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Abstract

Error commission is accompanied by a cascade of cognitive processes. In current views, these
processes change the activation of all task-related responses in the same way (e.g., via generalized
inhibition or a shift toward a more conservative response criterion). Using a three-choice task, we
contrasted such response-general processes with putative response-specific processes, which are not
sufficiently incorporated into contemporary views. We hypothesized that response-specific processes
influence both the correct response and the erroneous response but not a third (i.e., neutral) response.
To test this hypothesis, we assessed the activation of these three responses throughout the task using
finger force and/or standard keypresses. Replicating prior findings, we observed evidence that
response-specific processes attempt to cancel and correct the execution of hastily initiated errors.
Crucially, analyses of performance in post-error trials showed that both the correct response and the
erroneous response from the previous error trial were more active than the neutral response. These
novel findings suggest that response-specific processes explain critical aspects of post-error

performance.
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Public significance statement

Errors are accompanied by cognitive processes that shape ongoing and future actions.
Contemporary views posit that such processes affect all task-related responses in the same way. We
show for the first time that some of these processes heighten the activation of erroneous and correct
responses more than they heighten the activation of neutral responses. These novel findings suggest

that response-specific cognitive processes contribute to post-error performance.



Introduction

Humans err. When this happens, numerous cognitive processes are set into motion that not only
mitigate ongoing error commission but also change the course of subsequent action. The current study
seeks to distinguish between response-general and response-specific error processing. Most prominent
theories of error processing implicitly assume that only response-general processes (i.e., processes that
exert an equivalent impact on all possible behavioral responses) influence post-error performance. In
the present study, however, we challenge this implicit assumption by investigating whether response-
specific processes (i.e., processes that exert a selective influence on individual responses) also make

an important contribution.

The commission of an error

While errors can arise from various sources like erroneously applying a wrong task-set (e.g.,
Moretti et al., 2021, 2023), most theories of error processing focus on errors that occur when participants
adopt the correct task-set. Such commission errors, or action slips (Reason, 1990, 1995), occur when
an executed action does not fit with the current action goal (e.g., hitting a switch that rings a doorbell in
the hallway when the goal is to turn on the light by hitting the adjacent switch). To investigate commission
errors, researchers typically ask participants to follow rules about how to respond to a set of target stimuli
with specific response keys. For example, they might ask participants to respond to the letter X with a
left key, the letter Y with a middle key, and the letter Z with a right key. Even for such simple rules,
commission errors happen from time to time, like responding to the letter X by pressing the middle key.

Commission errors have behavioral signatures beyond the fact that the action is erroneous. Errors
are often initiated more quickly, suggesting that they may occur particularly frequently when pre-
response planning is insufficient (e.g., when using a response threshold that is too low; e.g., Brewer &
Smith, 1989; Rabbitt, 1966, 1979). Furthermore, commission errors are typically executed with less
force and terminated earlier than correct responses (e.g., Bode & Stahl, 2014; Foerster, Steinhauser, et
al., 2022; Hochman et al., 2017; Pfister et al., 2025), which suggests that the cognitive system
compensates for poor planning by immediately cancelling erroneous actions.

Interestingly, participants are especially quick to deliver a correction response after erring (e.g.,
Fiehler et al., 2004, 2005; Rabbitt, 1966, 2002). That is, the average time between committing an error

and making a corrective action is substantially shorter than the average time between stimulus



presentation and a correct response. These observations suggest that the correct response is generated
independently of — and in parallel with — the erroneous response via the continued processing of the
target. Put another way, these observations suggest that the cancellation of the erroneous response
together with the activation of the correct response are response-specific error processes.

The coactivation of the correct and the erroneous response is a central assumption of the conflict
monitoring model (Botvinick et al., 2001; Yeung et al., 2004). This recurrent neural network model
proposes a constantly active monitoring process that detects conflict arising from concurrently active
cognitive representations. In the case of errors, there is conflict between the representation of the
executed erroneous response and the representation of the concurrently prepared correct response.
Therefore, in this model, error detection is not special as it appears to rely on the same monitoring
process that identifies other types of conflicts (e.g., competing response tendencies induced by
incongruent stimuli even when a correct response occurs). According to conflict monitoring theory, the
detection of any conflict increases the recruitment of cognitive control, which counteracts conflicting
response activation and biases subsequent actions towards a more conservative response criterion

(Botvinick et al., 2001).

The aftermath of erring

The most prominent behavioral change after committing an error in trial n is the slowing of
responses in the subsequent trial n+1 (e.g., Laming, 1979; Rabbitt, 1966). Explanations of such post-
error slowing posit that errors induce a shift toward a more conservative response criterion (e.g.,
Botvinick et al., 2001; Dutilh et al., 2012; Jentzsch & Leuthold, 2006), lead participants to orient attention
away from the task (e.g., Houtman et al., 2012; Notebaert et al., 2009; Notebaert & Verguts, 2011;
Nufez Castellar et al., 2010; Steinborn et al., 2012), or trigger intensive monitoring that occupies
information processing (e.g., Houtman & Notebaert, 2013; Jentzsch & Dudschig, 2009; Schaaf et al.,
2022; Welford, 1959). Crucially, these suggested processes can be subsumed under our definition of
response-general processes because they apply to all responses in a task.

Here, we suggest that response-specific processes might also influence post-error behavior.
Indeed, two recent findings suggest that representations of the erroneously executed response and the
not executed correct response from trial n are especially active in trial n+1. First, the erroneous response
from trial n is initiated more quickly in trial n+1 than a neutral response alternative from trial n that was

neither the correct response nor the erroneous response (Foerster et al., 2023). Second, during an error



trial, bindings (i.e., associations) form between (i) the acted-upon stimuli and the not executed correct
response and (ii) the executed erroneous response and its perceptual consequences (Foerster, Moeller,
et al., 2022; Foerster et al., 2021; Parmar et al., 2022). Retrieving such bindings might make it easier to
initiate either the correct or the erroneous response from trial n than to initiate the neutral response.
Crucially, these recent findings cannot be explained by models that posit only response-general
processes following an error. First, the generalized inhibition model assumes that cognitive inhibition
decreases the activation of all current representations, such as the active task representation, to enable
a switch to other representations, such as the source of the error (Wessel, 2018). Applying inhibition in
such a general manner, however, should render the correct, erroneous, and neutral response from the
erroneous trial n equally less accessible in trial n+1. Second, computational models of conflict monitoring
assume quick, mutual inhibition of active response representations (Yeung et al., 2004), and post-error
behavioral changes are typically explained with a shift in the tradeoff between speed and accuracy
(Botvinick et al., 2001). Critically, adopting a more conservative response criterion for all responses is
another example of a response-general process, rather than a response-specific process that can

differentially alter the activation of specific responses.

The present study

Given that contemporary views of error processing posit that only response-general processes
contribute to post-error performance, we investigate whether and when response-specific processes!
also contribute. Specifically, we investigate error-related processes that are (i) response-specific and
operate during error commission (i.e., error cancellation and correction), (ii) response-specific and
operate after an error (i.e., activation or inhibition of the correct and/or erroneous response), and (iii)
response-general and operate after an error (i.e., generalized inhibition or conservative criterion shifts).

The most critical contribution of this research is the investigation of response-specific processes
after an error. Therefore, we employed a speeded three-choice task and hypothesized that response-
specific processes would influence the correct response and the erroneous response but not the third
(i.e., neutral) response. To test this hypothesis, we assessed the activation of these three responses by
measuring finger force (Experiment 1 only) and behavioral performance (Experiment 1 and 2) following

both errors and correct trials.

1When referring to a post-error process, we do not intend to imply that the process is necessarily active
or unique to error trials. For instance, we would consider residual activation of a particular finger to be a
response-specific process.



The present study adds to the literature in several ways. First, it extends a previous experiment
that investigated response-specific activation of the executed erroneous response in the trial after an
error (Foerster et al., 2023). Second, it provides novel evidence for activation of the not executed correct
response in the trial after an error. Third, it disentangles for the first time the effects of such response-
specific activation on performance from the effects of response-general processes that have been
investigated extensively without considering response-specific processes (e.g., Dutilh et al., 2012;
Jentzsch & Dudschig, 2009; Notebaert et al., 2009). Finally, we note that although previous research
provides ample evidence for response-specific processes that operate during commission errors (e.g.,
Bode & Stahl, 2014; Foerster, Steinhauser, et al., 2022; Hochman et al., 2017), we investigate these
processes again because error cancellation and error correction motivate hypotheses about response-

specific processing after error commission (e.g., about inhibiting or activating specific responses).

Experiment 1

Introduction

To assess response-specific versus response-general error-related processes, Experiment 1
employs a speeded forced-choice task with three response options (see Fig. 1). This task allows us to
disentangle the influences of (i) the executed, erroneous response from (ii) the not executed, correct
response and (iii) the not executed, neutral (i.e., third) response that corresponds to neither the
erroneous response nor the correct response. More specifically, this task allows us to investigate
whether behavioral changes after an error apply generally to all responses or only to specific responses.
Response-general processes should affect the neutral response to the same extent as the erroneous
and correct response. Response-specific processes, however, should affect the erroneous and/or
correct response differently than the neutral response.

Since participants respond using force-sensitive keys, we can also examine subtle changes in
motor activity with high temporal resolution. Therefore, we can supplement the insights from overt
responses with data about sub-threshold motor activation during error commission and during seemingly
idle times; that is, during the response-stimulus interval. Since sub-threshold response force has already
provided valuable insights into the cognitive underpinnings of correct actions in the response-stimulus
interval (Weissman, 2019; Weissman & Schmidt, 2024; Weissman et al., 2024), we here explore its

potential for tracking how error-related processes unfold over time.



Because the data are rich and unfold across time, several analyses are required to capture all
aspects of interest. In a nutshell, we investigated whether error commission shows signs of poor pre-
response planning (Hypothesis 1, H1), and whether it is characterized by response-specific cancellation
(H2) and correction (H3). We further scrutinized whether evidence for response-specific activation or
inhibition emerges after an error in sub-threshold responses (H4) and overt responses (H6). At the same
time, we tested for response-general inhibition or conservatism in sub-threshold responses (H5) and
overt responses (H7). To improve clarity, we specify our hypotheses in the Results section prior to

indicating the corresponding empirical results (see Table 1).



