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Abstract

etacognition and especially metacognitive judgments have been largely studied

within separate cognitive fields such as episodic memory (metamemory) or visual
perception (metaperception). Despite this historical tradition of evaluating metacogni-
tion in a disparate manner, similarities in methodological and theoretical frameworks
can be observed and recent work compares metacognitive judgements across a vari-
ety of tasks (first-order task), proposing the idea that metacognition could be domain-
general. This thesis focuses on the cue-utilization view stemming from the metamemory
literature to explore the breadth of metacognition across two correlational and three
experimental studies. In particular, we investigated whether people use a common re-
source in their metacognitive judgements across different types of first-order tasks and
whether this resource is also shared across different metacognitive judgements. More-
over, we focused on the metacognitive cue of fluency as a potential domain-general
cue in the formation of metacognitive judgements. Overall, our results suggest that
whereas prospective judgements are domain-specific, retrospective judgements can be
supported by a domain-general resource. The study of the involvement of fluency sug-
gests differing influence of this cue on both the type of first-order task and the type of
metacognition judgement. This suggests that fluency effects are less homogeneous than
previously thought. In light of these results, we propose a novel view of metacognitive
judgment formation in order to have a more unified view of metacognitive research. Fi-
nally, we suggest implications for both research on recognition memory and neuropsy-

chological and psychiatric research.

Keywords: metacognition, metamemory, confidence judgments, prospective judgements,

domain-general processes
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Resumé

amétacognition et en particulier les jugements métacognitifs ont étélargement étudiés

de facon séparée dans le domaine de la mémoire épisodique (métamémoire) ou de
la perception visuelle (métaperception). Malgré cette tradition historique d’évaluer la
métacognition de facon disparate, des similitudes dans les cadres méthodologiques et
théoriques peuvent étre observées et des travaux récents proposent de comparer les
jugements métacognitifs a travers une variété de taches (nommés taches de premier
ordre) proposantl'idée que la métacognition pourrait étre domaine-général. Dans cette
theése, nous nous sommes concentrés sur la « cue-utilization view » issue de la littéra-
ture sur la métamémoire afin d’explorer I'étendue de la métacognition via deux études
corrélationnelles et trois études expérimentales. En particulier, nous avons cherché a
savoir siles individus utilisent une ressource commune dans leurs jugements métacog-
nitifs pour différents types de taches de premier ordre et si cette ressource est égale-
ment partagée entre différents jugements métacognitifs. De plus, nous nous sommes
concentrés sur I'indice métacognitif de fluence comme un potentiel indice domaine-
général dans la formation des jugements métacognitifs. Dans I'ensemble, nos résultats
suggerent que, alors que les jugements prospectifs sont domaine-spécifiques, les juge-
ments rétrospectifs peuvent étre sous-tendus par une ressource commune. L'étude de
I'implication de I'indice de fluence suggeére une influence différente de ce signal sur le
type de tache de premier ordre et le type de jugement de métacognition suggérant que
I'effet de fluidité est moins systématique qu’on ne le pensait auparavant. A la lumiére
de ces résultats, nous proposons une nouvelle approche quant a la formation de juge-
ments métacognitifs dans le but d’avoir une vision plus unifiée de la recherche sur la
meétacognition. Enfin, nous suggérons des implications a la fois pour la recherche sur la

mémoire de reconnaissance et pour la recherche en neuropsychologie et en psychiatrie.

Mots-clefs : métacognition, métamémoire, jugements de confiance, jugements prospec-

tifs, processus domaine-généraux
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Chapter 1

The diversity of metacognition

magine that you are enjoying holidays with your friends and decide to visit Edin-

burgh castle. When you enter this historic fortress, you are directly invaded by a
powerful feeling of familiarity. It feels like you already have a prior experience with
this place and with this exact location. At the exact same time of experiencing such a
strong impression, a thought comes to your mind: “I have never been in Scotland before”.
Thus, you are immersed in a strange state where you ultimately know that this feeling
of familiarity in erroneous. This kind of dissociative experience (also known here as
a deja-vu experience) is a perfect example of the human ability (and perhaps not only
humans, as we will see in this chapter) of self-evaluation.

