather than exclusively considering their differences.  By isolating and studying the 

shared components of anxiety symptoms, such as anxious arousal and apprehension, a more in-depth 

understanding of the underlying mechanisms in anxiety disorders can be achieved. In doing so, the 

                                                           
1
 Anxious apprehension and worry will be used interchangeably throughout this paper. 
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development of treatments that specifically target these underlying mechanisms will be facilitated. This 

is particularly true if diverse constructs, techniques, and levels of analysis are considered to inform 

etiology and treatment development. This inquisitive approach to investigating anxiety disorders is 

consistent with the current direction the National Institutes of Mental Health (NIMH) is taking to 

investigate and classify psychopathology. More specifically, the Research Domain Criteria project 

(RDoC), launched by the NIMH, aims to guide the classification schemes integrating research from a 

variety of methodological processes ranging from genes to self-report (Insel & Cuthbert, 2010). Although 

RDoC emphasizes the importance of incorporating research from a broad range of methodologies, given 

that the current classification system has failed to consider potential biomarkers in the diagnostic 

process, the incorporation of clinical neuroscience as part of this diagnostic process is stressed. In this 

way, the investigation of potential biomarkers of anxiety symptomatology can lead to an improved 

understanding with potential for development of targeted treatments (Insel & Cuthbert, 2010).  

Event-related brain potential (ERPs), which measure brain electrical changes that predictably follow 

specific events, have been identified as a promising candidate for biomarker in anxiety disorders.  More 

specifically, an ERP component closely associated to response monitoring system: the error-related 

negativity (ERN). Individuals with anxiety disorders experience worry about future outcomes and are 

constantly hyper-vigilant of their environment and internal cues. This hyper-vigilance may lead to a 

heighten sensitivity to evidence indicating the outcome is worse than expected (i.e., errors) and thus be 

suggestive of a hyperactive response monitoring system. Research has confirmed that several anxiety 

disorders, such as obsessive compulsive disorder (OCD) and generalized anxiety disorder (GAD), are 

characterized by alterations in response monitoring potentially as reflected through an enhancement in 

the ERN (Mathews & MacLeod, 2005; Koster, Fox, & MacLeod, 2009). Given the plethora of research 

supporting the link between a hyperactive response monitoring system and individuals with elevated 
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anxiety, the current study consistent with the RDoC framework, investigated different domains of 

anxiety (e.g., anxious arousal and apprehension) using the ERN as a physiological unit of analysis.  

Anxiety and the Error-Related Negativity 

Event-related brain potentials have been commonly used to investigate the neural basis of mental 

disorders. The error-related negativity (ERN) is a response-locked ERP characterized as a negative 

voltage deflection that occurs 50 to 100ms after error or conflict responses and is believed to be 

generated by the dorsal anterior cingulate cortex (dACC; Dehaene, Posner, & Tucker, 1994; Falkenstein, 

Hoormann, Christ, & Hohnsbein, 2000; Gehring, Goss, & Coles, 1993; Gehring, Himle, & Nisenson, 2000). 

The ERN has been implicated with a response monitoring system, and has been identified as a useful 

and reliable electroencephalographic (EEG) measure of full or partial error detection in healthy 

participants and in individuals with a variety of mental disorders, including anxiety disorders (Gehring et 

al., 2000; Olvet & Hajcak, 2009). Research suggests that greater error-related brain activity, as measured 

through the ERN, is characteristic of people with anxiety disorders and related  traits that are predictors 

of anxiety symptoms, such as negative affect, neuroticism, and punishment sensitivity, compared to 

low-anxious or unaffected controls (Hajcak, McDonald, & Simons, 2003, 2004; Luu, Collins, & Tucker, 

2000; Olvet & Hajcak, 2008). For instance, Hajcak and colleagues (2003) found that individuals who 

scored high on self-report measures of general anxiety and worry had overall enhanced ERN amplitude 

relative to both a healthy non-anxious control group and a group with specific phobias, suggesting that 

the ERN may be a trait-like marker for anxiety disorders and worry.  

A considerable proportion of research on the ERN and anxiety-related disorders has focused on 

investigating the ERN in individuals with OCD, which has yielded numerous and replicable findings. This 

disorder is characterized by obsessions (i.e. distressing and recurrent thoughts or images perceived as 

intrusive and inappropriate) and compulsions (i.e. repetitive behaviors or mental acts with the purpose 

of decreasing distress and anxiety associated with the obsessions; American Psychiatric Association, 
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2013). Gehring and colleagues (2000) were the first to find that larger ERNs are observed in people with 

OCD relative to healthy controls and that the magnitude of the ERN correlated with symptom severity. 

Research has replicated these findings and has found that the ERN is also enhanced as a function of 

increased obsessive-compulsive (OC) symptomatology and traits (Gründler, Cavanagh, Figueroa, Frank, 

& Allen, 2009; Hajcak & Simons, 2002; Olvet & Hajcak, 2008; Ruchsow et al., 2005).  

Recent research has further focused its attention on the full spectrum of the underlying anxiety 

symptoms (e.g. anxious apprehension and anxious arousal), emphasizing the role of anxious 

apprehension in eliciting an enhanced ERN and thus the response monitoring system that it is believed 

to represent (Moser, Moran, & Jendrusina, 2012; Weinberg, Olvet, & Hajcak, 2010; Zambrano-Vazquez 

& Allen, 2014). For instance, exploring the contribution of specific symptomatology, Zambrano-Vazquez 

and Allen (2014) attempted to determine whether specific symptoms of OCD (obsession/compulsions, 

worry, and anxiety) were differentially responsible for the enhanced response-monitoring effects, by 

examining relatively pure symptom profile groups. The pure worry symptoms group, but not the pure 

OC or anxiety symptoms group, showed significantly enhanced ERN relative to controls. Further 

supporting the role of worry in response monitoring effects, Weinberg and colleagues (2010) found an 

enhanced ERN in a well-characterized clinical GAD population relative to a healthy Control group. 

Additionally, continuing the investigation of differential symptom contribution, it was found that MASQ 

subscales, including the Anxious Arousal subscale, were not significantly correlated with the ERN yet the 

general distress anxiety subscale of the MASQ did predict the ERN. Perhaps most conclusively,  a  recent 

meta-analysis found worry to be the dimension of anxiety that is most associated with enhanced error 

monitoring, with an effect size three times greater between worry and the ERN relative to that observed 

between the ERN and “overall” anxiety (Moser, Moran, Schroder, Donnellan, & Yeung, 2013).  

As this link between worry and the ERN gains more strength and support, a couple of theories have 

emerged in an attempt to address why worry is the dimension of anxiety most closely associated with 
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an overactive response monitoring system. One of these theories argues that despite the important role 

that worry has in the understanding of individual differences in the ERN, it is motivation and emotion 

that are the central components to understand variability in the response monitoring system as 

measured by the ERN (Proudfit, Inzlicht, & Mennin, 2013). The authors stated that the aversiveness of 

errors, particularly in anxious people results in defensive mobilization evidenced by physiological 

responses (e.g., increased startle reflex, pupil dilation, contraction of corrugator, decelerated heart 

rate). Thus, under this view, it is the tendency to have a stronger response to uncertainty (observed in 

individuals with high levels of anxiety) that results in enhanced ERN amplitudes (Hajcak et al., 2012; 

Proudfit et al., 2013). An alternative theory, the compensatory error monitoring hypothesis (CEMH), 

proposes that worry results in added cognitive demands that potentially compromise performance 

(Moser et al., 2013). Such demands are compensated by a transient control that leads to similar 

behavioral performance relative to non-anxious individuals with the compensatory transient control 

indexed through enhanced ERN amplitude.  Moser and colleagues outlined a set of predictions and 

avenues for future research that would further support CEMH. Given that worry is assumed to play an 

active role in what ultimately leads to the transient compensatory control that is observed in the ERN, 

the authors suggest that inducing worry should hence result in increased ERN amplitude due to a tapped 

cognitive load. They predict that to the extent that worry –as opposed to other dimensions of anxiety-is 

induced, an enhanced ERN amplitude will be elicited (Moser et al., 2013). To address this prediction, the 

current study investigated the differential contributions of trait and state (in the moment) worry on 

response monitoring systems.  

State and Trait Anxiety and the ERN 

State anxiety refers to a temporary or short term experience of unpleasant emotional arousal or state-

limited increases in worry, occurring with different levels of intensity typically in response to a threat or 

stressor (Spielberger, 1972). Trait anxiety on the other hand refers to a more general and stable 
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individual tendency to respond with heightened state anxiety in anticipation and during threatening 

situations (Spielberger, 1972). Collectively, research has focused primarily on the abnormal error 

processing in individuals with trait-like anxiety, with limited investigation addressing error processing in 

state-like anxiety; namely, the induction of an anxious state.  

Moser, Hajcak, and Simons (2005) evaluated the effect of fear induction (i.e. an anxious state) on the 

amplitude of ERN in spider phobic undergraduates. Errors in a control condition were compared within 

person to errors under an anxiety induction condition in which a lab assistant would stand next to the 

participant holding the spider in their hands while the participant completed the task. It was found that 

although the participants reported high levels of distress under the anxiety induction condition, they 

performed similarly in accuracy, response time, and ERN amplitude. Other research inducing anxiety 

along with other emotions using music also failed to observe a significant effect of anxiety induction on 

the ERN (Larson, Gray, Clayson, Jones, & Kirwan, 2013). One key factor that the CEMH would argue 

could explain such findings is the extent to which the anxiety induction was actually effective for eliciting 

worry over and above simple anxious arousal. In fact, other research suggests that there is a potential 

impact of state worry/obsessions, in the form of intrusive thoughts, on the ERN at least in individuals 

with high levels of trait OC symptoms. Zambrano-Vazquez, Santerre, and Allen (in preparation) found 

that in individuals with high OC symptoms, an enhanced ERN was associated with greater discomfort 

caused by induced intrusive thoughts in individuals that attempted to suppress the thoughts rather than 

accept them. This study highlights the importance of investigating the interaction between trait and 

state worry to fully understand the underlying mechanisms that guide the relationship between anxiety 

and the ERN, and thus inform the current proposed theories for this relationship. This is what the 

current study sought to do.  

