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Dissociable Components of Error Processing On the Functional Significance of the Pe Vis-à-vis the ERN/Ne Thérèse J.M. Overbeek1, Sander Nieuwenhuis2, and K. Richard Ridderinkhof1,3 1
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Abstract. We conducted a literature review to examine the functional significance of the error positivity (Pe), an error-related electrophysiological brain potential often observed in combination with the error negativity (Ne). The review revealed many dissociations between documented effects on the Ne and Pe, suggesting that these components reflect different aspects of error processing. We found little support for the proposed hypotheses that the Pe is associated with the affective processing of errors or with posterror behavioral adaptation. Some support was found for the hypothesis that the Pe reflects conscious recognition of an error. Finally, we discuss the notion that the Pe may reflect a P3b associated with the motivational significance of the error. We conclude that more research is needed to test predictions of the various Pe hypotheses, and that more rigorous investigation of the neural generators of the Pe may contribute to a better understanding of the neurocognitive processes involved in error monitoring. Keywords: error processing, performance monitoring, error positivity, error negativity, error awareness



Over the last decade, the study of error monitoring has been advanced considerably by the study of two eventrelated brain potential (ERP) components that can be observed when people make errors: the error(-related) negativity (Ne or ERN) and the error positivity (Pe; Falkenstein, Hohnsbein, Hoormann, & Blanke, 1991). The Ne is a sharp negative deflection with a frontocentral scalp distribution peaking 60–80 ms following an erroneous response. The Ne is typically followed by the Pe, a slow positive wave with a diffuse scalp distribution and maximum amplitude between 200–400 ms. Whereas the sensitivity of the Ne to various experimental factors and individual differences has been scrutinized extensively (Holroyd, Nieuwenhuis, Mars, & Coles, 2004), the Pe has not been studied with the same rigor. Likewise, whereas several theoretical and mechanistic accounts of the processes reflected in the Ne have been developed (cf. Yeung, Cohen, & Botvinick, 2004), the functional significance of the Pe remains pretty much in the dark. We examine associations and dissociations between the reported effects on the Ne and Pe by reviewing and analyzing the available literature. Although the resulting pattern of outcomes is not entirely consistent, a picture emerges that tentatively supports a conceptualization in Hogrefe & Huber Publishers



terms of error salience or significance, suggesting that the Pe reflects processes similar to those expressed in the P3b. We also discuss some research avenues that might lead to more rigorous experimental investigation and new hypotheses of the neurocognitive processes underlying the Pe.



Performance Monitoring Processes Reflected in the Ne and Pe Largely overlapping brain areas in the medial frontal cortex (MFC), clustering in the rostral cingulate zone (RCZ, the posterior MFC border zone between the medial areas BA8, BA6, and BA32’, with some extension into BA24’), are involved in monitoring for unfavorable outcomes, response errors, response conflict, and decision uncertainty (Ridderinkhof, Ullsperger, Crone, & Nieuwenhuis, 2004). These conditions have in common that they signal an increased probability that goals may not be achieved or rewards may not be obtained. In the ERP, these processes are typically expressed in the Ne and related components, including the so-called feedbackJournal of Psychophysiology 2005; Vol. 19(4):319–329 DOI 10.1027/0269-8803.19.4.319
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ERN (Nieuwenhuis, Holroyd, Mol, & Coles, 2004) and the Ne-like component on correct conflict trials (Vidal, Burle, Bonnet, Grapperon, & Hasbroucq, 2003), often referred to as the CRN. A neurobiological mechanism that captures the role of the RCZ in coding outcome- and error-related information has been proposed by Holroyd and Coles (2002). Errors in reward prediction are coded by phasic changes in activity of the mesofrontal/mesolimbic dopamine system: a phasic increase or decrease when ongoing events are suddenly better or worse (respectively) than expected (Schultz, 2002). These phasic dopamine signals are communicated to the RCZ (giving rise to the Ne), where they are used for improving task performance in accordance with basic reinforcement-learning principles. The RCZ may also be involved in the monitoring of response conflict (Botvinick, Braver, Barch, Carter, & Cohen, 2001), as may occur just prior to a correct response when a prepotent but incorrect response was prevented (e.g., Nieuwenhuis, Yeung, van den Wildenberg, & Ridderinkhof, 2003). The detection of postresponse conflict on error trials has been proposed as a mechanistic account of internal error detection (Yeung et al., 2004). Reconciling the conflict and reinforcement-learning theories, the RCZ may be engaged when the need for adjustments to achieve action goals becomes evident: Response conflict signals a reduced probability of obtaining a reward, whereas errors and unexpected negative feedback signal the loss of an anticipated reward (Ridderinkhof et al., 2004). Consistent with this hypothesis, Brown and Braver (2005) have proposed that areas in the medial wall, roughly corresponding to the RCZ, learn to predict the likelihood of imminent errors in a given context. In a meta-analysis of the human neuroimaging literature, focusing on RCZ activations in response to these types of events, Ridderinkhof et al. (2004) found the most pronounced cluster of activations in BA32’. Activation foci associated with reduced probabilities of obtaining a reward (such as response conflict) clustered slightly more dorsally than foci associated with errors and failures to obtain an anticipated reward. Together, these patterns suggest the importance of the RCZ area for a unified performance-monitoring function, the electrophysiological correlate of which is the Ne. Thus, based on extensively documented research efforts, converging views on the functional significance of the Ne have begun to emerge. By contrast, we have only begun to scratch the surface when it comes to the Pe. The



sensitivity of the Pe to various experimental factors and individual differences has not been studied systematically, and interpretational frameworks consistent with the scattered evidence are yet to be developed. As will become evident from the literature analysis presented below, studies that examine individual differences in, and/or the effects of experimental manipulations on both the Ne and the Pe often report these effects to be dissociated. Since the Ne and Pe differ also in terms of timing and scalp distribution, it appears that the Pe reflects aspects of error-related processing that are, at least in part, independent of those manifested in the Ne.



Review of Studies That Report Both Ne and Pe: Associations and Dissociations We surveyed the ERP literature published or (to our knowledge) accepted for publication before August 2005, focusing on studies that report the effects of focal brain lesions, individual differences, pharmacological interventions, or experimental manipulations on both the Ne and the Pe. A study was selected if (1) both Ne and Pe were examined and (2) different conditions (experimental manipulations or interventions) or groups were compared. Thirty-two published studies that met our inclusion criteria are summarized schematically in Table 11. To evaluate our hypotheses, we divided these studies into three categories. First, pharmacological intervention studies were examined to determine whether the sensitivity of the Ne to dopaminergic and other agents is mimicked in the Pe. Second, we analyzed studies reporting various individual differences, including age-related, personality-related, and pathology-related differences, to explore whether systematic patterns of concordant/discordant group effects on the Ne and Pe can inform us about the nature of the processes underlying the Pe. Finally, results of various experimental manipulations on the Ne and Pe will be discussed.



