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Action errors can occur when routine responses are triggered inappropriately by familiar cues. Here, EEG was recorded as vol-
unteers performed a “go/no-go” task of long duration that occasionally and unexpectedly required them to withhold a frequent,
routine response. EEG components locked to the onset of relevant go trials were sorted according to whether participants erro-
neously responded to immediately subsequent no-go trials or correctly withheld their responses. Errors were associated with a
significant relative reduction in the amplitude of the preceding P300, that is, a judgement could be made bout whether a response-
inhibition error was likely before it had actually occurred. Furthermore, fluctuations in P300 amplitude across the task formed a
reliable associate of individual error propensity, supporting its use as a marker of sustained control over action.
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1. INTRODUCTION

“Absent-minded” slips of action often result from the inap-
propriate production of an automatic or routine response
[1]. Many of us will have repeatedly attempted to switch
on light bulbs that we “know” need replacing, or automat-
ically driven a familiar route when we were intending to go
elsewhere. Although routine activities may be skilfully per-
formed with little requirement for continuous control, there
are occasions when such unsupervised actions can have se-
rious consequences, from personal accidents to major disas-
ters [2]. Moreover, the tendency to make such action errors
significantly increases following traumatic brain injury, fo-
cal frontal lesions, and in some developmental disorders [3–
12]. Here we examine whether time-locked EEG components
may be sensitive to different states in which such errors are
more or less likely to occur.

Slips of attention have been studied both in terms of pre-
dicting difficulties faced by clinical groups and in develop-
ing models of normal executive control over action. Norman
and Shallice [13] and Shallice [10], for example, proposed

an influential framework in which routine actions are con-
trolled in a relatively automatic or stimulus-driven manner.
Within this view, the expression of one behavioral sequence
rather than another is governed by a competitive process de-
termined by the strength of environmental triggers. Via such
a system, apparently complex activities such as those involved
in driving a car can be performed appropriately with lit-
tle requirement for higher-level control. The second level of
control, termed supervisory attention, is then proposed to
modulate action selection if, for example, the most active be-
havioral sequence is inappropriate in relation to an overall
goal. Such control is also experienced subjectively as effort-
ful and conscious attention. More recently proposed frame-
works draw similar distinctions. Dehaene and Naccache [14],
for example, argue for a fronto-parietal circuit that acts as a
“global workspace,” regulating more routine processes and
which is associated with conscious effort. One set of condi-
tions under which supervisory control is argued to be crucial
is that presented in sustained attention tasks. In such tasks,
the environmental triggers for goal-related behavior are re-
duced to a minimum, either by making the task “boring,”
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increasing the time over which a participant has to self-
maintain a readiness to respond, and/or increasing the dura-
tion beyond a point of tedium [15–17]. The more successful
a task is in reducing environmental support, the greater is its
emphasis on the internal, or “endogenous,” maintenance of
the appropriate processing stance.

Robertson et al. [9] developed a simple paradigm de-
signed to assess self-maintained attention to current action.
In the sustained attention to response task (SART), partic-
ipants’ watch-as-single digits are presented on a computer
screen at a regular, invariant rate. They are asked to press
a single button for each digit as it appears. The rhythmic
nature of this response, coupled with the lack of selection,
was designed to rapidly establish a relatively automatic, task-
driven response. Periodically and unpredictably, however, a
“no-go” target is presented to which no response should be
made. In order to maximize the chances of not making an
error, it has been argued, participants must try and counter
the tendency to lapse into routine responding and maintain a
high degree of control over action throughout the task. This
brief and reliable task has proved to be sensitive to the fre-
quency of everyday action lapses in traumatically brain in-
jured patients [9] and in neurologically healthy volunteers
[18].