 

 



ERN and State/Trait Worry 15 
 

Current Study 

The current study investigated the effects of state anxiety on response monitoring, as measured by the 

ERN, through induction of an anxious state in individuals with diverse levels of trait anxious 

apprehension and obsessive compulsive symptomatology, in this way exploring the interaction between 

state and trait worry contribution to the ERN while at the same time further disentangling the specific 

continuous contribution of different symptoms (e.g. OC symptoms and worry) to the ERN effect. To do 

this, individuals with various levels of trait anxiety (e.g. worry and OC symptoms) completed a baseline 

flankers task and were then asked to think about personally relevant intrusive thoughts (i.e. specific 

worries or obsessions) for two separate5 minute periods followed by a second flankers task. This worry 

induction strategy has been used in previous research with success in eliciting higher levels of anxiety 

and worry as response to being confronted with “dreaded” stimuli (Lyonfields, Borkovec, & Thayer, 

1995).  However, to maintain the level of heighten intrusive thoughts/worries, when completing the 

response task participants were instructed to suppress their intrusive thoughts. Wegner, Schneider, 

Carter, & White (1987) conducted a series of experiments suggesting that although thought suppression 

is commonly used as a self-control strategy, it has a paradoxical effect increasing the occurrence or 

preoccupation that is aimed to prevent. For this reason, thought suppression was used as a way to 

sustain anxiety elicited by worrisome thoughts. By including induction of an anxious state through 

thought suppression, the study intended to clarify the mixed findings in the effects of state anxiety in 

the ERN and investigate the contribution and additive effect of state worry to the existing contribution 

of trait worry. It was hypothesized that an effect of state worry would be observed in an interaction with 

trait anxiety, so that high trait and state anxiety would lead to the greatest ERN amplitude followed by 

high trait and low state and/or low trait and high state relative to individuals with both low trait and 

state anxiety. Furthermore, in regard to specific continuous symptom contribution from worry and 

obsessive/compulsive (OC) symptoms on the ERN, it was hypothesized that replicating past research 
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worry would be identified as a better predictor of ERN amplitudes, explaining a greater proportion of 

the variance relative to OC symptoms. In this way, the study was in line with the new approach to 

research and classification of mental disorders, namely the RDoC project, through the use of the 

physiological and behavioral units of analysis investigating potential threat (e.g., anxiety) and response 

monitoring.   

RESEARCH DESIGN AND METHODS 

Participants 

The data were collected from 145 college students enrolled in an introductory psychology course at the 

University of Arizona.  Data from 22 participants were excluded from all the analysis due to recording 

errors, noisy data, bad mastoids, insufficient errors, and/or failing to meet full inclusionary criteria at 

both flankers tasks. Additionally, for similar reasons 11 participants lost data from one of the flankers 

task, however data from the other task were retained in the analysis. Overall data from 123 participants 

(62 females) were analyzed.  The sample had mean age of 19.16 (SD = 1.51) and was predominantly 

Caucasian (57.7% Caucasian; 13.8% Asian; 3.3% African American; .8% Pacific Islander; 18.7% other; 

5.7% preferred not to disclose). Approximately 35.7% of the sample self-identified as Hispanic. 

Participants were screened for no past history of head trauma, epilepsy, loss of consciousness, or 

current medications that alter natural brain activity (e.g. Adderall, Fluoxetine, Beta blockers). In order to 

understand the full spectrum of anxiety symptoms, the current study used a continuous rather than 

categorical approach utilizing measures that have been correlated with ERN amplitude in past research: 

the Obsessive-Compulsive Inventory (OCI-R) and Penn State Worry Questionnaire (PSWQ). Thus, to 

ensure that all the possible scores of the PSWQ in combination with those in the OCI-R are represented, 

participants were recruited using percentiles for the distributions of both OCI-R and PSWQ. These 

percentiles were calculated from a sample of approximately 5,000 college undergraduates in an 

introductory psychology course. For the OCI-R the percentiles were as follows: 20th percentile was 
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scores below 7, 40th percentile were scores below 12, 60th percentile were scores below 18, 80th 

percentile were scores below 27, and 100th above 27. In the case of the PSWQ, the percentiles were as 

follows: 20th percentile was scores below 36, 40th percentile were scores below 44, 60th percentile were 

scores below 52, 80th percentile were scores below 62, and 100th above 62. Participants were classified 

into one of the 25 possible combinations of OCI-R and PSWQ based on their responses to an initial 

screening conducted during an introduction to psychology course for partial course credit. They were 

contacted with a link to a website to complete the OCI-R and PSWQ a second time to ensure 

participants’ stability on their scores. Stability in scores is defined as falling within the same percentile 

combination (e.g., 20/20 to 20/20) or within one percentile difference (e.g., 20/20 to 20/40 or 40/20) 

from the initial screening. Although the combination of these percentiles was used for recruitment of 

approximately equal proportions in both genders (2 males and 2 females for each combination possible) 

and ensure a fairly balanced distribution in PSWQ and OCI-R scores, they were not further considered 

for analysis as distinct categories but rather as continuous measures. For purposes of additional 

information, Table 1 summarizes the number of participants recruited under each combination. Table 2 

summarizes mean and standard deviation of the different measures collected during recruitment.  

 

Table 1. Participants per different percentile combinations 

   PSWQ Percentiles 

    20 40 60 80 100 

O
C

I-
R

 
P

er
ce

n
ti

le
s 20 5 4 5 5 2 

40 3 6 8 5 5 

60 5 6 5 6 3 

80 4 6 5 6 7 

100 3 3 8 6 2 
a 

Frequency count of number of participants included in the analysis for each combination of Penn State 
Worry Questionnaire (PWSQ) and Obsessive-Compulsive Inventory-Revised (OCI-R). Percentiles represented the 
following scores: OCI-R 20

th
 <7, 40

th
 >7 and <12, 60

th
  >12 and < 18, 80

th
  > 18 and <27, and 100

th
 >27; PSWQ 20

th
 < 

36, 40
th

  >36 and <44, 60
th

  >44 and <52, 80
th

 >52 and< 62, 100
th

 >62. 
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Table 2. Clinical characteristics of the sample and correlations 

 PSWQ OCI-R MASQ-AA BDI 

Mean 48.73 17.24 29.38 6.61 

St Dev 12.1 10.33 8.87 5.99 

Range 16-77 1-46 17-60 0-33 

                        Correlations 

OCI-R 0.15    

MASQ-AA 0.14 0.30*   

BDI 0.35* 0.28* 0.45*  
b 

Mean scores, standard deviations, and range of responses are provided for measures completed by the 
participants: Penn State Worry Questionnaire (PWSQ), Obsessive-Compulsive Inventory-Revised (OCI-R), Mood and 
Anxiety Symptom Questionnaire- Anxious Arousal Scale (MASQ-AA),  and Beck Depression Inventory (BDI). The 
bottom section of the table presents correlations between the different measures. Significant correlations are 
noted by  *. 

 
Instruments 

Two instruments were used to determine eligibility for the study: OCI-R and PSWQ. The OCI-R has 18 

items that measure how much during the past month the individual has been distressed or bothered by 

obsessions and/or compulsions. The scores range from 0 to 72, with a clinical cutoff of 20. The OCI-R is a 

well validated and reliable instrument (Abramowitz & Deacon, 2006; Foa, Huppert, Leiberg, Langner, 

Kichic, Hajcak, & Sulkovskis, 2002; Hajcak, Huppert, Simons, & Foa, 2004). The PSWQ has 16 items that 

measure trait of worry by asking if and how much one typically worries in different situations. Its scores 

range from 16 to 80 with a clinical cutoff of 62 (Behar, Alcaine, Zuellig, & Borkovec, 2003; Startup & 

Erickson, 2006). The PSWQ has shown high validity, high internal consistency, and good test-retest 

reliability (Meyer, Miller, Metzger, & Borkevec, 1990).  Additionally a state worry questionnaire was 

created by adapting questions from the PSWQ into 11 state worry questions. This questionnaire ranged 

from 11 to 55. Although the Mood and Anxiety Symptom Questionnaire- Anxious Arousal Scale (MASQ-

AA) will not be used as part of the eligibility criteria, it was included as a measure of anxious arousal 

symptoms. It is a 17 item subscale from the MASQ that ranges from 17 to 85 and specifically measures 

somatic tension and physiological arousal. The MASQ-AA has been shown to be a reliable measure of 

anxiety symptoms that do not covary with depression (Watson et al., 1995). For this reason, the 
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inclusion of this measure allowed for a baseline measure of typical somatic and physiological arousal 

symptoms in our sample. Additionally, to have measurements of state anxious apprehension and 

arousal, the PSWQ and MASQ-AA were adapted to reflect the current state for use in assessing state 

anxiety during the laboratory visit and anxiety induction. The Beck Depression Inventory (BDI) was 

included as measure to further characterize the sample. The BDI is a 21 item questionnaire ranging from 

0 to 63 that screens the core and diverse symptoms of depression as well as the level of severity. It has 

been found to have high validity and reliability (Beck, Steer, & Garbin, 1988). 