Figure 1

Trial structure and dependent measures in Experiment 1
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Note. After a fixation of 500 ms, participants respond to a central target letter. To provoke commission
errors, eight neutral, irrelevant letter stimuli surround the central target letter, and a short response
deadline of 675 ms requires quick responses. Upon detecting the onset of a response, the screen goes
blank for 1000 ms before the next trial (i.e., trial n+1) starts. The six possible letter targets are mapped
to three force-sensitive response keys. Response time (RT) is the time from letter onset to response
onset, and response duration (RD) is the time from response onset to response offset of the above-
threshold response. Peak force (PF) indicates maximal force of sub-threshold responses during the
stimulus-stimulus interval (i.e., the time between the stimulus onsets in trial n and trial n+1). MFrp
denotes the mean force of the above-threshold response between response onset and offset. MFpres_,,

represents the mean force of sub-threshold responses during a pre-stimulus time interval (i.e., 400 ms
before the onset of the letter stimuli in trial n+1).

Method

Transparency and openness

We report how we determined our sample size, all data exclusions, all manipulations, and all
measures in the study. We preregistered this study before data collection (osf.io/m2v5a), which occurred
in 2022 and 2023. The E-Prime code that we used to program the experiment, data, and analysis code
are publicly available (osf.io/f49z7). We processed and analyzed the data in R version 4.3.1 (R Core
Team, 2023), using the packages schoRsch (Pfister & Janczyk, 2016), data.table (Barrett et al., 2024),
tidyverse (Wickham et al., 2019), mousetRajectory (Pfister et al., 2024), ez (Lawrence, 2016), and

patchwork (Pedersen, 2023).



Participants

A reanalysis of published data with only two response options suggested large effects for
differences between correct and erroneous responses in response time (RT; d; = 0.91), response
duration (RD; d, = 1.80), and mean force (MF; d, = 1.21; Foerster, Steinhauser, et al., 2022). At an alpha
of .05, 15 participants would provide a power of > .95 to detect these effects (calculated with the
power.t.test function in R version 4.0.3; R Core Team, 2023). Predictions for the effect sizes of the other
hypotheses could, however, not be obtained from the existing literature. Thus, we preregistered to
collect 48 analyzable datasets (i.e., replacing excluded participants), thereby ensuring a power of .95 to
detect effects of d; = 0.5 for both directional and nondirectional tests. Further, we preregistered to
analyze the first eight participants, continuing data collection of the remaining sample only if at most two
datasets (<= 25%) had to be discarded based on our exclusion criteria. While exclusion rates in four pilot
samples were too high (see Appendix A), the data from the first eight participants in the version of the
task that we report in Experiment 1 (i.e., the fifth pilot sample) allowed us to continue data collection.

Forty-seven participants who provided written informed consent and received monetary
compensation were included in the final sample (mean age = 27, SD = 8.7; 38 female, nine male, none
non-binary; 41 right-handed, five left-handed, one ambidextrous). Data from 11 additional participants
were collected but excluded from all analyses. As preregistered, seven participants were not invited to
the second session because they responded correctly in less than 50% of the trials in the first session.
Accidentally, however, two additional participants that responded correctly in less than 50% of the trials
during the first session were invited to the second session. In the initial analysis of the data for
determining exclusions and replacements, we did not differentiate between accuracy in the first and
second session by mistake. Only one of these two participants was replaced based on this accuracy
criterion. The other participant was excluded but could not be replaced because this error went
unnoticed until the experimental setup had already been disassembled. For one additional participant,
the experimental program crashed in the second half of the second session. Although we had not
anticipated this scenario in the preregistration, we had to exclude and replace this dataset. Finally, and
as preregistered, one participant was excluded and replaced because they had less than 10
observations in a design cell for the main analyses (see Data treatment).

The study was performed in accordance with the ethical guidelines of the German Psychological
Society (DGPs) and with the Declaration of Helsinki. Our funding agency, the DFG, as well as the ethics

committee of the University of Wurzburg where the study was conducted, specify under which
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circumstances approval for a psychological study is required. In particular, approval is required if there
is a risk or a high level of stress for participants, information about the aims and procedures are only
partially provided, patients participate in the study, or if a study involves functional magnetic resonance
imaging, electrical or magnetic stimulation, or psychopharmacological treatments. As none of these

conditions applied to our study, we did not seek ethical approval by an institutional review board.

Stimuli and apparatus

The stimuli consisted of letters presented in white font against a black background, displayed on
a 24" screen. Arelevant target letter (one of the letters B, F, K, N, T, V) was surrounded by eight identical,
neutral, irrelevant letters (one of the letters C, H, M, P, S, Y), thus forming a 3 x 3 letter grid (see Fig.
1). Only the six targets were mapped to three custom-built keys, which participants pressed with their
right index, middle, and ring fingers. We used irrelevant letters that did not map onto responses but
introduced visual noise to potentially provoke error commission (Foerster, Moeller, et al., 2022). We
counterbalanced the assignment of letter pairs to response keys (e.g., B and N to the left key; Fand T
to the middle key; K and V to the right key) across participants. The stimulus-response mapping
remained constant within each participant across both experimental sessions.

The custom-built keys measured the isometric force applied to them with capacitive sensors. They
did not provide tactile feedback on whether they were pressed. The participants’ fingers were not fixed
to the keys, but we instructed participants to keep their fingers on the keys during the whole block.
Increasing force values indicate stronger downwards movement of a finger while decreasing force
values indicate decreasing downwards movement. In contrast to previous research using trial-wise
baseline measurements (Foerster, Steinhauser, et al., 2022), the baseline of the current experiment was
the key-specific average force within a 100 ms window at the beginning of each block. To ensure that
this was an accurate baseline, we explicitly instructed subjects to put their index, middle, and ring finger
on the keys before the self-paced start of each block. However, participants could completely lift their
fingers from the keys if they wanted to. We implemented this baseline measure at the beginning of each
block because we explicitly investigated sub-threshold force in the interval that previously served as the
baseline measurement interval. In line with previous research (Foerster, Steinhauser, et al., 2022),
response on- and offsets were computed relative to an individual threshold, and this threshold was
defined as the baseline force plus 225 arbitrary units (a.u.; approximately 2.5 N or 250 g). Response

onset was defined as the first instance where the current force measurement (sampled at 250 Hz) and
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four consecutive measurements were at or above threshold. Response offset was defined as the first
instance thereafter where the force measurement fell below the threshold and remained below the

threshold for another four consecutive force measurements.

Procedure

The experiment consisted of two sessions separated by one to seven days. Due to illness, one
participant completed their second session only after 14 days. Both sessions started with a practice
block of 30 trials, followed by 15 experimental blocks of 60 trials each (930 trials per session, 1860 in
total). Each trial started with the onset of a central fixation cross. After 500 ms, the target letter and
irrelevant letters appeared and remained visible until either the onset of a response was detected or the
response deadline of 675 ms elapsed. During the practice blocks, feedback was displayed for 2000 ms
after every trial. The feedback was “Good!” (German: “Gut!”) in green font for correct responses, “Too
early!” (German: “Zu frih!”) in red font for premature responses during fixation, “Wrong!” (German:
“Falsch!”) in red font for incorrect responses after target onset, and “Too slow” (German: “Zu langsam”)
in red font for omission errors. During experimental blocks, feedback was only displayed for premature
responses or omission errors. The next trial started after a blank inter-trial interval of 1000 ms.

To minimize potential influences of stimulus repetitions, neither the target nor the irrelevant letter
was repeated in consecutive trials. Target letters were randomized across an experimental block.
However, when a target was about to repeat in two consecutive trials, it was replaced with the other
target letter that required the same response. This replacement ensured that participants could not
anticipate the upcoming response identity even though they could potentially derive expectations about
the upcoming target letter. To prevent repetitions of irrelevant letters, blocks were divided into
sequences of length six. For these sequences, the set of six irrelevant letters was randomized under
the constraint that the first irrelevant letter of a sequence always differed from the last two irrelevant
letters of the preceding sequence. After each block, participants received feedback regarding their
performance and had the opportunity for a self-paced break. Before beginning the next block, they were
encouraged to respond as fast as possible without committing too many errors and were reminded to

keep their fingers on the keys during the entire block.
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Data treatment

For three participants, the experiment had to be re-started in the first session due to technical
issues. We excluded the trials that were collected prior to the restart, although we did not anticipate and
specify this in the preregistration. We also excluded spurious measurements from the unprocessed force
data as occasionally all three force keys provided a value of -10 Volts / 0 a.u. at the same time (1.3%)
due to internal calibration of the analog-to-digital converter. All other data treatment went as planned in
the preregistration.

We extracted RTs, RDs, and peak forces (PFs) before further processing the force data. RT
denotes the time between letter onset and response onset (see Fig. 1). RD denotes the time between
response onset and response offset (Pfister et al., 2023; see also e.g., Foerster, Steinhauser et al.,
2022; Pfister et al., 2022; Tonn et al., 2023). RT and RD were assessed for the above-threshold (i.e.,
executed) response. Finally, PF denotes the maximal force on a key during a time interval that starts
with the onset of the target in trial n and ends with the onset of the target in trial n+1 (i.e., the stimulus-
stimulus interval). Since PF was intended to capture sub-threshold activation of the correct response
(i.e., correction efforts) in erroneous trials, PF was only computed for erroneous trials and for keys for
which the force did not exceed the response threshold. Further, a rather broad time interval was selected
to account for temporal variability of correction efforts.

We resampled the force data (originally sampled effectively every 4.3 ms, SD = 0.07 ms) to 1000
Hz with linear interpolation. The interpolated data compensated for CPU-load dependent variations in
sampling rate and provided a force measurement every millisecond. Resampling therefore allowed for
averaging force across trials for visualization (see Fig. 2 for a visualization of the stimulus-locked force
distributions as a function of response option identity in correct and erroneous trials) and capturing MF
exactly for the targeted time window.