Our cognitive functions such as perception, memory, or language are subject to er-
rors or inaccuracies. One can experience hallucinations, retrieve false contextual details
from a prior event, or be unable to remember the name of a famous actress. More-
over, and as in our Edinburgh example, we have the ability to be aware of such cogni-
tive errors. When realizing that these percepts or memories are misleading, such self-
assessments of our cognitive abilities refer to metacognition. By the use of the prefix
‘meta’, metacognition is a theoretical idea ‘beyond’ cognition and in that sense, Flavell
(1979) defined it as ‘cognition about cognition. Metacognition is a broad construct.
Definitions differ according to the field of research in which it is studied. Traditionally
stemming from the learning and memory literature, metacognition was mainly studied
in cases with direct applications. For instance, many studies study metacognition in the
context of eyewitness memory or focus on the evaluation of self-knowledge in learners
and even populations with memory impairments. More recently, metacognition has
been also used to evaluate the state of consciousness associated with a cognitive func-
tion, especially in visual perception. Henceforth, in this guise, it has become a full-blown

field and models of metacognition have been developed.



Chapter 1. The diversity of metacognition 2

The study of metacognition is at a crossroads of different constructs and fields in-
cluding psychology, cognitive science, neuroscience, philosophy, and economics. Thus,
to answer to the question “What is metacognition?” one might consider its multifaceted
nature. The current introduction will be based on three dimensions suggested by Flem-
ing, Dolan, and Frith (2012) which are the representational dimension, the behavioural
dimension, and the consciousness dimension. Then, we will develop different forms of
metacognition in human and non-human animals according to how it is measured in

laboratory.

1.1 How to define metacognition?

1.1.1 Representational dimension: Meta-level and object-level

The first models of metacognition focused on the idea that an internal observer allows
the self-perception of performing a cognitive activity. Therefore, they assumed that
metacognition has a representation dimension: the observer has a “model” of the cur-
rent activity supposed to be “beyond” this activity. Nelson and Narens (1994)’s model of
metacognition (1990) developed in the context of memory functions is a good example
of such a representational view of metacognition. These authors distinguish two levels
of processing. The object-level refers to the level of the cognitive activity (e.g., learning
a maths lesson) whereas the meta-level is a representation of this activity which can be
formulated in a propositional and self-referenced way (e.g., “I am very bad at maths”).
To communicate, these two levels are linked by two types of metacognitive processes.
Monitoring processes stem from the object-level and inform the meta-level about the
actual state of the cognitive activity (e.g., ‘This particular equation is difficult to under-
stand”). Once the meta-level has been updated, control processes have a direct action on
the cognitive level by the use of adaptive strategies to improve the cognitive activity (e.g.,
“I will spend more time on this problem”). According to such a view of metacognition,
there is a behavioural control loop (the monitoring-affects-control hypothesis (Nelson
& Leonesio, 1988)) that involves an explicit evaluation of the cognitive activity and a
declarative implementation of strategies. An important feature of this model is that
the meta-level and the object-level can operate simultaneously, which proposes that
metacognition is independent from cognitive processes.
A striking example of this representational and dissociative structure is a phenomenon

known as the Tip-Of-the-Tongue (TOT; Brown & McNeill, 1966). The TOT is a state in
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which one cannot quite recall a word but has the knowledge that he or she knows the
particular word. This phenomenon is therefore an experience of dissociation between
the object- and the meta-level: the self-knowledge (i.e., “I know what the capital of
Australia is”) is in contradiction with the cognitive performance (i.e., not recalling the
answer). Other dissociations are known in the memory literature such as the déja vu
phenomenon mentioned above and where there is a “phenomenological experience of
recognizing a current situation and the awareness that this feeling of recognition is
inappropriate” (p.2; O'Connor & Moulin, 2010). Another practice example of the object-
and the meta-level is given by Nelson (1996). In the sentence “Thiss sentence contains
threee errors”, the spelling of “this” and “three” refer to two object-level errors and
the meaning of the sentence represents a meta-level error. Thus, to be aware of the
meta-level error, one must be aware of the object-level error suggesting a hierarchical
structure in metacognition. However, as mentioned by Nelson (1996) after realizing the
meta-error, one can realize that “there is a total of three errors after all” leading to the
idea of a structure containing more than two levels with different monitoring-control
loops. Metacognition has therefore a representational function that paradigms tend to
measure using behavioural observation. The majority of research has been conducted
on monitoring processes probably as they are seen as a starting point of the loop: there

is a need for a self-evaluation to perform an adaptive behavioural control.