Worry Induction and Thought Suppression 

Following the work of Lyonfields, Borkovec, and Thayer, (1995), prior to the beginning of the worry 

induction, the experimenter helped the participant identify their greatest areas of worrisome concern, 

as well as specific aversive thoughts related to these worries. The participant was then instructed to 

worry for five minutes about the identified greatest worrisome concerns using the aversive thoughts 

also identified. The participants were instructed to intensify the worry emotion as much as possible in 

the ways they typically worry about it (Thayer, Friedman, & Borkovec, 1996; York, Borkovec, Vasey, & 

Stern, 1987).  

After the worry induction, participants completed a second flankers task (see below). The former was 

similar to the first flankers task with the inclusion of questions prompting for level of worry between 

blocks a second worry induction period half way through the task and instruction to attempt to suppress 

their worrisome thoughts.  Literature suggests that contrary to its intended purpose, thought 

suppression increases to the presence and distress of intrusive thoughts. For this reason, thought 

suppression was used as a paradigm within the second flankers task to heighten intrusive thoughts, 

which are a primary feature of anxiety disorders (e.g. OCD and GAD), throughout the task (Marcks & 

Woods, 2005; Zambrano-Vazquez, Santerre, & Allen, n.d.). Marcks and Wood (2005) found that when 
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participants were confronted with personally relevant intrusive thoughts and attempted to suppress 

them, they would experience greater discomfort, principally if they had higher levels of trait anxiety. 

Additionally they found that greater discomfort due to intrusive thought was significantly correlated 

with increased levels of state anxiety.  These findings suggest that eliciting intrusive thoughts, perhaps in 

the form of a worrisome cognition that is personally relevant, followed by instructions to suppress the 

thoughts, would provide a useful experimental paradigm to induce and sustain worrisome thoughts in 

the laboratory setting leading to a heighten state anxiety. Thus, participants were encouraged to 

suppress all thoughts concerning their reported personally-relevant and salient worry. Before each of 

the eight blocks and the additional worry induction period, a question appeared on the screen asking 

the participant on a likert scale how worried they were about their identified worrisome concern during 

the block.   

Flankers Task 

The task that was used is a modified Erikson flankers task. This task was completed twice by the 

participants: once before worry induction and once following worry induction. The task used different 

letter strings for different blocks (i.e. MMNMM; FFEFF; QQOQQ; VVUVV; IITII). In each task, there were a 

total of 320 trials distributed in eight blocks each with 40 flanker/stimuli presented. Trials began with a 

100ms blank screen, followed by a fixation cross displayed for 700ms. The flanker stimulus replaced the 

fixation point and was presented for 135ms before the target letter to increase conflict. The entire string 

was presented for an additional 135ms and followed by a fixation cross for 600ms. Participants had 

1000ms to respond before negative feedback (“WRONG”) was presented.  No other feedback was 

provided. Each trial on this speeded response task required the participant to press one of two response 

buttons in order to identify the center letter in a string that is either congruent (i.e. MMMMM or 

NNNNN) or incongruent (i.e. NNMNN or MMNMM) from the flankers. Errors are likely to occur on 

incongruent trials due to increased response competition.  Following the methodology of Gründler and 
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colleagues (2009) to increase response conflict, the letter-hand mappings were reversed during 

consecutive block of same letter strings. During the instructions the participants were encouraged to 

respond with speed and accuracy, and self-correct as necessary. After the worry induction, a second 

flankers task was completed with the same number of trials but with different letter pairs, instructions 

of thought suppression and checks of ratings of the worry level. If participants had fewer than six error 

trials they were excluded from the analysis (Olvet & Hajcak, 2009). A total of 7 participants were 

excluded due to insufficient errors (3 had less than 6 errors in both flankers conditions, and 3 lost data 

from pre worry induction flankers and 1 from the post worry induction flankers).  

Procedure 

After consenting documents were explained and signed, participants were prepared for EEG recording 

(described in detail below), which took place in a sound attenuated room. A six minute resting baseline 

was then recorded immediately followed by the first flankers task after which participant completed an 

initial state anxiety measure. The participants then completed a five minute worry induction, after which 

state anxiety measures were collected. A second flankers task that encouraged thought suppression and 

included an additional worry induction period was then completed, followed by a final state anxiety 

measure. The participants then completed self-report questionnaires (i.e. BDI and demographic 

information) followed by a short interview to inquire more about anxiety disorders (i.e. Anxiety 

Disorders Section from Structured Clinical Interview for DSM Disorders; SCID-I). The participants were 

then debriefed and provided resources to cope with worry.  

EEG Recording 

Scalp voltage was measured using 62 Ag/AgCl electrodes in a stretch-lycra cap (ElectrodeArrays, El Paso, 

TX) referenced to a site between Cz and CPz using a Neuroscan Synamps2 system (Charlotte, NC).  

Additionally, two mastoid channels were recorded as well as separate bipolar channels for recording 
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horizontal and vertical eye movements.  EEG signals were amplified by a factor of 566016, recorded 

continuously in AC mode with bandpass filter (.5- 100 Hz), and sampled at 500Hz. All electrode 

impedances were kept under 10 kΩ.  

EEG Analyses 

User-identified bad segments and artifacts were first rejected and removed. Continuous data was 

filtered from 0.5-50 Hz using an optimal finite impulse response filter generated with custom matlab 

scripts (optFIR toolbox) based on the procedures described by Cook & Miller (1992). Bad channels were 

interpolated using spherical spline interpolation function within EEGlab toolbox.  Data were epoched 

(from 500ms prior to 1250ms post-response), baseline corrected with respect to the average voltage of 

the 100ms pre-response window. For each flankers task for each participant, an infomax independent 

components analysis was run using runica from the EEGLab toolbox (Delorme & Makeig, 2004). SASICA, 

an EEGLab toolbox plug-in, was used which incorporates algorithms employed by ADJUST and MARA for 

detection and rejection of ocular and other non-EEG artifact (Chaumon, Bishop, & Busch, 2015; Mognon 

& Buiatti, 2010; Winkler, Haufe, & Tangermann, 2011). The components identified as artifacts by SASICA 

were individually reviewed to check accuracy, and then removed. Next, the data was again filtered from 

0.5-15 Hz using the optFIR toolbox. An additional function was run for detection of artifacts within 

remaining epochs; the function checked for sudden shifts in voltage, high unexpected activity and 

flatlines or too little activity (Foti, Hajcak, & Dien, 2009). The data were then re-referenced to linked 

mastoids.  

Response-locked averages were created for correct and erroneous choices in the flanker task. Errors of 

omission, where participants fail to respond within the time limit, were not included in the analysis. 

Trough-to-peak measurements (trough: largest negativity within 0 to 120 ms, peak: largest positivity in 

the prior 0-80 ms) were taken to determine baseline-independent amplitudes by subtracting from the 
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amplitude of the negative peak (i.e. trough) the preceding positive peak. For this reason larger ERN 

amplitudes were represented by larger negative values. For these analyses sites Fz, FCz, and Cz were 

used, as these sites surround the typical location of the highest amplitude of the ERN. Difference wave 

forms (difference ERN; dERN) were created by subtracting the signal on correct trials from the elicited 

on erroneous trials. Results are presented in terms of amplitudes to correct trials (CRN), to incorrect 

(ERN), and to the difference waveform (dERN).  

RESULTS 

Worry Induction 

The effects of the worry induction paradigm were considered comparing the three state worry measures 

collected. The nlme package (Pinheiro, Bates, DebRoy, Sarkar, & R Core Team, 2015) in R statistical 

software version 3.1.2 was used to test all models presented. A general linear model was used to test 

whether there were any significant changes from before the worry induction (immediately after first 

flankers task) to after (immediately after worry induction and after second flankers task). Results 

showed that there was a significant difference between the three measures (F2,350= 11.81, p<.0001; Pre 

= 24.54 (7.68), Worry = 27.20 (7.68), Post= 22.57 (6.54)) with an increase in state worry relative to the 

time after worry induction (p=.005), but a decrease relative to post flankers (p=.04). This suggests that 

although the worry induction paradigm was effective in increasing state worry, its effect was not 

powerful enough to be sustained throughout the second flankers task. When separating the effects by 

sex, both males and females had a significant difference in state levels of worry with females having a 

significant increase after worry induction but not a significant decrease relative to second flankers, 

whereas males had a non-significant increase after worry induction and a significant decrease post 

flankers. Figure 1a plots the state anxiety for each time point for both males and females.  
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Additionally, to test the interaction between the worry induction paradigm and trait level of worry and 

OC symptoms a MLM model looked at centered PSWQ and OCI-R scores in two separate models and 

how they interact with state changes. A significant interaction between state and trait changes were 

found for PSWQ (F1,232= 8.89, p=.003; Figure 1B), but not for OCI-R (p=.85; Figure 1C). For worry, the 

interaction revealed an increase in state anxiety from first flankers task to after worry induction for 

those with Mean PSWQ scores (p<.0001) but not for those with low or high PSWQ scores. There was 

also a significant decrease in worry for those with high level of PSWQ (p<.001).  

Figure 1.State Anxiety Over Time and by Trait Anxiety 

 

d 
State anxiety reported after pre-worry flankers, worry induction, and post-worry flankers by sex(A), Penn 

State Worry Questionnaire (PWSQ) levels measured as Mean ± 1 SD (B), and Obsessive-Compulsive Inventory-
Revised (OCI-R) levels measured as Mean ± 1 SD (C). Significant comparisons are denoted with a bracket and *.  
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Further analysis were conducted on the smaller manipulation-check assessments asking participants 

prior to each of the eight blocks in the second flankers to rate their level of worry on a scale of 1 to 5. 