Next, we extracted the response-specific MF (i) between response onset and response offset in
trial n (MFrp), (ii) during the 400 ms idle time prior to the onset of the target stimulus (i.e., the pre-

stimulus interval) in trial n+1 (MFeres_,,), and (iii) between response onset and response offset in trial

n+1 (MFro,,,; see Fig. 1). MFro and MFro, ., were computed only for the above-threshold (i.e., executed)

n+1’

response. For MFpres the specific pre-stimulus interval was selected to capture sub-threshold

n+1’

response activation without spurious biomechanical influences from the execution of the previous
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response; that is, sufficiently long after response execution in trial n (Foerster, Steinhauser, et al., 2022;
Weissman, 2019).

We excluded several types of trials. First, we excluded the trials from the practice block in each
session. Second, we excluded the first and last trial of each experimental block as these trials had no
preceding or ensuing trial. Third, we excluded trials with an error in the preceding trial n-1 (18.9%) to
control for the potential influence of an immediately preceding error.

To compare performance for commission errors and correct responses and to determine their
impact on subsequent performance, we selected only trial sequences with a correct response or a
commission error in trial n and in trial n+1. Therefore, we excluded trial sequences with early responses
during fixation (< 0.1%), omission errors (7.4%), and additional responses during the blank screen?
(2.7%) in trial n. We further excluded trial sequences with early responses during fixation (< 0.1%),
omission errors (7.1%), and additional responses during the blank screen (2.5%) in trial n+1. For this
selection of trial sequences, we computed and analyzed the percentage of errors in trial n+1 (PEn+1; the
number of commission errors divided by the sum of commission errors plus correct responses).

In our analyses of all other dependent measures (i.e., all measures except PEn+1), we made the
following additional exclusions. First, we excluded trial sequences with commission errors in trial n+1
(6.6%). Second, we excluded outliers separately for each participant, dependent measure (RT, RD,

MFrp, PF, MFpres, .., RTn+1, RDn+1, and MFro, ), and corresponding design cell of the planned analyses.

n+1’
A trial-specific value was considered an outlier if the median distance of that value from every other
value within the same participant, dependent measure, and design cell was 3 times larger than the
median absolute distance of every value from every other value. Put differently, a value (e.g., an RT)
was considered an outlier if it was greater than 3xSn (Rousseeuw & Croux, 1993; code adapted from
Jones, 2019). We excluded a trial if any dependent measure was considered an outlier (13.8%).

After these exclusions, one participant had less than 10 observations in a design cell for the
analyses related to H1-H5 and, therefore, was excluded and replaced (see Participants). For H6, H7,

and the planned exploratory analyses, we assessed whether the relevant cells contained at least 5

2 While these additional responses include overt error correction responses, we were specifically
interested in whether there is evidence for sub-threshold error correction efforts. Therefore, the current
study controlled for successful correction activities by excluding such trials. However, a comparison of
response-specific and response-general processes between sub-threshold correction efforts and overt
corrections could be a fruitful avenue for future research.
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observations. Two participants did not fulfill this criterion and were excluded without replacement from

these analyses (but not from the analyses related to H1 through H5).

Results

In the following, we differentiate the analyses with respect to whether they focus on processes
that occur during error commission (H1-H3), after error commission during the pre-stimulus interval of
trial n+1 (H4 and H5), or after error commission during the response in trial n+1 (H6 and H7). H6 and
H7 were planned but marked as exploratory in our preregistration because we accepted less
observations per cell (see After error commission in trial n+1: Responding). Unplanned, exploratory
analyses are reported after the discussion of the planned analyses.

Table 1 provides a summary of the assumed processes for the different time points and
hypotheses, hypothesized effects, and empirical findings. The two central factors in all our analyses are
(i) response accuracy in trial n and (ii) response option identity in trial n. For erroneous trials, response
option identity in trial n distinguishes between the executed erroneous response, the not executed
correct response, and the not executed neutral response (which is neither the executed erroneous
response nor the not executed correct response). For correct trials, response option identity
distinguishes between the executed correct response and the average of the two not executed neutral

responses. For brevity, we omit the adjectives “executed” and “not executed” when reporting the results.
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Table 1

Timing, processes, hypotheses, and outcome of Experiment 1

Error process H DV Hypothesized effect Outcome
During error comission in trial n
Poor pre-response . .
P >SP 1 RT erroneous trial n < correct trial n v
planning
Response-specific ) RD erroneous trial n < correct trial n v
cancellation MFro erroneous trial n < correct trial n v
Response-specific 3 PE correct response > neutral response from v
correction erroneous trial n
After error commission in trial n+1: Pre-stimulus interval
Response-specific 4 MFpres erroneous response < correct/neutral
inhibition n+l response from erroneous trial n
Response-specific 4 MFpres correct/erroneous response > neutral
activation n+l response from erroneous trial n
Response-general .
L ME neutral response from erroneous trial n <
inhibition or 5 PreS; .1 .
. from correct trial n
conservatism
After error commission in trial n+1: Responding
Response-specific 6 RTot erroneous response > correct/neutral
inhibition m response from erroneous trial n
Response-specific 6 RTot correct/erroneous response < neutral v
. . + .
activation " response from erroneous trial n
Response-specific 6 PEn erroneous response < correct/neutral
. g sae + .
inhibition " response from erroneous trial n
Response-specific 6 PE 1 correct/erroneous response > neutral
. . + .
activation " response from erroneous trial n
neutral response from erroneous trial n >
7 RTon P : v
Response-general from correct trial n
inhibition or
conservatism 7 PEoes neutral response from erroneous trial n <
n+

from correct trial n

Note. Overview of hypotheses (H) 1-7 to test error processes assumed to operate during error
commission, after error commission in the pre-stimulus interval, or after error commisson during
responding. The table further specifies the hypothesized effects for each dependent variable (DV). A
check mark indicates that the data produced an outcome that is consistent with the hypothesized effect.



Figure 2

Force profile in Experiment 1
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Note. Force distribution in arbitrary units (a.u.) locked to stimulus onset. Correct trials are indicated by
dashed lines and erroneous trials are indicated by solid lines. Teal lines depict force on the correct
response key (only executed in correct trials). Violet lines depict force on the neutral response keys
(averaged across both neutral responses in correct trials). The yellow line depicts force on the erroneous
response key in erroneous trials. Values reflect raw force without baseline-correction.

During error commission in trial n

In H1 to H3, we investigated processes during error commission. Specifically, H1 targeted poor

pre-planning of errors, H2 targeted the response-specific process of error cancellation during error

commission, and H3 targeted the response-specific process of error correction during the stimulus-

stimulus interval (see Fig. 3).
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Figure 3

Results for H1-H3 in Experiment 1
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Note. Large, black dots indicate mean differences. Error bars visualize a one-tailed t-test. They
correspond to the upper or lower bound of the 95% confidence interval of the related difference between
means (Clv). Small dots indicate individual participant values, and color visualizes the standardized
deviation from the mean difference (|z|). Differences (A := erroneous trial n — correct trial n) in (A)
response time (RT; H1) and (B) response duration (RD; H2) and mean force of the response (MFrp;
H2). (C) Left: Differences (A := correct response — neutral response) in peak force (PF; H3) in erroneous
trials n. Right: Sub-threshold force distribution in arbitrary units (a.u.) locked to stimulus onset in
erroneous trials n. Values reflect raw force without baseline-correction.

H1 predicts that erroneous responses will be initiated faster than correct responses due to less
pre-response planning. Consistent with this hypothesis, a one-tailed paired-samples t-test revealed
significantly faster RT in erroneous trials than in correct trials (519 vs. 527 ms; see Fig. 3A), t(46) =-3.09,
p =.002, d; =-0.45.

H2 predicts that the execution of an erroneous response will be shorter and less forceful than the
execution of a correct response due to weaker initiation and active cancellation of erroneous responses.

Consistent with this hypothesis, separate one-tailed paired-samples t-tests revealed significantly shorter
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RD and lower MFrp in erroneous trials than in correct trials (see Fig. 3B; RD: 159 vs. 179 ms, t(46)
=-4.42, p < .001, d, = -0.64; MFro: 839 vs. 887 a.u., t(46) = -3.38, p = .001, d, = -0.49).

H3 predicts that correction efforts during error commission will result in higher sub-threshold force
of the correct response compared to the neutral response. Consistent with this hypothesis, a one-tailed
paired-samples t-test revealed significantly greater PF for the correct response than for the neutral
response during erroneous trials (496 vs. 492 a.u.; see Fig. 3C), t(46) = 2.43, p =.010, d, = 0.35.

In Appendix B, we explore response competition from correction efforts as an alternative
interpretation for the observed differences between erroneous and correct responses during response
execution. The exploratory analyses did not support this interpretation. In sum, the results are consistent

with error cancellation and error correction efforts as response-specific processes.

After error commission in trial n+1: Overview

The following hypotheses concern the relative contributions of response-specific versus
response-general processes after error commission in trial n. In our descriptions of these hypotheses,
we refer to response option identity in trial n; that is, to the correct response, the erroneous response,
and the neutral response. First, response-specific processes should influence the correct and erroneous
response differently than the neutral response. Thus, they should produce differences in trial n+1
performance for these three responses following an error in trial n. Comparing trial n+1 performance for
the correct response or the erroneous response to the neutral response should reveal whether
response-specific processes inhibit or activate the correct and erroneous responses, respectively.
Second, response-general processes should influence all three responses in the same way. To test this
hypothesis, we determined whether committing an error versus responding correctly in trial n influences
trial n+1 performance for the neutral response. This comparison offers the purest index of response-
general processing changes because, unlike the correct and erroneous responses, the neutral response
is not affected by response-specific processes. Third, and finally, we note that both response-specific
and response-general processes could influence subthreshold force during the pre-stimulus interval

and/or the overt response in trial n+1. We address these two possibilities below.



19

After error commission: The pre-stimulus interval of trial n+1

In H4 and H5, we investigated sub-threshold force changes that manifest during the pre-stimulus
interval of trial n+1 following an error in trial n. Specifically, H4 targeted response-specific activation or

inhibition, whereas H5 targeted response-general inhibition or conservatism (see Fig. 4).