Pharmacological Effects As noted before, the MFC is densely targeted by ascending dopaminergic projections, and accordingly the Ne has con-



1 In two cases, additional unpublished data were used to allow inclusion (Pe data from Leuthold & Sommer, 1999, were augmented with unpublished Ne data from the same study, obtained through personal communication, and cited in Elton, Spaan, & Ridderinkhof, 2004; Ne data from Ridderinkhof et al., 2002, were augmented with unpublished Pe scores from the same study). Two studies using the stop-signal paradigm (Endrass, Franke, & Kathmann, 2005; Overtoom et al., 2002) met the inclusion criteria specified above, but were nonetheless excluded because the extent to which Ne and Pe components were confounded with inhibition-related ERP components could not be determined unambiguously (cf. Ramautar, Kok, & Ridderinkhof, 2004). Journal of Psychophysiology 2005; Vol. 19(4):319–329
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sistently been found to be sensitive to changes in dopaminergic neurotransmission. In contrast, the Pe does not seem to depend heavily on the dopamine system. For example, De Bruijn, Hulstijn, Verkes, Ruigt, & Sabbe (2004) showed that amphetamine, which increases dopamine release, leads to a larger Ne compared to placebo, whereas Pe amplitude was not influenced by amphetamine. Further, sedative substances that act on dopamine receptors, such as ethanol, or on GABAreceptors (GABAinteracts closely with dopamine and innervates the MFC), such as the benzodiazepine lorazepam, elicit a smaller Ne whereas no differences in Pe amplitude are found (De Bruijn et al., 2004; Ridderinkhof et al., 2002). Caffeine, a substance that indirectly stimulates the production and reuptake of dopamine through its effect on the dopamine precursor adenosine, elicits an increased Ne as well as an increased Pe (Tieges, Ridderinkhof, Snel, & Kok, 2004). Finally, mirtazapine, an antidepressant that primarily influences histaminergic neurotransmission (which does not innervate MFC), affects neither Ne nor Pe amplitude (De Bruijn et al., 2004). Summary With the exception of caffeine, all substances that directly or indirectly affect dopaminergic activity and produce (enhancing or attenuating) effects on the Ne fail to produce such effects on the Pe. Although relying on null findings carries the usual risks, the patterns appear reasonably consistent across studies and argue against the notion that the dopamine-mediated performance-monitoring processes subserved by the MFC, and expressed in the Ne, also underlie the Pe.



Individual Differences: Age, Pathology, and Personality Age seems to differentially influence the Ne and Pe. Developmental studies have shown a smaller Ne in children compared to young adults, whereas the Pe is similar across groups, being essentially in place even in the youngest children examined (Table 1). In older compared to young adults, a reduction in amplitude is typically found not only for the Ne but also for the Pe (Table 1). The age-related differences in Ne amplitude might be related to deficiencies in the mesofrontal dopamine system in childhood and senescence (Nieuwenhuis et al., 2002). The pattern of an intact Pe in childhood but attenuated Pe amplitudes in older age bears resemblance to age-related differences seen for the P3b component of the ERP, which shows a similar pattern of change across the life span (Polich, 1997; Ridderinkhof & van der Molen, 1995). Altered dopaminergic function could be (partly) responsible for the differential effects of some neuropsyHogrefe & Huber Publishers
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chiatric pathologies on the Ne and Pe. For example, the Ne is smaller in patients with Alzheimer’s disease, Parkinson’s disease, and schizophrenia than in controls, but no differences in Pe amplitude are found (Table 1). The reduced Ne amplitude in Alzheimer’s disease might be related to dopaminergic deficiencies, primarily because the striatal uptake of the dopamine reuptake ligand [11C]β-CFT is decreased (Rinne, Shalberg, Ruottinen, Nagren, & Lehikoinen, 1998), whereas in Parkinson’s disease this is presumably caused by dysfunction of the mesencephalic dopamine system, which, among others, has projections via the limbic circuit to the ACC (Falkenstein, Willemssen, Hohnsbein, & Hielscher, 2005). Schizophrenia is associated with relative dopaminergic hyperactivity in subcortical areas (including the striatum), but dopaminergic hypoactivity in frontal brain areas (Weinberger, 1987), which could explain the impairment in error processing expressed in the Ne. Bates, Liddle, Kiehl, and Ngan (2004) also report a smaller Ne during psychosis compared to nonpsychotic stages in schizophrenic patients, in the absence of effects on Pe amplitude. Dopamine release is elevated during psychotic phases (as opposed to periods of remission; e.g., Laruelle & Abi-Dargham, 1999), but sensitivity to dopamine is assumed to be altered during psychosis (e.g., Winterer & Weinberger, 2004). While deviating patterns of dopaminergic activity during psychosis relative to remission likely resemble the patterns of divergence in schizophrenic patients vs. controls, it is not yet fully understood how the error-monitoring processes reflected in the Ne are affected by acute psychosis. In contrast, patients with obsessive-compulsive disorder (OCD) had a larger Ne compared with controls, while no effects on Pe amplitude were found (Ruchsow et al., 2005). OCD has been associated with hyperactivity of action-monitoring processes in a circuit including frontal, striatal, and thalamic regions (Maltby, Tolin, Worhunsky, O’Keefe, & Kiehl, 2005), as well as with decreased serotonin sensitivity, in particular in the frontal cortex (Aouizerate, B., Guehl, D., Cuny, E., Rougier, A., Bioulac, B., Tignol, J., & Burbaud, 2004). Serotonergic projections from the raphe nucleus exert a tonic inhibitory control over the activity of the dopaminergic system in the striatum and the cortex. The disruption of this balance by decreased serotonin sensitivity in OCD leads to elevated dopamine levels, which may in turn have caused the larger Ne in patients with OCD. Whether cortical lesions affect the Ne and Pe seems to depend on the specific cortical areas affected by the lesion: Both the Ne and Pe are smaller or even absent in patients with frontolateral or basal ganglia lesions compared to healthy subjects, whereas both Ne and Pe are unaffected in patients with frontopolar or temporal lesions (Ullsperger & Von Cramon, 2005; Ullsperger, von Journal of Psychophysiology 2005; Vol. 19(4):319–329
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Table 1. Summary of NE and PE findings and PE scoring parameters per study, divided into three groups of studies: pharmacological interventions, individual differences, and experimental manipulations. Reference



Task



Manipulations/groups



PE



NE Results



Results



Amplitude Window Baseline measure (in ms post- (in ms preresponse) response)



Maximum along the midline



Pharmacological interventions De Bruijn et al. (2004)



Flanker



X: D-amphetamine Y: lorazepam Z: mirtazapine P: placebo



X>P Y



X=P Y=P Z=P



peak



200–500



100–0



X: Cz Y: Cz Z: Cz P: Cz



Ridderinkhof et al. (2002)



Flanker



X: alcohol P: placebo



X


X=P



peak



250–650



150–50



X: Cz Y: Cz



Tieges et al. (2004)



Switch



X: low-dose caffeine Y: high-dose caffeine P: placebo



X=Y>P



X = Y > P peak



200–400



150–50



X: FCz Y: FCz P: FCz



X: schizophrenia patients Y: controls



X


X=Y



mean



300–400



400–200



X: Fz, Cz, Pz Y: Fz, Cz, Pz



Individual differences Alain et al. (2002)



Stroop



Band & Kok (2000)



Mental ro- X: young adults tation Y: older adults



X>Y



X>Y



mean



300–600



1500–500



X: Fz, Cz, Pz Y: absent



Bates et al. (2004)



Go/Nogo X: schizophrenia patients Y: controls X1: during psychosis X2: in remission



X


X=Y X1 = X2



peak



100–380



200–150



X: FCz Y: FCz



Davies et al. (2004)



Flanker



X: children Y: young adults



X


X=Y



peak



?



600–400



X: Cz Y: Cz



Dywan et al. (2004)



Flanker



X: young adults Y: older adults



X>Y



X>Y



peak



150–350



600–400



X: Cz Y: FCz



Source memory



X: young adults Y: older adults



X>Y



X>Y



peak



150–350



200–0



X: FCz Y: Cz



Falkenstein et al. (1998)



Choice Flanker



X: young adults Y: older adults



X>Y



X>Y



peak



200–500



?



