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Abstract

Confidence in our retrieved memories, that is, retrospective confidence, is a meta-
memory process we perform daily. There is an abundance of applied research focus-
ing on the metamemory judgments and very diverse studies including a wide range
of clinical populations. However, the neural correlates that support its functioning
are not well defined impeding the implementation of noninvasive neuromodulatory
clinical interventions. To address the neural basis of metamemory judgments, we ran
a meta-analysis, where we used the activation likelihood estimation method on the
19 eligible functional magnetic resonance imaging studies. The main analysis of retro-
spective confidence revealed concordant bilateral activation in the parahippocampal
gyrus, left middle frontal gyrus, and right amygdala. We also run an analysis between
the two extreme levels of confidence, namely, high and low. This additional analysis
was exploratory, since the minimum amount of articles reporting these two levels
was not reached. Activations for the exploratory high > low confidence subtraction
analysis were the same as observed in the main analysis on retrospective confidence,
whereas the exploratory low > high subtraction showed distinctive activations of the
right precuneus. The involvement of the right precuneus emphasizes its role in the
evaluation of low confidence memories, as suggested by previous studies. Overall,
our study contributes to a better understanding of the specific brain structures
involved in confidence evaluations. Better understanding of the neural basis of meta-
memory might eventually lead to designing more precise neuromodulatory interven-
tions, significantly improving treatment of patients suffering from metamemory

problems.
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1 | INTRODUCTION

Metamemory can be defined as the knowledge we have about our
memory, how it works and which strategies we need to implement in
order to maximize it (Nelson & Narens, 1994). Metamemory is one of
the most important superior cognitive functions due to its relevance
in our daily life, particularly in the selection of encoding and retrieval
strategies (Pannu & Kaszniak, 2005). For example, when we are learn-
ing new material (e.g., vocabulary of another language) we have to
decide whether we have studied enough to remember it later. If we
believe that we have invested enough time in learning, we will stop
studying, whereas in the contrary case we will continue studying it or
try a different approach. Moreover, understanding metamemory is
essential for clinical populations—wrong beliefs about how memory
works are transformed into a wrong perception of reality (Moritz,
Woodward, Jelinek, & Klige, 2008). In the rehabilitation of memory
processes, awareness of their deficit in the metacognitive processes
increases the benefits from rehabilitation (Clare & Woods, 2004).

The seminal work about the neural basis for metamemory was ini-
tiated by Shimamura and Squire (1986) Korsakoff syndrome patients
using “feeling of knowing judgments,” that is, the confidence in recog-
nizing current inaccessible information. Later on, many studies on
metamemory measures have been conducted with schizophrenia
patients, reporting that these patients are unaware of their damage
on memory (Moritz & Woodward, 2006; Moritz, Woodward, &
Chen, 2006). In particular, patients with schizophrenia suffer from the
so-called “confidence gap,” that is the impairment to distinguish
between correct and incorrect answers, which is reflected in high con-
fidence ratings for their incorrect answers and low confidence for the
correct ones. This phenomenon has been observed with remember-
known tasks (Moritz & Woodward, 2006), numeric confidence scales
(Moritz et al., 2008), and it has been replicated even in patients that
only suffered from a single schizophrenic episode (Moritz, Wood-
ward, & Chen, 2006). The robustness of this effect with different
measures and particularly at different degree levels pointed to the
prefrontal cortex as the hub for confidence assessment, since it is an
area also affected in Korsakoff patients.

These and other early works on clinical patients were crucial in
advancing research on the neural basis of metamemory, and also in
understanding that metamemory is a process per se, independent of
the memory performance (Shimamura & Squire, 1986). However,
using only clinical populations, it is impossible to accurately determine
the neural basis of metamemory during its normal functioning.

The number of functional magnetic resonance imaging (fMRI)
studies on metamemory increased over the past few decades. How-
ever, different studies vary greatly in the experimental tasks used to
measure metamemory, making it difficult to draw unified conclusions.
For example, one can make judgments of metamemory prospectively,
that is, estimations of the recallability of an item just presented (judg-
ments of learning) in a later memory test. Kao, Davis, and Gabri-
eli (2005) presented their participants with scenes and asked them to
evaluate if they would recognize those images later. The results point

to a distinctive activation of the medial temporal lobe, ventromedial

prefrontal cortex, as well as lateral and dorsomedial prefrontal cortex
in association with the prediction of future memory. Moreover, one
can also make judgments monitoring current performance, that is,
subjective evaluations of the correctness of an answer—retrospective
confidence—, retrospective confidence is purportedly subserved by
the anterior and dorsolateral prefrontal cortex (DLPFC) (Fleming &
Dolan, 2012). Hence, while both prospective and retrospective meta-
memory judgments are metacognitive measures, fMRI findings sug-
gest that the temporality of the judgments of metamemory recruit
different brain structures (Fleming & Dolan, 2012; Le Berre
et al.,, 2016; Pannu, Kaszniak, & Rapcsak, 2005).