The electroencephalogram (EEG) signal reflects brain ac-
tivity including that which is in response to a specific envi-
ronmental event. Such event-related responses are often dif-
ficult to separate from other activity on a trial-by-trial basis.
If time-locked signals to many identical events are averaged,
however, the unrelated signal tends to cancel out and the
event related potentials (ERPs) emerge. The electrophysio-
logical correlates of performance on tasks, such as the SART,
that emphasise alternation between responding and not re-
sponding (termed “go/no-go” tasks) have been extensively
examined [19–23]. The emphasis in such studies has been on
differential responses to the presentation of the no-go stimu-
lus relative to the go trial. Mäntysalo [23], for example, found
increased amplitude of a negative component (N200) and a
positive component (P300) on no-go trials a feature subse-

quently interpreted by Kok [22], and by Eimer [19] as re-
flecting response-inhibition processes. Jackson et al. [20] also
found that the P300 component to the visual stimulus was
more rapidly suppressed during no-go trials. These studies
place emphasis on what happens after a “no-go” trial is pre-
sented. The focus here is on what happens before a no-go trial
is unexpectedly presented. If, as has been argued, the abil-
ity to control action on no-go trials is determined by a pre-
existing attentive state (sustained attention during the task),
then it may be possible to assess this independently of overt
behavior using ERP measures. Our hypothesis was that cor-
rect go trials that precede a correctly withheld response in a
no-go trial should show evidence of this heightened attentive
control relative to go trials that precede an error. A concep-
tual advantage of this approach lies in the degree to which
other factors that might influence the ERP are controlled. In
each case, the comparison is between correct go trials that
are identical in terms of the stimulus presented (go), the re-
sponse made (press), the instructional set (do not press for

no-gos), and the probability of a subsequent trial being a no-
go signal (1/8). If reliable differences emerge between trials
that precede an action slip and those that do not, this can
be interpreted with some confidence as being related to the
attentional state of the participant under which subsequent
errors are more or less likely.

There were cogent reasons for us to focus on the P300
ERP component as a likely predictor of errors in the SART
go/no-go tasks. The P300 is a positive wave occurring ap-
proximately in 300 milliseconds following stimulus presenta-
tion [24, 25]. In contrast to some earlier components within
the ERP, the P300 has been argued to reflect higher-level pro-
cesses that are sensitive to task context, such as attentive se-
lection [24, 26]. Increased P300 amplitude has been reported
when participants detect that they have made an error in
go/no-go tasks [27, 28], which may be interpreted in terms
of error detection or the consequent establishment of a more
attentional stance in which subsequent error probability is
reduced. Further, studies have shown that the P300 is signifi-
cantly reduced in survivors of traumatic brain injury, a group
who have particular difficulty in avoiding errors on the SART
[29–31].

In the current study, a group of neurologically healthy
volunteers performed multiple blocks of the SART task to es-
tablish whether variations in P300 amplitude were associated
with action errors in the SART. For each participant, the 250
no-go trials from the 10 blocks of the SART were first indexed
and sorted according to whether the participant had made a
commission error, by incorrectly pressing the response key,
or had correctly withheld the response. For each of these cat-
egories, the visual ERPs to go trials that immediately preceded
these no-go trials were then averaged first for each partici-
pant and then for the group of 25 participants as a whole.
From previous studies, we anticipated sufficiently high error
rates in this group to allow a reasonable comparison between
events prior to a correct no-go trial and prior to an action
error.

Previous studies have shown that SART is relatively re-
liable in picking up enduring individual differences in er-
ror propensity. In addition to the hypothesis that relatively
high or low P300 amplitude would be associated at a within-
subject level with different subsequent error rates, we there-
fore further hypothesized that individual differences in the
degree to which the P300 component was maintained across
all of the go trials would be associated with individual differ-
ences in error rates.

For both analyses, there were advantages if gross individ-
ual differences in P300 amplitude (e.g., due to the quality of
electrode contact, skull thickness, etc.) could be reduced. To
this end, we expressed P300 in proportion to that of an ear-
lier ERP component, the P200 (P200 : P300 ratio). The P200
should be subject to the same intersubject differences affect-
ing absolute amplitude but, in being thought to reflect more
perceptual aspects of the neural response, less likely to be
modulated by current attentional engagement with the task.
For this reasoning to be valid, it would be necessary to addi-
tionally demonstrate in the current task that variations in the
P300 are related to subsequent error while variations in the
P200 are not.