X: Cz, Pz Y: Cz, Pz



Falkenstein et al. (2005)



Choice X: Parkinson’s patients Go/Nogo Y: controls



X


X=Y



mean



250–550



200–0



X: Pz Y: Pz



Hajcak et al. (2004)



Stroop



X: low-NA subjects Y: high-NA subjects



X


X>Y



mean



200–400



200–0



X: FCz Y: FCz



Ladouceur et al. Flanker (2004)



X: early adolescents Y: late adolescents



X


X=Y



peak



?



150–50



X: Cz Y: Cz



Mathalon et al. (2002)



Match



X: schizophrenia patients Y: controls



X


X=Y



mean



200–500



100–0



X: Cz, Pz Y: Cz, Pz



Mathalon et al. (2003)



Match



X: young adults Y: older adults Z: Alzheimer’s patients



X>Y>Z



X = Y = Z mean



200–500



50–0



X: Fz Y: Fz Z: Fz



Mathewson et al. (in press)



Flanker Source memory



X: young adults Y: older adults



X>Y



X>Y



peak



150–350



Flanker: 600–400 Source memory: 200–0



X: Fz, FCz, Cz Y: Cz



Ruchsow et al. (2005)



Go/Nogo X: obsessive-compulsive patients Y: controls



X>Y



X=Y



peak



early PE: 0–250 late PE: 250–750



200–0



X: FCz, Cz Y: FCz, Cz X: CPz, Pz Y: CPz, Pz



Flanker



Xa = Ya Xb = Yb Xc < Yc Xd > Yd



200–500



600–400



X: Cz Y: Cz



Santesso et al. (in press)



X: high-scoring children Y: low-scoring children on a: neuroticism, b: extraversion, c: psychoticism, and d: lie scales



Journal of Psychophysiology 2005; Vol. 19(4):319–329



mean Xa = Ya Xb = Yb Xc = Yc Xd = Yd



peak
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Table 1 (continued) Reference



Results



Amplitude Window Baseline measure (in ms post- (in ms preresponse) response)



Maximum along the midline



X≤Y



X≤Y



peak



?



?



X: Cz Y: Cz



Ullsperger et al. Flanker (2002)



W: frontolateral lesion W


W


mean



300–450



100–0



W: Pz X: Pz Y: Pz Z: Pz



Ullsperger & Von Cramon (2005)



X: basal ganglia lesion X


X


mean



early PE: 120–300 late PE: 300–500



100–01



X: absent Y: absent Z: Pz



Flanker



Flanker



Manipulations/groups



PE



NE Results



Stemmer et al. (2003)



Task



X: MFC lesion patients Y: controls



Experimental manipulations Dywan et al. (2004)



Flanker Source memory



W: flanker-task errors X: source-memory errors Y: many errors Z: few errors



W=X Y=Z



W>X Y


peak



150–350



Flanker: 600–400 Source memory: 200–0



FCz, Cz



Ehlis et al. (2005)



Flanker



X: genuine response errors X > Y Y: erroneous error feedback



X>Y



peak



100–400



200–100



Cz, Pz



Elton et al. (2004)



Go/Nogo



X: easy discrimination X=Y Y: difficult discrimination



X=Y



peak



150–450



100–01



Pz



Falkenstein et al. (1996)



Choice Go/Nogo



W: false alarm errors X: choice errors Y: hand errors Z: finger errors



W=X Y>Z



W>X Y=Z



peak



200–400



?



Cz, Pz



Falkenstein et al. (2000)



Go/Nogo



X: many errors Y: few errors



X=Y



X


peak



200–500



electrical ze- Cz, Pz ro



Hajcak et al. (2003)



Choice



X: many errors Y: few errors



X


X=Y



peak



NE 200–0 (0–150)–525



Cz



Herrmann et al. (2004)



Flanker



X: many errors Y: few errors



X


X=Y



peak



130–450



?



Cz



Kaiser et al. (1997)



Flanker



hypnosis-sensitive subjects X = Y X: under hypnosis Y: control



X


peak



?



200–0



Cz



Leuthold & Compati- X: high-salient information X = Y Sommer (1999) bility Y: low-salient information Simon



X>Y



mean



500–7002



100–01



Cz



Mathewson et al. (in press)



Flanker Source memory



X: flanker-task errors Y: source-memory errors



X=Y



X>Y



peak



150–350



Flanker: 600–400 Source memory: 200–0



X: Cz Y: Fz, FCz



Nieuwenhuis et al. (2001)



Antisaccade



X: aware errors Y: unaware errors



X=Y



X>Y



peak



200–400



100–60



Fz, Cz, Pz



Rollnik et al. (2004)



Flanker



X: no rTMS Y: lateral frontal rTMS Z: medial frontal rTMS



X=Y>Z



X = Y < Z mean



150–350



100–1503



Fz, Cz



Stemmer et al. (2001)



Flanker



X: genuine errors Y: simulated errors



X>Y



X>Y



peak



?



?



Cz



Ullsperger & Szymanowski (2004)



Flanker



X: speed instruction Y: accuracy instruction



X


X>Y



mean



early PE: 200–270 late PE: 380–500



100–0



Cz, Pz



Notes: 1 = baseline in ms prestimulus, 2 = window in ms poststimulus, 3 = baseline in ms postresponse
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Cramon, & Müller, 2002). Stemmer, Segalowitz, Witzke, and Schönle (2003) examined five patients with various lesions in and near the MFC and found a smaller Ne and Pe in some patients but no differences in others. Results of one study suggest that aspects of personality might also influence Ne and Pe, but in opposite directions. Focusing on negative affect (NA), Hajcak, McDonald, and Simons (2004) found a larger Ne in highcompared to low-NA individuals. In contrast, the Pe was smaller in high- than in low-NA subjects. Children who scored high on a lie scale showed a larger Ne but a similar Pe in comparison to low-scorers (Santesso, Segalowitz, & Schmidt, in press). Summary Dopamine-deviant populations compared to controls show altered Ne amplitudes but generally little or no effect on the Pe. A (double) dissociation was also found in high-NA versus low-NA subjects. Lesion studies do not show a systematic pattern of dissociations between the Ne and Pe, but insufficient data are available from patients with focal MFC lesions to allow firm conclusions.



Experimental Manipulations Various conditions seem to affect the Pe but not the Ne. Nieuwenhuis, Ridderinkhof, Blom, Band, and Kok (2001) studied errors in an antisaccade task, which is known to incur many reflexive saccade errors, many of which are not recognized as such by subjects. Whereas the Ne was present following both recognized and unrecognized errors (as determined with trial-by-trial subjective ratings), the Pe was present exclusively on trials on which subjects were aware of their error. In addition, posterror slowing of response times was only observed following subjectively recognized errors. Consistent with the Nieuwenhuis et al. study, highly hypnotizable subjects show strongly reduced Pe amplitudes under hypnosis compared to a control condition, whereas their Ne remains unaltered (Kaiser, Barker, Haenschel, Baldeweg, & Gruzelier, 1997). Furthermore, the Pe is smaller when error-inducing information is less salient than when salience is high (Leuthold & Sommer, 1999), whereas the Ne is independent of this salience manipulation (Leuthold, personal communication, cited in Elton et al., 2004). In contrast, in a study focusing on perceptual errors, no differences in either Pe or Ne amplitude were found between easy- and hard-to-distinguish stimuli (Elton et al., 2004). Several studies have focused on the differences in Ne and Pe between individuals who make many errors and those making few errors. The findings are inconsistent: Journal of Psychophysiology 2005; Vol. 19(4):319–329