1.1.2 Behavioral dimension: First-order and second-order

Although a classical definition of metacognition involves a representational dimension
of a cognitive activity, research has also shown the involvement of information directly
stemming from cognitive activity (i.e., the object-level) without necessarily involving
another level of representation. Traditionally, inferences about monitoring processes
have been measured using subjective reports of introspection known as metacogni-
tive judgments Nelson, 1990. These judgements are extensively used in the laboratory
to study metacognition and refer to “decisions about decisions” (or “behaviour about
behaviour, see Fleming et al.,, 2012). Experimentally, metacognitive judgements occur
when two decisions are made: one known as first-order response refers to an answer in
a cognitive task (e.g., to select with stimulus in the brightest) and the other or second-
order response is a metacognitive judgement related to the first-order response (e.g.,

was the previous response correct?). Several metacognitive judgements' exist in the

1 As metacognitive judgements are a main focus of this thesis, they will be presented in more detail in
Chapter 2.
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literature but the most commonly used are Retrospective Confidence Judgements (RCJs)
which are an evaluation of the level of confidence in a previous decision.

In the memory literature, these judgements are seen as a measurement of monitor-
ing processes. However, the “second-order” terminology is now preferably used since
metacognition is studied in various cognitive domains beyond the memory domain (e.g.,
visual perception, decision making, reasoning, motor function, etc.). Moreover, it is
assumption-free as second-order judgements can be performed using a range of pro-
cesses (see Chapter 2). On one hand they can be the result of introspection by the use
metacognitive representations as a model of the current cognitive activity. Conversely
and on another hand, they can use information directly stemming from the object-level
without necessarily involving another level of representation. A good example of such
absence of meta-level representation derives from the notion of uncertainty. Uncer-
tainty can be defined as the variability or the reliability of a representation, a stimulus,
or an outcome (Bach & Dolan, 2012). A certain amount of work has shown that uncer-
tainty can be used in order to control behaviours such as modifying decision-making
therefore acting as a metacognitive component. In some case, these adaptive behaviours
do not necessarily imply the existence of a meta-level in both human and non-human
animals? (Kepecs & Mainen, 2012).

From this perspective, the existence of metacognition is suggested by the fact that
one is able to produce accurate decisions. Metacognition has a function of evaluation of
cognition with the idea that an appropriate evaluation will lead to an adaptive behaviour.
In this sense, another important aspect is error detection; the ability to be aware of
our own mistakes. This has been especially studied in the context of reaction time
tasks when participants have to make decisions under time pressure which leads to an
increase the number of errors. Although initially studied separately, models and meth-
ods of confidence formation and error detection shared similarities leading to the idea
that they are two outcomes underpinned by common metacognitive processes (Yeung
& Summerfield, 2012). Here again, quantifying confidence or detecting an error have
been explained as being based on the reliability of the signal during the decision process
(akin to uncertainty) which does not necessarily need the involvement of a meta-level
representation (see Section 2.1.2 “Low-level metacognition and implicit knowledge”
and for a philosophical about the involvement of meta-representations see Proust, 2007,

and see section 2 of this Chapter).

2See section 2.2 of this chapter “Indirect tests of metacognition”.
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1.1.3 Consciousness dimension: State of awareness

Nelson and Narens (1994) suggest that the main method for investigating monitoring
is to ask people to give the output of their introspection. Although metacognition and
introspection can overlap, they also differ to some extent. Overgaard and Sandberg
(2012) propose a useful distinction between the two: a classification from the subjec-
tive point of view or from the functional point of view. Whilst both are second-order
processes, metacognition is about cognition (as a function that can be either conscious
or unconscious) and introspection is restricted to a conscious state. In this sense, they
both have a higher-order function and one can see introspection as “a special case of
metacognition” (p.1288, Overgaard & Sandberg, 2012). This suggests that metacogni-
tion involves conscious self-reflected mechanisms but also others processes that are not
present during introspection.

