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Alcohol and error processing 
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A recent study indicates that alcohol consumption 

reduces the amplitude of the error-related negativity 

(ERN), a negative deflection in the electroencephalo­

gram associated with error commission. Here, we 

explore possible mechanisms underlying this result in 

the context of two recent theories about the neural sys­

tem that produces the ERN – one based on principles of 

reinforcement learning and the other based on 

response conflict monitoring. 

In a recent study, Richard Ridderinkhof and colleagues 
demonstrated that the consumption of moderate amounts 
of alcohol can reduce the amplitude of the ‘error-related 
negativity’ (ERN) [1], a negative deflection in the 
electroencephalogram (EEG) associated with error com­
mission in speeded response time tasks [2,3]. Because the 
ERN is commonly thought to be produced by a high-level 
evaluative system involving the anterior cingulate cortex 
[4–6], the authors concluded that alcohol consumption 
leads to impairment in the monitoring of ongoing 
performance. Importantly, Ridderinkhof et al. were careful 
to rule out two obvious alternative interpretations of their 
data. The first is that ERN amplitude decreases with 
decreasing response accuracy [3], so that if the alcohol 
consumed in the study had been associated with increased 
error rates then the observed reduction in ERN amplitude 
could have been attributed to the alcohol-related changes 
in performance. Ridderinkhof and colleagues avoided this 
potential problem by ensuring that participants made 
approximately the same number of errors when given 
alcohol as when they were given a placebo drink. Second, if 
alcohol consumption had caused a general reduction in the 
amplitude of the EEG, then the small ERNs observed in 
the study would not have been due to a specific impairment 
in error processing. However, Ridderinkhof and colleagues 
demonstrated that the alcohol taken by the participants 
did not reduce the amplitude of the N2, an EEG deflection 
of comparable size, and thus that the decrease in the size of 
the ERN did not arise from a general reduction in EEG 
amplitude. The robustness of these control measures 
allows us to consider the possible mechanisms by which 
the performance monitoring system is disrupted by 
alcohol. 

How does alcohol affect the ERN? In general, there are 
two possibilities. First, alcohol could selectively impair the 
monitoring system that produces the ERN. Second, alcohol 
could impair systems involved in stimulus–response 
processing, thereby degrading the quality of the infor­
mation upon which the monitoring system depends [7]. 
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Here, we illustrate each of these two possibilities with 
reference to two recent theories of ERN production [5,6]. 

Reinforcement-learning theory of the ERN 

According to the reinforcement-learning theory of the 
ERN [5], a response-monitoring system located in the basal 
ganglia produces error signals that activate the mesence­
phalic dopamine system, and the ERN is elicited by the 
impact of this phasic dopamine activity on the anterior 
cingulate cortex. Specifically, the theory proposes that a 
motor control system involving the anterior cingulate 
cortex generates behavior appropriate to the current 
external context (Fig. 1a). Simultaneously, a monitoring 
system located in the basal ganglia predicts the outcome 
(good or bad) of the response, on the basis of information 
received from the external environment and an ‘efference 
copy’ of the response. When the basal ganglia find that 
events are ‘better’ than expected they produce a ‘good’ 
error signal, and when they find that events are ‘worse’ 
than expected they produce a ‘bad’ error signal. These 
error signals are coded as phasic increases and decreases, 
respectively, of the tonic activity of the mesencephalic 
dopamine system [8]. Furthermore, the error signals are 
carried by the mesencephalic dopamine system to the 
anterior cingulate cortex, where they reinforce perform­
ance on the task at hand [9], and back to the basal ganglia, 
where they are used to improve the predictions of the 
monitor [9]. The theory holds that the ERN is produced 
when a phasic decrease in activity of mesencephalic 
dopaminergic neurons following error commission dis-
inhibits the apical dendrites of motor neurons in the 
anterior cingulate cortex, but no ERN is produced when 
these dendrites are inhibited by a phasic increase in 
activity of mesencephalic dopaminergic neurons following 
correct responses. 

