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Introduction

A group of components - the Error-Related Negativity (ERN), the Feedback 
Negativity (FN) and N2 - have been hypothesized to reflect psychological 
activity associated with error detection, negative feedback evaluation and 
response competition.  These components share some similar features; for 
example, time course, scalp topography, putative anterior cingulate cortex 
(ACC) generator and the experimental manipulations that produce them.  
One objective of this study was to compare these components in individual 
participants.

A further objective of this experiment was to determine whether engaging in 
another task concurrently affects these components, if they are produced by a 
separate task.  The ERN and N2 were elicited using an arrow flanker task 
and the FN was elicited using a reaction time deadline task.  A Sternberg 
memory scanning task (with sets of 4 and 7 memory set items) was carried 
out concurrently.

While the Sternberg memory scanning task uses left frontal areas to rehearse 
verbal information, there is also evidence of increased frontal midline theta 
(FMT) during the delay period of the Sternberg task1.  Furthermore, several 
prominent theories of attention, Shallice's Supervisory Attentional System2 
and Posner's Anterior Attentional System3, both implicate medial frontal 
regions in allocation of attention.  This suggests that the processes that 
generate the ERN, FN and N2 might be compromised if additional 
processes, also relying on medial frontal regions, have to be carried out at 
the same time.

Methods

Sixteen healthy young participants (aged 18-30, 8 female) engaged in several 
experiments.  An arrow flanker task was designed to elicit errors and the 
concomitant ERN.   Participants responded to a central arrow pointing either 
left or right while flanking arrows, positioned either above or below or both 
above and below the central arrow, could point in either the same 
(congruent) or other (incongruent) direction.  The N2 was expected on 
incongruent trials because of the high degree of response conflict.  

A reaction time deadline task was designed to elicit the FN.  Participants 
were presented with the full congruent displays of the flanker task (i.e. 5 
arrows pointing either left or right) and had to respond before a deadline 
(that changed dynamically with performance).  If the subject responded 
before the deadline positive feedback was presented, if they responded after 
the deadline negative feedback was presented.

In the dual task condition, participants carried the Sternberg memory 
scanning in addition to the flanker or feedback task.  Participants were 
presented with either 4 or 7 consonants to remember (with a 500ms encoding 
time for each item).  During the delay period of approximately 7000ms 
subjects completed either 8 flanker trials or 5 feedback trials.

Flanker Task

Figure 1.  A schematic representation of the Arrow Flanker task.

Figure 2. Behavioural results from the Arrow Flanker task.

Figure 3.  Electrophysiological Results from the Arrow Flanker task.

The behavioural results showed a typical flanker effect with responses to 
incongruent trials being slower (p<0.001) and less accurate (p<0.001).  
There was no significant difference between single and dual task conditions.  
The electrophysiological results showed an ERN following errors (p<0.001) 
but again no difference between single and dual task conditions.  
Furthermore, there didn't appear to be any difference between the N2 on 
congruent and incongruent trials.

Feedback Task

Figure 4.  A schematic representation of the Feedback task.

Figure 5.  Behavioural results from the Feedback task.

Figure 6.  Electrophysiological results from the Feedback task.

The behavioural results showed almost 30% of the responses elicited Too 
Slow feedback.  Again, this was not significant across single and dual task 
conditions (p=0.37).  The waveforms following feedback presentation 
showed a large difference, but this was attributable to a larger P3 component 
following Too Slow feedback than OK feedback.  Finally, in the dual task 
condition there was a significant negativity following Too Slow responses 
(p<0.001).  There was the suggestion of a similar difference in the single 
task condition, but the difference was not significant (p=0.20).

Discussion

The ERN was elicited as expected; however, the presence of the Sternberg 
task did not appear to alter it in any noticeable way (there was no difference 
between the set sizes of 4 and 7 items, so the results have been collapsed).  
This suggests that the processes responsible for its generation are not shared 
with those taking place during the Sternberg task or the reallocation of 
attention in the dual task condition.

The failure to find an increased N2 following incongruent trials is somewhat 
surprising as this effect is usually considered quite robust.  The flankers had 
the expected behavioural effect, so it is unclear why an electrophysiological 
effect was not found.

Similarly, no FN was observed.  One factor contributing to this might have 
been the difference in probability of the feedback stimuli.  Stimulus 
frequency is known to affect the P34, which may have washed out the effect 
of the feedback stimuli.  If the probability of feedback stimuli been matched, 
the FN might have been observed.  Furthermore, subjects were not penalized 
for responding too slowly, which may have reduced the motivational impact 
of the Too Slow feedback stimuli.

The finding in the dual feedback condition of a difference in waveforms 
following OK and Too Slow responses suggests participants are able to 
judge their own performance even without feedback.  The increased 
negativity following Too Slow responses bears a superficial resemblance to 
the ERN, although proposing a relationship on the basis of only this 
evidence would be premature.

In summary, the N2 and FN were not observed in these tasks despite their 
presence in many other similar experiments.  Furthermore, the waveforms 
that were elicited did not appear to be affected by the addition of a 
simultaneously performed Sternberg memory scanning task.
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