


3 Performance Monitoring, Decision Making, and Cognitive Control

63

Monterosso J, Ehrman R, Napier K, O'Brien CP, Childress AR (2001) Three Decision-Making Tasks in Cocaine-
Dependent Patients: Do they measure the same construct? Addiction 96:1825-1837.

Owen AM, Roberts AC, Polkey CE, Sahakian BJ, Robbins TW (1991) Extra-Dimensional Versus Intra-Dimensional Set 
Shifting Performance Following Frontal-Lobe Excisions, Temporal-Lobe Excisions or Amygdalo-
Hippocampectomy in Man. Neuropsychologia 29:993-1006.

Owen AM, Roberts AC, Hodges JR, Summers BA, Polkey CE, Robbins TW (1993) Contrasting Mechanisms of Impaired 
Attentional Set-Shifting in Patients With Frontal-Lobe Damage or Parkinsons-Disease. Brain 116:1159-1175.

Rahman S, Sahakian BJ, Rudolph NC, Rogers RD, Robbins TW (2001) Decision making and neuropsychiatry. Trends in 
Cognitive Sciences 6:271-277.

Rogers RD, Everitt BJ, Baldacchino A, Blackshaw AJ, Swainson R, Wynne K, Baker NB, Hunter J, Carthy T, Booker E, 
London M, Deakin JFW, Sahakian BJ, Robbins TW (1999) Dissociable deficits in the decision-making cognition of 
chronic amphetamine abusers, opiate abusers, patients with focal damage to prefrontal cortex, and tryptophan-
depleted normal volunteers: evidence for monoaminergic mechanisms. Neuropsychopharmacology 20:322-339.

Smith EE (2000) Neural bases of human working memory. Current Directions in Psychological Science 9:45-49.
Stuss DT, Floden D, Alexander MP, Levine B, Katz D (2001) Stroop performance in focal lesion patients: dissociation of 

processes and frontal lobe lesion location. Neuropsychologia 39:771-786.
Whiteside S, Lynam D (2001) The five factor model and impulsivity: using a structural model of personality to

understand impulsivity. Personality and Individual Differences 30:669-689.

Relating cognitive and affective theories of the error-
related negativity

Nick Yeung
Department of Psychology, Princeton University

There is currently some debate over whether the error-related negativity reflects the
cognitive process of error detection or an appraisal of the affective or motivational
significance of detected errors. This article considers the relationship between these cognitive 
and affective theories of the error-related negativity, with particular focus on how affective
theories might be informed by existing cognitive models. It is argued that the approaches
should be viewed as complementary rather than opposed, a possibility that is particularly
evident when the likely functional role of affective reactions is considered.

Cognitive and affective theories of the error-related negativity
The error-related negativity (Ne or ERN) is a negative deflection in the event-related brain potential 
that begins around the time of error commission and peaks 100 ms or so thereafter (Falkenstein et
al., 1990; Gehring et al., 1993). It is studied in the hope that it will shed light on the mechanisms by 
which people are able to detect their mistakes and to adapt their behavior accordingly.
The Ne/ERN has inspired a number of theories that attempt to explain how we detect our errors:
According to the mismatch detection hypothesis, the Ne/ERN is an error signal that is produced
when there is a mismatch between actual and intended responses (Falkenstein et al., 1990; Gehring 
et al., 1993); according to the conflict monitoring theory, the Ne/ERN signals the detection of
conflict between the executed error and the correct response that becomes activated through
continued processing of the stimulus (Botvinick et al., 2001; Yeung et al., in press); and according
to the reinforcement learning theory, the Ne/ERN is a signal generated by a process that detects
errors as conjunctions of stimuli and responses that are associated with negative outcomes
(Holroyd and Coles, 2002). These theories thus offer interpretations of the Ne/ERN in terms of
specific cognitive functions—that are increasingly being translated into formal computational
models—and a good deal of research effort has focused on distinguishing these competing
accounts. More recently, however, a number of researchers have stressed the affective or
motivational significance of errors in association with the Ne/ERN (Gehring and Willoughby, 2002; 
Pailing et al., 2002; Luu et al., 2003). Subjects often react to their errors with visible or audible
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expressions of frustration, and it has been suggested that the Ne/ERN might be associated with 
these affective reactions to errors, rather than the process of error detection itself. 
On the surface, there seems to be little in common between cognitive and affective approaches: 
Cognitive theories of the Ne/ERN have been implemented in explicit computational terms, 
apparently leaving little room for the emotional significance of errors as emphasized in affective 
accounts. Perhaps for this reason, cognitive and affective theories of the Ne/ERN are widely 
viewed as mutually exclusive. For example, Gehring and Willoughby (2002) note that “the ERN 
might reflect appraisal of the motivational or affective impact of the error rather than a computation 
related to detecting the error or response conflict” (p.2281). Similarly, Luu et al. (2003) state that 
“debate remains over whether the ERN reflects response-conflict monitoring processes, outputs of 
an error-monitoring process, the response-comparison process itself, or the emotional evaluation of 
the action” (p.47), and Pailing et al. (2002) ask whether the Ne/ERN reflects “Error detection or 
emotional reaction?” (p.205). The implied relationship between cognitive and affective theories of 
the Ne/ERN is illustrated schematically in Figure 1. Figure 1a characterizes the view according to 
most cognitive theories: Monitoring processes evaluate task processing and generate a signal—that 
is reflected in the Ne/ERN—when conflict or errors are detected, a signal that is used to adapt task 
processing. Figure 1b shows the alternative view proposed by affective theories: The suggested 
relationship between task processing and monitoring processes is the same as in cognitive theories. 
However, in addition, the output of monitoring processes is itself evaluated by affective processing 
systems, and these latter processes are the proposed source of the Ne/ERN. 