Some between-subject comparisons suggest that more errors lead to a smaller Ne whereas the Pe is not affected by the number of errors (Hajcak, McDonald, & Simons, 2003; Herrmann, Römmler, Ehlis, Heidrich, & Fallgatter, 2004). In contrast, others indicate that the number of errors does not influence the Ne whereas more errors result in a smaller Pe (Dywan, Mathewson, & Segalowitz, 2004; Falkenstein, Hoormann, Christ, & Hohnsbein, 2000). Moreover, using a within-subjects comparison, Ullsperger and Szymanowski (2004) found a smaller Ne and a slightly larger Pe in a condition promoting speed over accuracy (i.e., resulting in more errors) than in a condition promoting accuracy over speed (resulting in fewer errors). Examination of the effects of different tasks on the Pe and Ne reveals more consistency. Genuine errors elicited both a larger Pe and a larger Ne than errors that were made intentionally (Stemmer, Witzke, & Schönle, 2001) and than correct responses that were falsely classified as errors (Ehlis, Herrmann, Bernhard, & Fallgatter, 2005). Considering genuine errors only, there is some evidence that the Pe but not the Ne is sensitive to the type of task that is used. Comparing the Pe and Ne from a Go/Nogo task with those from a choice task, Falkenstein, Hohnsbein, and Hoormann (1996) found that the Pe was larger in the first than in the second task, whereas the Ne was similar for both tasks. Furthermore, the Pe was larger in a flanker task compared to a source memory task whereas the Ne was alike in both tasks (Dywan et al., 2004; Mathewson, Dywan, & Segalowitz, in press). In contrast, a comparison of finger and hand errors revealed a smaller Ne for finger errors than for hand errors whereas the Pe was similar for these two error types (Falkenstein et al., 1996). Summary Several studies indicate that the amplitude of the Pe, but not the Ne, covaries with the degree of awareness of the error or the salience of the error-inducing stimulus. In as far as error salience or significance depends on speed/accuracy balance, the results are mixed: In some studies the Pe is reduced when many (compared to few) errors are made, but in other studies this effect was not replicated. Intentional errors, which presumably are not experienced as very salient (affectively or cognitively), elicit a smaller Pe than do genuine errors.



Discussion To investigate the functional significance of the Pe beyond the scattered and often apparently contradictory obHogrefe & Huber Publishers
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servations reported in the literature, we conducted a review of the available studies, examining patterns of associations and dissociations between the reported effects on the Pe and Ne. We included ERP studies published or accepted for publication before August 2005, if they reported the effects of focal brain lesions, individual differences, pharmacological interventions, or experimental manipulations on both the Pe and the Ne. The resulting pattern of findings leaves quite a few questions to be answered and inconsistencies to be resolved, emphasizing the need for cautious interpretation. Nonetheless, several interesting patterns emerge. The most prominent observation is that in terms of antecedent conditions (experimental manipulations, individual differences), the Pe and Ne are remarkably dissimilar; our review reveals dissociations rather than associations. Dopaminergic factors serve as an example: While the Ne is heavily influenced by dopaminergic agents and shows differences between dopamine-deviant and control groups, the Pe appears largely insensitive to such factors. These patterns of divergence further emphasize the question of what the Pe reflects. Falkenstein (2004) listed several (not necessarily orthogonal) hypotheses: the affective-processing hypothesis, which suggests that the Pe reflects the emotional appraisal of the error or its consequences; the error-awareness hypothesis, which proposes that the Pe reflects the conscious recognition of the fact that an error was committed; and the behavior-adaptation hypothesis, according to which the Pe reflects a process involved in remedial performance adjustments following errors (irrespective of whether such adjustments are driven by affective or cognitive aspects of error processing, or both). The Affective-Processing Hypothesis Realizing that an error was made may have emotional corollaries, and the neuroaffective processes involved in appraising the erroneous event may manifest themselves at the scalp as the Pe. Evidence that led to the proposal of the affective-processing hypothesis came from a study showing that subjects who made many errors exhibited a smaller Pe (“cared less”) than subjects who made fewer errors (Falkenstein et al., 2000). However, other studies did not replicate this observation (e.g., Hajcak et al., 2003; Herrmann et al., 2004), and subjects scoring high on negative affect (NA) in fact have been reported to exhibit a smaller Pe than low-NA subjects (Hajcak et al., 2004). Another source of evidence that might be taken as consistent with the affective-processing hypothesis derives from dipole source modeling of the Pe scalp topography (cf. van Boxtel, van der Molen, & Jennings, 2005; Van Veen & Carter, 2002). Using this technique, these authors inferred the neural generators of the Pe to be Hogrefe & Huber Publishers
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located in the rostral portions of ACC, which have been associated with affective processing (e.g., Bush, Luu, & Posner, 2000). Another study, however, suggested that the neural generator of the Pe was situated in the caudal ACC (Herrmann et al., 2004). In general, source modeling results must be interpreted with caution because the dipole source localization problem is underdetermined (the so-called “inverse problem”). This problem may be specifically relevant for the Pe: Although the broad scalp distribution may suggest the contribution of multiple generators, it is often easy to fit such a distribution with a limited number of relatively deep dipoles. Indeed, preliminary evidence from functional magnetic resonance imaging (fMRI) appears to point at other neural generators of the Pe, as will be discussed below. In sum, although it is too early to discard the affective-processing hypothesis, direct evidence in favor of this view is lacking. The Behavior-Adaptation Hypothesis The behavior-adaptation hypothesis also does not receive clear-cut support. Some evidence suggests that posterror adaptation (such as posterror slowing) is contingent upon the amplitude of the Pe elicited by the erroneous response (Hajcak et al., 2003; Nieuwenhuis et al., 2001), but such contingencies are not reported in all studies. In any case, this evidence is based on between-subject correlations. A way to test the behavior-adaptation hypothesis more firmly would be to compute within-subjects correlations between Pe amplitude and the degree of posterror slowing or the probability of an error on the subsequent trial (cf. Gehring, Goss, Coles, Meyer, & Donchin, 1993). Such analyses have not been reported yet. It is worth noting that the apparent relationship between the Pe and posterror slowing observed by Nieuwenhuis et al. (2001) might be mediated in part by the awareness of errors, since posterror slowing may reflect a deliberate strategy, dependent on the conscious recognition of the error. Yet, posterror slowing has also been observed for errors that were not perceived as such (Rabbitt, 2002), and has in some studies been found to be related to Ne amplitude (Gehring et al., 1993). This raises the possibility that there may be two parallel systems for instigating posterror adaptations in information processing. A rapid preconscious system in the RCZ computes and signals the likelihood of reward, thereby guiding adaptive actions (Ridderinkhof et al., 2004; Rushworth, Walton, Kennerley, & Bannerman, 2004). A slower, more deliberate error-significance evaluation system might come into play when errors are sufficiently salient. The existence of two partially redundant posterror adaptation systems might explain why patients with damage to the RCZ still exhibit adequate Journal of Psychophysiology 2005; Vol. 19(4):319–329
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posterror slowing in tasks in which errors are particularly salient, such as Stroop and Go/NoGo tasks (Fellows & Farah, 2005). The Error-Awareness Hypothesis As reviewed above, two studies have indicated that the amplitude of the Pe, but not the Ne, covaries with the degree of awareness of the error (Kaiser et al., 1997; Nieuwenhuis et al., 2001)2. Other evidence appears consistent with these results. For instance, Pe amplitude appears to be positively correlated with the salience of the error-inducing information (Leuthold & Sommer, 1999). The smaller Pe in high- compared to low-NA individuals (Hajcak et al., 2004) may also reflect an influence of error awareness; high-NA individuals have been reported to underestimate their number of errors (Luu, Collins, & Tucker, 2000). However, it is not clear whether, in general, between-group differences in Pe amplitude can be interpreted to reflect differences in error awareness. Another unaddressed question is whether the Pe is the expression of error awareness, or reflects the processes that lead to error awareness. In sum, the error-awareness hypothesis awaits further investigation. Taken together, the affective-processing hypothesis and the posterror adaptation hypothesis receive little support in the available literature. Furthermore, although there is some empirical support for the error-awareness hypothesis, this hypothesis is somewhat underspecified and its direct relevance for some of the Pe results reviewed here is not immediately apparent. Similarity Between the Pe and P3b Perhaps a fruitful way of addressing the functional significance of the Pe is by considering its similarity to the P3b, a slow positive wave in the stimulus-evoked ERP, peaking at 300–500 ms following motivationally significant stimuli (Picton, 1992). As noted by others (e.g., Leuthold & Sommer, 1999), the Pe has a similar morphology and broad midline scalp distribution as the P3b. The focus of the Pe scalp distribution (modus = Cz; see Table 1) is slightly more anterior than that of the P3b, and somewhat more posterior than the scalp distribution of the frontal P3a. However, the comparison between these scalp distributions is complicated by the large variability in Pe scalp distribution across studies (see Table 1). The only study that has directly compared the scalp distributions of the P3b and Pe obtained in the same experiment found that these did not reliably differ (Leuthold & Sommer, 1999). In any case, the latency of the Pe relative to



