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The Cognitive Neuroscience
of Metamemory Monitoring:
Understanding Metamemory Processes,
Subjective Levels Expressed,
and Metacognitive Accuracy

Elizabeth F. Chua, Denise Pergolizzi and R. Rachel Weintraub

Abstract Metamemory has been broadly defined as knowledge of one’s own
memory. Based on a theoretical framework developed by Nelson and Narens
(Psychol Learn Motiv 26:125–141, 1990), there has been a wealth of cognitive
research that provides insight into how we make judgments about our memory.
More recently, there has been a growing interest in understanding the neural
mechanisms supporting metamemory monitoring judgments. In this chapter, we
propose that a fuller understanding of the neural basis of metamemory monitoring
involves examining which brain regions: (1) are involved in the process of
engaging in a metamemory monitoring task, (2) modulate based on the subjective
level of the metamemory judgment expressed, and (3) are sensitive to the accuracy
of the metamemory judgment (i.e., when the subjective judgment is congruent
with objective memory performance). Lastly, it is critical to understand how brain
activation changes when metamemory judgments are based on different sources of
information. Our review of the literature shows that, although we have begun to
address the brain mechanisms supporting metamemory judgments, there are still
many unanswered questions. The area with the most growth, however, is in
understanding how patterns of activation are changed when metamemory judg-
ments are based on different kinds of information.
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12.1 Introduction

Metamemory can be broadly defined as knowledge of one’s own memory [58].
Research on metamemory has a long history in cognitive psychology, but in the
past decade there has been a growing interest in understanding the neural mech-
anisms associated with metamemory (e.g., [16–19, 34, 45, 49, 51]). It has everyday
relevance for patients with neurological and psychiatric disorders, and even the
healthy aged, who have deficits in metamemory (e.g., [6, 60, 86]), for educators
who want to promote learning (e.g., [48, 89]), for basic researchers interested in
the fundamental computations carried out by specific brain areas and how they
interact [16–19, 34, 50], and for people who swear they left their keys by the door
only to find them in the kitchen. The goal of this chapter is to review the current
literature on the cognitive neuroscience of metamemory monitoring, and to
provide guidelines for future neuroimaging studies investigating metamemory.

12.1.1 Theoretical Framework of Metamemory: A Brief
Overview

The guiding framework for studying metamemory is the Nelson and Narens [58]
model that defined metamemory as the combination of monitoring and control
processes (Fig. 12.1). Monitoring involves judging the success and/or progress of
memory processing, and can be studied by asking for subjective introspections.
Different kinds of monitoring occur during different stages of memory (e.g.,
encoding and retrieval), and thus there are several different tasks that ask for sub-
jective reports at these different stages. The control component is the action-oriented
component, which allows individuals to direct their behavior, typically by selecting
information, choosing strategies, or ending processes. Extensive behavioral research
has examined both monitoring and control processes, but the majority of research on
the cognitive neuroscience of metamemory has focused on monitoring processes,
which will be our main focus.

12.1.2 Metamemory Monitoring Tasks

Many tasks have been devised to probe metamemory monitoring at different stages
during mnemonic processing ([58]; Fig.12.1). This can be done at a global level by
asking people to make overall judgments about their memory performance (e.g.,
how many questions do you think you will get correct on the memory test that you
will take shortly?), or at a trial-by-trial level by asking people to make a judgment
after each trial. Judgments of learning (JOLs) are predictive judgments that are
taken during, or shortly after, the study phase, and ask participants to judge how
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likely they will later remember information. Feeling-of-knowing (FOK) judgments
are taken during the retrieval phase and occur after a failed attempt at recall, and
require participants to indicate how likely they are to recognize the information
later. A related phenomenon is the Tip-of-the-Tongue (TOT) state, which has been
distinguished based on its subjective feeling of imminent retrieval and accompa-
nying frustration. On the postdictive side are retrospective confidence judgments
(RCJs), which are made after recall or recognition and ask participants to indicate
how certain they are that their responses are correct.

12.1.3 Measuring Metamemory Accuracy

Metamemory tasks require individuals to introspect about the contents of their
mind and then make a subjective report (for review, see [3]). To get a measure of
metamemory accuracy the discrepancy between the subjective reports and the
objective results of the memory tests are compared (for review, see [7]). Broadly
speaking, there are two main types of measurement, absolute and relative mea-
sures. Absolute measures, such as calibration curves and the Hamann index, are
tied to the subjective rating scale used in the metamemory task and examine how
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Fig. 12.1 The theoretical framework of monitoring and control processes in metamemory.
Adapted with permission from Nelson and Narens [58]
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well the subjective measures reflect performance on the memory task. However,
people may use the scale differently, and may not be well calibrated, yet their
performance does get better as their ratings increase, which shows a degree of
metamemory accuracy in that there is some correlation between subjective ratings
and objective performance. This is where relative measures of metamemory are
important, and the most commonly used measure is the Goodman–Kruskal
Gamma, a measures of association based on the difference between concordant
and discordant pairs. More extensive reviews of measures of metamemory accu-
racy are reviewed elsewhere ([7, 60, 87]; Fleming and Dolan, this volume), and are
beyond the scope of this chapter.