This also included a rating following the second 5-minute worry induction period that was included half-

way through the second flankers task. A significant decrease in worry was found throughout the task 

(F1,941= 19.87, p<.0001), with only a significant increase immediately after the second worry induction 

followed by a steady decline in worry for the remaining blocks. These results were consistent for both 

males and females and are depicted in Figure 2. 

Figure 2. Worry Reported During Flankers Task 

 

e 
Reported worry on a range of 1-5 prior to the beginning of each block in the second flankers task. Note 

that thus block 5 represents the time immediately after the second worry induction period. Effects are plotted by 
sex and overall sample. 

 

Taken together the results suggest that although the worry induction paradigm led to increases in state 

worry immediately after the induction, these effects were not sustained. Given that the effectiveness of 

the worry induction was an essential part of the paradigm, and measuring the difference between pre 

and post worry induction may not be representative of the level of worry during the second a flankers 

task, the sum of reported level of worry prior to each block was included as a measure of state worry in 
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model testing for ERPs2. In this way, the degree to which the induction was successfully sustained in the 

second flankers task was not overestimated. On average participants reported an overall worry of 

17.75/45 (SD= 5.58, possible range 9-45), with highest worry reported at the beginning of the task and 

immediately after the second worry induction as evidenced by Figure 2.  

Behavioral Flankers-task Effects 

The effect of the worry induction, gender, trait worry and OC symptoms on accuracy and response times 

were tested in a Mixed Linear Model (MLM), one for accuracy and one for response times, with the 

latter including a factor for response accuracy (error/correct). Results suggested there is a significant 

effect of worry induction on both accuracy and response times. Therefore, these are reported 

separately for pre and post worry induction. Prior to the worry induction, participants had 85.0% 

accuracy, a 13.9% error rate (approximately 44.4 errors on average) and a 1.1% nonresponse rate. The 

average response time for correct responses was 426.3ms (SD=46.2) and 388.1ms (SD=66.9) for 

incorrect responses. Post worry induction, there was a significant decrease in correct responses 

(F1,248=4.66,p=.032) and corresponding increase in incorrect responses (F1,248=4.78,p=.03). Furthermore 

there was significant decrease in reaction time for correct (F1,248=6.43,p<.012) trials with a non-

significant trend for error trails (F1,248=2.63,p=.11).  In the post worry flankers task, participants had an 

82.5% accuracy, 16.3% error rate, and 1.2% non-response rate. The average response time for correct 

responses was 410.9ms (SD=49.3) and 373.6ms (SD=73.6) for incorrect responses. There were no 

significant effects of gender, trait worry, and trait OC on accuracy, error rate, and response time.  

ERPs 

The effects of state versus trait anxiety on ERN amplitudes for correct (CRN) and incorrect (ERN) trials 

were examined, as well as the difference ERN (dERN: ERN-CRN). These models are conceptually the 

                                                           
2
 All the models presented below were also tested using the peak level of state worry reported during the second 

flankers tasks with identical results.  
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same with the inclusion of accuracy in the model for ERN/CRN and not for dERN. Models tested for the 

effect of worry induction (task: pre, post worry), two trait anxiety measures (OCI-R and PSWQ centered 

scores), state worry measure (sum of manipulation-check worry scores), sex, and site (Fz, FCz, Cz). 

Models for trait measures (PSWQ, OCI-R) were run separately. For both ERN and dERN measures, the 

different variables were added at different steps to test for improvements in model fit. The results for 

these sets of models are presented separately below. It was hypothesized that state worry would 

produce a significant increase in ERN amplitude (more negative values), in proportion to the magnitude 

of the state worry, and that this worry-related increase could interact with trait anxiety measures, 

namely PSWQ and OCI-R, such that highest trait and state worry would lead to the greatest 

enhancement in ERN amplitude. Thus interactions of interest would be a task by OC or task by PSWQ 

interaction, which would support the idea that ERN amplitudes are especially potentiated under state 

worry conditions in those with the greatest trait anxiety symptoms.  If the magnitude of state worry is 

important in influencing ERN amplitude, then a model adding the state worry magnitude should interact 

with the task effect.  Furthermore, it was expected that PSWQ would be a stronger trait predictor than 

OCI-R. Finally, although no hypotheses were made regarding sex differences, past literature may 

propose stronger effects for females relative to males.  

Prior to any analysis, data were screened for outliers and those with ERN amplitudes greater than 5 

standard deviations above/below the all-subject mean were excluded from further analysis. 

Additionally, trait and state measures were grand mean centered. State worry measure represented the 

total level of worry reported by participants during the second flankers task. Site was included in all 

models as a main effect but since its effects were not of interest for this study no further consideration 

was given. No interactions of site with any other variables were found. The waveforms from the correct 

trials, error trials, and their difference waveform from the central electrode site Cz before and after 
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worry induction are shown for response-locked ERPs in Figure 3. Scalp maps of the voltage distribution 

for difference waveforms are also presented.  

Figure 3. Response-locked Grand Average Waveforms and Headmaps across Task 

 

f
Figure 3. Response-locked grand average waveforms for correct and erroneous responses and the 

difference wave at Cz for Flankers task before and after worry induction. Scalp maps display the voltage 
distribution of the difference wave (70 ms) and are scaled from -1.2 to -8.4 μV.  

 

ERN 

The intraclass-correlation for the ERN across correct and error trials for the pre- and post-worry 

assessments was of 0.257 indicating that 25.7% of its variance can be attributed attributable to 

between-person with 74.3% attributed to within-person variations. For the model including PSWQ, the 

final model included Accuracy (Cor, Err), Task, State Worry and PSWQ since sex was not found to be 
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significant predictor at any level (See Table 3 for summary of model’s parameters).  A significant site (F1, 

1166= 9.62, β= .33, t= 3.12, p= .002) and Accuracy main effect were found (F1, 1166= 971.08, β= −5.40, t= 

−22.90, p< .0001) suggesting a larger (more negative) ERN amplitude at FCz relative to Cz and Fz, and for 

error relative to correct trials respectively. This main effect can be further qualified by several significant 

interactions including Accuracy by PSWQ by Task (F1, 1166= 5.18, β= −0.05, t= −1.90, p= .023) and Accuracy 

by PSWQ by State Worry (F1, 1166= 6.73, β= −0.001, t= −2.44, p= .001). Post-hoc analysis were run using 

least-squares means differences with a Tukey correction for multiple comparisons from the lsmeans 

package in R (Lenth & Herv, 2015).  For the Accuracy by PSWQ by Task, post hoc analysis revealed that 

although there were no differences between pre and post for correct trial regardless of the PSWQ level, 

the error trials had a trend towards a significant decrease in ERN magnitude for those with low (p=.12) 

and high (p=.10) PSWQ scores but not for those with mean PSWQ scores (See Figure 4A). Post hoc 

analysis for the Accuracy by PSWQ by State Worry interaction suggested that among those with mean 

levels of PSWQ there is a significant decrease in ERN magnitude for error trials with higher levels of 

reported state worry (High-Low, p=.05;High-Mean, p=.03; See Figure 4B).  The waveforms from the 

central electrode site Cz for correct and error trials before and after worry induction are shown for 

response-locked ERPs in Figure 5A. Head maps for correct and error trials are presented in Figure 6. The 

waveforms and head maps are presented as separated by level of PSWQ scores.   
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Table 3.  Parameters of the model testing PSWQ for ERN/CRN 

Parameter β S.E. β DF t-value p  

Intercept -2.58 0.32 1166 -8.10 0.000 *** 

Accuracy -5.40 0.24 1166 -22.90 0.000 *** 

Task -0.09 0.24 1166 -0.38 0.707  

State Worry 0.01 0.05 110 0.25 0.802  

PSWQ_gm 0.03 0.02 110 1.23 0.223  

Site 0.33 0.11 1166 3.12 0.002 ** 

Accuracy X Task 0.57 0.33 1166 1.70 0.090  

Accuracy X State Worry -0.02 0.04 1166 -0.46 0.645  

Task X State Worry -0.04 0.04 1166 -0.95 0.344  

Accuracy X PSWQ -0.01 0.02 1166 -0.73 0.467  

Task X PSWQ -0.02 0.02 1166 -0.78 0.435  

State Worry X PSWQ 0.00 0.00 110 0.34 0.738  

Accuracy X Task X State Worry 0.08 0.06 1166 1.33 0.184  

Accuracy X Task X PSWQ -0.05 0.03 1166 -1.90 0.057  

Accuracy X State Worry X PSWQ -0.01 0.00 1166 -2.44 0.015 * 

Task X State Worry X PSWQ 0.00 0.00 1166 -0.63 0.532  

Accuracy X Task X State Worry 
X PSWQ 

0.00 0.00 1166 0.86 0.392  

g 
The estimate of the fit of this model (logLik) = -1896.34; Accuracy: Correct or Error; Task: Pre or Post Worry 

Induction; State Worry: Sum of reported worry during 2
nd

 flankers, grand mean centered; PSWQ: Penn State Worry 
Questionnaire, grand mean centered. * p < .05. ** p < .01.*** p < .0001 
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Figure 4. Interaction Plot for Accuracy by Task by Penn State Worry Questionnaire (PSWQ) on ERN 

 

h 
Figure 4. (A) Interaction Plot for Accuracy by Task by Penn State Worry Questionnaire (PSWQ; Mean ± 1 SD). (B) 