Within the metamemory judgments the retrospective confidence
judgments have been investigated in the various contexts, such as
academic performance (Arnold, Higham, & Martin-Luengo, 2013;
Mihalca & Mengelkamp, 2020; Mihalca,
Schnotz, 2017; Robey, Dougherty, & Buttaccio, 2017), eyewitness
testimony and identification (Greenspan & Loftus, 2020; Luna &
Martin-Luengo, 2012; Luna, Martin-Luengo, & Brewer, 2015;
Semmler, Brewer, & Wells, 2004), as well as various clinical

Mengelkamp, &

populations (multiple sclerosis: Mazancieux, Souchay, Casez, &
Moulin, 2019; psychosis: Dietrichkeit, Grzella, Nagel, & Moritz, 2020;
Alzheimer: Bertrand et al., 2019; obsessive compulsive disorder:
Moritz & Jaeger, 2018). This suggests that metacognition and particu-
larly retrospective confidence judgments are important in a great deal
of tasks in daily life, and thus, this fMRI meta-analysis focuses on the
neural underpinnings of retrospective confidence judgments.

To date, there are two fMRI meta-analyses on metacognition in
which retrospective confidence judgments have been investigated to
some extent. In White, Engen, Sgrensen, Overgaard, and
Shergill (2014) examined whether the brain activation was similar in
what they defined as Type-A research and Type-B research. Type A-
research focused on the levels of uncertainty given by the environ-
ment (e.g., discriminability of perceptual information), while Type-B
research oriented to studies where confidence was measured (subjec-
tive assessment of confidence or certainty based on a particular expe-
rience). This distinction allows one to determine to which extent the
objective and subjective evaluations share their brain substrates.
Despite the value of the conceptualization and results of this seminal
fMRI meta-analysis, only nine studies were included in the Type-B
category. Recent research indicates that such a low number is insuffi-
cient for meta-analysis and may biased results due to the over-
influence of a single study (Eickhoff, Laird, Fox, Lancaster, &
Fox, 2017).

More recently, Vaccaro and Fleming (2018) published an fMRI
meta-analysis on metacognition, aiming at distinguishing between the
type of metacognitive evaluations (memory vs. decision-making), anal-
ysis type (judgment, confidence, and predictors of metacognitive sen-
sitivity), and metamemory temporality (prospective vs. retrospective).
The authors identified a cluster for the retrospective confidence judg-
ments, involving activation of the parahippocampal the left inferior
frontal gyri (see table 5 and figure 4 in Vaccaro & Fleming, 2018), that
is, regions associated with judgments of familiarity in the recognition

of novel associations (Du et al., 2019; Haskins, Yonelinas, Quamme, &
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Ranganath, 2008). Vaccaro and Fleming also reported the activations
between different confidence levels, but for this contrast, all types of
metamemory (prospective and retrospective) were collapsed. As men-
tioned before, the brain activations for different temporal meta-
memory measures tend to be different (Chua, Schacter, &
Sperling, 2009; Fleming & Dolan, 2012; Le Berre et al., 2016; Pannu
et al., 2005). Therefore, the results of collapsing different meta-
memory measures to investigate the differences between high and

low evaluations can convey some distortion or lack of clarity.

Thus, in the current meta-analysis, we aimed for the most general
representation of the brain activation corresponding to confidence
judgment, and included quite heterogeneous studies using different
experimental tasks, which lead to the representation of the activations
of confidence assessment less influenced by a particular cognitive
process (Muller et al, 2018). In other words, the experiments
(i.e., contrasts) included in the meta-analysis are all characterized for
being estimations of confidence once the main task has been

completed.

FIGURE 1

PRISMA chart illustrating the selection procedure for the articles used
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TABLE 1

Foci

Task (short) Task (description)

Contrast

Hand Age

Education

N

Short reference

1

Study phase: Outside the scanner, picture of objects. Test: Critical

Remember/know, source

Remember-high

R 18-23

n/a

16

Yu, Johnson, &

items + new pictures; for each item the requirement was to first

make a “remember/know/new” judgment. Instructions were to
use the “Remember” (“R”) response if recognition was

memory judgments and

confidence

(confidence)

Rugg, 2012

> remember > weak

(confidence), Figure 2a

accompanied by retrieval of any reportable detail about its

study presentation, to use the “’now” (“K”) response for items

judged to be studied in the absence of the retrieval of study
details, and to respond “new” (“N”) to items judged to be

unstudied or for which study status was uncertain. For any item

accorded an “R” or “K” response, a new cue appeared to signal
the requirement to judge whether the item had been studied on
the left or right side. The source judgment was made on a

3-point confidence scale (high, moderate, low).

Abbreviation: ALE, activation likelihood estimation.

