
Effects of post-error arousal on cognitive control: Adaptive or maladaptive?
Rebecca Compton, Marc Jaskir, & Jianing Mu 

Department of Psychology, Haverford College, Haverford PA, 19041

MethodsResearch Question
Simultaneous EEG and eye-tracking 
during a spatially-cued reverse Stroop task. 

8 blocks of 72 trials = 576 trials total
n = 55 undergraduates (28M, 24F, 3O) 

Funding: NSF RUI grant 1632584

● Overall, results support a maladaptive arousal account more than an adaptive control or hybrid model

● Next steps will address whether pupil dilation, as an index of arousal, predicts next-trial hemispheric 
asymmetry in response to spatial cueing or target-locked ERP measures of attention

Conclusions and Next Steps
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Cue Cue-target interval Target Decide Wait 
200 ms (variable duration) 150 ms800 ms 1280 or 1792 ms100 ms

Indicate word meaning2/3 spatially valid
1/3 spatially invalid

1/2 congruent
1/2 incongruent

Wait interval duration 
manipulated 
between subjects

How does arousal generated by a performance error affect 
ongoing performance?

• Adaptive Control: sharpened attentional focus

• Maladaptive Effect: performance decrement

• Hybrid Model: benefits of arousal are seen only with 
enough time between trials to implement control?

Performance

Measures of attention:
• Cue validity effect
• Stroop congruency effect

Measures of arousal:
• Pupil diameter
• EEG alpha power

Tobii Spectrum eye-tracker
150Hz sampling rate

8-12 Hz

NuAmps amplifier
Scan software
Avg mastoids reference

• Robust effects of Cue Validity and Stroop Congruency
• These attentional effects not further modulated by accuracy on prior trial
• Following errors, responses tend to be slower and less accurate
• No modulation of effects based on duration of inter-trial interval
• Results are more consistent with maladaptive arousal than adaptive control 

(replicating Compton et al., 2018)
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Pupil Diameter
• Pupil diameter following button-press is greater for error vs. correct trial

(replicating Critchley et al., 2005; Wessell et al., 2011)

• Within-subjects correlations between pupil diameter (following button-
press) and next-trial performance:

• No modulation of effects based on duration of inter-trial interval

• Results support maladaptive arousal better than adaptive control

EEG Alpha Power
• Alpha power during post-response “wait” period is reduced following 

error versus correct response (replicating Carp & Compton, 2009; Compton et al., 2018)

• Pupil diameter during “wait” period is inversely related to alpha power, 
supporting arousal interpretation of post-response alpha suppression

• Alpha power during cue-target 
interval reflects hemispheric 
asymmetry elicited by spatial cue, 
but the pattern is not reliably 
altered by error on previous trial

• Alpha power during cue-target 
interval is reduced overall 
following error vs. correct 
response, indicating that post-
error arousal persists into next 
trial

• Following correct responses, greater pupil diameter predicts slower next-trial 
RT, t(50) = 3.7, p = .001

• Following error responses, greater pupil diameter predicts slower next-trial 
RT, t(43) = 4.5, p < .001

• Relationship is consistently stronger following errors, t(43) = -2.5, p< .02
• Pupil diameter did not predict next-trial accuracy, ps > .15 
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All trials, binned into quartiles 
based on pupil diameter
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References

• Performance errors are followed by correlated indicators of arousal (increased pupil dilation and decreased alpha power)
• Performance errors are followed by response slowing without any evidence of increased attentional focus
• Post-response pupil diameter predicts next-trial response slowing, especially for errors
• In general, increasing duration of interval between trials does not alter this pattern
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All lateral scalp sites included,
Cue x Hemisphere, F(1,53) = 18.9, p <.001
Cue x Hem x Previous-Accuracy, ns

Time-frequency plot shown for Pz electrode to illustrate; error-correct difference observed at all sites.
Analysis of log alpha power based on FFT, main effect of trial accuracy, F(1,53) = 14.0, p < .001

Main effect of Previous-Accuracy,
F(1,53) = 20.1, p < .001 
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Main effect of accuracy, F(1,53) = 53.4, p < .001
Main effect of pupil half, F(1,53) = 8.2, p < .01
Interaction, F < 1

Main effect of quartile, F(3,159) = 5.7, p < .01
Linear trend across quartiles, F(1,53) = 7.7, p < .01

ANOVA on mean diameter as function of trial 
accuracy and period (baseline, cue, CTI, 
target, decide, wait)
Period, F(5,265) = 69.3, p< .001
Accuracy x Period, F(5,265) = 4.6, p < .02
• Accuracy during Wait, t(54) = -2.4, p = .02
• Accuracy during all other periods, ns

Main effect of validity, F(1,53) = 12.0, p < .001
Main effect of previous-accuracy, F(1,53) = 3.1, p < .09

Main effect of congruency, F(1,53) = 3.4, p < .07
Main effect of previous-accuracy, F(1,53) = 3.9, p < .06

Main effect of validity, F(1,53) = 13.1, p < .001
Main effect of previous-accuracy, F(1,53) = 3.5, p < .07

Main effect of congruency, F(1,53) = 34.5, p < .001
Main effect of previous-accuracy, F(1,53) = 5.6, p < .03