Whilst it is beyond the scope of this thesis to propose explanations and a complete
account of consciousness, it is important to note that the concepts of consciousness and
metacognition are relatively close. For the purposes of this thesis, consciousness has
been conceptualised as the classical notion of “having subjective experiences” (Frith,
2019). Similarly, metacognition and particularly metacognitive judgements (see next
section and Chapter 2) are self-evaluation which also has a subjective value. Thus, these
judgements can be seen as reports of the content of subjective experiences and are even
used as a measure of consciouness (e.g., Seth, Dienes, Cleeremans, Overgaard, & Pessoa,
2008). Some implications for our understanding of consciousness will be discussed in
Chapter 7, however it is not a direct aim of this thesis to use metacognition to examine
the nature of consciousness.

Although there is a close relationship between metacognition and consciousness,
these are nonetheless dissociable to some extent. Metacognition refers to consciousness
in terms of the “access of consciousness” that is the ability to be aware of conscious
states as a knowledge but do not account for “the phenomenology of consciousness”
that refers to subjective experience as a feeling (Block, 2011). It suggests that one can
be aware of a state (e.g., I am in a sad mood, I am seeing a green colour) whilst having
no metacognitive process involved in this state of awareness (e.g., Am I sure this is
green?). Similarly, if consciousness does not necessary imply metacognition, several
works have also shown that metacognitive behaviours can occur at the fringe of con-
sciousness. To investigate this issue, an interesting study case is blindsight. The blind-

sight phenomenon occurs when patients are able to detect and identify visual stimuli
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during forced-choice experiments in the absence of conscious awareness of these stim-
uli when they are presented in the blind visual field (e.g., Poppel, Held, & Frost, 1973).
In their commentary, Kentridge and Heywood (2000) report the case of a patient that
had to detect the presence or the absence of a stimulus. During their experimental pro-
cedure they added visual cues which indicate the likely location of the stimuli and which
result in a decrease in reaction time to detect stimuli. When the patient was told that in
2/3 of cases the cue indicated the correct target location, his reaction time to detect the
target was shorter when the cue was indeed correct, even in his blind field. Interestingly,
when instructions changed (when the cue indicated the correct target location in only
1/3 of cases), he was able to have shorter reaction times for incongruent cue/target
trials after several series of trials. This means that even if the explicit information was
not helpful for the patient at first, he was still able to adapt his behaviour to the new
situation through implicit learning. Moreover, the patient was not aware of this change
as he reported being unaware of all targets and cues.

As also stressed by Reder (1987), this example supports the idea that some strategy
selection can occur without any awareness of having used such strategies. Similarly,
patients with a lack of consciousness as in a vegetative state are still able to have adap-
tive behaviours such as learning (Bosco et al., 2009). The same metacognitive function
in the absence of conscious awareness has also been highlighted with error detection
(Charles, Van Opstal, Marti, & Dehaene, 2013). This range of evidence supports the idea
that metacognition is not necessarily a conscious process (Spehn & Reder, 2000). As
for some second-order behaviours, this is incongruent with the idea of a meta-level that
would consciously monitor and control an object-level. It rather suggests the existence
of a loop of cognitive regulation without the involvement of a meta-representation and
the conscious awareness of monitoring and control.

Overall, although metacognition and conscious awareness overlap to some extent,
some manifestations of conscious awareness occur without a metacognitive value (e.g.,
the phenomenology of consciousness) and metacognitive behaviour does not necessar-
ily involve consciousness (e.g., unconscious cognitive control). Overall, it seems that
metacognition can occur at different levels: either with the involvement of introspection
and self-awareness at the extreme case or as a result of changes in behaviours without
conscious awareness. In this thesis, we appealed to these three conceptions of metacog-
nition. Although primary work on metacognition has been developed in the context of
memory with Nelson and Narens (1994) framework, here we point out several limits to

this view of metacognition. We will detail more different forms of metacognition than
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we have drawn out so far, and will classify them according to methods that are used to

measure them.

