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Abstract

Error monitoring is commonly studied using various inhibitory
control tasks, involving response withholding, response can-
cellation, or response selection. However, it remains unclear
whether there is a common neural mechanism underlying er-
ror monitoring across these tasks or if it is specific to distinct
types of cognitive failures. To identify both similarities and
differences in the neural processing of errors across go/no-go,
stop-signal, and flanker tasks, we employed microstate anal-
ysis. This method allows to study the dynamically evolving
topographical patterns of neural activity throughout the brain.
Our results revealed that the early phase of error monitoring in
all tasks predominantly engages the supplementary motor area.
In addition, we observed task-specific neural activity encom-
passing visual and motor areas in the go/no-go task, the dorsal
part of the anterior cingulate cortex in the stop-signal task, and
its ventral part in the flanker task. These findings suggest that
error monitoring involves a collection of interconnected cogni-
tive processes, rather than a uniform mechanism across tasks.

Keywords: error monitoring, response inhibition, error-
related negativity, electroencephalography, microstates

Introduction

The continuous monitoring of action outcomes, particu-
larly erroneous ones, is essential for adaptive adjustments
(Ullsperger, Danielmeier, & Jocham, 2014). Excessive error
monitoring has been observed in conditions like generalized
anxiety disorder and obsessive-compulsive disorder (Endrass
& Ullsperger, 2014; Olvet & Hajcak, 2008; Riesel, 2019),
while diminished error monitoring has been widely reported
in a range of externalizing disorders, such as attention-deficit
hyperactivity disorder (Senderecka et al., 2012; van Meel et
al., 2007) or schizophrenia (Foti et al., 2012).

Error monitoring is typically measured in paradigms in-
volving inhibitory control, such as the Stroop (1935), flanker
(Eriksen & Eriksen, 1974), stop-signal (Logan & Cowan,
1984), and go/no-go (Rosvold et al., 1956) tasks. These tasks
require a response to a target stimulus among irrelevant or dis-
tracting stimuli. However, errors in different inhibitory con-
trol tasks arise from failures in distinct cognitive processes.
For example, errors in the go/no-go task typically result from
failures to withhold a response, while in the stop-signal task,
errors occur due to the failure to cancel an already initiated re-
sponse. In the Flanker or Stroop tasks errors often stem from
difficulties in selecting the correct response when faced with
conflicting stimuli. Although response withholding, cancel-

lation, and selection rely on overlapping cognitive and neu-
ral mechanisms, they are distinct processes that also engage
task-specific neural systems (Swick, Ashley, & Turken, 2011;
Zhang, Geng, & Lee, 2017).

The variability in neural activity across inhibitory control
types raises a key question: Are failures in response with-
holding, cancellation, and selection processed similarly, and
error monitoring reflects a general neural mechanism, or is it
domain-specific process linked to types of cognitive failures?

The assumption of functional equivalence of error moni-
toring across tasks was previously studied, among others, by
Segalowitz et al. (2010) and Riesel et al. (2013) and more re-
cently investigated by Clayson et al. (2023). These studies
primarily focused on error-related negativity (ERN; Gehring
et al., 1993), a well-established neural correlate of error mon-
itoring. The ERN is an event-related potential (ERP) com-
ponent derived from electroencephalographic (EEG) signals,
which manifests as a negative deflection peaking 50-100 ms
after an error occurs. Evidence from both functional mag-
netic resonance imaging and EEG research identifies the an-
terior cingulate cortex (ACC), particularly its dorsal region
(dACC; Brazdil et al., 2005; Dehaene, Posner, & Tucker,
1994), as the primary neural source of the ERN. More re-
cently, motor-related regions, including the supplementary
motor area (SMA; Bonini et al., 2014) and pre-SMA (Fu et
al., 2019; Iannaccone et al., 2015), have also been implicated
as ERN generators.

Riesel et al. (2013) analyzed correlations between ERNs
recorded during go/no-go, flanker, and Stroop tasks, finding
that the bivariate Pearson correlations between ERNs across
these tasks were approximately 0.38. Clayson and colleagues
(2023) conducted a registered replication of Riesel et al.’s
study (N = 182), finding bivariate correlations around 0.50.
The strongest correlation was observed between the flanker
and go/no-go tasks (r = 0.57). These findings suggest that ap-
proximately 40-50% of the ERN’s variance is shared across
tasks requiring response withholding and selection, while the
remaining variance reflects task-specific processes.