Figure 4

Results for H4 and H5 in Experiment 1
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Note. Mean sub-threshold force during the pre-stimulus interval in trial n+1 (MFeres_,,). The left side of

the figure shows the correct, neutral, and erroneous response from an erroneous trial n. The right side
of the figure shows the correct and neutral response from a correct trial n. The error bars depict the
within-subject standard error for the full factorial design (SEuwitin; Loftus & Mason, 1994).

H4 predicts that MFpres ,, will differ between the three response options after error commission

in trial n, indicating response-specific changes. Inhibition of the erroneous response after its cancellation

should lead to lower MFrres_,, for the erroneous response than for the correct or neutral response from
trial n. In contrast, activation of relevant responses after error commission should lead to higher MFpres, |

for the correct and/or erroneous response than for the neutral response from trial n. To investigate these
predictions, we analyzed MFeres_,, after erroneous trials using an ANOVA with a single within-subjects
factor: Response option identity in trial n (correct vs. neutral vs. erroneous). This main effect was not
significant, F < 1, which is inconsistent with H4.

H5 predicts that MFeres,,, Will be lower for the neutral response after an erroneous trial than after

a correct trial, indicating response-general changes such as inhibition or a shift to a more conservative
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response threshold after committing an error. Inconsistent with H5, a one-tailed, paired-samples t-test

comparing MFpres_,, in the two conditions above was not significant, |t| < 1.

In sum, after an error in trial n, measures of sub-threshold muscle activity during the pre-stimulus
interval of trial n+1 provided no evidence for (i) response-specific activation or inhibition of either the

erroneous response or the correct response or (ii) response-general inhibition or conservatism.

After error commission in trial n+1; Responding

In H6 and H7, we investigated changes in the initiation of overt responses in trial n+1. H6 targeted
response-specific activation or inhibition. H7 targeted response-general inhibition or conservatism (see
Fig. 5). We considered these preregistered analyses to be exploratory because we expected, and
therefore accepted, (i) fewer observations per participant and (ii) additional participant exclusions (see

Data treatment).
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Figure 5

Results for H6 and H7 in Experiment 1
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Note. Response time in trial n+1 (RTn+1, top) and percentage errors in trial n+1 (PEn+1, bottom). The left
side of the figure shows the correct, neutral, and erroneous response from an erroneous trial n. The
right side of the figure shows the correct and neutral response from a correct trial n. The error bars
depict the within-subject standard error for the full factorial design (SEwithin; Loftus & Mason, 1994).

H6 predicts that RTn+1 and PEn+1 will differ between the three response options after error
commission in trial n, indicating response-specific changes. Inhibition of the erroneous response should
increase RTn+1for the erroneous response from trial n compared to the correct or neutral response from
trial n. Further, errors should be committed less frequently (i.e., PEn+1 should decrease) by selecting the
erroneous response than the other two responses from trial n. Note, here, that PEnx+1 therefore denotes

the frequency of committing an error by selecting a response of a certain identity from trial n. In contrast,
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activation of the correct or the erroneous response after error commission should decrease RTn+1 for
the correct or the erroneous response from trial n compared to the neutral response from trial n. Further,
errors should be committed more frequently (i.e., PEn+1 should increase) by selecting the correct or the
erroneous response from trial n than by selecting the neutral response from trial n.

To test these predictions, we analyzed RTn+1 and PEn+1 after erroneous trials in separate ANOVAs
with a single within-subjects factor: response option identity in trial n (correct vs. neutral vs. erroneous).
A significant main effect emerged for RTn+1, F(2, 88) = 6.56, p = .002, np? = .13. To scrutinize this main
effect, we compared the three responses from trial n with two-tailed paired-samples t-tests. Consistent
with response-specific activation of the correct and the erroneous response, RTn+1 for the neutral
response was slower than for both the correct response, t(44) = 2.56, p = .014, d, = 0.38, and the
erroneous response, t(44) = 4.06, p < .001, d; = 0.61. In contrast, there was no difference in RTn+«1
between the correct and erroneous response, |t| < 1. For PEn+1, however, the main effect of response
option identity in trial n was not significant, F(2, 88) = 1.38, p = .258, np? = .03.

H7 predicts that RTn+1 will be higher and that PEn+1 will be lower for the neutral response after an
erroneous trial n as compared to after a correct trial n, indicating response-general inhibition or
conservatism after committing an error. We confirmed this hypothesis in a one-tailed, paired-samples t-
test for RTn+1, t(44) = 5.48, p <.001, d, = 0.82, but not for PEn+1, [t| < 1.

In sum, analyses of RTn+1 provided evidence for both (i) response-specific activation of the
erroneous and correct responses and (ii) response-general inhibition or conservatism. Analyses of
PEn+1, however, yielded only null effects. The latter data pattern is not consistent with our hypotheses
but also does not contradict them. We simply cannot draw strong conclusions from a null effect.

We also preregistered to explore the same comparisons as in H6 and H7 for RDn+1 and MFrop,

with the goal of investigating changes in the execution of overt responses in trial n+1. We had no specific
hypotheses for these comparisons. The analyses of these dependent variables (which are presented in

Appendix C) did not reveal any reliable impact of response-specific or response-general processes.

Discussion

In Experiment 1, we distinguished between response-specific and response-general processing
changes in the context of commission errors. More specifically, we investigated these processing
changes during (i) the commission of an error, (ii) the pre-stimulus interval of trial n+1, and (iii) the

subsequent response. Replicating prior findings, our data support the view that response-specific error
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cancellation and correction efforts occur during the commission of hastily initiated errors (e.g., Bode &
Stahl, 2014; Foerster, Steinhauser, et al., 2022; Hochman et al., 2017; Rabbitt, 1966). Our data further
indicate that, following an error in trial n, there is no evidence for response-specific activation or inhibition
of the erroneous or correct response in sub-threshold muscle activity measured during the pre-stimulus
interval of trial n+1. Our data also show that, following an error in trial n, there is evidence for response-
specific activation of the correct response and the erroneous response during response selection in trial
n+1. Finally, consistent with response-general processes, we observed slowing of the neutral response
from trial n in trial n+1 after participants made an error (vs. a correct response) in trial n. These findings
indicate post-error changes in overt responses that are both response-specific (e.g., increased correct
response activation) and response-general (i.e., generalized inhibition or more conservative responding)
in nature. This outcome is important because the response-specific processing changes that we have
identified may contribute to post-error changes in performance that are typically attributed solely to
response-general processing changes.

There are several possible explanations for why response activation after error commission is
absent in the pre-stimulus interval but present in subsequent responding. First, sub-threshold force
might not be sensitive enough to capture response activation that carries over from trial n to trial n+1
because (i) there is too much noise for too little signal or (ii) cognitive activation does not directly leak
into sub-threshold motor activation during the time between trials. In other words, response activation
from the erroneous trial may have been carried over into the next trial, although it did not show up in the

MFpres ., measurement. Multiple previous studies successfully detected modulations of response

1
activation in sub-threshold response force shortly before the onset of task-relevant stimuli with similar
or even smaller sample sizes (Weissman, 2019; Weissman & Schmidt, 2024; Weissman et al., 2024).
However, these studies revealed response activations based on expectations about upcoming
responses. Speculatively, only strongly anticipated responses might leak into traceable, sub-threshold
motor activity, and errors might not come with such biased expectations about the upcoming response.

Second, both responses might be re-activated through the retrieval of bindings (e.g., Frings et al.,
2024; Frings et al., 2020). Episodic binding and retrieval creates short-cuts in action control for errors
between features of stimuli, correct and erroneous responses, and their effects (Foerster et al., 2023;
Foerster, Moeller, et al., 2022; Foerster et al., 2021). However, in our design, stimuli always changed in
consecutive trials. As such, a response could not be retrieved from the stimulus it was previously bound

to because a stimulus never repeated from trial n to trial n+1. A binding and retrieval mechanism may
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still be at work, though, considering recent evidence that responses are bound to and retrieved from the
task in which they were performed (Benini et al., 2024). As the task was always the same in the current
experiment, the repetition of the task in each trial could have triggered the retrieval of the previously
bound correct and erroneous responses after an error even without a stimulus or response repetition.
Retrieval of a response would facilitate its performance, explaining faster RTs after errors for correct
and erroneous responses compared to neutral responses. However, if a task repetition is registered
upon letter onset, response retrieval would not affect behavior during the pre-stimulus interval,
explaining the null results we observed in pre-stimulus force. Whether the activation of correct and
erroneous responses is due to retrieval from bindings with the task can be tested in a design that
manipulates task sequence from trial n to trial n+1: Correct and erroneous response activation in trial
n+1 should emerge more strongly if the task repeats than if the task changes.

Finally, it is possible that there is specific or general response inhibition followed by a rebound of
activation for the correct and erroneous responses. This rebound could occur when the representations
of the two responses are re-activated during the evaluation of the action, which likely involves assessing
what went wrong and what would have been right (Jentzsch & Dudschig, 2009; Mohr et al., 2018; Wirth
et al., 2018). Yet, sub-threshold motor activation in the pre-stimulus interval neither supports an initial
inhibition nor a rebound of activation. Therefore, to explain our findings, this explanation would need to

posit that the force measurement during this interval is not sensitive enough to detect these processes.

Unplanned, exploratory analyses

We have argued that faster RTs in trial n+1 for the neutral response from a correct versus
erroneous trial n indicate response-general processes (e.g., generalized inhibition). There is, however,
another potential explanation for this effect that involves response-specific processes. Heightened
activation of both the correct response and the erroneous response following an erroneous trial n may
lead to heightened response conflict when selecting the neutral response from trial n in trial n+1. Such
conflict could slow RTs, consistent with prior findings indicating that conflict has a detrimental effect on
performance across different conflict inducing tasks (e.g., Kornblum et al., 1990; Simon & Rudell, 1967;
Stroop, 1935). In contrast, if only the correct response remains highly active after a correct trial n, then
competition with the neutral response would stem from only one alternative response after correct trials
rather than from two alternative responses after erroneous trials. Therefore, differences in performance

involving the neutral response between post-correct and post-error trials might not solely reflect
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response-general processes (e.g., a shifted response threshold or generalized inhibition). They might
additionally (or instead) reflect response-specific processes that produce varying degrees of response
conflict during response selection after an error, which lead to mutual inhibition of competing response
alternatives.