Figure 1.  
Schematic illustration of the proposed origin of the Ne/ERN according to cognitive and affective theories. 1a) 
Cognitive theories: the Ne/ERN reflects the operation of processes that monitor for errors or response 
conflict. 1b) Affective theories: the Ne/ERN reflects an evaluation of the affective or motivational 
significance of errors or conflict detected by cognitive monitoring processes. 
 
The question addressed in this article is whether the distinction between cognitive and affective 
theories is as sharp as initially appears. I would like to argue, to the contrary, that these approaches 
should be considered complementary. I make this argument through a consideration of possible 
interpretations and implications of affective theories of the Ne/ERN, and how these theories might 
be informed by current models of error detection and conflict monitoring. The rationale for 
considering how affective theories might be informed by cognitive accounts, and not vice versa, is 
that there has been a great deal of progress (if not widespread agreement) regarding possible 
cognitive/computational interpretations of the Ne/ERN (Holroyd and Coles, 2002; Yeung et al., in 
press). In contrast, affective theories of the Ne/ERN have not been specified in comparable detail: 
Research to date has focused on demonstrating that motivational factors may influence the Ne/ERN, 
but has yet to provide detailed investigations of the mechanisms underlying these influences. Thus, 
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in the present article, I consider two critical questions facing affective theories of the Ne/ERN, 
regarding the nature of the input to and output from affective processes, and discuss how existing 
cognitive theories of the Ne/ERN help to inform the answers to these questions. 
 