Importantly, the mesencephalic dopamine system is 
strongly implicated in alcohol self-administration. Thus, 
for example, low doses of alcohol activate dopaminergic 
neurons in the ventral tegmental area [10] and alcohol 
self-administration is associated with increased dopamine 
levels in the nucleus accumbens [11]. Furthermore, the 
reinforcing properties of alcohol appear to depend on 
dopamine D1 [12] and D2 [13] receptors. In the context of 
the reinforcement-learning theory of the ERN, such 
observations suggest that an alcohol-induced impairment 
of the mesencephalic dopamine system could reduce ERN 
amplitude in any of several possible ways. For example, 
increased tonic activity of the mesencephalic dopamine 
system could lead to increased inhibition of anterior 
cingulate cortex, resulting in smaller ERNs. 
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Fig. 1. Theories of performance monitoring and the error-related negativity (ERN). 

(a) Reinforcement-learning theory. (b) Conflict-monitoring theory. Both the 

reinforcement-learning theory and the conflict-monitoring theory propose mech­

anisms that monitor the performance (red boxes) of other mechanisms that map 

external input into response output (green boxes). The conflict-monitoring theory 

also proposes a separate mechanism for cognitive control (yellow box). The the­

ories hold that the ERN is produced by the anterior cingulate cortex. However, the 

reinforcement-learning theory proposes that errors are detected in the basal 

ganglia, whereas the conflict-monitoring theory holds that errors are detected by 

the anterior cingulate cortex. Alcohol could reduce the amplitude of the ERN 

directly by disrupting the performance monitoring system, or indirectly by impair­

ing the stimulus–response processes upon which the monitor depends. Abbrevi­

ations: ACC, anterior cingulate cortex; BG, basal ganglia; DA, mesencephalic 

dopamine system; MC, motor cortex; PC, posterior cortex; PFC, prefrontal cortex. 

Conflict-monitoring theory of the ERN 

According to a second theory, the ERN reflects the 
activation of a conflict-monitoring system following error 
commission [6] (N. Yeung, M. Botvinick and J.D. Cohen, 
unpublished). Specifically, this theory proposes that the 
anterior cingulate cortex monitors for response conflict 
(the simultaneous activation of incompatible response 
channels) and conveys this information to brain regions 
involved in cognitive control, such as lateral prefrontal 

cortex. A computational model of response selection in the 
task used by Ridderinkhof and colleagues demonstrates 
how the ERN can be explained in terms of this theory 
(Yeung et al., unpublished). In the model (Fig. 1b), conflict 
is calculated as the product of the activation levels of the 
competing motor control units associated with the motor 
cortex. Stimulus processing is characterized by the 
continuous flow of activity along pathways that map 
stimulus-related information in the posterior cortex to a 
corresponding response in motor cortex. Occasionally, 
noise in the system activates the incorrect response before 
the stimulus is fully processed, precipitating an error, but 
continued processing of the stimulus leads to the gener­
ation of the correct response (an ‘error correction’). As a 
consequence, both responses are simultaneously activated 
for a brief period of time following error commission, 
resulting in post-response conflict. The anterior cingulate 
cortex produces the ERN when it detects this conflict. 