We explored this competition hypothesis further in unplanned exploratory analyses before we
tested it a priori in Experiment 2. Our rationale was as follows. The presence of response-specific
activation after an erroneous trial n strongly suggests that there is also response-specific activation of
the correct response after a correct trial n. Therefore, following a correct trial n, performance in trial n+1
should be better for the correct response than for the neutral response. This advantage could stem from
heightened activation of the correct response or competition-induced slowing of the neutral response.
Further, if only the correct response is specifically activated after a correct trial n, but both the correct
and the erroneous response are activated after an erroneous trial n, then the correct response following
a correct trial n would not encounter conflict. In contrast, the correct response after an erroneous trial n
would conflict with the concurrently activated erroneous response. Therefore, performance in trial n+1
should be better for the correct response from a correct trial n than for both the correct response and
the erroneous response from an erroneous trial n.

To comprehensively assess the ex-post facto hypothesis of competing activation of the correct
and erroneous response in trial n+l, we analyzed differences in RTn:1 and PEn+1 between all
combinations of response option identity and response accuracy in trial n (see Fig. 5). Specifically, we
conducted two separate ANOVAs with a single within-subjects factor that allowed for a comparison of
all five combinations of response option identity and response accuracy (i.e., correct response from an
erroneous trial, neutral response from an erroneous trial, erroneous response from an erroneous trial,
correct response from a correct trial, and neutral response from a correct trial). For completeness, we

conducted an analogous analysis for MFeres__,, which we report in Appendix D. For the condition

n+1’
involving a correct response from a correct trial n, which was previously not analyzed and therefore not

considered in the original outlier detection, we excluded additional outliers in RTn+1, RDn+1, and MFrop,,
(1.9%). We included RDn+1 and MFrp,,, because we also conducted complementary exploratory

analyses for these dependent measures (see Appendix C).
In RTn+1, we found a significant difference between conditions, F(4, 176) = 12.51, p <.001, np? =
.22 (Greenhouse-Geisser corrected; € = .72). As we reported in our investigation of H6, RTn+1 was faster

for both the correct and erroneous response than for the neutral response from an erroneous trial n, but



26

no significant difference emerged for the comparison of the correct and erroneous response. The
analysis for H7 already revealed that RTn+1 for the neutral response was higher after an erroneous trial
n than after a correct trial n. We analyzed the remaining six comparisons in two-tailed paired-samples
t-tests. Consistent with the response competition hypothesis, RTq+1 for the correct response from a
correct trial n was always faster than for the other four conditions (i.e., each of the three responses from
an erroneous trial n and for the neutral response from a correct trial n), all ts = 3.21, p <.003, d, = 0.48.
Comparing the neutral response from a correct trial n to the erroneous and correct responses from an
erroneous trial n yielded no significant effects, both |t|s < 1. Finally, there were no significant differences
between the five conditions in PEn+1, F(4, 176) = 1.68, p = .173, np? = .04 (Greenhouse-Geisser
corrected; € = .76).

In sum, consistent with activation of the correct response and the response competition
hypothesis, the exploratory analyses revealed faster RTn+1 for the correct response than for the neutral
response after a correct trial n. Critically, we also observed faster RTs for the correct response from a
correct trial n than for the correct and erroneous responses from an erroneous trial n, consistent with

response competition between the latter two responses after an erroneous trial n.

Experiment 2

Introduction

An important limitation of Experiment 1 is that the crucial findings indicating response-specific
activation and competition in RTn+1 came from exploratory analyses. Thus, the aim of Experiment 2 is
to replicate these findings. For this endeavor, the measurement of RT is critical, whereas a fine-grained
assessment of response force is no longer necessary. Therefore, to streamline data collection, we
assessed performance via a standard keyboard instead of with force-sensitive keys using an otherwise
identical paradigm. This reduced setup allows us to replicate poor-response planning (H1) and
cancellation (H2) during error commission, response-specific activation (H3), response-specific
competition, as well as response-general inhibition or conservatism for response selection following

error commission (H4). The hypotheses will again be specified in the Results section (see Table 2).
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Method

Transparency and openness

We report how we determined our sample size, all data exclusions, all manipulations, and all
measures in the study. We preregistered this study before data collection (osf.io/f49z7). We collected
the data in 2025. We made the program code, data, and analysis code publicly available (osf.io/f49z7).

We processed and analyzed the data using the same software as in Experiment 1.

Participants

The critical effect sizes from Experiment 1 were dz = 0.38 in RT, RD, and RTn+1 (see H1 to H4 in
Table 2). At an alpha of .05, a sample of 60 participants provides a power of = .90 to detect dz = 0.38 in
a one-tailed, paired-samples t-test.

Sixty participants who provided written informed consent and received monetary compensation
or partial course credit were included in the final sample (mean age = 25, SD =5.7; 42 female, 18 male,
none non-binary; 50 right-handed, seven left-handed, three ambidextrous). Data from 19 additional
participants were collected but excluded from all analyses and replaced with other participants for the
following reasons. First, although we did not include the following three scenarios in the preregistration,
we had to exclude and replace several datasets because their sessions deviated in one of three ways
from the intended procedure: Seven participants were invited to the second session but did not schedule
a second session, one participant was accidentally assigned different stimulus-response mappings in
their two sessions, and one participant used only two of the three instructed keys in both sessions.
Second, as preregistered, eight participants were not invited to the second session because they
responded correctly in less than 50% of the trials during the first session. Similarly, an additional
participant responded correctly in less than 50% of the trials during the second session and was also
excluded. Third, as preregistered, one participant was excluded because their data provided fewer than

5 observations in a design cell that we needed to test the hypotheses (see Data treatment).

Stimuli, apparatus and procedure

Experiment 2 was the same as Experiment 1, but participants responded through a full-size
computer keyboard. We simplified the response setup because keypress responses were sufficient to

test the hypotheses of Experiment 2. Further, relying on keyboards rather than a single custom force
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key apparatus allowed for more efficient data collection from up to five participants at the same time.
Participants put their index, middle, and ring finger on the adjacent leftwards, downwards, and
rightwards pointing arrow keys. To make the experiments as similar as possible, we defined response
on- and offsets as in Experiment 1 and sampled the status of each key at 250 Hz. Because the status
of the key is dichotomous (i.e., pressed down vs. not pressed down), there was no baseline
measurement or individual response threshold. Akin to Experiment 1, response onset was defined as
the first instance of five consecutive measurements during which a key was pressed down. Response
offset was defined as the first instance thereafter where the key was not pressed down and kept this

status for another four consecutive measurements.

Data treatment

In contrast to Experiment 1, we did not collect or analyze force data. For this reason, we did not
have to resample the data as in Experiment 1 (we sampled effectively every 4.2 ms, SD = 0.03 ms). As
in Experiment 1, however, we excluded several types of trials. First, we excluded the trials in the practice
block of each session. Second, we excluded the first and last trial of each experimental block. Third, we
excluded trials with an error in the preceding trial n-1 (22.2%).

We selected trial sequences with either a correct response or a commission error in trial n and in
trial n+1. Therefore, we excluded trial sequences with early responses during fixation (< 0.1%), omission
errors (5.8%), and additional responses during the blank screen (2.6%) in trial n. We further excluded
trial sequences with early responses during fixation (< 0.1%), omission errors (5.6%), and additional
responses during the blank screen (2.5%) in trial n+1. For this selection of trial sequences, we computed
PEn+1.

For the analyses of all other dependent measures (i.e., all measures except for PEn+1), we made
the following additional exclusions. First, we excluded trial sequences with commission errors in trial
n+1 (11.9%). Second, we excluded outliers separately for each participant, dependent measure (RT,
RD, and RTn+1), and corresponding design cell of the planned analyses (4.3%).

After these exclusions, one participant had less than 5 observations in a design cell for the

analyses related to H1-H5 and was excluded and replaced (see Participants).
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Results

In the following, we again differentiate the analyses with respect to their focus on processes (i)
during error commission (H1 and H2) or (ii) after error commission during the response of trial n+1 (H3
and H4). We report the results of planned, secondary analyses after the results for the hypotheses.

Table 2 provides a summary of the assumed processes for the different time points and
hypotheses, hypothesized effects and empirical findings. The two central factors in all our analyses are

again (i) response accuracy in trial n and (ii) response option identity in trial n.

Table 2

Timing, processes, hypotheses, and outcome of Experiment 2

Error process H DV Hypothesized effect Outcome

During error comission in trial n

Poor pre-response . .
pre-resp 1 RT erroneous trial n < correct trial n v

planning

Response-specific

' 2 RD erroneous trial n < correct trial n v
cancellation

After error commission in trial n+1: Responding

correct/erroneous response < neutral

3a RT X
- m response from erroneous trial n v
Response-specific
activation | ‘
correct response < neutral response from
3b RTmu P . P v
correct trial n
) correct response from correct trial n <
Response-specifc 4a RTm1  correct/erroneous response from erroneous v
competition and trial n
response-general
inhibition or b RTum neutral response from erroneous trial n > from v
conservatism " correct trial n

Note. Overview of hypotheses (H) 1-4 to test error processes assumed to operate during error
commission or after error commisson during responding. The table further specifies the hypothesized
effects for each dependent variable (DV). A check mark indicates that the data produced an outcome
that is consistent with the hypothesized effect.

During error commission in trial n

In H1 and H2, we investigated processes during error commission. Specifically, H1 targeted poor
pre-planning of errors, whereas H2 targeted the response-specific process of error cancellation (see

Fig. 6).



30

Figure 6

Results for H1 and H2 in Experiment 2
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Note. Differences (A := erroneous trial n — correct trial n) in (A) response time (RT; H1) and (B) response
durations (RD; H2). Large, black dots indicate mean differences. Error bars visualize a one-tailed t-test.
They correspond to the upper bound of the 95% confidence interval of the related difference between
means (Clv). Small dots indicate individual participant values, and color visualizes the standardized
deviation from the mean difference (|z|).

H1 predicts that erroneous responses will be initiated faster than correct responses due to less
pre-response planning. Consistent with this hypothesis, a one-tailed, paired-samples t-test revealed
significantly faster RT in erroneous trials than in correct trials (497 vs. 511 ms; see Fig. 6A), t(59) = -6.68,
p <.001, d, =-0.86.

