
 

 

 
 

 
 
 
 
 
 

Emotional Context and Error Monitoring in Generalized Anxiety Disorder 
Samantha Berthod1, Akeesha Simmons2, Laura O’Toole1, Douglas Mennin2,1 & Tracy A. Dennis2,1 

1The Graduate Center, The City University of New York, 2Hunter College, The City University of New York  

DISCUSSION 

INTRODUCTION 

REFERENCES 

METHOD 
Participants 
• Participants were 40 individuals (32 female), aged 18-35 (M = 22.83, SD = 

5.44). Nineteen participants met criteria for GAD (16 female; MAGE = 23.37, SD 
= 6.08) and 21(16 female; MAGE = 22.33, SD = 4.90) were age-matched control 
participants. All GAD participants were medication free. 

  
Emotional Faces 
• Faces of 16 actors portraying angry and neutral expressions were shown for a 

total of 32 face stimuli (Tottenham et al., 2009). Each face stimulus was shown 
45 times. 

 
Modified Flanker Task 
• A modified flanker task was used for this study. This task requires the participant 

to identify the direction (right or left) of the central arrow that is flanked by 
either four arrows facing the same direction (congruent trial) or the opposite 
direction (incongruent trial). In addition, this study used facial primes (angry and 
neutral) and had no face trials.  

• The task was a total of 3 blocks (no face, neutral face, angry face), with 480 
trials per block. In order to avoid carryover effects from the angry condition, the 
order of experimental blocks was not counterbalanced. Two hundred and forty of 
the trials in each block displayed congruent flankers while 240 trials displayed 
incongruent flankers. Eighty practice trials preceded the first block with an 80% 
accuracy score necessary to begin the experimental blocks.  

• RTs and accuracy data were recorded. Trials with RTs faster than 200 ms and 
longer than 800 ms  after flanker presentation were excluded from analyses.  

 
 

• Independent samples t-tests confirmed that the GAD group had higher scores for 
GADQ [MGAD = 10.18, SD = 1.32 vs. MCONTROL = 4.69, SD = 4.69; t(38) = -7.48, 
p < .001], PSWQ [MGAD = 63.84, SD = 12.46 vs. MCONTROL = 43.91, SD = 11.50; 
t(38) =  -5.26, p <.001], STAI state [MGAD = 43.26, SD = 13.08 vs. MCONTROL = 
33.62, SD = 11.20; t(38) = -2.51, p = .02], and STAI trait [MGAD = 51.68, SD  = 
9.67 vs. MCONTROL = 39.81, SD = 9.81; t(38) = -3.85, p < .001].  

 
EEG Recording and Analysis 
• EEG activity was recorded during the passive viewing and cognitive reappraisal 

tasks via BioSemi 64 Ag/AgCl scalp electrodes, sampled at 512 Hz and amplified 
with a band pass of 0.16-100 Hz. Eye movements were monitored by 
electrooculogram (EOG) signals. 

• Using Brain Vision Analyzer, data were referenced offline to the average of the 
entire scalp and filtered with a low-cutoff frequency of .1 Hz and a high-cutoff 
frequency of 30 Hz. Stimulus-locked data to faces were segmented into epochs 
from 200 ms before stimulus presentation to 600 ms after stimulus onset, with a 
200 ms baseline correction. Response-locked data were segmented for each trial 
beginning at 200 ms before each response onset to 1000 ms after stimulus onset. 
The 200 ms window from -200 ms to 0 ms prior to response onset was used as 
the baseline.  

• Following ocular correction (Gratton & Coles, 1983), artifacts were identified 
using the following criteria and removed from analyses: data with voltage steps 
greater than 50 µV, changes within a given segment greater than 300 µV, and 
activity lower than .5 µV per 100 ms. 

• ERPs were quantified as: the N170 was calculated as the mean amplitude 
between 130 ms and 180 ms at P9 and P10, to measure differences in processing 
angry and neutral faces. The ERN was calculated as the mean amplitude between 
10 ms and 50 ms at FCz. The Pe was calculated as the mean amplitude between 
140 ms and 340 ms at Cz.  

HYPOTHESES 
1. Emotional stimuli, particularly threat-relevant faces, will disrupt performance 

(reduce accuracy) in the GAD versus control group 
2. The GAD versus control group will show increased ERN/Pe amplitudes to correct 

trials, particularly in the threat-relevant angry face condition, suggesting 
indiscriminant error monitoring. 