Input: What gives rise to affective responses? 
A critical feature of affective theories is that cognitive processes of error detection or conflict 
monitoring provide the input to the affective processes held to be responsible for the Ne/ERN 
(Figure 1b). It follows from this point that the answer to the question posed above—of what gives 
rise to affective reactions—does not have a simple answer. In particular, it is not strictly correct 
simply to state that the Ne/ERN reflects an emotional response to “errors”. Instead, it is more 
accurate to state that the Ne/ERN reflects an emotional response to the internal representation that 
an error has occurred. This distinction seems trivial, but in fact has very important implications 
because it makes explicit the point that to have a good theory of the affective consequences of 
errors, one must also have a good theory of how the brain detects and represents those errors in the 
first place. This is no easy task: The question of how the cognitive system detects errors is itself the 
subject of ongoing debate—between proponents of the mismatch, conflict, and reinforcement 
learning theories of the Ne/ERN—making it critical for affective theories to define which of these 
processes is the supposed subject of emotional evaluation. 
Stated more generally, the predictions of affective theories, regarding when affective reactions 
should be observed, will depend critically upon what information is proposed to feed into the 
relevant affective processes. For example, according to the conflict theory (Botvinick et al., 2001) 
the monitoring system provides a continuous evaluation of the degree of conflict in action systems, 
and is active on both correct and error trials (which only differ in terms of the temporal dynamics 
of this conflict, Yeung et al., in press). Hence, if affective processes are sensitive to response 
conflict, then they should be more-or-less continuously active and their activity should be observed 
on trials with correct responses as well as on error trials. In contrast, the reinforcement learning 
framework (Holroyd and Coles, 2002) posits a monitoring system that computes the value of 
discrete events such as stimuli and responses. If affective processes are sensitive to the information 
provided by such a system, then their activity should be limited to trials with incorrect responses. In 
short, an affective process that was sensitive to response conflict would behave very differently 
from an affective process that was sensitive to a reinforcement learning signal. Thus, a first critical 
issue facing affective theories is that, in order to know when affective reactions should be observed, 
the theories must first define how errors are detected and represented in the cognitive system. 
A second critical issue concerns how well errors are detected and represented in the cognitive 
system. In particular, existing cognitive theories of the Ne/ERN predict that its amplitude should 
vary systematically depending upon the task context (Scheffers and Coles, 2000; Holroyd and 
Coles, 2002; Yeung et al., in press). In other words, some errors are detected better than others. 
Moreover, these theories predict that Ne/ERN amplitude should vary depending upon the 
characteristics of the experimental subjects (Nieuwenhuis et al., 2002; Yeung and Cohen, in 
preparation): Some people detect errors better than others. Therefore, although all errors may have 
the same objective definition as a discrepancy between the actual and the objectively correct 
response, it is not the case that all errors have the same quality of internal representation. The 
following issue is raised: If we see variability in the amplitude of the Ne/ERN across conditions or 
across subject groups, under what circumstances can we reasonably attribute this variation to 
affective factors? For example, it has been found that Ne/ERN amplitude is increased when task 
instructions and incentives emphasize accuracy over response speed (Falkenstein et al., 1990; 
Gehring et al., 1993). Gehring and Fencsik (2001) have suggested that this finding is consistent 
with the idea that the Ne/ERN reflects processing of the motivational significance of the error 
(which is presumably increased when accuracy is stressed). However, cognitive theories also 
predict that Ne/ERN amplitude should vary with speed-accuracy emphasis. In the conflict 
monitoring theory, for example, this finding can be explained by assuming that subjects striving for 



Errors, Conflicts, and the Brain 
 

 66

accuracy tend to focus their attention more effectively on the task at hand, resulting in an increased 
tendency to correct the error. This increased error-correcting activity causes increased conflict with 
the error just produced, resulting in an increased Ne/ERN (Yeung et al., in press). 
Similar considerations apply regarding studies of individual differences and the Ne/ERN. For 
example, Ne/ERN amplitude is increased in subjects with obsessive-compulsive symptoms 
(Gehring et al., 2000). It has also been found that low-socialized individuals show a greater 
Ne/ERN following the loss of an expected reward than following punishment, whereas high-
socialized individuals show equivalent Ne/ERNs in the two conditions (Dikman and Allen, 2000). 
These findings have since been related to the differential motivational significance of errors, 
rewards, and punishments to these subject groups (Gehring and Fencsik, 2001; Pailing et al., 2002). 
However, before one can interpret particular findings as evidence for affective influences on the 
Ne/ERN, one must first rule out the possibility that the observed effects reflect changes in the 
cognitive processes of error/conflict detection. It may prove very difficult to do this: For example, 
in each of the cited studies, there were important differences between performance measures across 
subject groups: Gehring et al.’s obsessive-compulsive subjects responded more quickly than 
controls yet made the same number of errors—i.e., they performed the task better than controls—
while Dikman and Allen’s low-socialized subjects tended to respond more quickly and more 
impulsively when correct responses were rewarded than when errors were punished, a difference 
not seen in high-socialized subjects. It is possible that these between-group differences in task 
performance could account for the observed between-group differences in the Ne/ERN. More 
generally, given that between-group performance differences are almost always observed, the issue 
raised is how one can ever safely conclude that an observed effect on the Ne/ERN reflects an 
affective influence rather than a consequence of changes in task performance. 
Summary. The predictions made by affective theories depend critically on how they propose that 
errors are detected by the cognitive system. This point raises important questions regarding the 
basis of affective reactions: 

1.! What information is subject to affective evaluation? That is, what cognitive process 
provides the input to the affective appraisal supposedly indexed by the Ne/ERN? 