2 | METHODS

2.1 | Literature search and article selection

The literature search was performed using Web of Science (http://apps.
webofknowledge.com/), Scopus (https://www.scopus.com/home.uri),
and PubMed (https://pubmed.ncbi.nlm.nih.gov) search engines on
11.04.2020, with keywords (“confidence” AND “fMRI,” “uncertainty”
AND “fMRI,” “unpredictability” AND “fMRI,” “decision-making” AND
“fMRI,” “metamemory” AND “fMRI,” “retrospective confidence” AND
“fMRI,” “mnemonic confidence” AND “fMRI,” “subjective experience”
AND “fMRI”), during years 1998-2020, yielding a total of 11,217 arti-
cles (see Figure 1 for PRISMA chart on step-by-step analysis procedure).
To achieve homogeneity of imaging data, we did not search for articles
that reported PET data. Next, we excluded abstracts and non-English
text (n = 40), yielding 5,032 full-text articles eligible for further screen-
ing. Further screening was conducted in two steps. First, we excluded
articles with irrelevant topics (i.e., decision-making, visual search, etc.),
articles that reported data on clinical patients or with drug administra-
tion, articles that used other neuroimaging techniques (EEG and MEG),
and articles that involved stimulation. This initial screening allowed us to
assess the articles that were relevant to our topic more efficiently and
thoroughly. During the second screening, we excluded meta-analysis
and reviews, articles that did not report fMRI coordinates or measured
confidence outside of fMRI, articles that did not report whole brain anal-
ysis (only ROI), reported parametric contrasts, or compared different age
groups. The list with the manuscripts and reasons for exclusion from this
second screening can be consulted in Table 7 of the supplemental mate-
rials. The eligibility of the article inclusion based on topic of interest was
accessed based on the following criteria: (a) subjects performed tasks in
the context of retrospective confidence evaluation and meta-memory;
(b) statistical models for contrasts of “high>low” or “low>high” confi-
dence were provided. Articles meeting these criteria were reviewed by
two researchers of the team (O. Z. and A. D.). We included into the anal-
ysis only articles which reported data on healthy controls
(i.e., participants were free from psychiatric or neurological disorders
and neuropharmacological influence). Next, we did a reference search
on the articles included into analysis, yielding two additional articles (see
Table 1 for the detailed information on these articles). We included all
relevant experiments from each article in the analysis because the acti-
vation likelihood estimation (ALE) algorithm uses a correction to avoid
summation of within-group effects (Turkeltaub et al., 2012). Unfortu-
nately, due to the low number of experiments that included the con-
trasts of high > low confidence (n =15) and low > high confidence
(n = 11), the result for these contrasts needs to be cautiously considered
by other researchers in the future (see Eickhoff et al., 2017 for the rec-

ommended number of experiments).

2.2 | Activation likelihood estimate

The meta-analysis was performed using GingerALE software, version

3.0.2 (freely available at http://www.brainmap.org/ale/) which allows

85U0| SUOLUIOD BAIER.ID 8| [dde aLy Aq pousenob a8 sopie YO ‘38N JO SaJMnu 0} Aeig1 BUIUO A1 UO (SUOIPLIOD-PUR-SWUBHW0D" A8 |1 AR 1 U1 |UO//STRY) SUORIPUOD Pue SWR 13Ul 89S *[G202/T0/0E] Uo ArigiT aulluo A3|1M ezolerez 8@ pepsRAIUN AG L6EGZ WAU/Z00T OT/I0P/Wod" A3 1M AReiq 1 euluo//sdiy Wwoly pepeojumod ‘0T ‘T20Z ‘€6T0L60T


http://apps.webofknowledge.com/
http://apps.webofknowledge.com/
https://www.scopus.com/home.uri
https://pubmed.ncbi.nlm.nih.gov

2 | WILEY

MARTIN-LUENGO T AL.

to perform coordinate-based ALE (Eickhoff et al., 2017; Eickhoff,
Bzdok, Laird, Kurth, & Fox, 2012). Foci extracted from different exper-
iments across different articles were used to create a probabilistic
map comparing the likelihood of activation to random spatial distribu-
tion. All coordinates reported in MNI space were converted to
Talairach space before the analysis. Statistical significance was
assessed using a cluster-level threshold for multiple comparisons at
p =.05 with a cluster-forming threshold set to p =.001 (Eickhoff
etal, 2012, 2017).

In the majority of the studies included in the current meta-analysis,
the participants had to indicate the confidence in an old/new memory
answer (n =11, de Zubicaray et al, 2019; Fleck, 2005; Hayes
et al, 2011; Henson et al., 2000; Kim & Cabeza, 2009; Kuchinke
et al., 2013; Leiker & Johnson, 2015; Mugikura et al., 2016; Pais-Vieira
et al,, 2015; Risius et al., 2013; Woroch et al., 2019; Yonelinas, 2005), or
to report confidence in their answer to other tasks (n =18, Chua
et al, 2004; Chua et al., 2009; Chua et al., 2006; de Zubicaray et al,
2019; Fleck, 2005; Hayes et al., 2011; Henson et al., 2000; Kim &
Cabeza, 2007; Kim & Cabeza, 2009; Kuchinke et al., 2013; Leiker &
Johnson, 2015; Molenberghs et al., 2016; Moritz, Glascher, et al., 2006;
Moritz, Woodward, & Chen, 2006; Pais-Vieira et al., 2015; Risius
et al., 2013; Woroch et al., 2019; Yonelinas, 2005; Yu et al., 2012).
Recent meta-analyses (Vaccaro & Fleming, 2018; White et al., 2014) did
not include direct contrasts measured confidence (i.e., feeling of know-
ing, FOK, or JOL, judgment of learning) or nonparametric contrasts
(i.e., “significant correlations with subjective certainty in color trials” in
Vaccaro & Fleming, 2018). To keep the methodology consistent, we
included only experiments that used subtraction contrasts (i.e., high

confidence > low confidence).