the error is similar to the latency of the P3b relative to the eliciting stimulus event. A question to be examined in future research is whether the amplitudes of the Pe and P3b correlate across individuals. With regard to antecedent conditions, P3 components (P3a, P3b) seem to be elicited by any motivationally significant stimulus event, including task-relevant, highly deviant, and novel stimuli (cf. Nieuwenhuis, AstonJones, & Cohen, 2005). This suggests that the Pe may constitute a P3b associated with the motivational significance of the error (cf. Rösler, 1983). This view is consistent with the finding of a larger Pe for more salient errors (Leuthold & Sommer, 1999), and with the finding that the Pe is small or absent when the subject does not explicitly recognize the error (Kaiser et al., 1997; Nieuwenhuis et al., 2001). According to the context-updating hypothesis (Donchin & Coles, 1988), the P3b reflects the active consolidation or revision of a mental model of the environmental context of the observer. If stimuli deliver information that mismatches with some part of the context model, the model is updated, the amplitude of the P3b being proportional to the change in the model. Thus, in the light of this theory the Pe might reflect the updating of the context model in response to the error. A prediction that may be derived from this conjecture is that the Pe should correlate with indices of learning in tasks in which subjects are required to learn on the basis of trial-and-error (cf. Holroyd & Coles, 2002). An alternative theory holds that P3 components reflect the noradrenergic potentiation of information processing, facilitating the response to motivationally significant events (Nieuwenhuis et al., 2005). In view of this theory, the Pe might be associated with the noradrenergic facilitation (“mobilization of resources”) of the correction of the error. A testable prediction of this hypothesis is that detected errors, like motivationally significant stimulus events, are associated with increased activity of the noradrenergic system. Note that the hypothesis relates the Pe to the immediate (i.e., within-trial) correction of the error, whereas the behavior-adaptation hypothesis focuses on error-related performance adjustments on subsequent trials. The further development and specification of hypotheses regarding the functional significance of the Pe would undoubtedly be stimulated by knowledge of the neural generators of the Pe. Neuroimaging studies (especially fMRI) may provide a promising approach for examining the neural generators of the Pe. Hester, Foxe, Molholm, Shpaner, and Garavan (2005) contrasted brain activity associated with subjectively recognized and unrecognized errors, a comparison known to affect the Pe



2 A third study (using an oculomotor inhibition task; Endrass, Franke, & Kathmann, 2005) confirms this pattern, although in this study the processes underlying the Pe might to some extent be confounded with processes of response inhibition (cf. Ramautar et al., 2004). Journal of Psychophysiology 2005; Vol. 19(4):319–329
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and not the Ne (Nieuwenhuis et al., 2001). Therefore, any region showing differential fMRI activity to recognized and unrecognized errors would be an important candidate generator of the Pe. The regions showing this pattern of activity were situated in bilateral prefrontal and inferior parietal cortices. Interestingly, these are some of the main brain regions implicated in the generation of the P3b (Soltani & Knight, 2000). This reinforces the notion that the Pe and P3b may reflect similar neural and functional processes.



the Pe picture remains a bit shadowy, we anticipate that more rigorous investigation of the neural generators of the Pe may cast some light on the road ahead.



A Note on Scoring Methods
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It is possible that some of the inconsistencies reported in the Pe literature are a result of the wide variety in methods and criteria that have been used for measuring this component (in as far as reported; see Table 1). That is, in some cases a different choice of summary measure (peak amplitude vs. mean amplitude), measurement window, or baseline might have qualitatively altered the pattern of statistical results. For example, peak amplitudes seem to be more centered around Cz whereas mean amplitudes are distributed along the entire midline. Moreover, posterior maxima are more often associated with area measures (in 8 out of 12 studies) than with peak measures (in 6 out of 22 studies). Also, more complex tasks (e.g., source memory or switch tasks) seem to elicit a more frontally localized Pe amplitude. In general, while generic cookbook instructions as to scoring methods are not available and presumably not always applicable, it is recommendable that authors at least report and justify their choices in this regard.



Alain, C., McNeely, H.E., He, Y., Christensen, B.K., & West, R. (2002). Neurophysiological evidence of error-monitoring deficits in patients with schizophrenia. Cerebral Cortex, 12, 840–846. Aouizerate, B., Guehl, D., Cuny, E., Rougier, A., Bioulac, B., Tignol, J., & Burbaud, P. (2004). Pathophysiology of obsessivecompulsive disorder: A necessary link between phenomenology, neuropsychology, imagery, and physiology. Progress in Neurobiology, 72, 195–221. Band, G.P.H., & Kok, A. (2000). Age effects on response monitoring in a mental-rotation task. Biological Psychology, 51, 201–221. Bates, A.T., Liddle, P.F., Kiehl, K.A., & Ngan, E.T.C. (2004). State dependent changes in error monitoring in schizophrenia. Journal of Psychiatric Research, 38, 347–356. Botvinick, M.M., Braver, T.S., Barch, D.M., Carter, C.S., & Cohen, J.D. (2001). Conflict monitoring and cognitive control. Psychological Review, 108, 624–652. Brown, J.W., & Braver, T.S. (2005). Learned predictions of error likelihood in the anterior cingulate cortex. Science, 307, 1118– 1121. Bush, G., Luu, P., & Posner, M.I. (2000). Cognitive and emotional influences in anterior cingulate cortex. Trends in Cognitive Sciences, 4, 215–222. Davies, P.L., Segalowitz, S.J., & Gavin, W.J. (2004). Development of response-monitoring ERPs in 7- to 25-year-olds. Developmental Neuropsychology, 25, 355–376. de Bruijn, E.R.A., Hulstijn, W., Verkes, R.J., Ruigt, G.S.F., & Sabbe, B.G.C. (2004). Drug-induced stimulation and suppression of action monitoring in healthy volunteers. Psychopharmacology, 177, 151–160. Donchin, E., & Coles, M.G.H. (1988). Is the P300 component a manifestation of context updating? Behavioral and Brain Sciences, 11, 357–374. Dywan, J., Mathewson, K.J., & Segalowitz, S.J. (2004). Error-related ERP components and source monitoring in older and younger adults. In M. Ullsperger, & M. Falkenstein (Eds.), Errors, conflicts, and the brain. Current opinions on performance monitoring (MPI Special Issue in Human Cognitive and Brain Sciences 1, pp. 184–192). Leipzig: Max-Planck-Institut für Kognitions- und Neurowissenschaften. Ehlis, A.-C., Herrmann, M.J., Bernhard, A., & Fallgatter, A.J. (2005). Monitoring of internal and external error signals. Journal of Psychophysiology, this issue. Elton, M., Spaan, M., & Ridderinkhof, K.R. (2004). Why do we



Conclusion Beyond the ubiquitous observation that the Pe and Ne are differentially sensitive to antecedent conditions, the available data do not allow strong inferences to be drawn about the functional significance of the Pe. Some empirical evidence has been garnered in support of the errorawareness hypothesis, although its general applicability is still limited. Direct evidence in favor of the affectiveprocessing hypothesis or the posterror adaptation hypothesis is largely lacking. More promising avenues for interpreting the functional significance of the Pe came from evaluation of its similarity to the P3b, suggesting that the Pe may constitute a P3b associated with the motivational significance of the error. This view was argued to be consistent with the findings that support the error-awareness hypothesis. Several empirically testable predictions were derived from the motivational-significance hypothesis. While Hogrefe & Huber Publishers



Acknowledgments The work presented in this article was made possible in part by Veni/Vici grants from the Netherlands Organization for Scientific Research (NWO) to the second and third authors.