RESULTS 
Hypothesis 1: Threat-relevant faces will disrupt task performance in the GAD 
versus control group 
A 3 (Condition: no, neutral, angry) x 2 (Group: GAD, control) mixed-design 
factorial ANOVA was conducted for the number of correct responses made on 
incongruent trials. There was a significant Condition x Group interaction, F(2, 76) = 
3.22, p = .046, ƞ2 = .08. Pairwise comparisons revealed that the control group (M = 
218.29, SD = 17.47) made significantly more correct responses in the neutral face 
condition compared to the GAD group (M = 198.42, SD = 34.18), p = .02.  This 
same effect was significant in the angry condition (MCONTROL = 218.67, SD = 12.64 
vs.  MGAD = 195.32, SD = 35.33; p = .01). Thus, disrupted performance was 
evident in the GAD group for both neutral and angry faces. 
 
 
 

Figure 1. Experimental Procedure of an Angry Face Congruent Trial 

 
Figure 2. The control  group made significantly more correct responses on 

incongruent trials in the neutral and angry face conditions compared to the 
GAD group. However, the groups did not perform differently in the no face 

condition.  

 
N170 
Exploratory analyses examined whether the GAD group differed from the 
control group in the processing of angry and neutral faces. A 2 (Condition: 
neutral, angry) x 2 (Group: GAD, control) mixed-design factorial ANOVA was 
conducted for N170 amplitudes. There was a significant Condition x Group 
interaction, F(1,38) = 5.70,  p = .02, ƞ2 = .13. Pairwise comparisons revealed that 
N170 amplitudes became significantly more negative from the neutral (M = -2.74, 
SD = 3.39) to the angry (M = -3.43, SD = 3.57) condition for the control group (p = 
.01). However, the difference between N170 amplitudes in the neutral (M = -3.67, 
SD = 2.82) and angry (M = -3.52, SD = 2.48) conditions was not significant for the 
GAD group (p = .54).  This suggests that the introduction of both ambiguous and 
angry faces recruited similar cognitive resources. 
 
 

Generalized Anxiety Disorder 
• The Standard Clinical Interview for DSM Disorders (SCID-I/P; First, Spitzer, 

Gibbon, & Williams, 2002) was used to identify participants with elevated 
anxiety levels who met criteria for Generalized Anxiety Disorder (GAD). The 
SCID is a semi-structured interview that assesses the presence and severity of 
DSM-IV defined mental disorders. Participants who met criteria for current 
GAD (with or without current Major Depressive Disorder or dysthymia) as well 
as those who did not meet criteria for any anxiety or mood disorders on the 
SCID were included. 

Anxiety Measures 
• In addition to the SCID, paper-based questionnaires were given to assess 

differences in self-reported levels of anxiety and worry for each group. These 
measures included the Penn State Worry Questionnaire (PSWQ; Meyer, Miller, 
Metzger, & Borkovec, 1990), Generalized Anxiety Questionnaire (GAD-Q-IV; 
Newman, Zuellig, Kachin, Constantino, & Cashman, 2002), and the State-Trait 
Anxiety Inventory (STAI; Spielberger, 1983). 

 

Figure 3. In the control group, N170 amplitudes were significantly more 
negative to angry versus neutral faces (left panel); N170 amplitudes did not 

differ between face types for the GAD group.  

 

In addition, the interaction of Correctness x Group was marginally significant, 
F(1,36) = 3.47, p = .07, ƞ2 = .59.  
 
In order to follow up this trend seen in the Correctness x Group interaction, the 
neutral and angry face conditions were analyzed separately from the no face 
condition. 
 
First, a univariate ANOVA for the no face condition was conducted with Pe 
amplitudes on no face incongruent incorrect trials. Results were not significant, 
F(1,36) = .63, p = .43. 
 
Then, a 2 (Condition: neutral, angry) x 2 (Correctness: correct, incorrect)  x 2 (Group: 
GAD, control) mixed-design factorial ANOVA was conducted for Pe amplitudes. 
There was a significant Correctness x Group interaction, F(1,36) = 4.30, p = .045, ƞ2 

= .11. Pairwise comparisons revealed a pattern of elevated Pe amplitudes on correct 
trials in the GAD group. For correct trials, Pe amplitudes were significantly more 
positive in the GAD group (MGAD = 3.27, SD = 2.75) compared to the control group 
 (MCONTROL = .81, SD = 2.93), p = .02. Additionally, in the control group Pe 
amplitudes were significantly more positive on incorrect trials (M = 5.08, SD = 3.83) 
compared to correct trials (M = .81, SD = 2.93), p < .001. However, in the GAD 
group, Pe amplitudes on incorrect trials (M = 4.85, SD = 3.78) were not significantly 
more positive compared to correct trials (M = 3.27, SD = 2.75), p = .09. Between-
group differences in Pe amplitudes on incorrect trials did not reach significance.  
 