Riesel et al. suggested that the observed within-individual
correlations between ERNs across tasks may be driven by
anatomical convergence in the neural networks underlying er-
ror monitoring across different contexts. However, they did
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not specify which brain regions are responsible for the shared
or context-related variance. In the present study, we aim to
address this gap and explore how the neuroanatomical corre-
lates of the ERN overlap or can be dissociated across tasks.

Previous research has predominantly focused on ERN
mean or peak amplitude as a biomarker of error monitoring.
However, relying on single-electrode EEG signals does not
allow for the identification of neural sources underlying am-
plitude differences across tasks. Rather than solely reflect-
ing the intensity of error-monitoring, these differences may
stem from variability in both spatial and temporal dynamics.
Additionally, they may also arise when distinct, task-specific
neural processes are misidentified as the same.

To directly address this issue, we applied a microstate
approach to analyze the EEG signal recorded during error
commission in the go/no-go, stop-signal, and flanker tasks.
This method enabled us to explore both common and distinct
spatiotemporal neural patterns underlying error processing
across response withholding (go/no-go), cancellation (stop-
signal), and selection (flanker).

The microstate approach has gained increasing popularity
in recent years as a tool for studying the temporal dynam-
ics of both resting-state (Bréchet et al., 2020; Nash et al.,
2022) and event-related neural processes (Antonova et al.,
2021). Microstates are patterns of scalp potential topogra-
phies identified through clustering algorithms, which remain
stable in spatial location and typically last 20—150 ms (Michel
& Koenig, 2018). Since these patterns are believed to re-
flect specific mental processes, microstate analysis enables
the identification and source localization of functional neural
networks linked to distinct cognitive processes. Recently, it
has been successfully applied in error monitoring research to
uncover neural sources of error-related brain activity follow-
ing anxiety interventions (Nash et al., 2023), and to identify
common patterns between resting-state and error-related neu-
ral activity (Bagdasarov et al., 2024).

The goal of the current study is to identify the cognitive
processes involved in error processing across go/no-go, stop-
signal, and flanker tasks. By adopting this approach, we aim
to precisely determine how, where, and when both general
and task-specific error monitoring processes occur across dif-
ferent types of inhibitory control.

Materials and Methods
Participants

A total of 225 volunteers (113 F) aged 18-39 (M = 23.64,
SD = 4.18) with normal or corrected-to-normal vision were
recruited from the general population via internet advertise-
ments. Seventeen participants were excluded for the follow-
ing reasons: lack of EEG data due to technical issues (N = 1);
fewer than five committed errors in any of the tasks (N = 4);
or fewer than five trials with erroneous response after artifact
rejection in any of the tasks (N = 12). The final sample con-
sisted of 208 participants (105 F), aged 18-39 (M = 23.60,
SD =4.14).

Procedure and tasks

Participants received verbal and written information about
the purpose and procedure of the study. While the EEG
signal was recorded, they completed a speeded color and
orientation go/no-go discrimination task, which has been
validated in several previous studies (Grabowska, Sondej,
& Senderecka, 2024; Pourtois, 2011; Vocat, Pourtois, &
Vuilleumier, 2008), a stop-signal task with stop-signal delays
continuously adjusted using a standard adaptive tracking pro-
cedure (Verbruggen et al., 2019), and a speeded, modified
version of the flanker task, also validated in previous research
(Fiehler et al., 2005; Grabowska et al., 2025; Ullsperger &
von Cramon, 2001). Responses were made with both hands,
except the go/no-go task, where only the right hand was used.
The study was conducted in accordance with the Declaration
of Helsinki (BMJ, 1996), and the protocol was approved by
the local Research Ethics Committee. All participants pro-
vided written informed consent and were compensated mon-
etarily for their time. The same sample was included in the
research described in Grabowska, Zabielski, and Senderecka
(2024); Grabowska et al. (2024); Grabowska et al. (2025).