H2 predicts that the execution of an erroneous response will be shorter than the execution of a
correct response due to weaker initiation and active cancellation of erroneous responses. Consistent
with this hypothesis, a one-tailed, paired-samples t-test revealed significantly shorter RD in erroneous

trials than in correct trials (117 vs. 135 ms; see Fig. 6B), t(59) = -10.60, p <.001, d, =-1.37.

After error commission in trial n+1: Responding — Primary analyses

In H3 and H4, we investigated changes in the initiation of overt responses in trial n+1. H3 targeted
response-specific activation and H4 targeted response-specific competition and response-general
inhibition or conservatism (see Fig. 7). As an initial step, we analyzed RTn+1 in an ANOVA with a single
within-subjects factor to compare all five combinations of response accuracy in trial n and response
option identity in trial n (i.e., correct response from an erroneous trial, neutral response from an
erroneous trial, erroneous response from an erroneous trial, correct response from a correct trial, neutral
response from a correct trial). As the main effect was significant, F(4, 236) = 26.12, p < .001, np? = .31

(Greenhouse-Geisser corrected; € =.75), we tested H3 and H4 in six one-tailed, paired-samples t-tests.
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Figure 7

Results for H3 and H4 in Experiment 2
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Note. Response time in trial n+1 (RTn+1). The left side of the figure shows the correct, neutral, and
erroneous response from an erroneous trial n. The right side of the figure shows the correct and neutral
response from a correct trial n. The error bars depict the within-subject standard error for the full factorial
design (SEuwitin; Loftus & Mason, 1994).

H3 concerns response-specific activation of the correct response or the erroneous response from
trial n in trial n+1. H3a predicts that, after an erroneous trial n, the initiation of both the correct response
and the erroneous response will be faster in trial n+1 than the initiation of the neutral response due to
stronger activation of the former two responses. Consistent with this hypothesis, RTn+1 was significantly
faster for both the correct response, t(59) = -4.21, p < .001, d; = -0.54, and the erroneous response,
t(59) =-6.09, p <.001, d; = -0.79, than for the neutral response.

H3b predicts that, after a correct trial n, the initiation of the correct response from trial n in trial
n+1 will be faster than the initiation of the neutral response due to stronger activation of the executed
response. Consistent with this hypothesis, RTn+1 was significantly faster for the correct response than
for the neutral response, t(59) = -5.15, p <.001, d, = -0.67.

H4 concerns the influence of both response-specific and response-general processes on
performance in trial n+1. First, it predicts that response-specific activation of the correct response and
the erroneous response after an erroneous trial n will increase response competition compared to the
activation of only the correct response after a correct trial n. Second, it predicts that response-general

processes will slow the initiation of all responses after an erroneous trial n.
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H4a predicts that, in trial n+1, the initiation of the correct response from a correct trial will be faster
than the initiation of both the erroneous response and the correct response from an erroneous trial n,
indicating response-specific competition between the erroneous and correct response and/or response-
general slowing after errors. Consistent with this hypothesis, RTn+1 was significantly faster for the correct
response from a correct trial n than for both the correct response, t(59) =-5.21, p <.001, d, =-0.67, and
the erroneous response, t(59) = -2.60, p = .006, d, = -0.34, from an erroneous trial n.

H4b predicts that, in trial n+1, the initiation of the neutral response from trial n will be faster after
a correct trial n than after an erroneous trial n. Such an effect could indicate stronger competing
response activation from two responses after an error instead of one response after a correct trial and/or
response-general slowing after errors. Consistent with this hypothesis, RTn+1 was significantly faster for
the neutral response from a correct trial n than from an erroneous trial n, t(59) = -9.01, p < .001, d,
=-1.16.

In sum, our findings support both H3 and H4. While the results for H3 clearly suggest the operation
of response-specific processes, the results for H4 are in line with (i) response-general processes and/or
(i) response competition arising from distinct response-specific activations after errors.

There are some remaining comparisons between conditions for RTn+1 that we did not include in
H3 and H4 because they do not provide additional insight. For completeness, we report the results of

these comparisons in Appendix E.

After error commission in trial n+1: Responding — Secondary analyses

Analogous predictions as for RTn+1 can be made for PEn+1. However, because PEn+1 is generally
less sensitive than RTr+1 in error research, we did not expect to find reliable effects in this measure (see
Exp. 1). Therefore, we analyzed PEn+1 only as a secondary measure, with response option identity
denoting which response from trial n was executed as an error in trial n+1 (see Fig. 8). The main effect
in the ANOVA was significant, F(4, 236) = 6.82, p <.001, np? = .10 (Greenhouse-Geisser corrected; € =
.84). Accordingly, we conducted pairwise comparisons via two-tailed paired-samples t-tests®. As in
Experiment 1, PEn+1 denotes the frequency of committing an error by selecting a response of a certain

identity from trial n.

3 We conducted two-tailed rather than one-tailed t-tests because we did not formulate directional
hypotheses for this measure.
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Figure 8

Results for PEx+1 in Experiment 2
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Note. Percentage errors in trial n+1 (PEn+1, bottom). The left side of the figure shows the correct, neutral,
and erroneous response from an erroneous trial n. The right side of the figure shows the correct and
neutral response from a correct trial n. The error bars depict the within-subject standard error for the full
factorial design (SEwitin; Loftus & Mason, 1994).

First, PEn+1 did not differ significantly between the correct response and the neutral response from
an erroneous trial n, |t| < 1. However, participants committed more errors in trial n+1 by selecting the
erroneous (vs. neutral) response from an erroneous trial n, t(59) = 3.88, p <.001, d; = 0.50. The latter
result suggests that the erroneous response was more active than the neutral response. This finding
partly corroborates (for the erroneous response) and does not contradict (for the correct response)
response-specific activation after an erroneous trial n, as suggested by the findings of H3a.

Second, after a correct trial n, participants committed fewer errors in trial n+1 by selecting the
correct response from trial n than by selecting one of the neutral responses from trial n, t(59) = -4.68, p
< .001, d; = -0.60. This result suggests that the correct response was less active than the neutral
response. This finding appears to contradict response-specific activation of the executed correct
response following a correct trial n, as suggested by the findings of H3b.

Third, participants committed errors in trial n+1 less frequently by selecting the correct response
from a correct trial n than by selecting the erroneous response from an erroneous trial n, t(59) = -3.93,
p < .001, d; = -0.51. However, PEn+1 for the correct response from a correct trial n did not differ
significantly from PEn+1 for the correct response from an erroneous trial n, t(59) = -0.66, p = .513, d;

= -0.08. The findings therefore partly (for the erroneous response) and partly do not (for the correct
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response) contradict response-specific competition and response-general processes after an erroneous
trial n, as suggested by the findings of H4a.

Fourth, participants committed an error in trial n+1 more frequently by selecting the neutral
response from a correct trial n than from an erroneous trial n, t(59) = 3.66, p = .001, d, = 0.47. This
finding corroborates response-specific competition or response-general processes after an erroneous
trial n, as suggested by the findings of H4b.

As for RTn+1, there are some remaining comparisons that do not provide additional insight into our

main hypotheses. For completeness, however, we report the results of these tests in Appendix E.

Discussion

Experiment 2 replicated the key findings from Experiment 1. First, it replicated our findings
indicating that error cancellation is a response-specific process that occurs during the commission of a
hastily initiated error (e.g., Bode & Stahl, 2014; Foerster, Steinhauser, et al., 2022; Hochman et al.,
2017; Rabbitt, 1966). Second, it replicated the critical exploratory findings from Experiment 1 related to
response-specific and response-general processing changes in response selection during trial n+1.
Indeed, the analysis of RTn+1 confirmed all our hypotheses and thus fully replicated the pattern from
Experiment 1. First, the evidence points to response-specific activation. Namely, the correct response
and the erroneous response appear to be more active than the neutral response after an erroneous trial
n, as indicated by faster RTn+1 for the former responses than for the latter one. Further, the correct
response from a correct trial n appears to be more active than the neutral response from a correct trial
n, as indicated by faster RTn+1 for the correct response than for the neutral response. Second, the
evidence points to response-specific competition and/or response-general inhibition or conservatism.
The correct and erroneous responses from an erroneous trial n seem to compete with each other or to
be slowed down together with all responses, as indicated by longer RTn+1 relative to the correct response
from a correct trial n. Further, the neutral response seems to compete with the two other responses, or
it also is subject to a general slowdown, as indicated by longer RTn+1 for the neutral response from an
erroneous trial n than from a correct trial n.

The secondary analyses of PEn+1, however, yielded mixed results with respect to H3 on response-
specific activation. After an erroneous trial n, the results align with the findings from RTn+1 related to
response-specific activation (H3a): Specifically, increased activity of the erroneous response is

suggested by higher PEn+1 compared to the neutral response, and the correct response and the neutral
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response did not differ in PEn+1. After a correct trial n, however, the results diverge from the findings
from RTn+1 related to response-specific activation (H3b): Specifically, the correct response was initiated
faster, suggesting higher activation, but it was also selected less frequently when committing an error,
suggesting lower activation.

With respect to H4 concerning response-specific competition and response-general inhibition or
conservatism, the results from PEn+1 again align only partly with the results from RTn+1. In line with all
proposed processes, the neutral response was less frequently selected as error in trial n+1 if trial n was
erroneous rather than correct. Thus, for H4b, the findings for PEn+1 corroborate the findings for RTn+1.
However, participants committed more errors by selecting the erroneous response from an erroneous
trial n than by selecting the correct response from a correct trial n. Here, we would have expected the
opposite effect because (i) competition between the erroneous response and the correct response from
an erroneous trial n should reduce the erroneous selection of both responses in trial n+1 and/or (ii) a
more conservative response criterion or generalized inhibition should decrease error commission
generally after an erroneous trial n.

The PEn+1 data thus support the RTn+1 results for H3a and H4b (which correspond to H6 and H7
in Experiment 1) but contradict the RTn+1 results for H3b and H4a (which were derived from the
unplanned, exploratory analyses of Experiment 1). Notably, these findings are not readily explained by
conflict arising from response-specific activations, nor by response-general processes. Especially the
unexpected pattern for the correct response from a correct trial n suggests that other response-specific
processes beyond response-specific activation also contribute to post-error and post-correct behavioral
changes. We currently lack a theoretical explanation for this pattern of results.