 
 
 
Hypothesis 2: The GAD versus control group will show increased ERN/Pe 
amplitudes to correct trials, particularly in the threat-relevant angry face 
condition, suggesting indiscriminant error monitoring.  
 
ERN 
First, a 3 (Condition: no, neutral, angry) x 2 (Correctness: correct, incorrect) x 2 
(Group: GAD, control) mixed-design factorial ANOVA was conducted for ERN 
amplitudes. As expected, there was a main effect of Correctness, F(1,36) = 51.33,  
 p < .001, ƞ2 = .59. Overall, pairwise comparisons revealed that ERN amplitudes were 
significantly more negative on incorrect (M = -4.95, SD = 2.91) versus correct trials 
(M = -1.74, SD = 2.49), p < .001.  No other significant effects emerged. 
 
Pe 
A 3 (Condition: no, neutral, angry) x 2 (Correctness: correct, incorrect) x 2 (Group: 
GAD, control) mixed-design factorial ANOVA was conducted for Pe amplitudes. 
There was a main effect of Condition, F(2,72) = 3.49,  p = .04, ƞ2 = .09. Pe amplitudes 
were significantly larger in the neutral condition (M = 3.65, SD = 3.32) and angry face 
condition (M = 3.36, SD = 2.92) compared to the no face condition (M = 2.57,  
SD = 3.10; p = .02 and p = .03, respectively). There was also a main effect of 
Correctness, F(1,36) = 28.41,  p < .001, ƞ2 = .44 showed that, as expected, Pe 
amplitudes were significantly larger on incorrect (M = 4.73, SD = 3.63 ) compared to 
correct trials (M = 1.67, SD = 2.86), p <  .001. 
 
 

Figure 4. Pe amplitudes to correct trials were significantly elevated across the 
neutral and angry face conditions in the GAD versus control group.  

Figure 5. In the control group, the Pe was significantly more positive on 
incorrect trials compared to correct trials (left panel). In the GAD group, Pe 

amplitudes on correct and incorrect trials did not differ significantly.  
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• Generalized anxiety disorder (GAD) is characterized by excessive worry. 
According to the cognitive avoidance model of GAD (Borkovec, Alcaine, Behar, 
Heimberg, Turk, & Mennin, 2004), the frequent use of worry serves the function 
of reducing physiological experiences of anxious arousal. This chronic 
expenditure of cognitive resources, however, is likely associated with a range of 
neurocognitive and performance abnormalities, but these remain poorly 
understood.  

• One neurocognitive system that may be dysregulated in GAD is response 
monitoring (Etkin, Prater, Hoeft, Menon, & Schaftzberg, 2010; Etkin, Prater, 
Schatzberg, Menon, & Greicius, 2009; Paulesu, Sambugaro, Torti,  et al., 2010). 
For example, Paulesu and colleagues (2010) found that following a worry 
induction, GAD patients were unable to normalize activation of the anterior 
cingulate cortex, which underlies response monitoring. This suggests reduced 
flexibility and sensitivity of the response monitoring system. 

• Scalp-recorded event-related potentials have been used to examine response 
monitoring in GAD. The error-related negativity (ERN) is thought to reflect the 
relatively early and automatic detection of errors (Falkenstein, Hohnsbein, 
Hoormann, & Blanke, 1991b), whereas the error positivity (Pe) is thought to 
index more in-depth error recognition and salience processing (Falkenstein 
Hoorman, & Blanke, 2000; Nieuwenhuis, Ridderinkhof, Blom, Kok, 2001).  

• Studies examining GAD and error-monitoring ERPs primarily document 
hypermonitoring of errors as measured by larger ERNs to errors, although few of 
these studies examined GAD as a diagnostic entity (Weinberg, Olvet & Hajcak, 
2010; Weinberg, Klein & Hajcak, 2012). In contrast, Xiao and colleagues (2011) 
failed to find enhanced ERNs in a GAD sample. Findings on the association 
between GAD and Pe are inconclusive.  