12.1.4 Tackling the Cognitive Neuroscience of Metamemory

Neuroimaging allows us to compare brain activity in many ways. We believe that
this can bring us to a better understanding of the many facets of metamemory, and
that it is necessary to understand: (1) brain regions that are involved in engaging
metamemory processes, (2) brain regions that modulate based on the subjective
level of the judgment expressed (e.g., high compared to low confidence), and
(3) regions that correlate with metamemory accuracy, in which the subjective
judgment and memory outcome are congruent (Table 12.1). Understanding the
way the brain contributes to these three aspects of making metamemory judgments
is fundamental in our attempts to understand metamemory and the brain. There is
still much work to be done in understanding these three aspects across the different
metamemory tasks. Once these basics are understood, the critical next steps are
then to understand how these activations may change when metamemory decisions
are based on different kinds of information (e.g., episodic vs. semantic, experi-
ential vs. inferential). Although neuroimaging research at that level of specificity is
currently rare, there are a few studies that meet this goal (e.g., [74, 85]). Finally,
we will also examine common and distinct aspects of metamemory across tasks.
Neuroimaging is correlational, so it is also necessary to examine metamemory in
patients with brain lesions to determine if these brain regions are necessary for
metamemory (Table 12.2), or to use brain stimulation techniques such as trans-
cranial magnetic stimulation (TMS) or transcranial direct current stimulation
(tDCS). Similar to their temporal order, we will begin with JOLs and end with
RCJs.

12.2 Judgments of Learning

JOLs occur during or after learning, and are defined as predictions made about the
ability to later retrieve information that is currently recallable [58]. In most JOL
paradigms, participants study information and then give a subjective rating on how
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likely they think they are to recall the information later. These subjective ratings
may be given immediately or after a delay. Typically, delayed JOLs are more
accurate than immediate JOLs, which indicates that they may be based on different
sources of information [57]. Immediate JOLs are thought to be based on moni-
toring working memory, whereas delayed JOLs are thought to be based on
monitoring long-term memory [58].

Table 12.1 Brain regions associated with different aspects of metamemory using fMRI

Study Judgment Brain regions

Regions engaged in the processes of metamemory monitoring
Do Lam et al. [45] JOL mPFC; OFC
Chua et al. [19] FOK vmPFC; DLPFC; PCC; lateral PPC; MTL
Chua et al. [17] RCJ DLPFC; precuneus; ventral PPC
Chua et al. [19] RCJ vmPFC; DLPFC; VLPFC; PCC; lateral PPC
Regions modulating by the subjective level of the judgment expressed
Kao et al. [34] JOL VLPFC; vmPFC; amygdala; precuneus;

lateral temporal; occipital cortex
Do Lam et al. [45] JOL mPFC; OFC; ACC
Chua et al. [19] FOK MTL; PCC; superior temporal; fusiform
Elman et al. [22] FOK VLPFC; DLPFC; mPFC; ventral PPC; PCC
Jing et al. [32] FOK DLPFC
Kikyo et al. [37] FOK VLPFC; DLPFC
Kikyo and Miyashita [36] FOK mPFC; aPFC; VLPFC; DLPFC; anterior temporal;

lateral PPC
Maril et al. [49] FOK DLPFC; ACC; dorsal PPC
Maril et al. [50] FOK Medial and lateral parietal cortex
Schnyer et al. [74] FOK Medial and lateral PFC; PCC; MTL
Kikyo et al. [38] TOT DLPFC; ACC
Maril et al. [51] TOT mPFC; VLPFC; ACC; lateral temporal
Maril et al. [50] TOT aPFC; DLPFC; VLPFC; ACC
Chua et al. [17] RCJ mPFC; insula; PCC; MTL
Chua et al. [18] RCJ Lateral PFC; mPFC; ACC; MTL; PCC; lateral PPC
Hayes et al. [26] RCJ VLPFC; MTL; dorsal PPC
Henson et al. [28] RCJ DLPFC
Kim and Cabeza [39] RCJ Lateral PFC; PCC; Lateral PPC
Moritz et al. [56] RCJ ACC; PCC; MTL; dorsal PPC
Regions modulating by metamemory accuracy
Kao et al. [34] JOL vmPFC
Schnyer et al. [74] FOK VLPFC; vmPFC; ACC; MTL
Yokoyama et al. [94] RCJ Fronto-polar cortex

Note JOL judgments of learning, FOK feeling-of-knowing, RCJ retrospective confidence judg-
ments, mPFC medial prefrontal cortex, OFC orbitofrontal cortex, DLPFC dorsolateral prefrontal
cortex, VLPFC ventrolateral prefrontal cortex, vmPFC ventromedial prefrontal cortex, ACC
anterior cingulate cortex, PPC posterior parietal cortex, PCC posterior cingulated cortex, aPFC
anterior prefrontal cortex
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12.2.1 JOLs are Dissociable from Memory

A central question in metamemory research has been whether or not metamemory
exists as something outside of memory. Neuropsychological studies have dem-
onstrated dissociations between memory and JOLs, demonstrating that the two
processes are at least partially independent [29, 90, 91] (Table 12.2). Converging
evidence has also been found using event-related potentials (ERPs) [84] and
functional magnetic resonance imaging (fMRI) [34, 45] (Table 12.1).

Patients with lesions to the frontal cortex tend to show impaired JOLs, either
with intact memory [91], or impaired memory [90]. In one study, right frontal
patients showed impaired global JOLs and intact memory for locations of faces,
whereas patients with right posterior lesions showed intact global JOLs and
impaired memory for locations of faces [91]. This double dissociation nicely
demonstrates that memory and metamemory are separable, at least in the case of
global JOLs (Cosentino, this volume). Similar work has been shown in word list
learning paradigms with right frontal patients showing impairments in global JOLs
compared to patients with posterior regions [90]. To further illustrate the double
dissociation, patients with temporal lobe epilepsy (TLE) have impaired memory
and intact JOLs [1, 29, 30]. Taken together, these findings suggest that the frontal
cortex, and not the temporal lobes, is critical for JOLs.