But why did Experiment 2 reveal effects in PEn+1, whereas Experiment 1 yielded null results?
First, a visual comparison of Figures 5 and 8 suggests a similar descriptive pattern of results across
experiments. Second, this visual comparison also suggests an overall higher error rate in Experiment 2.
Albeit speculative, Experiment 1 might therefore have lacked the sensitivity to reliably measure changes
in accuracy due to a floor effect.

In sum, Experiment 2 strengthened the exploratory findings from Experiment 1 related to
response-specific activation of the correct and erroneous response during responding in trial n+1 after
error commission in trial n. Further, the primary RT analyses and part of the secondary accuracy
analyses also support the assumption that response-specific competition and response-general

processes (i.e., generalized inhibition or more conservative responding) contribute to post-error
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performance. Finally, the secondary accuracy analyses partly contradict the latter assumption and post-
correct response activation. However, we argue in the General Discussion that previous results on post-

error accuracy have also been mixed.

General Discussion

Many prominent theories implicitly assume that post-error performance reflects only response-
general processes (e.g., equivalent slowing of all possible responses). The present findings challenge
this implicit assumption by showing that response-specific processes also influence post-error
performance. Indeed, data from two experiments suggest that error commission in trial n leads to
increased activity of the correct and the erroneous response during response selection in trial n+1. Our
data also suggest that, after an error, responding in trial n+1 is slowed by (i) response competition arising
from the selective activation of the correct and erroneous response and/or (ii) response-general
processes like generalized inhibition. These findings have important implications for theories of post-
error processing including those that involve conflict monitoring and generalized inhibition. We discuss

the implications of our findings below.

A novel perspective on post-error processing

Computational models derived from conflict monitoring theory offer an integrative account of error
processing by regarding errors as an instance of behavioral conflict. Our observation that both the
correct response and the erroneous responses are more active than the neutral response in trials after
an error, however, contradicts current model predictions. Indeed, model simulations demonstrate that
response conflict between the correct and erroneous responses is high after an error but is resolved
within a few hundred milliseconds through mutual inhibition of active response representations (Yeung
et al., 2004). Thus, subsequent performance is affected by conflict only in a response-general manner:
After actions with high conflict, cognitive control is increased, thereby inducing a more conservative
speed-accuracy tradeoff for all actions (e.g., Botvinick et al., 2001). In contrast, our findings suggest that
response-specific activation (and any associated mutual inhibition) can be evident over an extended
period, exerting a direct impact on upcoming actions (see also Adkins et al., 2024, for recent evidence
on prolonged activation of erroneous responses). A suitable revision of the conflict monitoring model
might involve a weaker or nonlinear inhibitory connection between response representations, thereby

allowing a certain amount of response activation to persist over time.
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The cognitive processes that unfold after an error have been described as a sequence of
maladaptive processes followed by adaptive processes (e.g., Gjorgieva & Egner, 2022; Wessel, 2018).
Therefore, post-error changes in performance should reflect maladaptive processes (e.g., generalized
inhibition and orienting of attention away from the task) that occur directly after an error, but adaptive
processes (e.g., conservative criterion adjustment) when more time has passed (e.g., Jentzsch &
Dudschig, 2009). The current study suggests that such a chronological order does not incorporate (i)
early processes that should be regarded as adaptive or (ii) late processes that are to some extent
maladaptive. Regarding early adaptive processes, the current results replicate recent findings related to
error cancellation, a clearly adaptive process that operates during the commission of an error (Foerster,
Steinhauser, et al., 2022). Regarding late maladaptive processes, our results indicate increased
accessibility of both the correct response and the erroneous response during response selection
following an error. This outcome could be construed as adaptive if it reflects — or is a byproduct of —
binding the correct and erroneous responses to tasks, stimuli, or effects as described earlier. Even in
this situation, however, our findings suggest that increased accessibility of these responses would likely
be a source of interference that hampers the selection of other (neutral) actions. Therefore, the present
findings challenge the popular view that post-error processes reflect a gradual transition from solely
maladaptive processes to solely adaptive processes over time.

We examined conflicting response activation after an error only for a relatively long response-
stimulus interval, which is when adaptive post-error processes should be active (e.g., Gjorgieva & Egner,
2022). Therefore, it is an open gquestion whether we would observe the same pattern in a timeframe for
which maladaptive processes are still predominant (i.e., when the response-stimulus interval is short or
nonexistent; e.g., Jentzsch & Dudschig, 2009; M. Steinhauser et al., 2017; R. Steinhauser &
Steinhauser, 2021). Observing such activation of the correct and erroneous response across a timespan
that was previously assumed to distinguish between maladaptive and adaptive processes would further
strengthen our view that a strict chronological order of these processes is not warranted. We suspect
that both responses would indeed modulate performance after an error even for nonexistent response-
stimulus intervals (i.e., 0 ms), because of the recent execution of the erroneous response and fast
activation of the correct response, as demonstrated in our study and previous studies (e.g., Rabbitt,
1966, 2002). Further, substantially longer response-stimulus intervals could reveal the durability of these

activations. A systematic manipulation of the temporal interval between successive trials would therefore
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allow assessing the time course of the impact of correct and erroneous response activation on response

selection (Jentzsch & Dudschig, 2009; M. Steinhauser et al., 2017).

Limitations

A strict chronological order of early maladaptive and late adaptive processes offers a clear
prediction about the accuracy of responses after errors (Wessel, 2018). Maladaptive processes such as
increased monitoring of an error should make subsequent responses more error-prone when the
response-stimulus interval is sufficiently short. Adaptive processes should instead improve accuracy
after a sufficiently long response-stimulus interval. Studies indeed observed consistently lower accuracy
after errors than after correct responses for short intervals in line with maladaptive processes (Jentzsch
& Dudschig, 2009; M. Steinhauser et al., 2017). However, the accuracy data for long intervals did not
support adaptive processes because post-error responses either did not differ from post-correct
responses (Jentzsch & Dudschig, 2009; M. Steinhauser et al., 2017) or they were still more error-prone
(M. Steinhauser et al., 2017). We likewise did not find differences in accuracy between response option
identities after errors or between neutral responses after erroneous compared to correct trials in
Experiment 1. In Experiment 2, the accuracy data partly aligns with adaptive error processing (i.e., fewer
error commissions in trial n+1 with the neutral response after erroneous than correct trials n; see Fig. 8)
but also partly contradicts it (i.e., committing the same erroneous response in trial n and trial n+1 was
amongst the most frequent errors). Response-specific and response-general processes, at least the
ones proposed in the current study, also cannot explain the whole pattern of results. Although this
research endeavor carved out novel, error-related processes, it also reveals that current theories do not
explain the entirety of post-error changes.

As we described earlier, explaining our findings related to response-specific processes in terms
of residual, rebound, or retrieved activation of the erroneous and correct response provides a
parsimonious model for both the current results and previous findings. We acknowledge, however, that
the present observations could stem from the superposition of multiple independent cognitive and/or
motoric processes. For example, the data pattern in the response times of trial n+1 could be explained
by a combination of efficient re-activation of previous motor patterns and response-specific inhibition.
With regard to re-activation of previous motor patterns, the faster initiation of the correct response after
a correct trial n might originate from facilitated re-contraction of previously engaged muscles. This

benefit should, however, be similar for the erroneous response after erroneous trials. It should also be
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evident, albeit to a smaller extent, for correct responses from an erroneous trial n, as our measures of
PF in Experiment 1 suggest sub-threshold motor activity for correct responses in these trials.
Accordingly, response-specific inhibition would need to target both (i) the erroneous response
(counteracting benefits of motor repetitions) and (ii) the neutral response to fully account for the

observed RTn+1 pattern after errors.

Conclusion

Current views posit that post-error performance reflects response-general processes that operate
on all cognitive representations of responses of a task (e.g., a shift in the decision criterion), rather than
processes that operate on specific responses. Contrary to these views, our findings indicate selective
activation during response selection in trial n+1 of both the correct response and the erroneous response
(vs. the neutral response) from an erroneous trial n. Our findings further suggest that the simultaneous
activation of the correct and erroneous responses after an error engenders a cognitive conflict that
influences response selection in trial n+1. By revealing that response-specific processes influence post-
error performance in these ways, our findings challenge current views of error processing that posit only
response-general processes. In particular, our findings show that considering specific response
identities in designs with more than two response options allows for a more precise description of post-
error behavior than does averaging across all responses, as in traditional measures of post-error
performance. To separate response-specific influences from other error-related processes in future
studies of error processing, researchers should consider the identity of the current response in relation

to the previous response.
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Appendices

Appendix A

Before conducting the main Experiment 1, we had four pilot attempts which followed a slightly
different preregistration (osf.io/f36su; in the same repository as the main study, osf.io/f49z7). The major
differences to the main Experiment 1 were that we excluded participants when their accuracy dropped
below 60% (rather than 50%) and that the outlier criterion was 2.5 Sn (rather than 3.0 Sn).

For the pilots, we preregistered to collect 48 participants and to replace participants whose data
met specified exclusion criteria. Crucially, and as in the main experiment, we preregistered to collect
small samples of eight participants each and to continue data collection only if the exclusion criteria
were only met by a maximum of 2 participants (£ 25%). Consequently, if a pilot had higher exclusion
rates, we stopped data collection and adapted the study design to reduce exclusions. In sum, four pilots
failed (see below for details on exclusions). Across the four pilot attempts, we adjusted the number of
trials (Pilot 1: 1050, Pilot 2: 1170, Pilot 3: 1290, Pilot 4: 1860), the response deadline (Pilot 1: 700 ms,
Pilot 2: 650 ms, Pilots 3 and 4: 675 ms), and the feedback duration (Pilots 1 and 2: 1000 ms, Pilots 3
and 4: 2000 ms). In Pilot 4, we excluded repetitions of irrelevant stimuli with the method of the main
experiment. Specifically, the first element of each sequence of irrelevant stimuli was constrained to differ
from the last two (one in Pilots 1-3) elements of the previous sequence of irrelevant stimuli. Furthermore,
we excluded target repetitions in two successive trials and invited participants to two (one in Pilots 1-3)
experimental sessions. In contrast to the main study, all participants were invited to the second session
in the fourth pilot, irrespective of their error rate in the first session.