Electrophysiological recording and data
pre-processing

The EEG signal was continuously recorded at 256 Hz from
64 silver/silver-chloride (Ag/AgCl) active electrodes (with
preamplifiers) using the BioSemi Active-Two system and ref-
erenced online to CMS-DRL ground. Off-line, the signal
was re-referenced to the average of the left and right mas-
toid electrodes, band-pass filtered between 0.05 Hz and 25
Hz with a Butterworth filter, and notch filtered at 50 Hz, to
remove the power-line noise. Data were further segmented
into 700 ms epochs around the response onset (-100 to 600
ms) and baseline corrected to the average of -100 to 0 ms pre-
response activity. Blinks were removed using the Gratton,
Coles, and Donchin (1983) algorithm. Noise epochs were
rejected via an automatic procedure, with rejection criteria
of 75 uV. Epochs were then re-baselined and divided into
correct-response and error-response trials.

For each participant and task, artifact-free trials with erro-
neous response were averaged (M = 27.27, SD = 13.93 trials
for the go/no-go task; M =44.03, SD = 9.99 trials for the stop-
signal task; M = 30.48, SD = 15.14 trials for the flanker task).
On average, 4.58 (SD = 5.88), 6.57 (SD = 7.48), and 4.43
(SD = 6.20) error trials were excluded during preprocessing
due to artifacts in the go/no-go, stop-signal, and flanker tasks,
respectively. ERN amplitudes were quantified as the mean ac-
tivity from O to 100 ms at Fz for the go/no-go task and FCz for
the stop-signal and flanker tasks. We selected the electrodes
where the ERN amplitude was maximal, following previous
studies (Hajcak et al., 2008; Ridderinkhof et al., 2003).

Microstate analyses

The microstate analysis was performed using CARTOOL
(Brunet, Murray, & Michel, 2011). Population-level grand-
average error-locked ERPs were computed separately for
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the go/no-go, stop-signal, and flanker tasks and subjected
to a spatial k-means clustering analysis (random trials =
300). This method minimized global map dissimilarity be-
tween maps to identify the most dominant topographies in
the grand-average ERPs across the three tasks. Segmenta-
tion was conducted using the following parameters: rejecting
segments shorter than 5 time points (~20 ms) and cluster-
ing within a range of 1 to 10 clusters per task. The optimal
solution, comprising 14 clusters, was determined based on
a meta-criterion analysis. The ERN-related microstate was
identified through visual inspection of the cluster results.

All 14 group-level microstates were then backfitted to in-
dividual ERPs by assigning each ERP time point to the
best-matching microstate, yielding individual-level segmen-
tations. We then calculated mean global field power (mGFP)
for each individual-level microstate as an indicator of its in-
tensity.

Source localization

To analyze the cortical sources of error-related microstates in
the go/no-go, stop-signal, and flanker tasks, we used stan-
dardized Low Resolution Brain Electromagnetic Tomogra-
phy (sLORETA; Pascual-Marqui, 2002). The sLORETA so-
lution space had a voxel size of 6 x 6 x 6 mm, defined by
the digitized Montreal Neurological Institute (MNI) proba-
bility atlas. For each participant and task, SLORETA images
were computed for individual-level ERN-related microstate
at each time point. The results were regularized to account
for background EEG noise and enforce smoothness and were
normalized to correct for variability in EEG power over time
(Michel & Brunet, 2019). Then, the dipole amplitudes were
averaged across time points.

To enhance the interpretation and visualization of mi-
crostate sources and their overlap, source maps were con-
verted into volumes and analyzed with AFNI (Cox, 1996).
Activation cluster coordinates are reported in MNI space,
along with corresponding Brodmann area (BA) locations.
Sources within the cerebellum and subcortical structures were
excluded from the analysis due to the limited validity of mea-
suring the activity of these regions with EEG (Bagdasarov et
al., 2022).

Statistical analyses

In an initial analysis, we examined whether ERN mean am-
plitudes were correlated across go/no-go, stop-signal, and
flanker tasks using Pearson correlation.

We then used mixed-effects modeling to confirm that the
identified error-related microstates were related to the typi-
cally measured ERN mean amplitude. ERN amplitude was
modeled as a function of ERN-related microstate mGFP, task
type, and their interaction, with a random intercept for each
participant. The model specification was as follows:

ERN ~ microstate GFP x Task + (1 |Participant)

To initially assess the consistency of error monitoring in
response withholding, cancellation, and selection, we con-

ducted paired-samples t-tests to examine whether the mGFP
of identified ERN-related microstates differed across tasks.