Functional MRI and ERP studies also show that JOLs are separable from
memory processes. Do Lam et al. [45] scanned participants during encoding and
immediate JOLs, as separate tasks. There was a greater activity in the medial
prefrontal cortex (mPFC) and orbitofrontal cortex (OFC) when participants made
JOLs, even when encoding-related activity was masked out. Other regions showed
similar levels of activity during JOLs and encoding. Interestingly, ERPs, which
have excellent temporal resolution, have been able to narrow the similarities
between JOLs and ERPs to early time windows, and differences between JOLs and
encoding to late time windows [84]. Taken together, there is considerable evidence
that JOLs cannot be reduced to memory processes alone.

In summary, the majority of evidence from neuroimaging and neuropsychology
suggests that JOLs are separable from metamemory, and that the frontal cortex is
important in JOLs and memory, whereas the temporal lobes are mainly important
in memory processes and are not critical for JOLs. The nature of the processes
carried out by the frontal cortex, and the specific locations within the frontal
cortex, are informed by further data examining brain regions that modulate based
on (1) the subjective level of JOL expressed, (2) the accuracy of the JOLs, and
(3) the cognitive bases for JOLs.

12.2.2 The Rating Scale: Higher Versus Lower JOL

Critical to understanding the cognitive neuroscience of JOLs is examining the
subjective rating expressed. TLE patients were able to use the JOL rating scale
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similarly to controls [29, 30], suggesting that other brain regions are responsible
for signaling the subjective rating. Neuroimaging data are particularly valuable for
this kind of understanding because they allow data analyses on a trial-by-trial
basis, with the ability to directly compare trials with higher and lower ratings
(Table 12.1). Kao et al. [34] used fMRI and examined which regions showed
greater activity for predicted memory formation (i.e., High JOL vs. Low JOL)
compared to actual memory formation (i.e., Remembered vs. Forgotten), and
showed that the dorsal mPFC, anterior cingulate cortex (ACC), and left lateral
prefrontal cortex (PFC) showed differences in activity for JOLs beyond actual
memory performance. Similarly, in an associative memory task that isolated the
JOL trial, there was greater activity in mPFC, OFC, and ACC for high versus low
JOLs [45]. It is worth noting that the ACC activation reported by Kao et al. [34] is
much more anterior (MNI coordinates: 4, 42, -4) than that reported by Do Lam
et al. [45] (MNI coordinates: -4, 8, 30). Although fMRI work points most con-
sistently to mPFC being modulated by JOL, topographic analyses of ERP data
show a more centro-posterior component distinguishing high and low JOLs [84].
However, given the spatial resolution of ERPs and its poor ability to detect medial
sources, it is unclear how these data map onto the fMRI data. Nevertheless, the
fMRI literature suggests that activity in the mPFC modulates by the subjective
JOL expressed most consistently, and other regions may vary based on stimuli
and/or task demands.

As shown above, the most consistent region that modulated based on the
subjective level of the JOL rating was the mPFC. Other non-metamemory fMRI
studies have consistently shown greater activity in this region when engaged in
self-referential processing (e.g., [27, 31, 35]), and also when reasoning about the
mental states of others (e.g., [54, 71]). JOLs require introspecting on one’s own
memory, and it is likely that the activity in the mPFC reflects monitoring one’s
own mental state. Knowing which regions distinguish higher and lower JOLs is
useful, but a fuller understanding of the cognitive neuroscience of JOLs is gained
by examining the interactions between memory and JOLs.

12.2.3 Accurate JOL

One of the goals in research on metamemory is to determine the antecedents of
accurate JOLs (i.e., when memory prediction is congruent with memory accuracy).
The most common metamemory accuracy metric used is the Goodman–Kruskal
Gamma coefficient. The ventral mPFC (vmPFC) was significantly correlated with
the Gamma coefficient during accurate JOLs, but not inaccurate JOLs [34].
Findings from patients with frontal lesions have shown similar findings, with
patients showing less accurate global JOLs compared to controls and patients with
posterior lesions [90, 91]. However, patients with dysexecutive syndrome, pre-
sumably a prefrontal disorder, showed similar JOL accuracy, as measured by the
Gamma coefficient, to controls [63]. Although there is some mixed evidence for
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the role of the frontal cortex in accurate JOLs, most evidence from fMRI
(Table 12.1) and lesion studies (Table 12.2) suggest that the vMPFC is the most
likely candidate for making accurate JOLs, but given the paucity of studies, further
research is needed.

The vmPFC showed sensitivity to the subjective level of JOL rating expressed
and JOL accuracy [34]. In other domains, the vmPFC has been implicated in
encoding a value signal which then gets used for goal-directed behavior (e.g.,
[24]). Logically, it seems plausible that the vmPFC in JOLs reflects weighing of
mnemonic evidence, analogous to its value, and deciding whether the information
was learned well enough to warrant a particular judgment.

12.2.4 Basis of JOL

Critical to our understanding of JOLs is knowing what forms the basis of the
judgment. Because JOLs are made about how well information is encoded, the most
obvious basis for a JOL is the encoding phase. Kao et al. [34] used a masking
procedure to examine which brain regions were activated for both actual encoding
success and predicted encoding success, and showed that the lateral PFC was
involved in both encoding and JOLs. This suggests that the same processes that
contribute to successful encoding also contribute to JOLs. One possibility is that
increased lateral PFC activity signals increased effort at encoding, which influences
both the memory outcome and the JOL. Another hypothesized explanation for the
lateral PFC activity was that it reflected partial retrieval of the target in working
memory. Logically, this would mean that JOLs could be based, in part, on retrieval
mechanisms.