3 | RESULTS

3.1 | Confidence

Articles included in the main analysis reported data on 626 partici-
pants. Across articles, which reported gender, 276 were male partici-
pants. Across articles, which reported handedness, 577 were right-
handed. For the articles where age range was given, the median of

age was 24.2 years (see Table 1 for detailed information). Figure 1

shows the number of articles, number of experiments, and foci

included in the meta-analysis.

3.2 | ALE maps for all tasks related to confidence
All tasks related to confidence evaluation show concordance in four
clusters (Table 2 and Figure 2). The largest cluster with the highest
ALE value is found in the left parahippocampal gyrus (BA 35 and 36).
The second cluster is found in the left middle frontal gyrus (BA 46).
Subcortical activation is observed in the next two clusters: in the right
amygdala and right parahippocampal gyrus (BA 28, 34).

3.3 | Exploratory analysis: High > low confidence
and low < high confidence

As an exploratory analysis, we estimated the two conditions included
in the meta-analysis: high confidence and low confidence. Previous
studies suggest that these two types of confidence are underpinned
by different neural substrates, such as parahippocampal gyrus or
DLPFC (Kim & Cabeza, 2009). Therefore, we selected 15 studies
(foci = 174) out of the main sample, where participants reported high
confidence at the retrieval/recognition stage, and 11 studies
(foci = 158)—reporting low confidence.

3.3.1 | ALE maps for the contrast high > low

Three subcortical clusters were identified centered at the right para-
hippocampal gyrus (BA 28, and amygdala), left parahippocampal gyrus
(BA 36), and right caudate. See Figure 3 and Table 3 for the ALE
results for the high > low contrast. See Table 4 for detailed informa-

tion of studies included.

3.3.2 | ALE maps for the contrast low > high

The concordant activation for low confidence versus high confidence

was found in three significant clusters centered at the following brain

TABLE 2 ALE meta-analysis of all

Foci(x v.2) studies on retrospective confidence

Cluster X y z ALE value Brain area BA
1 -22 -22 -16 0.024563098 Left parahippocampal gyrus 35
1 -28 -32 -12 0.01996939 Left parahippocampal gyrus 36
2 -40 18 22 0.025068823 Left middle frontal gyrus 46
3 24 -24 -8 0.023705766 Right parahippocampal gyrus 28
4 24 -8 -14 0.017792294 Right amygdala

4 16 -2 -12 0.017452436 Right parahippocampal gyrus 28
4 16 0 -16 0.017243283 Right parahippocampal gyrus 34

Abbreviation: ALE, activation likelihood estimation.
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Retrospective confidence

Cluster 1: Cluster 4: Cluster 3:
8 articles 6 articles 5 articles

Cluster 2:
6 articles

FIGURE 2 Brain maps showing significant activation likelihood estimation (ALE) values for confidence

Exploratory analysis for high confidence > low confidence

Cluster 1: Cluster 2:
8 articles

FIGURE 3 Activation likelihood estimation (ALE) results for the high > low contrast

TABLE 3 Supplementary ALE meta-

. . ) Foci (x, y, 2)
analysis for high > low confidence
contrasts (15 papers) Cluster X y z ALE value
1 -28 -32 -12 0.019941954
2 26 -24 -8 0.022155292
2 28 -8 -16 0.01427889
8 8 8 -2 0.02149668

Abbreviation: ALE, activation likelihood estimation.

Cluster 3:
3 articles

Brain area

Left parahippocampal gyrus
Right parahippocampal gyrus
Right amygdala

Right caudate head
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(Continued)

TABLE 4

Foci
3

Task (description)

Task (short)

Hand Age Contrast

Education

Short reference

A recognition memory experiment with stimuli comprising of words,

Memory recognition

High confidence for

20-35

R

n/a

14

Woroch, Konkel, &

pictures of faces, and pictures of “places.” Study: Participants

and confidence

places > low

Gonsalves, 2019

studied words randomly presented one at a time beneath a picture

confidence for places,

Table 2; high

of either a face or a scene test: Whether the word was previously
paired with a face or a place image and simultaneously confidence

on a scale from one to six

confidence for

MARTIN-LUENGO T AL.

faces > low confidence

for faces, Table 2

9

Study: Subjects saw a series of critical words, for each word, they had

Old vs. new and

Confidence increasing

n/a R 19-33

16

Yonelinas, 2005

to decide whether the word denotes an abstract or concrete entity.

confidence

with familiarity (1-4),
Table 3; confidence

decreasing with

Recognition memory: Critical words intermixed with new words. If

they were able to remember something specific about seeing the

word at study, subjects were asked to give a remember (R)

familiarity (4-1),

Table 3

judgment. If they could not recollect anything specific about

experiencing the item, subjects were asked to rate their memory

confidence in order of high to low confidence

Abbreviation: ToM, theory of mind.

regions: left middle frontal gyrus (BA 46), right precuneus (BA7), and
left inferior frontal gyrus (BA 47). See Figure 4 and Table 5 for the
ALE results for the low > high contrast. See Table 6 for detailed infor-
mation of the studies included.