To further investigate the common and distinct neural
mechanisms underlying error monitoring in response with-
holding, cancellation, and selection, we analyzed sSLORETA
images from the identified ERN-related microstates. Specif-
ically, we aimed to (1) identify overlapping ERN-related ac-
tivation patterns across different types of response inhibition
tasks, and (2) estimate task contrasts (go/no-go vs flanker,
go/no-go vs stop-signal, and flanker vs stop-signal) using
sLORETA images to isolate brain regions specifically associ-
ated with the early phase of error monitoring in each type of
inhibitory control. To compare task-related activity, whole-
brain voxel-by-voxel paired t-tests were conducted on the
individual-level ERN-related microstates with False Discov-
ery Rate (FDR) correction.

Results
Behavioral results

The average number of erroneous responses per participant
was: 31.85 (SD = 14.27) in the go/no-go task, 50.66 (SD =
7.50) in the stop-signal task, and 32.83 (SD = 14.40) in the
flanker task. In the go/no-go task, the average response time
(RT) per participant for erroneous responses was 263 ms (SD
= 35 ms), while for correct responses it was 303 ms (SD =
33 ms). In the stop-signal task, the average RT for erroneous
responses (uninhibited) was 349 ms (SD = 35 ms), and for
correct responses, it was 399 ms (SD = 54 ms). In the flanker
task, the average RT for erroneous responses (across both
congruent and incongruent trials) was 233 ms (SD = 30 ms),
and for correct responses, it was 288 ms (SD = 33 ms). As
expected, participants responded significantly faster on error
trials relative to correct trials in all three tasks (all p <.001).
The average inhibition rate, defined as the ratio of correctly
inhibited responses to total inhibition attempts, was 0.72 (SD
= 0.13) for the go/no-go task, and 0.49 (SD = 0.07) for the
stop-signal task. For the flanker task, the average successful
conflict resolution, defined as the ratio of correct responses
in incongruent trials to the total number of incongruent trials
was 0.63 (SD = 0.16).

ERP measures

The average ERN amplitude was -3.58 uV (SD =4.49 uV) in
the go/no-go task, -2.53 pV (SD = 4.48 uV) in the stop-signal
task, and -4.21 uV (SD = 5.38 uV) in the flanker task.

To assess the similarity of ERN amplitudes across tasks,
we computed bivariate Pearson correlations. The correlation
between ERN amplitudes in the go/no-go and flanker tasks
was 0.53 (95% CI [0.43, 0.62]), in the go/no-go and stop-
signal tasks was 0.45 (95% CI [0.33, 0.55]), and in the stop-
signal and flanker tasks was 0.61 (95% CI [0.52, 0.69]).

Microstate analysis

The meta-criterion identified a 14-microstate solution as
the optimal model for describing error-related brain activity
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across the go/no-go, stop-signal, and flanker tasks (Fig. 1).
The ERN-related microstates of interest were those within
the typical ERN 0 - 100 ms time window, showing a fronto-
central distribution. Based on their temporal and spatial dis-
tributions, we identified microstate 6 as the ERN-related mi-
crostate for the go/no-go and flanker tasks and microstate 7
as the ERN-related microstate for the stop-signal task. Mi-
crostate 6 lasts from 0 to 100 ms in the go/no-go task and from
-9 to 91 ms in the flanker task, exhibiting strong fronto-central
negativity corresponding to the classic ERN. Microstate 7
lasts from 9 to 103 ms in the stop-signal task, also display-
ing characteristic central negativity.
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Figure 1: Microstate sequences in response to error commis-
sion in the go/no-go, stop-signal, and flanker tasks from -100
to 600 ms after error commission. The highlighted shaded
blue area represents expected time period for ERN-related
microstates.

The microstate templates revealed in the group-level analy-
sis were then backfitted to the individual grand average error-
locked ERPs. After the backfitting procedure, in the -50 to
100 ms time window, 189 participants had ERN-related mi-
crostate 6 in the go/no-go task, 147 in the stop-signal task,
and 187 in the flanker task. In contrast, 16 participants had
ERN-related microstate 7 in the go/no-go task, 77 in the stop-
signal task, and 20 in the flanker task.