In order to test the idea that retrieval operations influence JOLs, Do Lam et al.
[45], used an inclusive masking approach to examine regions that showed
increased activation associated with both memory predictions and successful
recall. The mPFC was associated with both recall and JOLs. More generally, the
mPFC has been implicated in performance monitoring (e.g., [69]), suggesting that
in JOLs the vmPFC may be monitoring memory performance with respect to the
recalled candidate information. Correspondingly, ERPs have also shown similar
components for JOLs and recognition using a face task [85]. Thus, although JOLs
are made in reference to encoding, it appears that individuals engage in retrieval
processes to test how well they have learned information.

In addition to factors related to encoding and retrieval processes, more infer-
ential factors may also influence JOLs. One study directly addressing this issue
examined the role of distinctiveness in facial recognition and JOLs [85]. Two
groups of subjects participated in a facial recognition task, with one group giving
JOLs and the other giving distinctiveness ratings while ERPs were recorded.
Behaviorally, individuals in the JOL group reported using distinctiveness to make
their judgments, and distinctiveness ratings were just as predictive of recognition
performance as JOLs. There were similar ERPs for distinctiveness ratings and
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JOLs, and, assuming that similar patterns of brain activity reflect similar cognitive
processes, JOLs in this paradigm were likely to have been based on distinctive-
ness. The use of distinctiveness may depend on the specific task, so further work
using other tasks and other relevant factors is needed. Nevertheless, initial
evidence shows the brain imaging can be an useful tool for investigating the bases
of JOLs, and that, in addition to encoding and retrieval operations, inferential
factors also influence JOLs.

12.3 Feeling-of-Knowing

Closely related to delayed JOLs is the feeling-of-knowing (FOK), but FOK differs
from the delayed JOL in that it pertains only to non-recallable information. Similar to
JOLs, FOK is a prospective metamemory judgment, and is made about future
memory performance. The typical FOK paradigm uses a recall-judgment-recognition
(RJR) task design [25]. In an RJR task, participants are asked to recall some target
information. If they are unable to recall the information, participants make judgments
of how likely they are to remember it at a later time, which constitutes the FOK
judgment. Following the FOK judgment, they are presented with a recognition test
and asked to choose the correct answer among a set of alternatives.

12.3.1 FOK is Dissociable from Memory

FOK has been shown to be a reasonable indicator of memory by demonstrating
that having a high FOK for a non-recallable item results in a greater probability of
successful subsequent recognition [25]. Because FOK has been related to memory
accuracy, a critical question is whether FOK is merely an intermediate retrieval
state between recognition and recall, or whether FOK judgments are dissociable
from memory. One way to examine whether FOK is distinct from memory is to
examine metamemory and memory performance in neuropsychological popula-
tions (e.g., [6, 61, 62, 73]) (Table 12.2). Several neuropsychological studies have
highlighted the importance of the prefrontal cortex in FOK [6, 75]. Schnyer et al.
[75] showed that frontal patients were impaired on FOK judgments compared to
controls. However, these patients also showed worse memory performance,
making it harder to interpret those data because there needs to be some minimum
level of mnemonic information to monitor for metamemory to be accurate
[41, 55]. Indeed, Schnyer et al. [75] performed covariate analyses and showed that
memory did contribute to metamemory, but was not the only factor. Despite issues
with memory accuracy, patients with the greatest impairments in FOK had more
medial lesions, and they did not show the lowest performance. Another study was
able to more directly test the role of the mPFC in FOK by examining instances
when memory was matched in patients and controls, and the mPFC patients still
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showed significantly worse FOK accuracy compared to controls [55]. Although
there are some ambiguities in the literature when memory performance differs
between patients and controls, the majority of evidence suggests that memory and
metamemory processes are dissociable and the mPFC is critical for accurate FOK
judgments.

A second approach to examining whether memory and metamemory are
separable is to use fMRI to compare metamemory and memory tasks [17–19]
(Table 12.1). Compared to recognition, making an FOK judgment showed greater
activity in the vmPFC, bilateral superior frontal, mid and posterior cingulate, and
large lateral parietal/temporal area, including the inferior parietal lobule, the
tempo-parietal junction (TPJ), and the superior temporal gyrus [19]. Collectively,
these regions have been thought of as the ‘‘default’’ network (e.g., [11, 64, 65]),
which has been implicated in internally directed thought (e.g., [52, 64]), mental
simulation (e.g., [12]), and the self (e.g., [23]), all of which are relevant to FOK
judgments. The vmPFC finding is consistent with lesion work, but it remains an
open question whether a lesion in any part of this network would disrupt FOK
judgments. Regardless, consistent converging evidence from lesion and fMRI
studies indicate that FOK and memory are separable.

12.3.2 Levels of FOK

Another important aspect to understanding how the brain gives rise to metamemory
is knowing which brain regions modulate based on the subjective level of FOK
expressed (Table 12.1). Recent evidence has shown graded activation for FOK
judgments, with greater activity for higher than lower levels of FOK [36, 37, 49, 74].
Earlier studies showed FOK as an intermediate level of activity between successful
recall and failed recall in multiple prefrontal regions [37], or between successful
recall and ‘‘don’t know’’ response in left PFC, left posterior parietal cortex (PPC),
and the ACC [49]. Similarly, comparisons of High versus Low FOK ratings showed
greater activity in the ventrolateral PFC (VLPFC) and dorsolateral PFC (DLPFC)
[19] and ventral PPC [22]. Few studies have reported greater activity for Low FOK
compared to High FOK in any regions, but Elman et al. [22] showed this in the dorsal
PPC. Similar patterns of ascending activity for higher compared to lower FOK
ratings have been shown using a finer scale that rated FOK on a scale of 1–6 [36].
Several regions showed significant linear relationships to the FOK ratings including:
the VLPFC, DLPFC, anterior PFC (aPFC), mPFC, cingulate cortex, as well as
temporal and parietal regions. Altogether, these findings show the most consistent
modulation of brain activity by subjective level occurs in the frontal cortices, with
growing evidence that the PPC also modulates by subjective level.
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12.3.3 Tip-of-the-Tongue: More than FOK?