1.2 Different forms of metacognition

Because of its multidimensional aspect, the expression of metacognition can occur in
various forms. Whilst the classical metacognitive framework distinguishes between
monitoring and control, we will present here metacognition as knowledge that can be
used either for monitoring or for control that is “what people know about cognition in
general” (p. 290; Koriat, 2007). As with many concepts in psychological science, these
forms of metacognition can map onto at least two classical distinctions (for an example
in the memory literature see Richardson-Klavehn & Bjork, 1988). The first focuses on
the type of processes that underlie metacognitive behaviours, either explicit knowledge
or implicit knowledge. Knowledge is said to be explicit when “there is an internal state
whose function is to indicate the content of the knowledge” (p. 737, Dienes & Perner,
1999). Here we propose that some processes use explicit metacognitive knowledge
when a metacognitive state (e.g., being confident in an answer) indicate the content of
the knowledge that can be communicated by explicit statement (“I am confident because
[...]”). Other used knowledge would however be implicit (e.g., the fluency heuristic, see
Chapter 2.

The second distinction relies on the ways metacognition is measured, either direct or
indirect testing. In direct tasks, participants have instructions to have a self-reflection
about a mental process. Conversely, in other paradigms participants are not directly
asked to introspect and evaluate themselves. In these indirect tests, other behaviours
are used to infer metacognitive abilities. This direct/indirect distinction maps onto the
monitoring and control processes described by Nelson and Narens (1994). As monitor-
ing is an online self-assessment during a cognitive task, it necessarily implies a direct
test of metacognition. On the contrary, regulation of cognitive activity and change in
strategies (referring to control processes) are mainly indirect measures of metacog-
nition as they rely on changes in behaviours. Although these two distinctions have
overlaps (words have been often used interchangeably®), we suggest that some forms of
metacognition based on explicit knowledge can occur during indirect testing (although

the above indirect tests are mainly underpinned by implicit knowledge see Table 1.1).

3Note that French translations of these notions are even more confusing as both monitoring and
control have been translated in “contréle”. The word “surveillance” also occurred sometimes but it is
also a synonym of control.
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Conversely, as we will see direct tests of metacognition benefit from the influence of
both explicit and implicit knowledge. Direct tests of metacognition will be detailed in
Chapter 2, as they are the core measures used in this thesis.

The implicit/explicit distinction in metacognition has been similarly suggested as a
dual view of metacognition. The classical ‘dual process’ or ‘dual system’ framework has
been extensively developed in cognition (Evans, 2008; Stanovich, 1999). It distinguishes
between a “system 1” or “type 1 process” referring to processes that are supposed to be
automatic, fast, non-conscious, associative, and effortless and a “system 2” or “type 2
process” that is supposed to include process that are more controlled, slow, conscious,
declarative, and require more effort. According to Shea etal. (2014), one can distinguish
between the “intra-personal cognitive control” as a “system 1” metacognition and the
“supra-personal cognitive control” as a “system 2” metacognition.

Finally, we make a third distinction in terms of access of conscious states that are
involved in these metacognitive behaviours. To do so, we use the distinction made by
Schooler (2002) who distinguishes between meta-conscious, conscious, and non-conscious
processes. Nonetheless, because consciousness is often proposed to refer to subjective
experiences which has the subject as referential (e.g., Frith, 2019), we will not use the
term “processes” but rather the term of “state” to refer to this third category. As such, we
distinguish between meta-conscious, conscious, and non-conscious states. This third
classification overlaps with the explicit/implicit distinction and the direct/indirect dis-
tinction without matching perfectly with one or the other. Table 1.1 summaries our

proposal.