Interaction plot for Accuracy by PSWQ by State Worry. Significant comparisons are denoted with bracket and *. 
Marginally significant comparisons are denoted with bracket and p-value. 
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Figure 5. Response-locked Grand Average Waveforms across Tasks by PSWQ level 

 

i
Figure 5. (A) Response-locked grand average waveforms for correct and erroneous responses at Cz for Flankers 
task before and after worry induction, separated by level of PSWQ (Mean ± 1 SD). (B) Response-locked grand 
average waveforms of the difference wave at Cz for Flankers task before and after worry induction, separated by 
level of PSWQ (Mean ± 1 SD).  
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Figure 6. Headmaps for Correct and Error Trials by PSWQ level 

 

j
Figure 6. Scalp maps display the voltage distribution of the highest amplitude of the difference wave (70 ms) and 
are scaled 3.3 to -6.3 μV (low), 3.1 to -6.1 μV (mean), 3.2 to -5.4 μV (high). Scalp maps for correct and error trials 
are presented for pre and post worry induction under each PSWQ level. 
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For the model including OCI-R, the final model included Accuracy (Cor, Err), Task, State Worry, OCI-R and 

sex (See Table 4 for summary of model’s parameters). A significant 4-way interaction of Accuracy by 

Task By OCI by Sex was found (F1, 1160= 8.72, β= 0.06, t=2.95, p= .003) for which post hoc analysis showed 

a significant increase in ERN magnitude for females with high OCI scores during error trials (p=.004), 

with marginal trend for males with high OCI scores but only for Correct trials. Additionally, marginal 

decreases in ERN magnitude were observed for females with low OCI scores during error trials (p=.06) 

and males with Mean scores of OCI (p=.07; See figure 7). A trend for this same pattern was observed for 

those with mean scores of OCI. Two significant 3-way interactions were also found Accuracy by Task By 

OCI (F1, 1160= 3.31, β= -0.17, t=-3.57, p= .0004), and Accuracy by OCI by Sex (F1, 1160=1.52, β=- 0.15, t=-

2.97, p= .003), but these are interpreted within the context of the former 4-way interaction.  The 

waveforms from the central electrode site Cz for correct and error trials before and after worry 

induction are shown for response-locked ERPs in Figure 8A, and for corresponding head maps in Figure 

9. The waveforms and head plots are separated by level of OCI scores.   

Given that the results observed thus far were in the opposite direction than predicted, additional 

analysis were conducted for the pre worry induction flankers testing  if the patterns typically observed in 

the literature were replicated. Unexpectedly, results suggested that neither PSWQ nor OCI scores 

predicted the ERN for the baseline flankers. Furthermore, sex was not a significant predictor of ERN 

even when interacting with trait anxiety. This suggests that the sample used in the study may not be 

representative of that typically used in the literature, since these expected basic effects were not 

replicated. The consequences of this are addressed within the discussion.  

Table 4. Parameters of the model testing OCI-R for ERN/CRN 

Parameter β S.E. β DF t-value p  

Intercept -2.42 0.42 1160 -5.76 0.000 *** 

Accuracy -5.31 0.35 1160 -15.39 0.000 *** 

Task -0.23 0.34 1160 -0.67 0.500  

State Worry 0.01 0.05 108 0.23 0.820  
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OCI_gm -0.03 0.04 108 -0.79 0.432  

Sex -0.33 0.53 108 -0.62 0.539  

Site 0.33 0.11 1160 3.11 0.002 ** 

Accuracy X Task 0.11 0.48 1160 0.24 0.812  

Accuracy X State Worry 0.00 0.04 1160 -0.02 0.981  

Task X State Worry -0.04 0.04 1160 -0.94 0.347  

Accuracy X OCI 0.06 0.04 1160 1.74 0.082  

Task X OCI 0.07 0.03 1160 1.88 0.061  

State Worry X OCI 0.00 0.01 108 -0.74 0.461  

Accuracy X Sex -0.01 0.48 1160 -0.02 0.980  

Task X Sex 0.56 0.48 1160 1.15 0.251  

OCI X Sex 0.09 0.05 108 1.69 0.094  

Accuracy X Task X State Worry 0.09 0.06 1160 1.46 0.146  

Accuracy X Task X OCI -0.17 0.05 1160 -3.57 0.000 ** 

Accuracy X State Worry X OCI 0.00 0.00 1160 0.34 0.737  

Task X State Worry X OCI 0.00 0.00 1160 -0.93 0.351  

Accuracy X Task X Sex 0.36 0.68 1160 0.53 0.598  

Accuracy X OCI X Sex -0.15 0.05 1160 -2.97 0.003 ** 

Task X OCI X Sex -0.11 0.05 1160 -2.37 0.018 * 

Accuracy X Task X State Worry 
X OCI 

0.01 0.01 1160 0.92 0.356  

Accuracy X Task X OCI X Sex 0.20 0.07 1160 2.95 0.003 ** 
k
The estimate of the fit of this model (logLik) = -1896.34; Accuracy: Correct or Error; Task: Pre or Post 

Worry Induction; State Worry: Sum of reported worry during 2
nd

 flankers, grand mean centered; OCI: Obsessive 
Compulsive Inventory Revised, grand mean centered. * p < .05. ** p < .01.*** p < .0001 

 

Figure 7.  

 

l 
Figure 7. Interaction Plot for Accuracy by Task by Obsessive Compulsive Inventory-Revised (OCI-R; Mean 

± 1 SD) by Sex.  

* 

p=.07 

p=.06 
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Figure 8. Response-locked Grand Average Waveforms across Tasks by OCI-R level 

 

m 
Figure 8. (A) Response-locked grand average waveforms for correct and erroneous responses at Cz for Flankers 

task before and after worry induction, separated by level of PSWQ (Mean ± 1 SD). (B) Response-locked grand 
average waveforms of the difference wave at Cz for Flankers task before and after worry induction, separated by 
level of PSWQ (Mean ± 1 SD).  
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Figure 9. Headmaps for Correct and Error Trials by OCI-R level 

 

n 
Figure 9. Scalp maps display the voltage distribution of the highest amplitude of the difference wave (70 ms) and 

are scaled from 2.1 to -5.2 μV (low), 3.1 to -6.1 μV (mean), 4 to -6.1 μV (high). Scalp maps for correct and error 
trials are presented for pre and post worry induction under each OCI-R level. 
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dERN 

The intraclass-correlation for the dERN across the pre- and post-worry assessments was of 0.455 

indicating that 45.5% of its variance can be attributed attributable to between-person with 54.5% 

attributed to within-person variations. For the model including PSWQ as a trait measure (See Table 5 for 

summary of model’s parameters), a significant Task by PSWQ interaction was found (F1, 550= 6.76, β= 

−.07, t= −2.89, p= .004). Like for ERN analysis, post hoc were conducted using least-squares means 

differences with a Tukey correction. The interaction suggested that there is a significant decrease in 

dERN magnitude (less negative amplitude) for those with Mean PSWQ scores (p=.013). Although this 

might not seem apparent from Figure 5B, it is important to note that this interaction is further 

characterized by a significant 3-way interaction between Task, State worry, and PSWQ (F1, 550= 9.35, β= 

−.012, t= −3.06, p= .002). Post-hoc analysis suggested that although under all levels of state worry a 

trend towards a decrease in dERN magnitude post worry induction existed, this was only significant for 

individuals that reported high state worry and moderate PSWQ score (p<.0001), with a trend for 

significance for those with low PSWQ scores under low (p=.14) and mean (p=.12) state worry.  

Nonetheless, a trend for an increase in dERN magnitude after the worry induction was observed for 

individuals with mean scores of both trait and state worry (p=.12; See Figure 10). Additionally, a 

marginally significant interaction between Task and Sex (F1, 550= 2.5, β= 1.01, t= 1.79, p= .07) was also 

found showing that the decrease in ERN magnitude was only significant for males.  Finally a Site main 

effect suggested largest ERN amplitude at CZ (F1, 550= 103.59, β= -1.71, t= -10.17, p< .0001). The 

waveforms from the central electrode site Cz are shown for response-locked difference ERN before and 

after worry induction in Figure 5B. The waveforms are presented as separated by level of PSWQ scores.  

Scalp maps of the voltage distribution for difference waveforms are presented corresponding to PSWQ 

level for before and after worry induction in Figure 11.  
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Table 5.  Parameters of the model testing PSWQ for dERN 

Parameter β S.E. β DF t-value p  

Intercept -4.08 0.59 550 -6.86 0.000 *** 

Task -0.03 0.39 550 -0.09 0.931  

State Worry 0.01 0.07 111 0.13 0.897  

PSWQ_gm 0.02 0.03 111 0.65 0.517  

Sex -1.42 0.75 111 -1.89 0.061  

Site -1.71 0.17 550 -10.17 0.000 *** 

Task X State Worry 0.04 0.05 550 0.77 0.441  

Task X PSWQ -0.07 0.02 550 -2.89 0.004 ** 

State Worry X PSWQ 0.00 0.01 111 -0.09 0.926  

Task X Sex 1.01 0.56 550 1.80 0.073  

Task X State Worry X PSWQ -0.01 0.00 550 -3.06 0.002 ** 
0 

The estimate of the fit of this model (logLik) = -1896.34; Task: Pre or Post Worry Induction; State Worry: 
Sum of reported worry during 2

nd
 flankers, grand mean centered; PSWQ: Penn State Worry Questionnaire, grand 

mean centered. * p < .05. ** p < .01.*** p < .0001 
 

Figure 10. Interaction Plot for Task by Penn State Worry Questionnaire on dERN 

 

p 
Figure 10. Interaction Plot forTask by Penn State Worry Questionnaire (PSWQ; Mean ± 1 SD) by State 

Worry. Significant comparisons are denoted by brackets and *, while marginal comparisons include p-values. 