Related to different levels of FOK is the tip-of-the-tongue (TOT) phenomenon,
which is a subjective state that involves unsuccessful recall but a strong feeling that
retrieval is imminent [10, 51, 77]; Diaz and Schwartz, this volume). Some TOT
research focuses on linguistic aspects [80, 81], but here we will focus on meta-
memorial aspects. Kikyo et al. [38] made inferences about TOTs and suggested that
TOTs elicited activation in the left DLPFC and the ACC. Maril et al. [51] used
explicit behavioral responses to sort TOT trials and showed greater activation in the
right middle frontal gyrus and ACC during TOT states compared to ‘‘Know’’ and
‘‘Don’t Know’’ responses. Considering that the ACC has been implicated in conflict
monitoring and effortful tasks (e.g., [9]), it is not surprising that it is active during
TOT states, which are often described as frustrating and require effortful searching.

There is controversy over whether TOT and FOK are the same process, with
TOT being a strong FOK (e.g., [3]), or whether the processes for FOK and TOT
are distinct [50, 76]. One way to gain leverage on this controversy is to compare
the neural correlates of TOT and FOK [38, 50]. When directly comparing FOK
and TOT states, Maril et al. [50] found that TOT elicited greater activation in the
ACC, right DLPC, right inferior PFC, and bilateral aPFC. However, both TOT and
FOK elicited similar activation in the posterior medial parietal cortex and bilateral
superior PFC. Taken together these findings suggest that, although there is some
overlap with FOK, there are distinct brain regions responsible for the TOT state,
most likely related to the feelings of frustration, conflict, imminent retrieval, or the
decision to continue attempted retrieval.

12.3.4 Accurate FOK Judgments

In addition to studying the levels of FOK, researchers have also investigated accurate
versus inaccurate FOK judgments. An accurate FOK judgment is consistent with
performance at recognition, whereas an inaccurate FOK judgment is inconsistent
with performance at recognition. Converging evidence from lesion [75] (Table 12.2)
and fMRI studies [74] (Table 12.1) have implicated the mPFC in accurate FOK
judgments. Specifically, frontal patients showed lower FOK accuracy, as measured
by the Gamma correlation, a measure of relative accuracy, and Hamann index, a
measure of absolute accuracy, compared to controls [75]. In a subsequent fMRI
study, Schnyer et al. [74] compared accurate to inaccurate FOK judgments, and
showed activation in a left hemisphere network of frontal and temporal cortical
regions, including the medial and lateral frontal cortex, the hippocampus and para-
hippocampal gyrus, and the middle temporal gyrus. However, some areas in the right
frontal cortex were also active, specifically the inferior frontal gyrus and the ACC.

Although Schnyer et al. [74] showed significant differences in activation for
accurate and inaccurate FOK, several other studies that have tried to examine the
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full range of accurate and inaccurate FOK responses have not shown any signif-
icant differences [19, 32]. Indeed, when comparing High FOKs followed by
correct recognition (an accurate FOK) to Low FOKs followed by incorrect
recognition (an accurate feeling-of-not-knowing), there was greater activity in the
left middle frontal gyrus [32]. This could explain why many studies that group
different types of accurate FOKs (High FOKs followed by correct recognition and
Low FOKs followed by inaccurate recognition) together and group different types
of inaccurate FOKs together (High FOKs followed by incorrect recognition and
Low FOK followed by correct recognition) often fail to find differences for
accurate and inaccurate FOK.

12.3.5 Basis of FOK

A critical question that then arises is: on what are people basing these feelings-of-
knowing or feelings-of-not-knowing? The leading hypotheses about how people
make FOK judgments are: (1) cue familiarity (e.g., [53, 67, 78], (2) partial access
to the sought-after information (e.g., [41, 42], or (3) a combination of cue
familiarity and accessibility (e.g., [43]). Cognitive neuroscience research has only
recently started to address these questions, and current evidence suggests that the
mPFC plays a role in assessing accessibility of the retrieved information [74, 75].
Patients with mPFC damage who show impaired FOK, are able to make famil-
iarity-based judgments, thus eliminating cue familiarity as a basis for their deficit
in FOK [75]. More direct evidence comes from an fMRI study that used structural
equation modeling to show that vMPFC activity was related to monitoring the
outputs of retrieval, or content accessibility [74].

Different types of tasks, such as episodic versus semantic memory, appear to lead
to FOK judgments based on different factors. Some participants show deficits in
episodic FOK, but not semantic FOK [86]. Furthermore, evidence from fMRI shows
that although some brain areas modulate based on level of FOK regardless of whether
the information is episodic or semantic, other regions are task-specific [22, 68].
As one might expect, semantic FOKs activated the anterior temporal cortex, which
has been associated with semantic knowledge, whereas strong episodic FOKs acti-
vated the ventral PPC, which is known to be involved in episodic retrieval [22],
suggesting that the basis of FOK is task-sensitive. Broadly, this highlights the need to
consider the bases of the FOK judgment across different studies.