• Because emotional stimuli signifying threat or ambiguity heighten anxious 
arousal (Compton, Carp, Chaddock, Fineman, Quandt, & Ratliff, 2007; Mathews 
& MacLeod, 1994; Mathews & MacLeod, 2002) the presence of these stimuli 
may amplify disruptions in error monitoring associated with GAD. This 
hypothesis has received relatively scant empirical attention (Etkin et al., 2010). 

• Nitschke et al. (2009) provide further support for the hypothesis that GAD is 
associated with inflexible or indiscriminant responses, particularly in emotional 
contexts. They found greater bilateral dorsal amygdala activation to both aversive 
and neutral stimuli compared to controls indicating indiscriminant response 
patterns and a heightened anticipation of negative outcomes.  

• If the response monitoring system shows reduced flexibility and sensitivity in 
GAD, then this might be most clearly indicated by indiscriminant recruitment 
of error monitoring. Accordingly, we tested the novel hypothesis that GAD 
would be associated with greater ERN and Pe amplitudes to errors and correct 
responses.  We predicted that this indiscriminant error monitoring would be 
amplified in the context of threat-relevant and ambiguous stimuli (angry and 
neutral faces) relative to a non-emotional condition. 

 

• The ERN and Pe were examined in non-emotional, ambiguous, and threat-relevant 
contexts in order to evaluate disruptions in response monitoring associated with 
GAD. 

• As predicted, neutral and angry faces specifically disrupted performance in the 
GAD versus control group. The control group made significantly more correct 
responses on incongruent trials in both the neutral and angry face conditions. 
Performance did not differ between groups on the no face condition. 

• In addition, the GAD versus control group showed blunted sensitivity of ERP 
responses to angry versus neutral faces, suggesting hyper-responsivity to these 
social-affective cues. That is, in the control group, N170 amplitudes were 
significantly more negative on angry face compared to neutral face trials. 
However, this difference was not significant in the GAD group.  

• Consistent with predictions, the GAD versus control group showed increased Pe 
amplitudes to correct trials across neutral and angry face conditions. This effect 
was not significant in the no face condition. Furthermore, the Pe was significantly 
larger on incorrect trials compared to correct trials in the control group but not in 
the GAD group.  

• Contrary to predictions, there were no significant group differences in the ERN.  
• Collectively, our findings highlight the impact of emotional context on more 

elaborate stages of error monitoring in GAD. Our results support other recent ERP 
findings looking at the P1and LPP in GAD that suggest an early hypervigilance to 
emotional pictures followed by a failure to adjust and tune responses as content 
changes (Weinberg & Hajcak, 2011).  

• Taken together, the present findings suggest dampened sensitivity to emotional 
context and hyper-monitoring/reduced discrimination of error monitoring in the 
GAD group. 

 
Borkovec, T. D., Alcaine, O. M., Behar, E., Heimberg, R. G., Turk, C. L., & Mennin, D. S. (2004). Avoidance Theory of Worry and Generalized 

Anxiety Disorder. In Generalized anxiety disorder: Advances in research and practice. (pp. 77-108). New York, NY, US: Guilford Press. 
Compton, R. J., Carp, J., Chaddock, L., Fineman, S. L., Quandt, L. C., & Ratliff, J. B. (2007). Anxiety and error monitoring: Increased error 

sensitivity or altered expectations? Brain and Cognition, 64, 247-256. 
Etkin, A., Prater, K. E., Schatzberg, A. F., Menon, V., & Greicius, M. D. (2009). Disrupted amygdalar subregion functional connectivity and evidence 

of a compensatory network in generalized anxiety disorder. Archives of General Psychiatry, 66, 1361-1372. 
Etkin, A., Prater, K. E., Hoeft, F., Menon, V., & Schatzberg, A. F. (2010). Failure of anterior cingulate activation and connectivity with the amygdala 

during implicit regulation of emotional processing in generalized anxiety disorder. American Journal Of Psychiatry, 167, 545-554. 
Falkenstein, M., Hohnsbein, J., Hoormann, J., & Blanke, L. (1991b). Effects of crossmodal divided attention on late ERP components: II. Error 

processing in choice reaction tasks. Electroencephalography & Clinical Neurophysiology, 78, 447-455. 
Falkenstein, M., Hoormann, J., Christ, S., & Hohnsbein, J. (2000). ERP components on reaction errors and their functional significance: A tutorial. 

