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ERP Results Discussion

Methods

ÅThe ability to self-detect errors and dynamically adapt 

behavior is a cornerstone of higher-level cognition, 

requiring coordinated activity from a network of neural 

regions

ÅError-monitoring can be measured using scalp recorded 

EEG and the error-related negativity (ERN)

ÅPrior work has established that the ERN increases 

throughout childhood and adolescence (Tamneset al., 

2013) 

ÅDipole modeling studies suggest that age-related 

changes in the ERN arise from focal changes in dorsal 

anterior cingulate activity (Mathewson et al., 2005; 

Ladouceuret al., 2007; Santessoand Segalowitz, 2008) 

ÅHowever, these changes in ERN magnitude could also 

arise from distributed activity across a number of neural 

regions

ÅAn improved understanding of age-related changes in 

the neural basis of error monitoring (ERN) could come 

from a source-localization approach that employs 

subject-specific modeling of the brain and skull

ÅThe present report leveraged MRI-constrained EEG source 

localization to detail development of the error-monitoring 

system

Å43 participants ranging in age from 9.89 �±35.09 years 

(M age = 18.65, SD = 6.18, 23 females)

ÅPerformed a flanker task while high-density (128 

channel) EEG was recorded. Electrode locations were 

digitized and structural MRIs (T1/T2) were acquired 

for all participants

Source analysis

ÅVolumetric source model (3mm resolution) based on 

grey matter and eyes

ÅFinite Element Method (FEM) used for head model; 

media types included grey matter, white matter, CSF, 

dura, skull, scalp, eyes, throat/nasal cavity, or muscle

ÅeLORETAfor inverse solution; computed for each time 

point, then averaged over 40ms window

ÅROI-based analysis approach, based on 14 a priori 

regions of interest. FDR correction for multiple 

comparisons

Background

Source Localization Results

ÅThe topography of the ERN varied with age; more 

posterior effects were exhibited with increasing age

ÅSource localization of the ERN revealed maximal 

activity within the posterior cingulate cortex (PCC) 

for all ages, consistent with recent evidence that the 

PCC provides a substantial contribution to the scalp-

recorded ERN 

ÅActivity within a network of brain regions, including 

dorsal anterior cingulate, PCC, and parietal cortex, 

was predictive of improved performance following 

errors, regardless of age 

ÅActivity within insula, orbitofrontal cortex and 

inferior frontal gyruslinearly increased with age

ÅThe error-monitoring system is online by 

adolescence and remains relatively stable throughout 

adolescence and early adulthood. However, 

additional brain regions become embedded within 

this core network with age

ÅThese results serve as a model of healthy 

development of the error-monitoring system 

throughout adolescence and early adulthood

Å Three-way interaction between electrode, accuracy and age 

Å Delta-ERN correlated with age only at posterior electrodes

Å Network of error-related activity

Å Maximal error-related activity in PCC Å Fronto-parietal network correlates with PEA
Å Three-way interaction between ROI, accuracy and age

Å Ventral-frontal neural activity show increase with age
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