We then validated the similarity between the identified
ERN-related microstates and the ERN’s using a mixed-effects
model. Additionally, we estimated the association between
the mGFP of microstate 6 and ERN amplitude in the stop-
signal task, as both microstates 6 and 7 equally accounted for
the stop-signal data.

The mixed-effects model revealed a significant association
between the mGFP of ERN-related microstates and ERN am-
plitude across tasks (b = -4.46, p <0.001, 95% CI [-6.04, -
2.88]), with higher mGFP corresponding to lower (more neg-
ative) ERN amplitude. Go/no-go was set as the reference
task, and no significant differences were found between the

go/no-go and flanker tasks (p = 0.635). However, the interac-
tion effect for the stop-signal task was significant (b = 2.30,
p =0.023, 95% CI [0.32, 4.28]), suggesting a weaker associ-
ation between the stop-signal ERN-related microstate 7 and
ERN amplitude compared to the go/no-go task. Similar re-
sults were obtained with mGFP of microstate 6.

We then examined the differences between ERN-related
microstates across tasks. Paired t-tests revealed that partic-
ipants in the flanker task showed increased mGFP for mi-
crostate 6 (M = 0.81 uV2, SD = 0.36) compared to the go/no-
go task (M = 0.71 uV2, SD = 0.31), t(207) = -2.94, p = 0.004,
and to the stop-signal microstate 7 (M = 0.28 uV?2, SD =
0.38), t(207) = 15.36, p <0.001. Additionally, participants
in the go/no-go task showed increased mGFP for microstate
6 compared to the mGFP for microstate 7 in the stop-signal
task, t(207) = 12.86, p <0.001. These results align with the
relationships observed between ERN mean amplitudes across
tasks, confirming the relation between ERN amplitudes and
ERN-related microstates.

Source localization of microstates

The microstate analysis revealed that, although the early
phase of error monitoring in the go/no-go and flanker tasks
was associated with the same microstate, the intensity of the
underlying neural activity differed between the tasks. In con-
trast, the early phase of error monitoring in the stop-signal
task was linked to a different microstate than the one observed
in the go/no-go and flanker tasks. To further investigate the
neural origins of these differences, we conducted SLORETA
analyses to source-localize microstate 6 in the go/no-go and
flanker tasks and microstate 7 in the stop-signal task. Figure
2 shows the results of the SLORETA analysis.

Coronal Axial

stop-signal  go/no-go

flanker

Figure 2: Neural sources of error-related microstate 6, ex-
tracted from the go/no-go and flanker tasks, and microstate
7, extracted from the stop-signal task using SLORETA. The
blue color indicates the cluster with the highest activity.

In the go/no-go task, the largest cluster of 132,096 vox-
els included the primary motor cortex (BA 4), premotor cor-
tex and SMA (BA 6), somatosensory association cortex (BA
5), and visuo-motor areas (BA 7), with the center of mass
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Figure 3: Comparison of neural sources across tasks. A) Common and distinct areas activated across tasks. B) Brain activations
for the go/no-go task contrasted with the flanker task. C) Brain activations for the flanker task contrasted with the stop-signal
task. D) Brain activations for the go/no-go task contrasted with the stop-signal task.

at MNI coordinates (XYZ) = -8.7, 25.2, 66.2 (left primary
motor cortex). Additional clusters of activation were found
in the left visual areas (BA 17-19). In the flanker task, the
largest cluster of 71,124 voxels included the premotor cortex
and SMA (BA 6) and ventral ACC (BA 24), with the center
of mass at MNI coordinates (XYZ) =-7.5, -2.2, 49.4 (SMA).
Additional clusters included the primary motor cortex (BA
4), somatosensory association cortex (BA 5), visuo-motor ar-
eas (BA 7), primary sensory areas (BA 1), superior temporal
gyrus (BA 22), and auditory cortex (BA 41). In the stop-
signal task, the main cluster of 94,112 voxels included the
dACC (BA 32), with the center of mass at MNI coordinates
(XYZ) =-1.3, -29.0, 31.4. Additional activation clusters in-
cluded the parahippocampal gyrus (BA 36), temporal pole
(BA 38), somatosensory association cortex (BA 5), visual ar-
eas (BA 18), primary sensory areas (BA 1), anterior prefrontal
cortex (BA 10), and premotor cortex and SMA (BA 6).