1.2.1 Direct tests of metacognition

Direct tests of metacognition are situations where participants are directly asked to
have a self-reflection about a cognitive activity and refer mainly to metacognitive judge-
ments or decisions. As these judgements are the main focus of this thesis, the different
existing paradigms will be detailed in Chapter 2 and we will here focus on processes that
are supposed to be involved in such judgements and decisions. As suggested by Arango-
Mufioz (2011) one can distinguish between two types of metacognitive processes that
are at play in direct measures: high-level and low-level metacognition (see also in Chap-
ter 2 the distinction between information-based and experience-based metacognition,
Koriat, 1997. These two levels of metacognition have also been linked to the “system

1”/”system 2” distinction described above (Arango-Muifioz, 2011; Dokic, 2014).
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Table 1.1: Proposal of classification for types of metacognitive tests
according to the type of test (direct and indirect), type of knowledge
(explicit and implicit), and state of consciousness (meta-conscious,
conscious, non-conscious). The different metacognitive judgements will

be detailed in Chapter 2.
DIRECT TESTS INDIRECT TESTS
Metacognitive judgements Other tasks
Confidence judgements Opt-out paradigms
Judgements-of-learning Re-study choice
Feeling-of-knowing Study time allocation
Ease-of-learning Post-decision wandering
Confidence forced-choice Other manifestations
Facial expressions
EXPLICIT KNOWLEDGE IMPLICIT KNOWLEDGE
High-level metacognition Low-level metacognition
Information-based Experience-based
Beliefs, theories, concepts Epistemic feelings
"System 2" "System 1"
slow and analytic fast and based on heuristics
META-CONSCIOUS CONSCIOUS NON-CONSCIOUS

High-level metacognition

High-level metacognition refers to the highest degree of self-reflection about our cog-
nitive abilities. Therefore, it involves a meta-level, a re-representation of the cognition,
and theories or beliefs about the nature of the cognition. In that sense, it is associated
with meta-consciousness that is the “explicit awareness of the content of conscious-
ness” (p.339; Schooler, 2002). This type of metacognition can be easily pictured in the
following example: a student has to learn a list of words in a foreign language. At some
point during the learning process, she notices that a word is more difficult to learn. Such
evaluation is a metacognitive judgement as it refers to a representation of the cognitive
activity and can be based on belief related to memory (e.g., words with more than three
syllables are difficult to learn). Therefore the thought “I believe that this word is more
difficult to learn” has a meta-representational and conceptual structure.

High-level metacognition is underpinned by explicit knowledge that is supposed (as
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with all explicit knowledge) to be verbally accessible and reportable (Dienes & Perner,
1999). Such knowledge has a function of representation of the content and can be
intentionally used in metacognitive behaviours such as in the above example. Accord-
ing to Flavell (1979), this knowledge or theory about cognition (“metacognitive knowl-
edge”) is related to the task (e.g., “recognizing a word is easier than recalling it”), the
strategy (e.g., “I will remember better if I write the words I have to learn”), and the
person (e.g., “I live in Europe so I know more countries in Europe than states in the
United States of America”). This last class of belief is interesting because Flavell (1979)
suggests that it can refer to both the subject and other people. Therefore, there is a co-
existence of self-oriented and other-oriented theories. According to this view, high-level
metacognition can be seen as a self-oriented mindreading ability Carruthers (2009).
Mindreading is this capacity to “represent the mental states of the people around us”
(p.121; Carruthers, 2009) and allows the ability to have a theory of mind. Studies in
infancy have shown that there is a developmental co-occurrence for mindreading and
high-level metacognition (see Gopnik, 1993). The idea that high level metacognition
has similarities with mindreading is also supported by neuroimaging findings. Vaccaro
and Fleming (2018) performed a meta-analysis of 47 MRI studies using metacognitive
judgements and found common engagement of regions in the prefrontal cortex when
they compared their work to meta-analyses of the neural correlates of mindreading.

As these beliefs and theories are also about the subject herself, metacognitive judge-
ments also involve self-awareness and self-efficacy (Bandura, 1977; Borkowski, Carr,
Rellinger, Pressley, et al,, 1990). There is a self-perspectival aspect to this type of metacog-
nition that implies self-consciouness (Metcalfe & Son, 2012). According to Rosenthal
(2000) and the “high-order thought” (HOT) theory, high level metacognition allows con-
sciousness. As it states: “one is conscious of one’s conscious states because every such
state is accompanied by a high-order thought to the effect that one is in that state”
(p-270-271). From our point of view, high-level metacognition pertains to meta-conscious
states as it involves a meta-representational structure. On the contrary, from a HOT
point of view, this type of metacognition actually allows conscious states. Again, it is not
a direct aim of this thesis to use metacognition to examine the nature of consciousness,
however we will discuss further implications in terms of consciousness in the General
Discussion (Chapter 7).