 

 

* 

p= .12 

p= .12 

p= .14 
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Figure 11. Headmaps for dERN by PSWQ level  

 

q 
Figure 11. Scalp maps display the voltage distribution of the highest amplitude of the difference wave 

(70 ms) and are scaled from -1 to -8.8 μV. Scalp maps are presented for pre and post worry induction under each 
PSWQ level.  
 

When considering the effects of OC symptoms, the model revealed a main effect of Site (F1, 549= 102.37, 

β= -1.71, t= -10.11, p< .0001) and Sex (F1, 110= 1.83, β= -1.79, t= -2.41, p= .018), which suggested greater 

dERN magnitude for CZ and males respectively (See Table 6 for summary of model’s parameters). The 

latter interaction was further characterized by a Task by Sex interaction (F1, 549= 6.42, β= 1.39, t= 2.49, p= 

.013) for which males had a significant decrease in dERN magnitude after the worry induction task 

(p=.02). Additionally, a Task by OCI interaction was also found (F1, 549= 4.66, β= -.12, t= -2.96, p= .003) 

suggesting that although there were no significant differences between Task at any OCI level, individuals 

with High OCI scores had significantly greater dERN amplitudes during the baseline flankers relative to 
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those with low OCI scores. Nonetheless, all these effects should be interpreted with caution and under 

consideration of the two significant 3-way interactions found: Task by State worry by OCI-R (F1, 549= 3.88, 

β= −.011, t= −2.13, p= .034) and Task by OCI by Sex (F1, 549= 4.14, β= .115, t= 2.03, p= .042) which are 

plotted in Figure 12. Post hoc analysis for the Task by State worry by OCI-R interaction revealed that 

regardless of level of OCI, individuals that reported highest levels of state worry had the largest dERN 

magnitude post worry induction relative to those that reported low and mean levels of state worry 

(p=.06).  Regarding the Task by OCI by Sex, a significantly larger dERN magnitude was observed during 

the baseline flankers for both males and females (p<.0001) with high OCI-R scores relative to those with 

low OCI-R scores. Consistent with the former interaction, this suggests that those with high OCI-R scores 

had larger dERN even prior to the worry induction. Nonetheless, a significant increase in dERN 

amplitude from pre to post worry induction was not significant for these individuals regardless of their 

sex and level of state worry. The waveforms from the central electrode site Cz for different levels of OCI 

are plotted in figure 8B.  The response-locked difference ERN is presented before and after worry 

induction. Scalp maps of the voltage distribution for difference waveforms are also presented 

corresponding to OCI level for before and after worry induction in Figure 13.  

Table 6.  Parameters of the model testing OCI for dERN 

Parameter β S.E. β DF t-value p  

Intercept -3.93 0.60 549 -6.57 0.000 *** 

Task -0.31 0.40 549 -0.77 0.442  

State Worry -0.01 0.07 110 -0.12 0.902  

OCI_gm 0.03 0.05 110 0.59 0.554  

Sex -1.79 0.74 110 -2.41 0.018 * 

Site -1.71 0.17 549 -10.11 0.000 *** 

Task X State Worry 0.08 0.05 549 1.64 0.101  

Task X OCI -0.12 0.04 549 -2.97 0.003 ** 

State Worry X OCI 0.01 0.01 110 0.82 0.415  

Task X Sex 1.40 0.56 549 2.50 0.013 * 

OCI X Sex 0.04 0.07 110 0.49 0.628  

Task X State Worry X OCI -0.01 0.01 549 -2.13 0.034 * 

Task X OCI X Sex 0.12 0.06 549 2.03 0.042 * 
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r 
The estimate of the fit of this model (logLik) = -1896.34; Task: Pre or Post Worry Induction; State Worry: Sum of 

reported worry during 2
nd

 flankers, grand mean centered; OCI: Obsessive Compulsive Inventory Revised, grand 
mean centered. * p < .05. ** p < .01.*** p < .0001 

 

Figure 12. Interaction Plot for Task and Sex by Obsessive Compulsive Inventory-Revised on dERN 

 

s 
Figure 12. (A) Interaction Plot for Task by Obsessive-Compulsive Inventory (OCI-R; Mean ± 1 SD) by State 

Worry. (B) Interaction plot OCI-R by State Worry by Sex. 
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Figure 13. Headmaps for dERN by OCI-R level 

 

t 
Figure 13. Scalp maps display the voltage distribution of the highest amplitude of the difference wave (70 

ms) and are scaled from 1.2 to -9.5 μV. Scalp maps are presented for pre and post worry induction under each OCI-
R level.  

 

Like with the ERN results, additional analysis were conducted for the pre worry induction flankers 

testing if the patterns typically observed in the literature were replicated. Similarly to the results 

observed in the ERN, neither PSWQ nor OCI scores predicted the dERN for the baseline flankers. 

Nonetheless, sex was a significant predictor of dERN amplitude (F1, 112= 4.10, β= -1.65, t=- 2.03, p= .045), 

suggesting a larger dERN magnitude for males than females. Overall this provides further evidence 

suggesting a difference between sample used and that typically used in the literature. The reasoning 

behind these differences and consequences for interpretation are addressed within the discussion.  
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Finally, to examine whether there were unique contributions of worry or OC symptoms, as measured by 

the PSWQ and OCI-R respectively, on the ERN a hierarchical analysis examined their contributions to 

overall model (i.e., testing Task by State worry and Task by Sex and Site). The first model tested if OC 

symptoms added significant prediction above and beyond worry. This model suggested that there was a 

marginally significant effect of OC symptoms even after worry has been accounted for, with an 

improved model fit (ΔR2=.0158; F6,653=1.98, p=.066). The second model tested whether worry added 

significant prediction above and beyond OC symptoms. A significant improvement in model fit was 

found suggesting that worry accounts for a sufficient proportion of the variance beyond that accounted 

for by OC symptoms alone (ΔR2=.0184; F6,653=2.30, p=.033).  

DISCUSSION 

The purpose of the study was to investigate the interaction between trait and state anxiety on the 

response monitoring system, as measured by the ERN. For this reason a worry induction paradigm was 

included with the goal of increasing the levels of state anxiety for participants utilizing personally-

relevant worries. A significant effect of worry induction interactinwith trait anxiety was hypothesized so 

that high trait and state anxiety would lead to the greatest ERN amplitude followed by high trait and low 

state and/or low trait and high state relative to individuals with both low trait and state anxiety. In 

addition, the study sought to parse the differential contributions of anxious apprehension on the ERN, 

distinguishing between worry and obsessive/compulsive (OC) symptoms. Supporting the current 

literature, it was hypothesized that worry would be a significantly better predictor of ERN, explaining a 

greater proportion of the variance relative to OC symptoms alone (Moser et al., 2013; Zambrano-

Vazquez & Allen, 2014). 

The results suggested that the worry induction paradigm was effective in inducing higher levels of state 

worry; nonetheless, these effects were not sustained throughout the flankers task, limiting the ability to 

assess the interaction of trait anxiety and high levels of state anxiety on the ERN. The behavioral results 
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suggested that the worry induction possibly produced higher error rates and shorter response times for 

both correct and error trials during the second flankers task. However, given that participants 

completed the same task twice (with different letter pairs), with the second completion always following 

the worry induction, it is possible that such effect is not a direct result of changes in state anxiety, but 

rather of speeded responses due to practice effects which ultimately lead to a greater error rate.  

Analysis of ERN data failed to support the hypothesis expecting an ERN enhancement after the worry 

induction period. Instead across models the ERN and dERN appeared to show a decrease in magnitude 

after the worry induction period, contrary to what has been proposed by CEMH (Moser et al., 2013). 

Perhaps, as detailed below, the reduction in ERN amplitudes is a result of task disengagement and 

mental fatigue rather than due to the direct effects of the worry induction period (Boksem, Meijman, & 

Lorist, 2006; Luu et al., 2000). Nonetheless, results overall support an interaction between state and 

trait anxiety, but not specifically as predicted. For instance, for models considering trait worry, results 

suggested that differences in ERN amplitude for correct and error trials were predicted by the 

interaction of Task and PSWQ level, as well as the level of state worry during the second flankers task 

and PSWQ level. Although little variation was observed in correct trials regardless of the level of state 

and trait worry, individuals with high trait worry showed a trend towards smaller magnitude after the 

worry induction for error trials. Furthermore, results suggested that level of state worry has a significant 

impact on ERN amplitude for individuals with moderate levels of PSWQ, so that the greater the state 

worry level the smaller the ERN magnitude becomes. In other words, while the Task (Pre and Post) did 

not overall predict a difference for those with moderate levels of trait worry, it was possible to 

differentiate their overall ERN amplitude in error trials through the different levels of state worry. 

Similarly, the models focusing on dERN found that there was an overall trend for a decrease in dERN 

magnitude at most levels of PSWQ, but significantly so for participants with moderate PSWQ and high 

levels of state worry.  Interestingly, and more in line with original predictions, a trend for an increase in 
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dERN magnitude after the worry induction was observed for individuals with mean scores of both trait 

and state worry. Taken together, the results suggested that although a worry induction period may not 

automatically lead to an enhancement in ERN as initially expected, it may have a differential impact 

depending on its interaction with trait worry. As further discussed below, it is possible that moderate 

levels of trait and state worry are more consisted with samples recruited from the population at large 

thus observing similar effects. However, for those with low trait worry and overall task disengagement 

and mental fatigue/boredom occurs leading to diminished ERN amplitudes, with high worriers 

experiencing similar consequences in ERN amplitudes but as a result of engaging in alternative more 

meaningful worries and overall disengaging from the task. It is important to note that a marginal 

interaction between Task and Sex was also found suggesting that the worry induction effects suggesting 

a diminished dERN were only significant for males. This was not the case for analysis considering ERN 

amplitudes. 