Figure 3, panel A, shows the overlapping areas across
tasks. The main cluster activated in all three tasks involved
the left and right premotor cortex and SMA (BA 6; the center
of mass at MNI coordinates (XYZ) = -4.6, -7.1, 59.3), left
primary sensory areas (BA 1), primary motor cortex (BA 4),
somatosensory association cortex (BA 5), and visuo-motor
areas (BA 7).

To further explore the neural sources of differences in the
early phase of error monitoring between tasks, we calculated
paired contrasts. Contrast analysis revealed that, compared
to the flanker task, the go/no-go task was characterized by
increased activation in the left and right visuo-motor areas
(BA 7) and right somatosensory association cortex (BA 5),
the center of mass of the significant cluster located at MNI
coordinates (XYZ) = -16.9, 43.5, 67.6; t(207) = -4.89; FDR
corrected p <0.001. Significantly increased activation was
also observed in the left visual areas (BA 17-19; Fig. 3B).

Compared to the stop-signal task, the go/no-go task
showed increased activation in the premotor cortex and SMA
(BA 6) in a cluster of 2,951 voxels, with the center of mass
at MNI coordinates (XYZ) = 0.9, 96.1, 11.9; t(207) = -4.65;
FDR corrected p <0.001. Additional significant clusters in-
cluded voxels in the left primary sensory areas (BA 1), pri-
mary motor cortex (BA 4), somatosensory association cortex
(BA 5), and visuo-motor areas (BA 7). Similarly to contrast
with the flanker task, increased activation was also found in
clusters involving visual areas (BA 17, 18; Fig. 3C).

When comparing neural activity between the flanker and
stop-signal tasks, we found increased activation in the flanker
task in the ventral ACC (BA 24) in a cluster of 831 voxels,
with the center of mass at MNI coordinates (XYZ) = -8.5, -
5.3, 38.8; t(207) = 3.80; FDR corrected p = 0.020. We also
observed an increased activation in the left premotor cortex
and SMA (BA 6) and in the left primary sensory areas (BA
1). In contrast, we have found decreased activity in the dACC
(BA 32) in a cluster of 138 voxels, center of mass at MNI
coordinates (XYZ) = -4.0, -14.2, 32.8; t(207) = 3.35; FDR
corrected p = 0.032 (see Fig. 3D).

Discussion

In this study, we examined whether the early phase of error
monitoring reflects a common neural mechanism across in-
hibitory tasks or a combination of task-specific processes re-
lated to distinct types of cognitive failures. We demonstrated
that (1) the early phase of error monitoring in tasks requiring
response withholding (go/no-go task) and response selection
(flanker task) share similar spatiotemporal activity patterns,
unlike in tasks requiring response cancellation (stop-signal
task), (2) overlapping brain areas activated across all three
inhibitory control tasks primarily involve the (pre-)SMA, and
(3) error monitoring in different types of inhibitory control
triggers also task-specific brain activity.
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The neural activity associated with the early phase of error
monitoring, irrespective of task type, primarily involved the
pre-SMA, SMA, primary sensory areas, primary motor cor-
tex, somatosensory association cortex, and visuo-motor ar-
eas. While the latter regions are primarily implicated in mo-
tor response initiation and control, the pre-SMA and SMA
have been increasingly recognized as key neural sources of
error monitoring (Bonini et al., 2014; Coull, Vidal, & Burle,
2016; Fu et al., 2019; Iannaccone et al., 2015; Ullsperger &
von Cramon, 2001) and inhibitory control of unwanted ac-
tions (Cieslik et al., 2015; Swick et al., 2011). As Coull et
al. noted, the role of SMA in action control positions it ide-
ally to access information about the outcomes of inhibition
processes. Our results further support this view, highlighting
the role of the SMA and pre-SMA in evaluating action out-
comes and indicating that this engagement is independent of
inhibitory control type.