Journal of Psychophysiology 2005; Vol. 19(4):319–329



328



T.J.M. Overbeek et al.: Functional Significance of the Pe



produce errors of commission? An ERP study of stimulus deviance detection and error monitoring in a choice go/no-go task. European Journal of Neuroscience, 20, 1960–1968. Endrass, T., Franke, C., & Kathmann, N. (2005). Error awareness in a saccade countermanding task. Journal of Psychophysiology, this issue. Falkenstein, M. (2004). ERP correlates of erroneous performance. In M. Ullsperger & M. Falkenstein (Eds.), Errors, conflicts, and the brain. Current opinions on performance monitoring (MPI Special Issue in Human Cognitive and Brain Sciences 1, pp. 5–14). Leipzig: Max-Planck-Institut für Kognitions- und Neurowissenschaften. Falkenstein, M., Hohnsbein, J., & Hoormann, J. (1996). Differential processing of motor errors. In C. Ogura, Y. Koga, & M. Shimokochi (Eds.), Recent advances in event-related brain potential research (EEG Supplement 45, pp. 579–585). Amsterdam: Elsevier. Falkenstein, M., Hohnsbein, J., Hoormann, J., & Blanke, L. (1991). Effects of crossmodal divided attention on late ERP components. II. Error processing in choice reaction tasks. Electroencephalography and Clinical Neurophysiology, 78, 447– 455. Falkenstein, M., Hoormann, J., Christ, S., & Hohnsbein, J. (2000). ERP components on reaction errors and their functional significance: A tutorial. Biological Psychology, 51, 87–107. Falkenstein, M., Hoormann, J., & Hohnsbein, J. (1998). EKPKorrelate der Fehlerverarbeitung in Abhängigkeit von Alter und Ermüdung. In M. Falkenstein, J. Hohnsbein, & P. Ullsperger (Eds.), Cognitive changes due to aging and fatigue as revealed in the electrical brain activity (pp. 57–66). Berlin: Bundesanstalt für Arbeitsschutz und Arbeitsmedizin. Falkenstein, M., Willemssen, R., Hohnsbein, J., & Hielscher, H. (2005). Error processing in Parkinson’s disease: The error positivity (Pe). Journal of Psychophysiology, this issue. Fellows, L.K., & Farah, M.J. (2005). Is anterior cingulate cortex necessary for cognitive control? Brain, 128, 788–796. Gehring, W.J., Goss, B., Coles, M.G.H., Meyer, D.E., & Donchin, E. (1993). A neural system for error detection and compensation. Psychological Science, 4, 385–390. Hajcak, G., McDonald, N., & Simons, R.F. (2003). To err is autonomic: Error-related brain potentials, ANS activity, and posterror compensatory behavior. Psychophysiology, 40, 895–903. Hajcak, G., McDonald, N., & Simons, R.F. (2004). Error-related psychophysiology and negative affect. Brain and Cognition, 56, 189–197. Herrmann, M.J., Römmler, J., Ehlis, A.-C., Heidrich, A., & Fallgatter, A.J. (2004). Source localization (LORETA) of the errorrelated-negativity (ERN/Ne) and positivity (Pe). Cognitive Brain Research, 20, 294–299. Hester, R., Foxe, J.J., Molholm, S., Shpaner, M., & Garavan, H. (2005). Neural mechanisms involved in error processing: A comparison of errors made with and without awareness. NeuroImage, 27, 602–608. Holroyd, C.B., & Coles, M.G.H. (2002). The neural basis of human error processing: Reinforcement learning, dopamine, and the error-related negativity. Psychological Review, 109, 679– 709. Holroyd, C.B., Nieuwenhuis, S., Mars, R.B., & Coles, M.G.H. (2004). Anterior cingulate cortex, selection for action, and error processing. In M.I. Posner (Ed.), Cognitive neuroscience of attention (pp. 219–231). New York: Guilford Press. Journal of Psychophysiology 2005; Vol. 19(4):319–329



Kaiser, J., Barker, R., Haenschel, C., Baldeweg, T., & Gruzelier, J.H. (1997). Hypnosis and event-related potential correlates of error processing in a Stroop-type paradigm: A test of the frontal hypothesis. International Journal of Psychophysiology, 27, 215–222. Ladouceur, C.D., Dahl, R.E., & Carter, C.S. (2004). ERP correlates of action monitoring in adolescence. Annals of the New York Academy of Sciences, 1021, 329–336. Laruelle, M., & Abi-Dargham, A. (1999). Dopamine as the wind of the psychotic fire: New evidence from brain imaging studies. Journal of Psychopharmacology, 13, 358–371. Leuthold, H., & Sommer, W. (1999). ERP correlates of error processing in spatial S-R compatibility tasks. Clinical Neurophysiology, 110, 342–357. Luu, P., Collins, P., & Tucker, D.M. (2000). Mood, personality, and self-monitoring: Negative affect and emotionality in relation to frontal lobe mechanisms of error monitoring. Journal of Experimental Psychology: General, 129, 43–60. Maltby, N., Tolin, D.F., Worhunsky, P., O’Keefe, T.M., & Kiehl, K.A. (2005). Dysfunctional action monitoring hyperactivates frontal-striatal circuits in obsessive-compulsive disorder: An event-related fMRI study. NeuroImage, 24, 495–503. Mathalon, D.H., Bennett, A., Askari, N., Gray, E.M., Rosenbloom, M.J., & Ford, J.M. (2003). Response-monitoring dysfunction in aging and Alzheimer’s disease: An event-related potential study. Neurobiology of Aging, 24, 675–685. Mathalon, D.H., Fedor, M., Faustman, W.O., Gray, M., Askari, N., & Ford, J.M. (2002). Response-monitoring dysfunction in schizophrenia: An event-related brain potential study. Journal of Abnormal Psychology, 111, 22–41. Mathewson, K.J., Dywan, J., & Segalowitz, S.J. (2005). Brain bases of error-related ERPs as influenced by age and task. Biological Psychology. Nieuwenhuis, S., Aston-Jones, G., & Cohen, J.D. (2005). Decision making, the P3, and the locus coeruleus-norepinephrine system. Psychological Bulletin, 131, 510–532. Nieuwenhuis, S., Holroyd, C.B., Mol, N., & Coles, M.G.H. (2004). Reinforcement-related brain potentials from medial frontal cortex: Origins and functional significance. Neuroscience & Biobehavioral Reviews, 28, 441–448. Nieuwenhuis, S., Ridderinkhof, K.R., Blom, J., Band, G.P.H., & Kok, A. (2001). Error-related brain potentials are differentially related to awareness of response errors: Evidence from an antisaccade task. Psychophysiology, 38, 752–760. Nieuwenhuis, S., Ridderinkhof, K.R., Talsma, D., Coles, M.G., Holroyd, C.B., Kok, A., & van der Molen, M.W. (2002). A computational account of altered error processing in older age: Dopamine and the error-related negativity. Cognitive, Affective, and Behavioral Neuroscience, 2, 19–36. Nieuwenhuis, S., Yeung, N., van den Wildenberg, W.P.M., & Ridderinkhof, K.R. (2003). Electrophysiological correlates of anterior cingulate function in a go/no-go task: Effects of response conflict and trial type frequency. Cognitive, Affective, and Behavioral Neuroscience, 3, 17–26. Overtoom, C.C.E., Kenemans, J.L., Verbaten, M.N., Kemner, C., van der Molen, M.W., van Engeland, H., Buitelaar, J.K., & Koelega, H.S. (2002). Inhibition in children with attention-deficit/hyperactivity disorder: A psychophysiological study of the stop task. Biological Psychiatry, 51, 668–676. Picton, T.W. (1992). The P300 wave of the human event-related potential. Journal of Clinical Neurophysiology, 9, 456–479. Hogrefe & Huber Publishers