12.4 Retrospective Confidence Judgments

Retrospective confidence judgments (RCJs) differ from prospective JOLs and FOKs,
in that they require assessing one’s confidence after recall or recognition. In neu-
roimaging, recognition tasks are more commonly used because of challenges in
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collecting verbal responses, so we will mainly focus on RCJs associated with rec-
ognition. Experimental tasks measure confidence by asking the participant to judge
how confident they are in their recognition judgments, and either simultaneously
with the recognition judgment (e.g., ‘‘sure old’’, [39, 40, 56]), or in a two-step process
by asking the participant to rate their confidence immediately following a retrieval
task [17–19]. Confidence judgments have been used outside of metamemory
research, and have often been used in memory studies to assess the strength of
the memory trace (e.g., [88]), or to separate recollection and familiarity (e.g.,
[66, 95, 97]). Although those studies are informative, their focus tends to make them
difficult to interpret in terms of metamemory. Therefore, we have confined our
review to studies that have a specific focus on confidence in recognition memory.

12.4.1 RCJs are Separable from Memory

Behavioral research shows that confidence and accuracy may be based on partially
overlapping information (for review, see Busey et al. [14]), and are often posi-
tively correlated [46, 88, 95], raising the question of whether confidence and
accuracy are separable. However, in several circumstances people report high
confidence in memories that have never happened [47, 59, 70, 72]. Therefore,
memory confidence and memory accuracy must rely, at least partly, on different
information, and have different neural substrates.

The most direct evidence that recognition and confidence judgments are dif-
ferent processes comes from fMRI studies comparing these two tasks (Table 12.1).
Compared to recognition, there was greater activity in bilateral PPC, insula,
bilateral PFC, posterior cingulate cortex (PCC), and the right OFC during confi-
dence judgments [17, 19]. These are similar to the ‘‘default network’’ [64] regions
that were also involved in making FOK judgments.

Given that the fMRI studies highlight the parietal cortex in RCJs, a critical
question is whether patients with lesions to the parietal cortex exhibit a dissoci-
ation between memory and metamemory. There is some anecdotal [21] and
experimental [83] evidence that patients with parietal lesions may have impair-
ments in retrospective confidence despite little or no impairment in memory tasks
[8, 21, 82]. Experimentally, one parietal lesion patient, SM, showed lower
conscious recollection rates compared to controls, using the ‘‘remember/know’’
paradigm [21]. From this finding, it is unclear whether this is a deficit in recol-
lection or in the subjective experience associated with remembering. Anecdotal
evidence from this patient suggests it is related to her subjective experience
because (1) SM complained that she did not feel like she knew where her mem-
ories came from, (2) SM could not assess her confidence for the memories she
retrieved, and (3) SM second-guessed many accurate recognition judgments, often
asking for feedback on whether she was right or wrong.

In a study designed to tease apart recollection and subjective confidence, Simons
et al. [83] showed a dissociation in memory accuracy and memory confidence in
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patients with parietal lesions. Across three experiments, patients and controls
completed (1) old/new item recognition tasks with confidence judgments, and
(2) source recollection tasks with confidence judgments. Patients with parietal
lesions had significantly decreased confidence ratings compared to controls in the
source recollection task, yet patients and controls had similar accuracy in their
source judgments. Consistent with the idea that the parietal cortex is critical in
subjective aspects of memory, such as confidence, TMS to the inferior parietal
cortex showed a greater effect on subjective than objective memory performance
[79]. Further brain stimulation studies that investigate the role of the frontal and
parietal cortices in subjective confidence provide a promising avenue to investigate
some of these issues further.

12.4.2 Regions that Modulate Based on the Subjective
Confidence Level Expressed

In addition to understanding which brain regions are involved in the process of
confidence assessment, it is also critical to know which brain regions modulate
based on the subjective level of confidence expressed (Table 12.1). This includes
understanding which regions show greater activity for high compared to low
confidence responses, and which ones show greater activity for low compared to
high confidence responses.

Similar to other metamemory judgments, regions in the PFC have been shown to
modulate by the level of confidence expressed. However, unlike the other judg-
ments, there is typically more prefrontal activity with lower levels of confidence
[18, 26, 28]. Early work, using a single step design, implicated the lateral PFC with
increased monitoring because there was greater activity in the right DLPFC for low
confidence correct compared to high confidence correct item recognition judg-
ments, regardless of whether the item was judged old or new [28]. Consistent with
this, source memory paradigms have also shown greater activation in the VLPFC
for low compared to high confidence recognition [26], and there were also greater
evoked potentials (FN400) during low confidence than high confidence RCJs over
the lateral PFC [93]. The previous studies were limited in that they examined only
correct responses and used simultaneous confidence and recognition tasks, but
Chua et al. [18] showed greater activity in the DLPFC, VLPFC, and ACC for low
compared to high confidence responses for both correct and incorrect recognition in
a two step judgment. Thus, these studies largely relate the PFC to low confidence
recognition, a condition which is thought to require greater monitoring.

The PPC also plays an important role in signaling the subjective level of confi-
dence expressed, and fMRI studies have indicated that superior and inferior parietal
regions may play different roles in the way they signal subjective memory confi-
dence (e.g., [18, 39]). Greater activity for high compared to low confidence in the
inferior parietal cortex has been shown when individuals make separate confidence
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judgments [17], for true and false recognition [39], for hits and correct rejections
[40], and for item and source memory [26]. In contrast, many of these studies have
also shown greater activity in the superior parietal cortex for low compared to high
confidence. Similarly, this holds true for studies of true recognition [39], item and
source memory [26], for hits, misses, false alarms, and correct rejections [56], and
hits and correct rejections [40]. Although there have been many consistencies, it is
worth noting that the opposite patterns have been shown [18]. One interpretation of
the typical inferior/superior distinction is that the parietal cortex is sensitive to the
strength of memories. Differences that stray from these findings may reflect cases
when individuals are using factors other than memory strength to make their
confidence judgments. Future studies that manipulate the basis of the confidence
judgment could shed light on some of these issues.