As in the main study, we had to exclude spurious force measurements from the unprocessed
force data when all three force keys sent a value of 0 a.u. at the same time (Pilot 1: 0.3%, Pilot 2: 0.3%,
Pilot 3: 0.3%, Pilot 4: 0.1%). Force was sampled effectively about every 4 ms (Pilot 1: M = 4.2 ms, SD
= 0.02 ms, Pilot 2: M = 4.2 ms, SD = 0.02 ms, Pilot 3: M = 4.3 ms, SD = 0.05 ms, Pilot 4: M = 4.4 ms,
SD = 0.06 ms). All further data treatment went as planned in the preregistration.

We excluded the practice blocks and participants who responded correctly in less than 60% of
the remaining trials (Pilot 1: nobody, Pilot 2: two participants, Pilot 3: three participants, Pilot 4: two
participants). As Pilot 3 already exceeded our maximum exclusion criterion of two participants, its data
were not further analyzed. For the other pilots, we excluded the first and last trial of each block. We then

excluded trials with an error in the preceding trial n-1 (Pilot 1: 22.3%, Pilot 2: 25.8%, Pilot 4: 23.0%). We
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excluded early responses during fixation (all three remaining pilots < 0.1%), omission errors (Pilot 1:
8.2%, Pilot 2: 13.3%, Pilot 4: 11.0%), and additional responses during the blank (Pilot 1: 3.2%, Pilot 2:
1.6%, Pilot 4: 2.8%). We excluded target repetitions from trial n to trial n+1 in Pilot 1 (14.7%) and Pilot
2 (15.9%; Pilot 4 excluded target repetitions by design). We then excluded trials with errors in the
upcoming trial n+1, that is, early responses during fixation (all three remaining pilots < 0.1%), omission
errors (Pilot 1: 8.5%, Pilot 2: 14.2%, Pilot 4: 10.7%), and additional responses during the blank (Pilot 1:
3.3%, Pilot 2: 1.6%, Pilot 4: 2.7%). For this selection of trial sequences, we planned to conduct all
analyses on PEn+1 and excluded commission errors for the analyses of all other dependent variables
(Pilot 1: 9.4%, Pilot 2: 9.5%, Pilot 4: 7.1%). We excluded trials as outliers when any trial-specific value
was greater than 2.5 Sn (Pilot 1: 27.3%, Pilot 2: 23.9%, Pilot 4: 25.3%). After these exclusions, six
participants in Pilot 1, six participants in Pilot 2, and three participants in Pilot 4 had less than 10
observations in at least one of the design cells. Therefore, all four pilots exceeded our maximum

exclusion criterion of two participants.

Appendix B

For Experiment 1, it might be argued that the observed differences in the execution of erroneous
responses, relative to correct responses, are not indicative of cancelling the erroneous response but
rather, are a byproduct of sub-threshold correction activity. In other words, the lower MFrp and shorter
RD for erroneous responses might be the result of increased response competition rather than
pronounced cancellation. We conducted unplanned exploratory analyses where we determined the
relationship between (i) PF on sub-threshold (i.e., not executed) responses and (ii) RD and MFrp of
above-threshold (i.e., executed) responses. Specifically, we added the PFs of the two sub-threshold
responses in trial n (i.e., the two neutral responses in a correct trial or the correct and neutral response
in an erroneous trial) and conducted a median split of these PF sums (< median vs. > median),
separately for each participant and response accuracy (correct vs. erroneous) in trial n. We then
analyzed RD and MFrp in trial n with an analysis of variance (ANOVA) with two within-subject factors:
(i) sub-threshold PF (low vs. high) and (ii) response accuracy in trial n (correct vs. erroneous). Significant
interactions were investigated with follow-up, two-tailed paired-samples t-tests.

For RD, the main effect of the sub-threshold PF was not significant (low = 167 ms vs. high =171
ms), F(1, 46) = 2.06, p = .158, ny? = .04. There was, however, a main effect of response accuracy in trial

n, as RD was shorter for erroneous trials than for correct trials (159 vs. 179 ms), F(1, 46) = 19.41, p <
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.001, np? = .30 (see also H2). Finally, there was an interaction between these factors, F(1, 46) = 10.65,
p =.002, np? = .19. In correct trials, RD was shorter when sub-threshold PF was low as compared to
high (174 vs. 184 ms), t(46) = -4.16, p < .001, d; = -0.61. In erroneous trials, however, the difference
was not significant (158 vs. 160 ms), t < 1.

For MFrp, there was a main effect of response accuracy in trial n as MFrp was lower in erroneous
trials than in correct trials (839 vs. 888 a.u.), F(1, 46) = 11.37, p =.002, np? = .20 (see also H2). However,
neither the main effect of sub-threshold PF (low = 858 a.u. vs. high = 868 a.u.), F(1, 46) = 1.38, p = .246,
np? = .20, nor the interaction (correct, low = 881 a.u. vs. correct, high = 894 a.u. vs. erroneous, low =
835 a.u. vs, erroneous, high = 842 a.u.), F < 1, were significant.

In sum, the exploratory analyses do not support the assumption that response competition is
responsible for the observed differences between erroneous and correct responses in response

execution.

Appendix C

In Experiment 1, we conducted separate ANOVAs on RDn+1 and MFro ., with a single within-

subjects factor: response option identity in trial n (correct vs. neutral vs. erroneous) after an erroneous
trial n (see Fig. C1). Neither ANOVA vyielded a significant main effect, both Fs < 1. We also assessed

whether RDn+1 and MFro,,, for the neutral response from trial n differed following a correct trial n and

an erroneous trial n. The two-tailed, paired-samples t-tests were not significant for RDn+1, t(44) = 1.42,

p =.163, d; = 0.21, and MFro__ ., |t| < 1.

n+1’
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Figure C1

Results for RDn+1 and MFgrpn+1 in Experiment 1
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Note. Response duration in trial n+1 (RDn+1, top) and mean force in the response duration window of
trial n+1 (MFro,,,, bottom). The left side of the figure shows the correct, neutral, and erroneous response

from an erroneous trial n. The right side of the figure shows the correct and neutral response from a
correct trial n. Large, black dots indicate the mean. The error bars depict the within-subject standard
error for the full factorial design (SEwitin; Loftus & Mason, 1994).

Finally, in unplanned exploratory analyses, we comprehensively assessed differences in RDn+1

and MFrp,,, between all combinations of response option identity and response accuracy in trial n (see

Fig. C1). We conducted two separate ANOVAs with a single within-subjects factor that allowed for a
comparison of all five combinations of response option identity and response accuracy (i.e., correct

response from an erroneous trial, neutral response from an erroneous trial, erroneous response from
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an erroneous trial, correct response from a correct trial, neutral response from a correct trial). There

were no significant differences between the five conditions in RDn+1 or MFrop_, ., both Fs < 1.

n+1’

Appendix D

As for RTn+1, RDn+1, and MFro,,, in Experiment 1, we assessed differences in MFpres ., between

all combinations of response option identity and response accuracy in trial n in unplanned, exploratory
analyses (see Fig. 4). We conducted an ANOVA with a single within-subjects factor that allowed for a
comparison of all five combinations of response option identity and response accuracy (i.e., correct
response from an erroneous trial, neutral response from an erroneous trial, erroneous response from
an erroneous trial, correct response from a correct trial, neutral response from a correct trial). Since

MFeres,,,, for the correct response from a correct trial n was not part of the design cells considered in

our initial outlier detection, we discarded additional outliers for this analysis (1.4%).
We found a significant difference between the five conditions, F(4, 184) = 7.10, p < .001, np? =
.13 (Greenhouse-Geisser corrected; € = .68). Two-tailed, paired-samples t-tests between all conditions

indicated that MFrres_,, for the correct response from a correct trial n was higher than for (a) the neutral

response from a correct trial n and (b) each of the three responses from an erroneous trial n, all ts(46)
> 2.94, p £.005, d; = 0.43. Each of the remaining six comparisons (i.e., between the neutral response
from a correct trial n and each of the three responses from an erroneous trial n and between each of the
three responses from an erroneous trial n) were not significant, all |t|s < 1.

In sum, the exploratory analyses revealed that only correct responses from trial n showed a
pronounced subthreshold force in exploratory analyses, speculatively because these responses had the

most forceful and longest execution in trial n. However, the pattern is not consistent with H4 or H5.

Appendix E

In Experiment 2, we conducted selected t-tests to test our hypotheses in RTn+1 and to conduct
complementary secondary analyses in PEn+1. For completeness, we report the remaining two-tailed
paired samples t-tests here.

First, there is no reason to assume differences between the activation of the erroneous response
and the correct response from an erroneous trial n. There was only a non-significant trend toward faster

RTn+1, 1(59) = 1.76, p = .083, d; = 0.23, but significantly higher PEn-+1, t(59) = 2.67, p =.010, d, = 0.34,
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for the erroneous than the correct response from an erroneous trial n. Second, as the results are in line
with H3a, H4a, and H4b, RTnr+1 should also be significantly faster for the correct response from a correct
trial n than for the neutral response from an erroneous trial n, t(59) = 9.85, p <.001, d; = 1.27. PEn+1 did
not differ significantly between these conditions, |t| < 1. Third, the erroneous and the correct response
from an erroneous trial n should be more active than the neutral response from a correct trial n. At the
same time, response-general processes could slow down responding after erroneous trials n but not
after correct trials n. These opposing influences could therefore cancel each other out and the absence
of an effect would be difficult to interpret. Indeed, the neutral response from a correct trial n did not differ
from both responses from an erroneous trial n in RTn+1 (correct: t(59) = 1.48, p = .143, d, = 0.19;
erroneous: |t| < 1). PEn+1 for the neutral response from a correct trial n was higher than for the correct
response from an erroneous trial n, t(59) = -2.19, p = .033, d, = -0.28, but did not differ significantly from

the erroneous response from an erroneous trial n, t(59) = 1.07, p = .290, d, = 0.14.
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