In addition to significant interactions of state and trait anxiety, for models considering obsessive-

compulsive symptoms, sex was a significant predictor of both ERN and dERN amplitudes. Perhaps most 

consistently with current literature an increase in ERN was observed after the worry induction paradigm 

for females with high OC symptoms (Hajcak & Simons, 2002; Moran, Taylor, & Moser, 2012). 

Nonetheless, similar to the PSWQ findings, a marginal decrease in ERN magnitude was observed 

following the worry induction period for females with low OCI scores and males with Mean scores of 

OCI. Additionally, individuals with High OCI scores had significantly greater dERN amplitudes during the 

baseline flankers relative to those with low OCI scores, supporting previous literature findings. 

Surprisingly, however, those with average OCI-R scores showed the largest dERN amplitude, highlighting 

the importance of including the full range of OCI scores in studies of error monitoring among those with 

OC symptoms. Similarly, individuals that reported highest levels of state worry had the largest dERN 

magnitude within the post worry induction relative to those that reported low and mean levels of state 
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worry. Nonetheless, a significant increase in dERN amplitude from pre to post worry induction was not 

significant for these individuals regardless of their sex and level of state worry.  

These results are interpreted within the context of emerging theories explaining the relationship 

between anxious apprehension and the ERN, as well as considering potential limitations within the study 

design that reduced the effect of the worry induction period. Additionally, the differential contributions 

of worry and OC are considered, as well as how the overall findings fit to the research domain criteria 

project. 

Compensation vs. Motivation 

After their meta-analysis reviewing 37 studies, Moser and colleagues (2012) found further support that 

the anxious apprehension was more closely associated with an enhanced ERN relative to non-specific 

mixed forms of anxious symptoms. The conceptual framework by which authors interpreted these 

findings emphasized the interference that worry has on concentration. Additionally, they considered the 

fact that although enhanced ERN is associated with anxious states, it is not mirrored by behavioral 

performance. With this in mind, the CEMH was proposed suggesting that worry represents a cognitive 

load, which leads the individual to rely on a reactive control in an effort to maintain performance 

despite added demands; causing in turn an increase in stimulus processing when a mistake is made 

reflected by the ERN. The authors suggest that since the ERN is a result of tapped cognitive resources, 

worry induction should lead to added cognitive demand and thus an increase in reactive control to 

compensate for it, resulting in an enhanced ERN. As a support for this theory, several studies were 

identified in which cognitive demands during the task were increased (e.g., task switching, verbal 

working memory load) resulting in an enhanced ERN (Moser et al., 2013; Schroder, Moran, Moser, & 

Altmann, 2012).  The results of the current study, however, provided only limited support to this view. 

While presumably the cognitive load for participants in the second flankers task was increased along 

with higher levels of state worry and the instruction to suppress it, an overall blunted ERN response was 



ERN and State/Trait Worry 48 
 

observed after the worry induction period across most levels of trait and state worry. Several 

possibilities can account for this discrepancy. For instance, as observed from the worry induction 

paradigm manipulation check, state worry was not sustained for the entirety of the flankers task and 

therefore cognitive demands were reduced along with a need for reactive control and as a result ERN 

amplitudes. Moser and colleagues state that the ERN amplitude should increase in state worry induction 

to the degree that worry is in fact induced; therefore it is possible that the present findings result from 

the failure to maintain state worry. Although it is possible that the paradoxical intervention of thought 

suppression was not in fact paradoxical, and instead resulted in successful control of state worry, it can 

be argued that thought suppression itself should have served as an added cognitive demand for 

participants during this second task (Marcks & Woods, 2005; Nixon, Cain, Nehmy, & Seymour, 2009; 

Wenzlaff & Wegner, 2000). If the latter is true, it would follow that enhanced ERN amplitudes should be 

observed during this condition of high cognitive demands, which was not supported by the findings. 

Nonetheless, under very specific conditions the results were partially consistent with CEMH predictions. 

For instance, an enhanced ERN was observed after the worry induction period for females with high OC 

symptoms and marginally for participants with mean scores of both PSWQ and state worry. Additionally, 

higher levels of state worry were predictive of larger dERN amplitude in the second flankers task (but 

not relative to the baseline flankers). Rather than challenging the CEMH predictions, it is possible that 

the findings introduce another level of consideration: the interaction between anxious-apprehension in 

its trait versus state presentation. In other words, although CEMH is designed to explain larger ERNs in 

those with high trait anxious apprehension (e.g., high OC symptoms, mean PSWQ), it may not account 

for how state-related worry changes differentially impact the ERN in those with low trait worry. This is 

consistent with recent research comparing individuals with high and low social anxiety that completed a 

flankers task alone and under a social evaluation condition. Relative to completing the task alone, an 

enhanced ERN was found during social evaluation condition for high socially anxious individuals only 
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(Barker, Troller-Renfree, Pine, & Fox, 2015).  Similarly, past research has found that during a social 

evaluative threat in a stress math task, only participants with higher levels of self-reported emotionality 

showed an enhancement in ERN amplitude, with those reporting low emotionality experiencing 

reduction in ERN amplitude (Cavanagh & Allen, 2008).  

The findings suggest that although state worry can potentiate ERN amplitudes, its effect may 

circumscribed to individuals with high trait anxiety apprehension as measured through both PSWQ and 

OCI-R. Nonetheless, the CEMH and former findings do not fully account for why an enhanced ERN was 

observed for females with high OC scores regardless of level of state worry, whereas the enhanced ERN 

is only observed for those with moderate levels of trait and state worry, and not for those with high trait 

worry as found in literature to date (Moser et al., 2013; Weinberg et al., 2010; Zambrano-Vazquez & 

Allen, 2014). 

Alternatively, the results can be interpreted from a framework that highlights defensive motivational 

responses to threat rather than compensatory responses like worry (Proudfit et al., 2013). That is, 

although worriers are more sensitive to uncertainty and as a result rely on worry as a maladaptive 

coping strategy, it is the former that is related to the response monitoring system via the ERN 

amplitude. Proudfit and colleagues argue that this distinction can account for why enhanced ERN 

amplitudes are observed in those with sensitivity to uncertainty but may have not yet developed worry 

as a formal process for coping strategies, such as children (Meyer, Hajcak, Torpey, & Kujawa, 2013).  

Similar to the CEMH, this alternative model suggests that state worry may in fact enhance the ERN; 

however, rather than an added cognitive demand that will be compensated for with reactive control, 

the ERN would only increase to the degree that state worry affected the threat value of errors. This idea 

is further supported by studies in which the significance or personal relevance of making a mistake is 

increased; for instance, if errors are punished an enhancement in error-related neural activity is 

observed (Hester, Murphy, Brown, & Skilleter, 2010; Potts, 2011; Riesel, Weinberg, Endrass, Kathmann, 
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& Hajcak, 2012) . With this in mind, it can be argued that while the worry induction period may have in 

fact increased the level of state worry, such worries were not relevant or related to the task at hand, 

and therefore the threat value of errors, like the ERN, remained unchanged.  Moreover, it is possible 

that in comparison to the personally relevant worries participants endured, the errors of a flankers task 

seem insignificant, or have in a way lost the intensity of threat resulting thus in a diminished ERN. This 

could explain why high trait worriers did not have an enhanced ERN after worry induction, especially if 

at this point compared to their typical worries (e.g., school performance, family well-being, finances) 

errors in a psychology experiment for partial credit lost their intensity. For this reason, it may not be 

sufficient to worry about something personally-relevant to impact the ERN, but such worries may need 

to be related to the task at hand or to the specific errors committed, especially for those with low levels 

of trait worry who may have an increased capacity to dismiss worries, or high worriers that may be 

distracted by present worries. This could be tested if every time the participant made a mistake they 

had to be confronted by a threatening worry stimulus.  To a certain extent, the motivational model 

could explain the findings observed by Barker and colleagues (2015) where an enhanced ERN was found 

for high social anxiety individuals who completed a flankers task with a confederate in the room who 

was “evaluating” their performance by writing all their errors. Although no direct punishment was 

associated with error commission, participants who are highly socially anxious, and thus fear being 

judged, were likely to be more invested in not making a mistake given that a “peer” was observing their 

errors. In this way, the errors themselves were potentially more directly linked to state anxiety as a 

result of intensification of threat. Similarly, in research investigating stereotype threat an enhanced ERN 

amplitude was observed only among those who valued academic domain and believed that the flankers 

task was linked to intelligence, thus potentiating the significance of each error commission (Forbes, 

Schmader, & Allen, 2008). 
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Overall it appears that the results of the present study can be partially explained by both of these 

theories. However, the theory highlighting the role of motivation and sensitivity to threat, can better 

account for why the predicted effects were not observed in the majority of the sample (i.e., errors had 

no increased relevance). While the CEMH theory seems more consistent with the findings that suggest 

that only a subset of the sample (high OC females and moderate worriers with moderate state worry) 

experienced an enhanced ERN after the worry induction period, it does not fully account for why the 

effects were only observed for these individuals. The motivation theory may suggest that the worry 

induction period led to activation of sensitivity to threat and negative coping strategies in individuals 

who generally have a tendency to do so. By broadly increasing their level of distress, it is possible that 

negative outcomes are perceived as more aversive even if not related to the worries present, leading to 

the increases observed within these individuals only and not for the majority of the sample.  