4 | DISCUSSION

Metamemory is the online process, for which we monitor the ongo-
ing activity of memory processes and implement strategies to con-
trol its performance depending on our objectives (Nelson & Narens,
1990). This high cognitive process is important for many different
processes in both healthy and clinical populations. It is particularly
vital in the clinical population, where awareness of the memory may
be a prerequisite for the success of the interventions to improve
memory (Clare & Woods, 2004). The variety of different measures
in assessing the level of metamemory complicates the identification
of the underlying brain structures, which makes it crucial to run spe-
cific meta-analyses for each main category (i.e., prospective
vs. retrospective) in which metamemory measures are classified
(Chua et al., 2009; Fleming & Dolan, 2012; Le Berre et al., 2016;
Pannu & Kaszniak, 2005).

In this study, we examined concordance across studies in brain
areas responding to the assessment of confidence. We also ran the
exploratory analysis for the directionality of confidence (high > low,
low > high) in order to observe the tendency of the data, which can
orient future studies. The main analysis of confidence revealed con-
cordant bilateral activation in the parahippocampal gyrus, left middle
frontal gyrus, and right amygdala. Notice that the concordant activa-
tion we observed in our analysis closely corresponds to the concor-
dant activation of the parahippocampal gyrus reported by Vaccaro
and Fleming (2018) for metamemory judgments and, specifically, ret-
rospective metamemory judgments. However, the rest of our results
differ from theirs since we only found this concordant bilateral activa-
tion in the parahippocampal gyrus and activation of the left inferior
frontal gyrus. This difference most probably stems from our criteria of
inclusion—we only included whole-brain fMRI articles, and only those
reporting subtraction contrasts. These criteria guarantee that the ana-
lyses only reveal regions associated with retrospective confidence and
no other general functions involved (Miiller et al., 2018).

Overall, our main results confirmed the involvement of the para-
hippocampal gyrus and the left inferior frontal gyrus in the assessment
of confidence (Fleming & Dolan, 2012; Metcalfe & Schwartz, 2015;
Vaccaro & Fleming, 2018). We also confirmed the role of the medial
temporal lobe in the processes of recollection of information during or
prior to the confidence assessment (Cohen & Eichenbaum, 1993;
Eichenbaum & Cohen, 2001). The act of retrieving information is
undoubtedly required in the assessment of the confidence
(Nelson, 1990); otherwise, we would not be able to evaluate the cer-
tainty of our memories. MTL has been extensively related in the recol-
lection for declarative memories (i.e., memories for knowledge and
retrieval (Eichenbaum, Yonelinas, &

events) and processes

Ranganath, 2007). It should be noted that the activation of structures
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Exploratory analysis for low confidence > high confidence

Cluster 3:
4 articles

Cluster 1:
5 articles

Cluster 2:
6 articles

FIGURE 4 Activation likelihood estimation (ALE) results for the low > high contrast

TABLE 5 Supplementary ALE meta-

. R " Foci (x, Y, 2)
analysis for low > high confidence
contrasts (11 papers) Cluster X
1 -42
2 12
3 -32

z ALE value Brain area BA

24 0.021589866 Left middle frontal gyrus 46
—66 48 0.020475976 Right precuneus 7

-4 0.02492742 Left inferior frontal gyrus 47

Abbreviation: ALE, activation likelihood estimation.

included in the MTL only appears in the main analyses and the
high > low contrast. The absence of activation of the MTL for the
contrast low > high may be explained by the fact that low confidence
judgments are related to the inability to retrieve the requested infor-
mation. This emphasizes the involvement of MTL in retrieval and eval-
uation of the confidence.

In both, the main and the additional low > high confidence ana-
lyses, we found an activation of the left middle frontal gyrus (BA 46).
This area is presumably in charge of the response inhibition and error
monitoring in go/no-go tasks (Heitzeg et al., 2014; Le et al., 2020), as
well as in multiple different cognitive tasks spanning from working
memory (Leung, Gore, & Goldman-Rakic, 2002) to motor executive
control (Kiibler, Dixon, & Garavan, 2006). Hence, the observation of
the BA 46 activation for retrospective confidence in the main and in
the low > high confidence analyses but not in the high > low analysis,
suggests its involvement in the negative outcome of monitoring, lead-
ing to low confidence assessment of confidence. The activation BA46
in these divergent tasks where monitoring is required, suggests that it
is the most prominent area related to monitoring.