2.! How can one determine that a factor influences affective evaluations? That is, how can one 
rule out the possibility that the factor is really influencing the cognitive processes that 
provide input to emotional evaluations? 

 
Output: What are affective reactions for? 
Affective reactions to errors take many forms: Subjectively, errors induce strong emotions of 
frustration and irritation. This frustration has obvious motivational significance: It is aversive 
enough that subjects often increase their effort or attention (at least temporarily) in order to avoid 
further errors. The emotional consequences of errors are also expressed in less obviously functional 
ways, such as swearing, furrowing of the brow, and so forth. Physiologically, error detection is 
accompanied by skin conductance responses and changes in heart rate (Hajcak, McDonald, & 
Simons, 2003). 
Although it is simple enough to list these affective consequences of errors, it is much more difficult 
to answer the question of how the Ne/ERN relates to these consequences. One might look first for 
evidence that the Ne/ERN is coincident with observed affective reactions. However, there is 
currently no experimental evidence to show that affective correlates of error detection can be 
observed within the latency range of the Ne/ERN. One certainly cannot rely on anecdotal evidence 
that subjects react visibly or audibly to their errors as they make them: Intuition and introspection 
simply lack the temporal resolution or reliability to distinguish events occurring within one or two 
hundred milliseconds of one another. Adding further complication, the observation of affective 
reactions prior to incorrect responses might reflect the detection of response conflict prior to error 
commission, rather than reflecting a reaction to the error itself. In any event, it remains unclear 
what such temporal coincidence would prove. Instead, the essence of the claim that the Ne/ERN is 
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associated with affective processing seems to be that the Ne/ERN reflects neural processing that 
gives rise to the behavioral and physiological changes that are subjectively experienced as strong 
negative emotional reactions. In other words, the Ne/ERN is considered to relate to affective 
processing because of its functional consequences. 
According to this interpretation of affective theories, the Ne/ERN indexes processing that gives rise 
to affective reactions. Therefore, to understand the functional role of the Ne/ERN, it is necessary to 
understand the functional consequences of the affective reactions themselves. Implicit in this 
reasoning is the assumption that all affective reactions are functional in some way. This assumption 
seems very reasonable: The alternative would be to claim that the subjective correlates of error 
detection are themselves the end goal of affective processing. In other words, the alternative view 
is that the purpose of affective reactions is to “make you feel bad”. However, while it is extremely 
unlikely, to say the least, that affective reactions really do exist for their own sake, there has been 
relatively little discussion and elaboration regarding the supposed functional role of affective 
reactions related to the Ne/ERN and error processing. 
Nevertheless, one can easily generate speculative answers. For example, as mentioned above, the 
frustration induced by errors is strongly aversive and hence subjects will work to avoid this 
frustration. Put another way, the frustration elicited by errors represents a motivational state that 
promotes changes in the way the task is performed. This change might involve a redoubling of 
effort. Indeed, autonomic changes associated with errors might reflect a state of heightened 
alertness that functions to reduce the likelihood of subsequent errors. In other circumstances, 
however, the task may be sufficiently dull or difficult that a simple redoubling of effort may be 
insufficient to reduce the frustrating occurrence of errors. In such cases, if the task is sufficiently 
frustrating, then the change engendered by this frustration might involve the subject giving up on 
the task entirely. In either case, however, the affective reaction of frustration can be characterized 
as a functional state that gives rise to adaptive changes in behavior—in this case, an increase in the 
effort devoted to the task or the promotion of “exploratory” behavior—that changes the way in 
which the task is performed.  
Returning to our original question—of what affective reactions are for—we arrive at the following 
conclusion: Affective processing reflected in the Ne/ERN is associated with adaptive, affective 
changes in behavior and physiology. This idea is signified in the schematic diagram of Figure 1b as 
the arrow linking affective systems to task processing. However, as Figure 1b also shows, task 
processing may likewise be influenced directly by the cognitive processes of conflict and error 
monitoring, raising the question of how we might distinguish between these cognitive and affective 
influences on task performance. This question becomes particularly salient when one considers 
proposals regarding the functional role of conflict and error detection processes as specified in 
existing computational theories. For example, according to the conflict monitoring theory, 
detection of response conflict typically leads to increased attentional focus—a redoubling of effort 
(Botvinick et al., 2001). However, if conflict is sustained over a long period—indicating that 
increased attentional focus is insufficient to reduce conflict—a more exploratory approach may be 
promoted in which new strategies or behaviors are attempted (Usher et al., 1999; Cohen et al., 
2000). 
There are clear parallels between the supposed functional role of affective reactions on the one 
hand, and the cognitive processing of conflict on the other: In the short term, frustration and 
conflict may lead to adjustments in the task at hand. In the longer term, these events may lead to 
more global changes in behavior. In general, the common theme is that the proposed functional role 
in each case is to promote adaptive changes in behavior. That is, the supposed functional role of 
affective reactions is precisely the role played by the cognitive detection of conflict in an existing 
computational theory. The question is raised of how these theories might be distinguished. 
Summary. The Ne/ERN is held to reflect affective processing to the extent that it is associated with 
affective consequences. However, critical questions remain regarding these affective correlates of 
error detection: 
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1.! What are the functional consequences of affective processing and affective reactions? 
2.! What distinguishes the functional consequences of affective processing from those of 

