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Kentridge and Heywood (this issue) extend the concept of metacognition to include
unconscious processes. We acknowledge the possible contribution of unconscious pro-
cesses, but favor a central role of awareness in metacognition. We welcome Shimamura’s
(this issue) extension of the concept of metacognitive regulation to include aspects of
working memory, and its relation to executive attention.  2000 Academic Press

Our central thesis, shared by both reviewers, is that research on metacognition
can benefit from a cognitive neuroscience perspective that examines metacognitive
regulation in terms of executive control processes. As Shimamura (this issue) points
out, research on executive control has successfully decomposed the concept of execu-
tive function into specific mental operations, and imaging techniques are starting to
identify the corresponding anatomical structures. The reviewers provide evidence in
support of this cognitive neuroscience approach to metacognition. Both commentar-
ies extend our concept of metacognitive regulation, although they do so in different
directions.

Kentridge and Heywood (this issue) report data from a blindsight patient to argue
that metacognitive processes can sometimes be dissociated from awareness. In partic-
ular, the claim is that strategy choice is governed by implicit learning (see also
Reder & Schunn, 1996; Schunn & Dunbar, 1996). The idea that some aspects of
executive function and metacognition are sometimes inaccessible to one’s insight is
consistent with the literature we reviewed in our target article on conflict resolution.
However, the existence of implicit executive or metacognitive regulation in a limited
set of circumstances, while an interesting phenomenon in itself, does not challenge
the idea that awareness is a central component of metacognitive processes.

The importance of awareness for metacognitive regulation is illustrated by recent
neuroimaging studies on error detection. After detecting an error, people usually slow
down as part of a conscious strategy to minimize the occurrence of future errors.
Event-related potentials (ERPs) in speeded tasks reveal an error-related negativity
after slips of action (i.e., incorrect executions of a motor program). This error-related
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negativity, which most likely originates in the anterior cingulate, correlates in size
with the amount of slowing that follows the error. Importantly, for the error-related
negativity to occur, and for the error correction to occur, the subject has to be aware
of having made an error (Dehaene, Posner, & Tucker, 1994; Gehring, Gross, Coles,
Meyer, & Donchin, 1993). Thus, it seems that conscious error detection (i.e., meta-
cognitive knowledge) is usually necessary for error correction (i.e., metacognitive
regulation).

The role of awareness in metacognition is clearly stated in Shimamura’s (this issue)
commentary, in which the relation between executive attention and working memory
is described. Shimamura identifies four executive processes that we agree are the
building blocks of metacognitive control. These are the selection, maintenance, up-
dating, and rerouting of information. Shimamura has nicely extended our analysis
to working memory by describing the role of executive control in updating working
memory information.

Metacognition has always been a broad concept, difficult to constrain (Brown,
Bransford, Ferrara, & Campione, 1983). This is partly due to the domain generality
of metacognitive processes. For example, the same metacognitive rules apply whether
one is monitoring his or her performance at playing chess or at reading a text (Flavell,
Miller, & Miller, 1993). Executive attention is also a broad concept, and like metacog-
nition, it seems to be domain general. For example, conflict resolution acts not only
on different modalities (e.g., visual, auditory, tactile) but also on different levels of
analysis (e.g., perceptual, semantic, action). Executive attention contributes to work-
ing memory, and it is in this regard that working memory, defined as the ability
to make a conscious report, is closely related to both metacognitive regulation and
metacognitive knowledge. However, other aspects of working memory, such as its
storage based processes, can be dissociated from executive and metacognitive func-
tions. As research progresses, the taxonomies of working memory, metacognitive,
and executive processes should become more clear, as will the interactions and disso-
ciations among them.
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