12.4.3 Basis of Recognition Confidence Judgments

Few neuroimaging studies have directly investigated confidence judgments based
on different sources of information (e.g., memory strength vs. inferential processing;
episodic vs. semantic; true vs. false recognition). Although there are many simi-
larities in the regions that modulate by subjective confidence, the differences may
reflect different bases for the confidence judgments. Kim and Cabeza [39] compared
high and low confidence in memory for situations that were presumably based on
different information: true and false recognition. False recognition in this paradigm
relied on gist representations, thus allowing examination of high confidence false
recognition when specific details of the remembered item are not present, which can
then be compared to true recognition. For true recognition, frontal and parietal
regions were significantly more activated for low confidence than high confidence
responses, while medial temporal regions were significantly more activated for high
confidence than low confidence responses. Conversely, for false recognition, medial
temporal regions were significantly more activated for low confidence than high
confidence, whereas frontal and parietal regions were significantly more activated
during high confidence than low confidence [39]. Thus, patterns of activation
associated with high and low confidence are related to the basis for those judgments.

12.4.4 Accuracy of the Confidence judgments

An outstanding issue is whether there are brain regions that contribute to accurate
RCJs (i.e., confidence judgments that are congruent with memory accuracy).
Because individuals vary in how well their confidence predicts their accuracy, we
can correlate brain activity with the ability to make accurate confidence judgments
(Table 12.1). Yokoyama et al. [94] first compared which regions activated more
for RCJs compared to a control task (i.e., brightness discrimination). Second, they
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examined which voxels within these regions correlated with metamemory accu-
racy, as measured by the Gamma coefficient. The only region whose activity
correlated with accurate metamemory performance was the right frontopolar
cortex, suggesting this specific region is important in accurate self-monitoring.
Although the frontopolar activity correlates across individuals, one necessary
analysis is to compare accurate and inaccurate RCJs at the trial level within
individuals. Thus far, many of these analyses have shown no significant differ-
ences in accurate and inaccurate trials [17–19]. Thus, it may be that variation in
frontal function is related to the ability to make accurate RCJs, rather than
frontopolar cortex being a signal for an accurate judgment.

To summarize, converging evidence from lesion, neuroimaging and electro-
physiology consistently implicate the PFC and PPC during RCJs. These regions have
various roles in making a confidence judgment, signaling the subjective level of
confidence expressed, and leading to accurate confidence judgments. The prospec-
tive memory tasks discussed earlier mainly centered on prefrontal regions, and RCJs
implicated the parietal cortex as also having an important role in metamemory.
Explicitly comparing the neural substrates of the different tasks may help us eluci-
date the common neural mechanisms supporting the general demands involved in
metamemory, and distinct mechanisms related to specific metamemory tasks.

12.5 Common and Distinct Metamemory Mechanisms

Thus far, we have examined three aspects of the brain mechanisms subserving
three major metamemory tasks [19] by reviewing brain regions that: (1) are
involved in metamemory processes, (2) modulate based on the subjective level of
the judgment, and (3) correlate with metamemory accuracy. Next, we compare
tasks across these three aspects (Tables 12.1 and 12.2).

12.5.1 Metamemory Processes

One hypothesis is that the process of metamemory monitoring, during which an
individual turns his or her focus inward to the contents of memory, is consistent
and reflects a universal component of metamemory. In contrast, it could be that the
metamemory monitoring mechanisms differ depending on the task and the type of
information being monitored.

There is good evidence that metamemory tasks share common processes
(Table 12.1), most directly from comparisons of FOK and RCJ to non-metamemory
tasks [19]. Both FOK and RCJ showed greater activity in the left and right TPJ, left
and right superior temporal gyrus, vmPFC, and PPC, compared to recognition and
attractiveness judgments. There was also consistently less activity in occipital, lat-
eral PFC, and dmPFC during metamemory tasks compared to non-metamemory
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tasks. This indicates that there are common mechanisms supporting FOK and RCJ. It
is more difficult to compare JOLs to these findings because JOLs are often compared
to encoding, rather than retrieval. However, JOLs have been shown to activate the
mPFC [45]. This provides indirect evidence that JOLs may also engage some of the
same brain regions as other metamemory tasks, but further work is clearly needed.

The pattern of relative activations and deactivations seen when comparing
metamemory monitoring and memory tasks suggests that the common processes of
metamemory consist of shifting toward internal thoughts and away from external
stimuli [19]; (see also Fox and Christoff, this volume). The vmPFC, lateral PPC,
and PCC regions that showed greater activity for metamemory compared to non-
metamemory tasks have previously been characterized as being part of the
‘‘default network’’ [11, 13, 23, 64]. Further characterization of the functions of
the default network has implicated self-related processing, directing attention to
internal processing, and mental simulation [12, 23, 64]. Metamemory is thought to
engage all of these in the sense that it involves self-reflection, directing attention
to internal thoughts and memory representations, and simulating the contents of
memory. Furthermore, the regions that showed relative deactivations for
metamemory compared to non-metamemory—less activation in the occipital
cortex and the lateral prefrontal cortex—are consistent with less attention to the
external environment [20].