Although ERN-related brain activity in the go/no-go and
flanker tasks was characterized by the same microstate,
source analysis revealed differences in the neural sources con-
tributing to this activity. These differences were observed in
right visuo-motor areas, right somatosensory association ar-
eas, and left visual areas. Further, increased activity in the
ventral ACC and dACC was observed during the flanker task
compared to the go/no-go task, though this difference did not
surpass the whole-brain corrected threshold for significance.
These results suggest that the main differences in the early
phase of error monitoring between tasks requiring response
withholding and selection are confined to motor and visual ar-
eas. Thus, they may arise more from differences in the stimuli
processing and response execution methods between the two
tasks rather than from error monitoring itself, which likely
relies on similar cognitive processes.

Action cancellation, unlike response selection and with-
holding, requires inhibiting an ongoing action in response to
stop signal presented after a go stimulus. Previous studies
have suggested that the time difference in presenting no-go
and stop signals leads to distinct activation patterns between
response withholding and cancellation, e.g., increased activa-
tion in the right inferior and superior frontal gyri (SFG; Swick
et al., 2011; Rubia et al., 2001).

In our study, the ERN-related brain activity in the stop-
signal task was assigned to a distinct cluster compared to the
go/no-go and flanker tasks. Thus, the microstate analysis re-
sults support the idea of distinct activation patterns between
response withholding and cancellation. However, while the
SFG showed increased activity during the stop-signal task
compared to the other tasks (see Fig. 3A, yellow cluster), this
difference did not exceed the whole-brain corrected threshold
for significance. The main significant difference between the
go/no-go and stop-signal tasks was found in the activity of the
SMA, which was reduced in the stop-signal task compared
to the go/mo-go task. The SMA is typically associated with
body movement representation (Nachev, Kennard, & Hu-
sain, 2008). However, according to the ”what-when-whether”

model (Zapparoli, Seghezzi, & Paulesu, 2017), SMA might
also be specifically involved in processing the timing of in-
hibition (see also Coull et al., 2016). Consequently, the ob-
served differences in SMA activity could stem from the dif-
ferent timing of the stimuli signaling the need for inhibition
in the go/no-go and stop-signal tasks. This suggests that error
monitoring in response withholding and cancellation might
involve slightly different cognitive processes related to inhi-
bition timing. The activity of the more cognitively involved
pre-SMA (Nachev et al., 2008) remains similar across both
action withholding and cancellation.

When comparing response cancellation with selection,
error monitoring during response selection was linked to
stronger activation in the pre-SMA and ventral ACC, whereas
action cancellation was associated with greater activity in
the dACC. Ventral regions of the ACC are typically linked
with proactive control and conflict processing (Alexander &
Brown, 2019; Desmet, Fias, & Brass, 2011). Thus, our find-
ings suggest that, error monitoring in tasks requiring response
selection under interference maintains prominent conflict-
related signals in the ventral ACC. Additionally, increased
pre-SMA activity indicates stronger error monitoring during
response selection than cancellation.

In contrast, the stronger engagement of the dACC dur-
ing response cancellation may reflect more reactive control
(Shenhav et al., 2014), driven by choice difficulty, prediction
error, and the negative surprise evoked by the unexpected stop
signal presentation. The timing and interplay between the go
response and stop signal presentation in the stop-signal task
may lead to the simultaneous activation of both stop-related
surprise and error monitoring signals. Indeed, Clayson et al.
(2023) demonstrated a close association between the stop-
related N2 ERP component and the ERN. Our results suggest
that error-related activity in the stop-signal task may reflect a
combination of stop-related and response evaluation signals.
However, the activity of the dACC is not necessarily linked
to the stop-related surprise signal, and the relationship and
overlap between stopping and monitoring signals remains an
ongoing debate (Maruo, Sommer, & Masaki, 2017; Maruo &
Masaki, 2022).

Conclusions

Our findings revealed that the early phase of error monitoring
is not uniform across different contexts. Significant differ-
ences in the neural sources estimated for ERN-related mi-
crostates across the three tasks suggest that error monitor-
ing involves multiple cognitive processes, depending on the
type of inhibitory control. Consequently, the early phase of
error monitoring should be viewed as a collection of inter-
connected cognitive processes rather than a single cognitive
process. A key limitation of this study is the lack of individu-
alized boundary element models, such as participant-specific
MRIs. While this reduce anatomical precision of our results,
we believe that the large sample size facilitate meaningful in-
terpretation of the group-level results.
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