T.J.M. Overbeek et al.: Functional Significance of the Pe



Polich, J. (1997). EEG and ERP assessment of normal aging. Electroencephalography and Clinical Neurophysiology, 104, 244– 256. Rabbitt, P. (2002). Consciousness is slower than you think. The Quarterly Journal of Experimental Psychology: Section A, 55, 1081–1092. Ramautar, J.R., Kok, A., & Ridderinkhof, K.R. (2004). Effects of stop-signal probability in the stop-signal paradigm: The N2/P3 complex further validated. Brain and Cognition, 56, 234–252. Ridderinkhof, K.R., de Vlugt, Y., Bramlage, A., Spaan, M., Elton, M., Snel, J., & Band, G.P.H. (2002). Alcohol consumption impairs the detection of performance errors by mediofrontal cortex. Science, 298, 2209–2211. Ridderinkhof, K.R., Ullsperger, M., Crone, E.A., & Nieuwenhuis, S. (2004). The role of medial frontal cortex in cognitive control. Science, 306, 443–447. Ridderinkhof, K.R., & van der Molen, M.W. (1995). A psychophysiological analysis of developmental differences in the ability to resist interference. Child Development, 66, 1040–1056. Rinne, J.O., Shalberg, N., Ruottinen, H., Nagren, K., & Lehikoinen, P. (1998). Striatal uptake of the dopamine reuptake ligand [11C]β-CFT is reduced in Alzheimer’s disease assessed by positron emission tomography. Neurology, 50, 152–156. Rollnik, J.D., Schröder, C., Rodríguez-Fornells, A., Kurzbuch, A.R., Däuper, J., Möller, J., & Münte, T.F. (2004). Functional lesions and human action monitoring: Combining repetitive transcranial magnetic stimulation and event-related brain potentials. Clinical Neurophysiology, 115, 145–153. Rösler, F. (1983). Endogenous ER “Ps” and cognition: Probes, prospects, and pitfalls in matching pieces of the mind-body puzzle. In A.W.K. Gaillard & W. Ritter (Eds.), Tutorials in event-related potential research: Endogenous components (pp. 9–35). Amsterdam: Elsevier. Ruchsow, M., Grön, G., Reuter, K., Spitzer, M., Hermle, L., & Kiefer, M. (2005). Error-related brain activity in patients with obsessive-compulsive disorder and healthy controls. Journal of Psychophysiology, this issue. Rushworth, M.F.S., Walton, M.E., Kennerley, S.W., & Bannerman, D.M. (2004). Action sets and decisions in the medial frontal cortex. Trends in Cognitive Sciences, 8, 410–417. Santesso, D.L., Segalowitz, S.J., & Schmidt, L.A. (in press). ERP correlates of error monitoring in 10-year-olds are related to socialization. Biological Psychology. Schultz, W. (2002). Getting formal with dopamine and reward. Neuron, 36, 241–263. Soltani, M., & Knight, R.T. (2000). Neural origins of the P300. Critical Reviews in Neurobiology, 14, 199–224. Stemmer, B., Segalowitz, S.J., Witzke, W., & Schönle, P.W. (2003). Error detection in patients with lesions to the medial prefrontal cortex: An ERP study. Neuropsychologia, 42, 118– 130. Stemmer, B., Witzke, W., & Schönle, P.W. (2001). Losing the er-



Hogrefe & Huber Publishers



329



ror-related negativity in the EEG of human subjects: An indicator for willed action. Neuroscience Letters, 308, 60–62. Tieges, Z., Ridderinkhof, K.R., Snel, J., & Kok, A. (2004). Caffeine strengthens action monitoring: Evidence from the errorrelated negativity. Cognitive Brain Research, 21, 87–93. Ullsperger, M., & Szymanowski, F. (2004). ERP correlates of error relevance. In M. Ullsperger & M. Falkenstein (Eds.), Errors, conflicts, and the brain. Current opinions on performance monitoring (MPI Special Issue in Human Cognitive and Brain Sciences 1, pp. 171–177). Leipzig: Max-Planck-Institut für Kognitions- und Neurowissenschaften. Ullsperger, M., & von Cramon, D.Y. (2005). Error processing requires intact frontostriatal circuits. Journal of Psychophysiology, this issue. Ullsperger, M., von Cramon, D.Y., & Müller, N.G. (2002). Interactions of focal cortical lesions with error processing: Evidence from event-related brain potentials. Neuropsychology, 16, 548–561. van Boxtel, G.J.M., van der Molen, M.W., & Jennings, J.R. (2005). Differential involvement of the anterior cingulate cortex in performance monitoring during a stop-signal task. Journal of Psychophysiology, 19, 1–10. van Veen, V., & Carter, C.S. (2002). The timing of action-monitoring processes in the anterior cingulate cortex. Journal of Cognitive Neuroscience, 14, 593–602. Vidal, F., Burle, B., Bonnet, M., Grapperon, J., & Hasbroucq, T. (2003). Error negativity on correct trials: A reexamination of available data. Biological Psychology, 64, 265–282. Weinberger, D.R. (1987). Implications of normal brain development for the pathogenesis of schizophrenia. Archives of General Psychiatry, 44, 660–669. Winterer, G., & Weinberger, D.R. (2004). Genes, dopamine and cortical signal-to-noise ratio in schizophrenia. Trends in Neurosciences, 27, 683–690. Yeung, N., Cohen, J.D., & Botvinick, M.M. (2004). The neural basis of error detection: Conflict monitoring and the error-related negativity. Psychological Review, 111, 931–959. Accepted for publication: July 20, 2005 Address for correspondence Richard Ridderinkhof Department of Psychology University of Amsterdam Roeterstraat 15 NL-1018 WB Amsterdam The Netherlands Tel. +31 20 525-6119 Fax +31 20 639-0279 E-mail [email protected]



Journal of Psychophysiology 2005; Vol. 19(4):319–329



























[image: Dissociable Components of Rule-Guided Behavior ...]
Dissociable Components of Rule-Guided Behavior ...












[image: Preliminary evidence for a processing error in the biosynthesis of ...]
Preliminary evidence for a processing error in the biosynthesis of ...












[image: Dissociable prior influences of signal probability and ...]
Dissociable prior influences of signal probability and ...












[image: 5 Components of Comms - IPTNow]
5 Components of Comms - IPTNow












[image: 5 Components of Comms - IPTNow]
5 Components of Comms - IPTNow












[image: Dissociable functional roles of the human action-observation network ...]
Dissociable functional roles of the human action-observation network ...












[image: Components of Balanced Literacy]
Components of Balanced Literacy












[image: Dissociable Neural Activations of Conscious Visibility ...]
Dissociable Neural Activations of Conscious Visibility ...