In addition to shared mechanisms between metamemory tasks, fMRI has shown
differential activation when directly comparing FOK and RCJ [19]. These likely
reflect that FOK and RCJ are based on different sources of information. For
example, there was greater activity in the left aPFC for RCJ than FOK, and greater
activity in the hippocampus for FOK compared to RCJ [19], likely reflecting
increased memory demands during the FOK task, which has been shown to rely, at
least in part, on partial access to the to-be-retrieved information (e.g., [41]).
Additionally, there was greater activity in the fusiform gyrus, which has been
shown to be active during face processing (e.g., [33]), for FOK compared to RCJ.
This likely reflects that in this paradigm, the cue was a face, and FOK may rely on
cue familiarity (e.g., [53]).

12.5.2 Subjective Levels of the Metamemory Judgment

The next question is whether there are brain regions that modulate based on the
subjective level of the metamemory judgment, regardless of the task. One possi-
bility is that there are regions that signal overall certainty or doubt in one’s
memory, or may reflect that different amounts of monitoring occur under such
conditions of certainty or doubt. However, it is also likely that the subjective
judgment expressed is related to the specific bases of the different metamemory
judgments, and would, therefore, differ across tasks (Table 12.1).

Direct comparisons have shown that different brain regions modulate based on
the level of FOK or RCJ expressed. Chua et al. [19] showed greater activity in
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aVLPFC and aDLPFC for high compared to low FOK judgments. However, there
were no differences based on the level of RCJ in these regions. These differences
likely relate the fact that FOK and RCJ are based on different information.

However, comparisons across studies have suggested that some metamemory
tasks may signal subjective level similarly. The lateral PPC may modulate based
on both the level of FOK (e.g., [36, 49]) and RCJ (e.g., [26, 40, 56]). These effects
may be more apparent in single task metamemory studies, and not in Chua et al.
[19] because of increased power due to increased trial number. Both FOK and
RCJs are given at retrieval and are thought to be based on either partial or full
access to the sought after information. There are currently many theories being
investigated about the role of the PPC in retrieval, some of which are very relevant
to metamemory, including attention to memory, accumulation of mnemonic evi-
dence, and decision making in relation to retrieval (for review, see [92]). Similarly,
comparisons across studies suggest the subjective level expressed for FOK and
JOLs may share common neural correlates in the PFC [19, 34, 36, 45, 49]. For JOL
and FOKs, cue familiarity has been suggested as a shared monitoring process in
JOLs (e.g., [44]) and FOK judgments (e.g., [78]), and the increasing PFC activity
may relate to increasing familiarity (e.g., [96]).

On the whole, extant evidence suggests that there are no brain areas that signal
certainty or doubt across different metamemory tasks. Instead, there are some
commonalities across prospective tasks and across retrieval-based tasks, suggest-
ing that brain regions that signal the subjective level of the judgment are specific to
the basis of the judgment.

12.5.3 Metamemory Accuracy Across Types of Judgments

Anterior frontal regions have been implicated in metamemory accuracy, but these
tend to be medial for JOLs [34] and FOK [55, 74, 75], and more lateral for RCJs
[94] (Table 12.1). Consistent with the medial-lateral distinction, Schnyer et al.
[75] showed that patients with more medial lesions were impaired on FOK, but
intact on RCJ. In contrast, patients with more lateral lesions were impaired at RCJ,
but not FOK [61]. In a study looking at patients with more circumscribed lesions
on multiple metamemory tasks, Modirrousta and Fellows [55] showed that when
patients with mPFC lesions were equated for memory performance with controls,
patients were impaired on FOK, but not on RCJ or global JOLs. Given that the
neuroimaging literature has suggested that trial-by-trial JOLs activate the mPFC,
further work in patients with mPFC lesions on trial-by-trial JOLs is necessary for
determining whether the mPFC is critical for JOLs, and prospective metamemory
in general. Nevertheless, current evidence suggests that the mPFC plays a critical
role in accurate trial-by-trial FOK judgments, and not RCJ, whereas its role in
trial-by-trial JOLs remains unclear.

Broadly speaking, the aPFC seems to be a prime candidate for accurate
metamemory. Current evidence suggests that the aPFC sits at the top of a hierarchy,
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coordinating signals from the DLPFC and VLPFC, making the aPFC ideal for
monitoring and manipulating internally generated information [2, 13, 15], which is
a key aspect of metamemory monitoring. The distinctions between lateral PFC for
RCJ accuracy, and mPFC for JOL and FOK accuracy, most likely stems from the
predictive nature of JOLs and FOKs. Indeed, recent research has suggested that
the mPFC is important in generating predictions [4, 5]. Further research is clearly
needed given the relatively few studies on the cognitive neuroscience of
metamemory. However, the existing evidence suggests that more medial regions of
the anterior prefrontal cortex may play a role in accurate predictions, whereas more
lateral regions of the anterior prefrontal cortex play a role in accurate postdictions
(see also, Fleming and Dolan, this volume).

12.6 Conclusions

The Nelson and Narens [58] model has been extremely useful in providing a
structure for excellent experimental work in cognitive psychology. Now, we are
beginning to be able to understand how metamemory is represented in the brain. In
this chapter, we laid out what we believe to be the critical pieces in understanding
how the brain gives rise to metamemory. First, we must understand what brain
regions are used during the act of engaging in the process of metamemory mon-
itoring. Second, we need to understand which brain regions modulate based on the
subjective level of the metamemory judgment. Third, we need to understand
whether there are brain regions that signal an accurate metamemory judgment.
Bringing these three together, we then need to know how the brain regions
involved in process, level, and accuracy change when judgments are based on
different sources of information. Comparing different metamemory judgments
gives us some leverage on this, but we also need to explain why there may be
different bases for the final judgment within a particular judgment class. We
encourage researchers to expand on our current understanding of metamemory
monitoring processes in the brain at these different levels, as well as aspects of
metamemory related to strategies and other control processes.
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