Biological Psychology, 51, 87-107. 
First, Michael B., Spitzer, Robert L, Gibbon Miriam, and Williams, Janet B.W.: Structured Clinical Interview for DSM-IV-TR Axis I Disorders, 

Research Version, Patient Edition. (SCID-I/P) New York: Biometrics Research, New York State Psychiatric Institute, November 2002. 
Gratton, G., Coles, M., & Donchin, E. (1983). A new method for off-line removal of ocular correction. Electroencephalography and Clinical 

Neurophysiology, 55(4), 468-484. 
Mathews, A., & MacLeod, C. (1994). Cognitive approaches to emotion and emotional disorders. Annual Review of Psychology, 45, 25-50. 
Mathews, A., & MacLeod, C. (2002). Induced processing biases have causal effects on anxiety. Cognition & Emotion, 16, 331-354. 
Meyer, T., Miller, M., Metzger, R., & Borkovec, T. (1990). Development and validation of the Penn State Worry Questionnaire. Behavior, Research, 

and Therapy, 28(6), 487-495. 
Newman, M. G., Zuellig, A. R., Kachin, K. E., Constantino, M. J., Przeworski, A., Erickson, T., et al. (2002). Preliminary reliability and validity of 

the Generalized Anxiety Disorder Questionnaire-IV: A revised self-report diagnostic measure of generalized anxiety disorder. Behavior 
Therapy, 33, 215-233. 

Nieuwenhuis, S., Ridderinkhof, K., Blom, G., Kok, A. (2001). Error-related brain potentials are differentially related to awareness of response errors: 
evidence from an antisaccade task. Psychophysiology, 38(5), 752-760. 

Nitschke, J., Sarinopoulos, I., Oathes, D., Johnstone, T., Whalen, P., Davidson, R., & Kalin, N. (2009). Anticipatory Activation in the Amygdala and 
Anterior Cingulate Cortex in Generalized Anxiety Disorder and Prediction of Treatment Response. The American Journal of Psychiatry, 
166(3), 302-310. 

Paulesu, E., Sambugaro, E., Torti, T., Danelli, L., Ferri, F., Scialfa, G., Sberna, M., Ruggerio, G., Bottini, G., & Sassaroli, S. (2010). Neural 
correlates of worry in generalized anxiety disorder and in normal controls: a functional MRI study. Psychological Medicine, 40, 117-124. 

Spielberger, C. D. (1983). State-trait anxiety inventory manual. Redwood City, CA: Mind Garden, Inc.  
Tottenham, N., Borscheid, A., Ellersten, K., Marcus, DJ., & Nelson, C.A. (2002). Categorization of facial expressions in children and adults: 

establishing a larger stimulous set. In: Paper presented at the Meeting at Cognitive Neuroscience Society, San Francisco April. 
Weinberg, A., Olvet, D., Hajcak, G. (2010). Increased error-related brain activity in generalized anxiety disorder. Biological Psychology, 85(3), 472-

480. 
Weinberg, A., Hajcak, G. (2011). Electrocortical evidence for vigilance-avoidance in Generalized Anxiety Disorder. Psychophysiology, 48, 842-851. 
Weinberg, A., Klein, D., Hajcak, G. (2012). Increased Error-Related Brain Activity Distinguishes Generalized Anxiety Disorder With and Without 

Comorbid Major Depressive Disorder. Journal of Abnormal Psychology, 121(4), 885-896. 
Xiao, Z., Wang, J., Zhang, M., Li, H., Tang, Y., Wang, Y., Fan, Q., & Fromson, J. (2011). Error-related negativity abnormalities in generalized 

anxiety disorder and obsessive-compulsive disorder. Neuro-Psychopharmacology & Biological Psychiatry, 35, 265-272. 
 

Acknowledgement. This research was supported by National Institutes of Health (NIH) Grants 5T34 GM007823, 5K01 MH075764, RR03037 from 
the National Center for Research Resources (NCRR), and the Doctoral Student’s Research Grant #7 from The Graduate Center, CUNY. 

Contact information: Tracy Dennis, tracy.dennis@hunter.cuny.edu 
Society for Psychophysiological Research (SPR) Annual Conference, October 2013, Florence, Italy 

 
 


	Slide Number 1