[image: Components of a Data Warehouse]
Components of a Data Warehouse












[image: basic components of the interface - GitHub]
basic components of the interface - GitHub












[image: Dissociable roles of human inferior frontal gyrus during ...]
Dissociable roles of human inferior frontal gyrus during ...












[image: components of cloud computing pdf]
components of cloud computing pdf












[image: INHERITANCE MECHANISM OF SOME YIELD COMPONENTS IN.pdf]
INHERITANCE MECHANISM OF SOME YIELD COMPONENTS IN.pdf












[image: The Components of Syllabi]
The Components of Syllabi












[image: Repetition Suppression and Expectation Suppression Are Dissociable ...]
Repetition Suppression and Expectation Suppression Are Dissociable ...












[image: CONSTRUCTION OF ERROR-CORRECTING CODES ...]
CONSTRUCTION OF ERROR-CORRECTING CODES ...












[image: The biogeography of prediction error]
The biogeography of prediction error












[image: Birkman Behavioral Components - Career Pivot]
Birkman Behavioral Components - Career Pivot












[image: How to make error handling less error-prone - GitHub]
How to make error handling less error-prone - GitHub












[image: Entropy of complex relevant components of Boolean networks]
Entropy of complex relevant components of Boolean networks












[image: Absolute Error -]
Absolute Error -












[image: Dynamic forward error correction]
Dynamic forward error correction















Dissociable Components of Error Processing






not the Ne, covaries with the degree of awareness of the error or the salience of ..... ger (Eds.), Cognitive changes due to aging and fatigue as re- vealed in the ... 






 Download PDF 



















 124KB Sizes
 1 Downloads
 259 Views








 Report























Recommend Documents







[image: alt]





Dissociable Components of Rule-Guided Behavior ... 

Brain Mapping Laboratory, RIKEN Brain Science Institute, 2-1. Hirosawa, Wako, Saitama ...... of Technology, Pasadena, CA 91109, USA. 3Department of Earth.














[image: alt]





Preliminary evidence for a processing error in the biosynthesis of ... 

Our data provide evidence for the existence of AP in cultured skin fibroblasts and ..... with a greater than 75% recovery ofAPA. AP bound less ... E. Ranieri, B. Paton and A. Poulos. 15.0-. E 10.0. 0. EÂ°. CD. 0. CL. E. -S. 0._. Ca c 5.0-. 0. c, cn. 














[image: alt]





Dissociable prior influences of signal probability and ... 

In contrast to this view, we show that probability increases energy sensitivity and that its .... theory of cortical responses. Philos Trans R Soc Lond B Biol Sci 360:.














[image: alt]





5 Components of Comms - IPTNow 

video link. Advantages: More durable than TP. Less susceptible to. RFI & EMI. Supports faster data rates than ... Servers: computers that provide services to other.














[image: alt]





5 Components of Comms - IPTNow 

CHEATSHEET. Comm System Framework. 1. Data source - produces data to ... Radio Wave: Radio. Broadcast, Mobile. Phones, Airport,. Bluetooth. Advantages:.














[image: alt]





Dissociable functional roles of the human action-observation network ... 

This action-observation network (AON) consists of three ... alone and also sequences where videos of a human expert dancer were superimposed on the ...














[image: alt]





Components of Balanced Literacy 

... of conversation. â€¢ prepare/teach partner prompts. Kris Barnes, Writer's Workshop, The Lucy Calkins Reading and Writing Project, Columbia University, 2016.














[image: alt]





Dissociable Neural Activations of Conscious Visibility ... 

Stimuli and Procedure. The experiment was controlled by Presentation software .... tive rates of target visibility and target identification perfor- mance, we conducted a follow-up behavioral experiment outside the scanner. In that experiment, we ask














[image: alt]





Components of a Data Warehouse 

for new industries, including health care, telecommunications, and electronic .... to be half DBA (database administrator) and half MBA (business analyst) as ..... is based on multidimensional database or online analytic processing (OLAP).














[image: alt]





basic components of the interface - GitHub 

Each tab is a separate coding challenge. Write code in the editor to solve the challenge and hit Submit Answer. If your code is correct, you will progress to the ...














[image: alt]





Dissociable roles of human inferior frontal gyrus during ... 

observation and execution of an action does not necessarily reflect mirror neuron activity. (Dinstein .... time-series as the first step (Ashburner and Friston, 2005).














[image: alt]





components of cloud computing pdf 

Page 1. components of cloud computing pdf. components of cloud computing pdf. Open. Extract. Open with. Sign In. Main menu. Displaying components of cloud ...














[image: alt]





INHERITANCE MECHANISM OF SOME YIELD COMPONENTS IN.pdf 

There was a problem previewing this document. Retrying... Download. Connect more apps... Try one of the apps below to open or edit this item. INHERITANCE ...














[image: alt]





The Components of Syllabi 

the first contact that students made to a course, a key decisive factor that allures students to the classroom and begin ... They suggested 11-items, 29-item, 39-item, and 17-item listing of components in their research papers. (Davis .... J., & Butt














[image: alt]





Repetition Suppression and Expectation Suppression Are Dissociable ... 

Sep 26, 2012 - we observed ES (but no RS) during an intermediate (100â€“200 .... domain. More specifically, for the early time window, we chose to focus on the P50 ..... Friston K (2009) The free-energy principle: a rough guide to the brain?














[image: alt]





CONSTRUCTION OF ERROR-CORRECTING CODES ... 

Dec 13, 2009 - dimension code. Koetter and Kschischang [10] showed that codes in Pq(n) are useful for correcting errors and erasures in random network coding. This is the motivation to explore error- correcting codes in Pq(n) [3, 4, 6, 7, 8, 11, 12, 














[image: alt]





The biogeography of prediction error 

of prediction errors in modelling the distribution of invasive species (Fitzpatrick & Weltzin, 2005). RDMs are conceptually similar to SDMs, in that they assess the ...














[image: alt]





Birkman Behavioral Components - Career Pivot 

stressed by perceived control by others or restrictive policy and procedure. Low scores reflect group oriented or conventional thought and action; a preference ...














[image: alt]





How to make error handling less error-prone - GitHub 

â€œBack to the Futureâ„¢â€� is a trademark of Universal City Studios, Inc. and Amblin ... In the Apple OpenSSL â€œgoto fail;â€� bug, the cleanup code was written incorrectly, ...














[image: alt]





Entropy of complex relevant components of Boolean networks 

Sep 27, 2007 - Institute for Systems Biology, Seattle, Washington 98103, USA ... Boolean network models of strongly connected modules are capable of ...














[image: alt]





Absolute Error - 

f(x)=x3-3x-4 are some examples of algebraic equations and the if variable is changed to y x or any ... for example the Newton's Raphsom method is known as the open method as it requires only one initial ..... There are two types of data in the interp














[image: alt]





Dynamic forward error correction 

Nov 5, 2003 - sponding error correction data therebetWeen during a plural ity of time frames. ..... mobile sWitching center, or any communication device that can communicate .... data according to a cyclical redundancy check (CRC) algo rithm and ... 


























×
Report Dissociable Components of Error Processing





Your name




Email




Reason
-Select Reason-
Pornographic
Defamatory
Illegal/Unlawful
Spam
Other Terms Of Service Violation
File a copyright complaint





Description















Close
Save changes















×
Sign In






Email




Password







 Remember Password 
Forgot Password?




Sign In



















Information

	About Us
	Privacy Policy
	Terms and Service
	Copyright
	Contact Us





Follow us

	

 Facebook


	

 Twitter


	

 Google Plus







Newsletter























Copyright © 2024 P.PDFKUL.COM. All rights reserved.
