Considerations and Limitations of the Study Design 

While the results can be interpreted within the context of these two theories, it is also possible that 

limitations of the study design account for some of the observed effects. For instance, although the 

sample was collected using a percentile combination to ensure a broad representation of different 

combinations of PSWQ and OCI-R scores,  this approach may have introduced peculiarities in the sample 

that are not representative of the population at large, reducing the correlation between PSWQ and OCI-

R in the present sample. Although a large proportion of the sample falls within somewhat congruent 

combinations of worry and OC symptoms (e.g., moderate worry and low/moderate OC; high OC and 

high worry) many participants were selected to represent rather rare combinations (e.g., high OC and 

low worry) were included in the analysis. This may explain why a supplemental analysis – focusing on 

baseline flankers only – failed to replicate findings from the literature, where no effect of trait anxiety 

was observed, and larger dERN amplitudes were observed for males rather than females as previous 
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literature has suggested (Moran et al., 2012)3.  Relative to this former point, it is also possible that the 

study’s attempt to recruit participants in a balanced sex ratio might have skewed the results given that 

the majority of research investigating the effects of ERN and anxiety has heavily relied on female 

samples. Although this is understandable given the greater proportion in which females experience 

anxiety disorders relative to males, the present results may be highlighting the importance to consider 

sex effects more closely. Relatedly, since the percentiles used for recruitment were calculated based on 

a pooled sample combining males and females, rather than those that might more accurately represent 

each gender, it is possible that although a female and a male participant can have same overall 

percentile combinations, they are actually representing different levels of overall anxiety relative to just 

males or just females. In other words, an additional bias may have been inadvertently included in the 

sample by assuming percentiles were identical across genders and interpreting their results within the 

same context of low, mean, and high worry across both genders. 

One additional possibility regarding the study design can be linked to the length of the experiment and 

the repetition of the same task. Completing the flankers task twice without a worry induction period 

would have allowed for a test of practice effects or overall level of task disengagement with time-on-

task, but the current study design was unable to test such possibility. However, speeded responses and 

increases in the number errors in the second flankers task may serve as evidence of such disengagement 

rather than as a result of worry induction. Past studies have found that even for participants with high 

negative affect who initially have high ERN amplitudes, disengagement from the task is associated with 

diminished ERN amplitudes (Luu et al., 2000). Similarly, research suggests that with increased mental 

fatigue across the task decreased ERN amplitudes and higher error rates are observed (Boksem et al., 

                                                           
3
 Although the recruitment procedure may partially account for failing to replicate past literature even under 

baseline periods, the same analysis were run using only participants with OCI-R and PSWQ scores within one 20
th

 
percentile bin from the other measure (and the correlation between PSWQ and OCI-R increased to .78).  Similar 
results were found, still not replicating the past literature.  



ERN and State/Trait Worry 53 
 

2006). This could explain why an overall decrease in ERN magnitude is observed for the present study. 

Furthermore, research suggested that dissatisfaction with performance, which can be more common in 

people characterized by negative affect or anxiety, could be partially responsible for task disengagement 

(Luu et al., 2000). Although some high trait anxiety (moderate PSWQ and high OCI) participants 

appeared to remain engaged throughout the experiment, as evidenced by enhanced ERN amplitudes, it 

is plausible that those who were better able to regulate their worry became more bored with the task 

more easily. Said differently, those who could better regulate their state worry disengaged from the task 

due to boredom, while those who could not regulate their worry were disengaged from the task 

because other worries were more relevant or salient.  

Another important consideration regarding the study design is that, as mentioned above, the worry 

induction period was not able to sustain state worry through the duration of the second flankers task. 

The paradigm used in the study had successfully been implemented in the literature, and even lead to 

immediate increases in state worry for the present study (Lyonfields et al., 1995; Thayer et al., 1996; 

York et al., 1987). Nonetheless, the possibility that the inability to sustain state worry is responsible for 

the results, calls for the use of novel paradigms that will ensure worry can be perpetuated for longer 

periods of time. This was the reason why the paradoxical thought suppression was included during the 

second flankers task. It is possible, however, this strategy was not successful or was differentially 

successful conditional on the level of trait worry or OC symptoms. For this reason, alternative means to 

maintain state worry should be explored (e.g., frequent reminders on the screen during the flankers 

task).  Additionally, a more comprehensive assessment of how thought suppression affects level of state 

worry is needed. 

Differential Symptom Contributions 

Another important purpose of the present study was to continue the investigation of differential 

symptom contributions to ERN across diagnoses. Particularly to the degree to which the ERN can be 
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used as unit of measurement for different levels of a negative valence systems (e.g., sustained threat), 

and potentially be identified as a biomarker or endophenotype of this system.  The RDoC project 

assumes that domains of functioning, like negative valence systems, can be represented by the activity 

of neural circuitry, and that dysfunction in such circuitry, which can be measured through clinical 

neuroscience, can lead to psychopathology (Cuthbert, 2014). A recent review, suggested that the ERN 

can be a useful unit of measurement to investigate three domains identified by RDoC: Cognitive Systems 

(Cognitive Control: Performance Monitoring), Negative Valence Systems (Sustained Threat), and Positive 

Valence Systems (Reward Learning; Weinberg, Dieterich, & Riesel, 2015). In regards to investigation of 

negative valence systems, the current literature supports the notion that worry or anxious apprehension 

is the dimension of anxiety most closely associated with ERN amplitudes (Moser et al., 2012, 2013; 

Zambrano-Vazquez & Allen, 2014). Similarly, hierarchical results of the current study provided some 

support to the hypothesis identifying worry as an important predictor over and above what can be 

accounted for by OC symptoms. Nonetheless, a marginal trend suggested that OC symptoms can explain 

something beyond what worry alone explains. Furthermore, although similar patterns were observed 

between the ERN, state worry, and trait worry or OC, the results also highlighted that each trait 

“symptom” of anxiety interacted with state worry differently to impact the ERN. For instance, in models 

testing OC contributions, sex continued to be a significant predictor, but not for PSWQ. Taken together, 

the results support Weinberg and colleagues view that the ERN interacts with different factors both 

cognitive and motivational, in the context of state and trait anxiety. Perhaps as discussed above, these 

findings can be understood by considering the level of sensitivity to threat; however, Weinberg and 

colleagues (2015) suggest that the field will need to continue investigating the interactions between 

domains to understand how and when they may causally affect the other.  

Conclusion 
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Overall the results do not provide unequivocal support to either of current theories that attempt to 

explain the relationship between ERN and anxiety. Interestingly, and contrary to predictions, the overall 

sample experienced a decrease in ERN amplitude over time. Given the challenges with the worry 

induction period not being sustained throughout the task, and the fact that worries did not increase 

level of threat associated with error commission, it is difficult to conclude whether the worry induction 

period had any meaningful impact on the ERN. Further analyses might profitably explore within-subject 

block-by-block relationships between ERN amplitude and state worry collected for that block, which 

might provide a more sensitive test of how state anxiety modulates error-monitoring processes within 

each person over time, and whether this modulation varies as a function of trait worry or OC symptoms.  

Future studies of individual differences in state worry should also address the limitations of the present 

study by: 1) ensuring the maintenance of state worry; and, 2) assessing the effects of task-relevant 

worry to determine if the significance of worries to the task at hand impact error-monitoring. Another 

important comparison condition in such studies would be to compare these worry-related 

manipulations to that increased cognitive load alone.  

Despite the unexpected findings and limitations of the worry induction, the present study highlights an 

important area of consideration in future research: the interaction between trait and state anxious 

apprehension. The results indicated state worry does not affect individuals with different levels of trait 

anxiety in the same way. Moreover, while anxious apprehension has been identified as the dimension of 

anxiety most closely associated with the ERN, the present study suggests that even within this 

dimension (e.g., worries and obsessions) state worry may differentially interact with diverse symptom 

domains.  

Additionally, beyond continuing to provide support that the ERN is a useful tool for the investigation of 

systems such a negative valence, positive valence, and cognitive control, the current study provided 

preliminary evidence of how the interaction between trait and state anxiety may impact the underlying 
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mechanisms believed to be at work. Recent theories have emphasized the role of worry as a 

compensation strategy or as a result of increased sensitivity to uncertainty. While the study investigated 

a degree of shared components in anxiety symptoms, namely anxious apprehension, it suggested that 

even within these shared components, anxiety may not simply work as an added level of cognitive 

interference. Instead, it is affecting response monitoring systems and adaptability to environment via a 

sensitivity to uncertainty or threats (e.g., “What if I make this mistake?”, “What if I didn’t lock the 

door?”) and their potential for consequences. This knowledge contributes to the continued 

development of the RDoC matrix, but furthermore, it raises important considerations in our approach to 

treatment strategies. If sensitivity to uncertainty alters how individuals respond to their environment, 

then such sensitivity can be further emphasized as a targeted area of treatment. For instance, thought 

monitoring strategies that center around this sensitivity and developing coping strategies that may not 

be an additional cognitive demand but rather reframe the context in which errors are perceived (e.g., 

acceptance-based strategies).  In this way, as we continue expanding our understanding of the 

relationship between sustained threat (anxiety) and its diverse units of measure, we will need to turn 

our focus to its interaction with other related domains; adapting, thus, the shape of the RDoC matrix to 

account for moderation and mediation effects, as well as subcategories within these domains, such as 

state vs. trait considerations. By doing this, research can remain in line with RDoC ultimate goal of 

integrating the findings and developing an empirically informed diagnostic classification system that 

guides the development of novel treatment strategies.  
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