cognitive processes of error detection and conflict monitoring? 
 
Reconsideration of cognitive and affective theories 
A consistent theme of the foregoing discussion is that the relationship between affective and 
cognitive theories may be much closer than initial appearances suggest: First, cognitive monitoring 
processes are proposed to provide the input to affective processes, and so an understanding of 
affective evaluations rests upon an understanding of the cognitive processes underlying them. 
Second, there are close similarities between the proposed functional role of cognitive and affective 
evaluations, and the relationship between these evaluations remains to be explored. 
In spite of this apparently close relationship, it may nonetheless be possible to distinguish cognitive 
and affective processing of errors, as many previous researchers have assumed, and to determine 
which of these is reflected in the Ne/ERN. This weak dependence hypothesis—which proposes that 
affective appraisals depend upon, but are separate from, the cognitive processing of errors—faces 
the issues described above: of how to distinguish cognitive and affective influences on the Ne/ERN, 
and how to distinguish the functional roles of cognitive and affective processing. The complexity 
of these issues has been described by Pailing et al. (2002), who note that “One’s greater emotional 
reaction may be a result of a more vigilant error detection mechanism, or vice-versa, that is, the 
error detection mechanism reacts more to mistakes because of a greater emotional response” 
(p.205). With regard to this issue, an important implication of the discussion above is that, before 
concluding that a particular experimental variable provides evidence of affective influences on the 
Ne/ERN, it is first necessary to rule out the hypothesis that the observed effects can be explained 
by existing cognitive theories. Put another way, affective theories are useful only to the extent that 
they explain variation in the Ne/ERN over and above the variability that is explained by cognitive 
theories.  
But how can one determine whether cognitive theories provide an adequate explanation of any 
particular finding? Evidently, clear and precise theories of the cognitive processes of error 
detection are a prerequisite for understanding the contribution of affective processing to behavior. 
In this regard, the value of an approach that includes formal computational models of underlying 
cognitive processes seems clear, since the value of such models is precisely in providing a tool for 
understanding predictions and properties of the theories that may not be obvious on the basis of 
one’s verbal theory or intuition alone. In particular, formal models might in the future be used to 
investigate whether observed effects can be explained in terms of known computational principles 
of error detection: If observed patterns of data cannot be explained in these terms, one can more 
safely infer that the results provide evidence for affective influences on the Ne/ERN. In this way, 
formal theories of the computations underlying error and conflict processing may provide a useful, 
perhaps essential, tool for interpreting data from this complex aspect of human behavior. 
The above discussion is predicated on the assumption, made by many previous researchers, that 
cognitive and affective theories represent competing accounts of the Ne/ERN. However, given the 
clear similarities between cognitive and affective theories discussed above, it seems important to 
consider an alternative position, the strong dependence view: that there is no valid distinction to be 
drawn between cognitive and affective approaches. Thus far, my discussion has focused on the 
mechanisms by which affective evaluations might be implemented in the brain. However, it is also 
worthwhile considering the likely subjective and experiential correlates of the proposed cognitive 
processes. In particular, it seems plausible to assume that detection of errors and conflict should be 
aversive events: An organism that found errors or indecision pleasurable would be unlikely to 
survive for too long. In other words, the detection of conflict or errors is likely to have direct 
affective consequences. Thus, when the affective correlates of error and conflict detection are 
considered, one arrives at something much like the ideas specified in affective theories, just as 
when the functional role of affective reactions is considered, one arrives at something much like the 
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ideas specified in cognitive theories. It might therefore be that affective reactions are simply “what 
it feels like” to detect errors or conflict, rather than reflecting processes separate from the cognitive 
monitoring processes. That is, there may not be a valid distinction to be drawn between theories 
that associate the Ne/ERN with a process of error detection, and theories that associate it with a 
process that gives rise to behavioral and autonomic changes related to error or conflict detection, 
since these may be one and the same process. 
To return to Figure 1, the implication of this discussion is that error/conflict detection and affective 
processing should not be considered to be separate processes. Instead, in providing information that 
has direct motivational significance, cognitive monitoring processes may provide the 
computational basis underlying what are observed and experienced as affective reactions. It follows 
that cognitive theories—and their computational implementations—should not be viewed as 
ignoring affective or motivational aspects of error processing, but rather as providing an explicit 
account of the mechanisms underlying this processing. This does not mean, however, that existing 
computational theories reduce to being theories of affective processing. Put simply, it would not be 
valid to relabel the monitoring units of the conflict and reinforcement learning models as “affective 
response units”. The explanatory value of computational models lies in implementing in a precise 
way the structure and assumptions of specific theories. In this case, the specific theories are 
concerned with the issue of how monitoring processes might be implemented in the brain, not with 
the issue of how the outputs of these monitoring processes might be translated into observed 
affective reactions. This latter issue remains an issue for future research, and for future 
computational modeling efforts. 
 