Our findings for the low > high contrast are also consistent with
previous work that has associated the activation of the right
precuneus with low confidence in memory (Ye, Zou, Lau, Hu, &

Kwok, 2018). Ye and colleagues disrupted the precuneus by the use

of transcranial magnetic stimulation to examine its causal role in the
meta-cognition of perceptual and memory processes. They found dif-
ferences in the assessment of confidence, particularly, the impairment
to adequately rate low confident answers with low confidence on the
memory domain. This result not only corroborates the hypothesis of
the involvement of the precuneus in metamemory processes (see
work of Simons, Peers, Mazuz, Berryhill, & Olson, 2010 on patients
with bilateral parietal lesions), but also strengthens the view of a
domain-specificity in the assessment of metacognition (Morales,
Lau, & Fleming, 2018).

5 | ANALYSIS LIMITATIONS

Our study focused on the brain structures involved in the evaluation
of retrospective confidence. Ideally, we should have run the analyses
balancing the perceptual modality of the tasks. First, we included
studies that used diverse types of materials (images or semantic infor-
mation). Such a variability in underlying cognitive processes may intro-
duce certain bias in the results, since there is an open debate on
whether metacognition is a domain-specific or domain-general pro-
cess, and whether they possibly co-exist (Morales et al., 2018). Sec-
ond, as repeatedly mentioned above, the results for high > low and

25U90 17 SUOLLILIOD) BAER.D) B et jdce L) Ag PoLBAOD 9.2 SIPILE VO ‘38N J0 SaIN 10} AReiq 1T 8UIIUO AB]IA O (SUOIPUOO-PUE-SLLLBILI0D" B |1 A1 1Bu! |uo//SdIy) SUONIPUOD PUE SWL | au1 295 *[SZ0Z/T0/0E] Uo Akeiqi auluo /b1 ‘ezobeiez aQ pepSIBAILN AQ Z68SZ'LGU/Z00T OT/10p/LI00™Aa 1 AReid][pu1|uo//:Sdny oA papeojumoq ‘0T ‘T20Z ‘E6T0L60T



10970193, 2021, 10, Downloaded from https://onlinelibrary.wiley.com/doi/10.1002/hbm.25397 by Universidad De Zaragoza, Wiley Online Library on [30/01/2025]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

MARTIN-LUENGO T AL

218 | WILEY

(012

9T

12

104

(Mo ‘e3es9pOW ‘ysIy) 92UaPLUOD +

(Mau ‘1503 ‘uoilouny Isie) AIoWaW-924N0S (SPIOM MBU/P|O

‘|leAalIay “(123[qo ay3 JO 1502 dAIIE[S. SY] 91l pue INoge Julyl 03 -

353 1500 3Y) {palelauas suoijouny Jo Jaquinu sy} Ym puodsai pue

123(q0 ayj Joj pjNod A3y} Se SUOIdUNY JUBIDHIP AuBW Se JO Uiy}

0] - 3Se} uoijouny sy} Suimelp ay3 Jo AndI4Ip Yyl 9. pue piom

2y} Aq pajousp 323[qo sy} Melp p|nom 3sije ue moy auidewl - yse)

1SI3JE BY3) SYSE) 93y} JO SUO JO JXSIUOD dY Ul S pue INOge Uy}
0} 9J9M S323[gNS 38y} SPIOM JO SILISS B JO UOIJeIUasald :Suipodug

92UBPIUOD + MBU/P|O :359] “A108a3eDd

ayj 03 pasuojaq saduejsul € AJUo Jo 1 [|B JaYIayM 3pIdap 0F Sem

3se} ,s399(gns ayy {A10393ed ay) Jo siaquisw [ed1dA] 3sow ay3 JO
pue saweu A10393ed e Jo 3ul3SISU0d Yoea ‘Duo Ag SUo S3SI| PIOAA :ApNIS

(Splom mau)

SPJOM pajejaiun ‘palpnisuou pue {(spJom as|ey) saliosa1ed palpnis

WI0J) SPIOM P3IPNISUOU ‘(SPJOM SNJ3) SPIOM PalpN}s papnjoul

1ey3 s3ulje 95USPIUOD YIIM 3$3) UOIHUS0ID1 MaU-P[O Ue SeM
3se) [eAsl3al oy sel Juaw3pn( A1o3a3ed e sem yse} 3ulpodus ay |

(syusw3pn[ mau-y31y pue ‘Mau-moj ‘p|o-Mo| ‘pjo-y3iy) S2UsSpU0d +
uoIUS0I3Y :359] “IjNWI3S JO SUIPOdU JIJUBWSS J0j | Jueses|dun,,
10 Juesea|d,, Sem pJoM aY3 Joayiaym ajedipul 03 pey si| Apnis :Apnis