In contrast to the reinforcement-learning theory of the 
ERN, which does not make any predictions about the N2, 
the conflict-monitoring theory holds that the anterior 
cingulate cortex produces the N2 when it detects pre-
response conflict on correct trials [14] (Yeung et al., 
unpublished). Importantly, Ridderinkhof et al. found 
that alcohol consumption selectively affects the ERN, 
leaving N2 amplitude unaffected, suggesting that alcohol 
does not cause a general impairment in conflict monitor­
ing. Instead, the conflict-monitoring theory can explain 
both the N2 and ERN results in terms of a specific, alcohol-
induced impairment in stimulus processing. Such impair­
ment is evident in the data of Ridderinkhof et al.: the 
inebriated participants showed an increase in response 
times and a reduction in the amplitude of the P3, an EEG 
deflection sensitive to stimulus categorization (R. Ridder­
inkhof, unpublished). According to the conflict hypothesis, 
the ERN is produced when continued stimulus processing 
after an error leads to activation of the correct response, 
resulting in post-error conflict. An alcohol-induced impair­
ment in stimulus processing would reduce this activation 
of the correct response following errors, which would in 
turn reduce post-error conflict and, hence, reduce the 
amplitude of the ERN. By contrast, Ridderinkhof et al. 
reported that the behavioral measures of response conflict 
on correct trials were identical across conditions so that, 
according to the conflict model, a reduction in N2 
amplitude would not be expected. 

Future research 

Thus, alcohol consumption could reduce ERN amplitude 
either directly, by affecting the monitoring system that 
produces the ERN, or indirectly, by affecting the stimulus 
processing system upon which the monitoring system 
depends. A future experiment could decide between these 
two possibilities. In particular, we envisage a replication of 
Ridderinkhof et al.’s experiment with a new control 
placebo condition, in which participants respond to 
degraded stimuli such that their behavioral measures 
are about the same as in the alcohol condition. If alcohol 
impairs stimulus processing, but the quality of stimulus 
processing is matched across conditions, then the partici­
pants should produce equally small ERNs in both 
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conditions. However, if alcohol selectively impairs the 
monitoring system, then the participants should produce 
smaller ERNs when inebriated but not when responding to 
the degraded stimuli. In either case, the results of such a 
study would extend Ridderinkhof and colleagues’ pioneer­
ing research on how alcohol consumption affects perform­
ance evaluation. 
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Aging is characterized by a significant decline of meta­

bolic and hormonal functions, which often facilitates 

the onset of severe age-associated pathologies. One 

outstanding example of this is the reported association 

of deranged signaling by insulin and insulin-like-

growth-factor 1 (IGF-1) with Alzheimer’s disease (AD). 

Recent compelling biological data reveal effects of insu­

lin and IGF-1 on molecular and cellular mechanisms 

underlying the pathology of AD. This review discusses 

available biological data that highlight the therapeutic 

potential of the insulin–IGF-1 signaling pathway in AD. 

In the past few years, several findings have pointed to the 
crucial role of the insulin and insulin-like-growth-factor 1 
(IGF-1) pathway for lifespan regulation in Caenorhabditis 
elegans, Drosophila, yeast and, last but not least, 
mammals [1,2]. This is not surprising considering the 
importance of insulin and IGF-1 in the regulation of 
physiological functions such as glucose and energy 
metabolism and growth. In addition, emerging evidence 
suggests that insulin and IGF-1 have important functions 
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in the brain, including metabolic, neurotrophic, neuro­
modulatory and neuroendocrine actions [3]. Insulin, 
IGF-1, their receptors and IGF-1-binding proteins 
(IGFBPs) are all present in rodent and human brain 
[4–6]. It is now known that insulin and IGF-1 are actively 
transported across the blood–brain barrier and possibly 
even produced locally in the brain [4]. Insulin and IGF-1 
share a high degree of structural and functional homology 
and both bind to, and activate, the receptor of the other, 
thus sharing several physiological functions. There is 
evidence that insulin receptors and IGF-1 receptors 
modulate neuronal activity [7], resulting in the regulation 
of food intake, energy metabolism, reproduction and, 
possibly, cognitive functions. 

In addition to the physiological activities in the brain, a 
wealth of data points to a potential role of the insulin– 
IGF-1 pathway in the pathogenesis of age-related neuro­
degenerative diseases, such as Alzheimer’s disease (AD) 
[8]. In particular, AD patients show changes in insulin and 
IGF-1 levels and their response to insulin is defective. AD, 
the most common form of dementia in the elderly, is 
characterized by insidious onset with cognitive impairment 
and inexorable progression. Neuropathological analysis of 
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