Conclusion 
Computational approaches are widely viewed as incompatible with the idea that the Ne/ERN is 
associated with an evaluation of the affective or motivational significance of errors. I have argued, 
to the contrary, that cognitive and affective approaches should be viewed as complementary for 
two reasons. A first reason is practical: To the extent that affective theories assume internal 
representations of errors, one needs a good theory of the computations underlying error detection in 
order to determine whether a given manipulation influences cognitive or affective aspects of 
processing. A second reason is more theoretical in nature: To the extent that the functional roles 
proposed for cognitive and affective processes are identical, there may be no meaningful distinction 
between them. Instead, computational models may provide insight into the underlying mechanisms 
by which the cognitive system represents and responds to events of direct affective or motivational 
significance. According to this view, while affective theories rightly emphasize that errors and 
response conflict may have affective or motivational consequences, existing computational theories 
may already have begun to specify what the functional role of those affective reactions might be. 
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A performance monitoring system is thought to supervise information processing to detect 
errors and conflicts arising within the stream of information processing. It is assumed that 
when a conflict is detected, conflict control mechanisms dynamically adjust mental processing 
in response to changing internal and external contingencies. However, relatively little is 
known about the possible ways control is modulated by type of task and immediate stimulus-
response (S-R) history. To examine the common principles of executive control functions and 
their modulation by the short-term S-R contexts different response conflict and response 
priming tasks were employed. The analysis focussed on event-related brain potential (ERP) 
correlates of monitoring and action control processes, i.e., the frontocentral negativity (N2c) 
elicited by covert response conflicts prior to the overt response. N2c findings suggested that 
performance monitoring is dependent on the specific experimental task and the sequence of 
preceding stimulus and response events. In addition, when some or all parameters of a 
voluntarily prepared response have to be reprogrammed this elicited a centroparietal N2, 
localised within medial higher-order motor regions. It is argued that models of performance 
monitoring and control need to take into account the task and processing context. 
 
Introduction 
More than two decades ago Newell (1980, p. 715) stated that “a major item on the agenda of 
cognitive psychology is to banish the homunculus (i.e. the assumption of an intelligent agent (little 
man) residing elsewhere in the system, usually off stage, who does all the marvellous things that 
need to be done actually to generate the total behaviour of the subject.” This banishing of the 
homunculus is on its way by decomposing the cognitive and neuronal architecture underlying 
executive control processes (Monsell & Driver, 2000). The idea of a specific brain system for the 