9|eas juiod-1, e uo sjusawpn( 82unos

apew sjuedidiped ‘eAsi]al 921n0s Sulng ‘(Mau Aj1ULSpP ‘Mau

Algeqoud ‘pjo A|geqoud ‘pjo Aja1iulsap) ajeds julod-1 e uo syuawdpnl

Mau/pjo apew sjuedidijied ‘[eAsLI}aS WYl Suln( UOISSas [YIA

9y} 91043q paLund20 ydiym ‘Suipodous Sunnp syuawdpn| jueses|dun
/3uesea|d Jo xogaoys e ueyy 19331q/49|[ews spew sjuedidilied

90USPIUOD J13Y3 JO Hodai pue Ijnwis

pajussaad sy uo Jusw3pn(  ,Mmau/p|o,, ue Jo wioy ul (Juswspnl

ea.e) 3Se1 A B pue (Alowaw uoiiudodad) 3sel ¥3 ue pawogiad

sjuedidijied ‘UOISSaS UBDS Y3} Suun( “193e| Palsa} ag pjnom

SPJOM 3U3 J0J AJOWSW Jey) PIWLIOjUl OS|e 31aM ASY] {Se} uoisidap

|ea1xa)| e pawuoyiad syuedidijued ‘wall yoes 104 ‘spJom-opnasd pue
SPJOM ys1|3u3 JO 3ISI| paXIWLIDIUI UB PIMBIA $323[gNns ‘Buluueds 03 Jolid

92U3pP1JUOD MOJ/YSIY {(329410D0U] OM] }I9.10D) Saweu

93443 Yy3Im 3ulpodus Sunp uaas adej yoes pamalA sjuedidilied

‘9dA} yoes Jo s|el} Jno YUM [jnwils Jusw3pn( aouspijuod

pue I[nwi3s uou30dal SuljeuIS}|Y :S}20|q S2UIPIJUOI-UOIHUS0ISY

'9284 93U} }J SWeu Y3 JoU 10 ISYISYM JNOde UoISIDap SAI3d3(qns

Aj2and e 93ew 03 os|e pue 3u1}sa} J93e| J0) 9384 By} YHM pajeldosse
SWeu a3 Jaquiawal 03 A} 03 pajonJisul a4am sjuedidipied :8uipoou]

110S3p) Msel

90UdPIUOD +
Atowdw
-92IN0S MaU ‘SA P|O

90U3PHUOD +
MB3U ‘SA P|O

9D2USplUOD + (Mau

‘SA p|o) wdipesed NYQ

90UaPHYUOD +
MB3U 'SA P|O

90USPIUOD +
M3U 'SA P|O

90UBPHUOD +
MB3U ‘SA P|O

20UapLUOD +
ws3ipesed Alowaw
9AI1BID0SSE SWeu-32e4

(Hoys) xsel

2oUapKUod YSIy <

Z d|qe] ‘@2uaplyuod
ysiy < duaplyUod
MO|/3)EJaPOIA|

SHUSPMIS 9T GTOZ ‘UOSUYO( ' XIS

T d|qel ‘Aunnoe

Y-9d2USpHUOI MOT 1€-81 d e/u ¢l 600C ‘®Z3qeD 3 Wiy

€ 9|qe Y1-9ouspyuod

Y31y < ¥1-9ousplyuod

MO ¢ 3|qeL Y4

-92uUapluod Y3y < ¥4
-93USpIHU0d MO 0€-81 d e/u 12 £00C ‘®zaqe) 3 Wiy

22uspluod ysiy

1094102 < 9DUSPUOD
MO| 323.140D)

ce-1¢ d e/u 4" 0002 “|e 39 uosusH

(s1eah)
LTFVPT 91

Z 3|qe] ‘@2uapiuod

YSIy < 92USPLUOI MOT €TF9TC e 1102 “[e 39 sakey

T 3|qe] ‘[eAslnal
J1posida ul 9duaplyuod

Y31y < 9dUapLUOd MO ¥ZF0TC d e/u 14’ G00¢T 234

Z 94n314 ‘@dousplyuod

Y31y < 9dUsplYUOd MO 6C-1C e/u e/u [4% 600C “le 1@ enyd
Isesuo) 98y pueHy uonednp3 N ERITEYETEYRITCII[S

S2USPIJUOD MO| UO SisAjeue AJojelo|dxa Ul pasn S9|dIlle Uo uopeurojul aAidudseq 9 319V.L



10970193, 2021, 10, Downloaded from https://onlinelibrary.wiley.com/doi/10.1002/hbm.25397 by Universidad De Zaragoza, Wiley Online Library on [30/01/2025]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

WILEY_|*%

‘puUIW JO AIO3Y3 ‘NO] :UOIFeIARIqqY

92Uap1JU0d MO| 01 Y31y JO JSpJo Ul 32USPLU0D

Alowaw J19y3 9314 0] payse aJam $323[gns ‘wayl ay3 Supusiiadxa
1noge d14123ds SulyjAue 193|021 30U pNod Ay} J| Juswspnl

() Joquiswai e 9AI3 03 pase a1am s123[gns ‘Apnis Je pJom

a3 3u199s Jnoge d1y10ads ulyBWOS JaquIsWaI 03 3|ge aJam Aayy

J] "SPIOM M3U U}IM PIXIWI)U] SPIOM [eD1311D) :AJoWaW Uo}IUS0daY € 9|qel
"A}1JUS 23240U0D JO JDEJISCE UB S9I0USP PJOM 3U} JSYISYM SpIdap 0} 30UdpPIUOD (T-¥) Aeljiwey ypum
TIT  Pey Asyj ‘piom Yoea Joj ‘SpIom [edI31D JO LIS B MeS $323[qns :Apnis pue mau 'sA p|O 3uisealdap adusapyuo) £€-61 o e/u 91 G0O0Z ‘SeuljpUoA

(aseyd TOYLNOD) Joamsue a1ay3 pjoyyim 03 JO I933UNJOA 03 YD
SpIdap 0] pey pue (SSauUa4ndas Mo| *SA y31y) ssuodsaa ulo3a10)
9y 1N0gE 92UaPIUOD 4193 93ed 01 pey sjuedidiied :SULIO)UOIA

‘(3s]ey) ..0u,, 10 (3n.3) SIA,, Jayd puodsal 03 pey s323(qns

YoIYym 03 ‘SIAOW SY3 U] SIUSAS Suip.esal Juswa3e)s 103.400U] JO 30U3PIUOD Z d|qe] ‘@d2uspiuod
18 399.40D {pauuedS :[eASLI}SY “Wlf [BUOIIOWS HOYS BpIsINQ :Buipodul pue [eAaLI}as AIOWBIA ys1y < 92USPUOD MO 2EFST Y e/uU 62 £T0Z “|e 39 snisiy
20USPLUOD +
M3U/P|Q :UOI}IUS03Y JOU IO UNOU B SEM W} Yoes Jayaym 9002 ‘Uayd
9)e21pul 0} padse a4am sjuedidilled :Dway) 3si| 8y} 0} ssaupaje|as 3 ‘pJEMPOOAA
J[3UeWas SuIpuadSap Ul pajuasaid a1om ey Iinwils gT PauleIuod 20USPHUOD + (MaU T 9|qel ‘Juspyuod ‘ZJIOIN ‘900Z “le 32
1 35I| Yoea ‘pajuasaid AJ|ensiA a1oMm S3si| XIS SY3 WOy SPIOAA :Sulpodug  'sA pjo) wiipesed NI ysiy < JUSpYUOd-MOT TG/ F T /T N e/u /T Jayose|o ‘zyol

uonsanb ayy

ul dduewouad J1ay3 SuipiesSas aouspluod J1vy) pajed syuedidijied
‘uonpsanb yoes Ja)yy "03pIA aY3 Jnoge uolisanb (Suluoseal [enjoey
1) INO]-UoU 0 |AO| e patamsue Aay) ‘Ajpusanbasgns "oapiA
a3 ul uosiad ay3 104 uoissedwod 1Yl pue 1094 UMO JIayl pajel
sjuedidijied ‘0apIA Yyoes sy ‘suonnsanb Suluoseal [enjoey 'sA |\O |

m. 0} 3ulpes| Agaiay} ‘SpueWwSp |NO] INOYIM PUB UM SOIPIA :SOSPIA

o |e43nau pue aAije3au Ajjeuojow :1030e Yoes o) pajuasaid aiom 9dUdpUOd pue

m S9dA] 03pIA JUBJIBIP UNOJ ‘UBISSP (SJUsWAINbal |NO]) Z X (09pIA ‘INo ‘uoissedwod T 9|ge ‘quspyuod d 9T0CZ “|e 12

M GT 33 Jo Ajljeuoijows) g e SuIMo||0 ‘92usanbas [eu |\0 ] edw3 ‘Ayredw3 A0 edwi] 9JOW < JUIPIIUOD SS37 v €8¢ e/u  80¢ sy34aqus(ol
W 1204 (uondudsap) ysel (10ys) se jseqjuod 98y pueH uonesnp3j N ERIVESETET R BTV
24

<

> (penupuod) 9 374VL



20 | WILEY

MARTIN-LUENGO T AL.

low > high contrasts were preliminary and should be considered with
caution, because none of them reach the recommended minimum
number of studies to guarantee sufficient power (17 studies; see
Eickhoff et al., 2012; Mdiller et al., 2018). Despite these shortcomings,
the current meta-analysis presents new knowledge on the topic of
confidence judgments, which is more advantageous compared to

standard reviews.

6 | CONCLUSION

We aimed to further clarify the particular brain structures sub serving
metamemory, particularly on retrospective confidence. Our results
indicated the involvement of four clusters required for the assessment
of confidence (see Table 2). Some of the regions included in these
clusters have also been related to memory processes as well as to
monitoring of errors and inhibition of answers, but all of them are
consistent with the proposed functioning of metamemory processes
(Fleming & Frith, 2014). Finally, our results can better inform future
clinical research focusing on retrospective confidence failures and
emphasize the need for similar studies with other types of meta-

memory measures.
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