Finally, and because of its relationship with self-awareness, metacognitive tasks have
been largely used with neurological and psychiatric populations (for a review of metamem-

ory in neurological population see Pannu & Kaszniak, 2005). It is a useful framework
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in order to explore the degree of disease and symptom awareness that these patients*
have. Metacognitive deficits have been found in patients with psychiatric symptoms (see
Hoven et al,, 2019 for a review) and multiple metacognitive processes emerge according
to psychiatric symptoms dimensions in healthy adults (Rouault, Seow, Gillan, & Fleming,
2018).

Low-level metacognition

In contrast with high-level metacognition, low level metacognition does not depend on
conceptual representations and self-reflection but rather on subjective feelings. These
feelings can be feelings of doubt, of knowing (Hart, 1965), of certainty (Ha, Haury, &
Nehm, 2012), of rightness (Thompson & Morsanyi, 2012), and of familiarity (Whittle-
sea, 2001). In terms of access to consciousness, low-level metacognition has a partic-
ular status where the process involved in subjective feelings are largely unconscious,
however the output of such processes result in a conscious state in a way that it is
accessible to the person but does not involve reflexive cognition (Koriat, 1993)). Low-
level metacognition is therefore based on processes based on implicit knowledge (such
as heuristics) but the feeling is conscious and these experiences “allow some degree
of personal control over processes that would otherwise influence behaviour directly
and automatically, outside the person’s consciousness” (p.315; Koriat, 2007. Therefore,
low-level metacognition involves conscious states. These subjective feelings are named
“epistemic feelings” (de Sousa, 2008) or “noetic feelings” (Dokic, 2014) as they have an
informative value about the state of the system. As suggested by Arango-Mufioz (2011),
“the feeling itself is metacognitive in a sense of being directed towards a mental dispo-
sition [...], but the content of the epistemic feeling that determines decision-making is
non-conceptual and thus not meta-representational” (p.77). Conversely, these feelings
are based on heuristics that are most of the time non accessible to participants (e.g., the
fluency heuristic, which is manipulated experimentally in Chapter 6).

Nonetheless, as with beliefs and theories, these feelings have been shown to influ-
ence subjective report of metacognition (e.g., experience-based metacognition, Koriat,
2007; see Chapter 2) and feelings seem to be a basis for judgements in a broader sense

(Greifeneder, Bless, & Pham, 2011). Therefore, direct tests of metacognition such as

4Appendices focus on this question. Appendix A provides a brief overview of the use of the
metacognitive framework in neurological populations and reviews work conducted during the thesis
related to metacognition and self-awareness in Multiple Sclerosis. Appendix B proposes an experimental
protocol that investigates metacognitive judgement in Multiple Sclerosis across memory and executive
functions. Appendix C focuses on metacognitive judgements for short-term memory in Alzheimer’s
disease.
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metacognitive judgements are based on both high-level and low-level metacognition.
For instance, a judgement of confidence can be the result a feeling of rightness and a
conceptual self-evaluation of the situation based on beliefs and theories. Because the
two types of metacognition occur in metacognitive judgements, some patients can have
a pattern of performance where some judgements are impaired despite other are spared
as they can be performed using mainly low level metacognition (e.g., fractionation of

metacognition in Alzheimer’s disease, Souchay, 2007).

1.2.2 Indirect tests of metacognition

In indirect tests, participants are not directly asked for a self-evaluation of their own
function but measure other behaviours that are used to infer metacognition. These tests
have been largely used in situations when verbalisation is not (or is less) possible, such
as with children, populations with cognitive impairments, and in non-human animals
studies. We propose that these tests are mainly driven by implicit knowledge. Itis a form
of metacognition that Proust (2003) calls the “know-how to decide” and is proposed to

generate conscious feelings, but the latter remain epiphenomenal (Dokic, 2014).

Evidence in human animals

Indirect tests of metacognition in humans have been often presented as measure of
metacognitive control because they refer to the way participants modify their behaviour
in the task. However, as we have suggested in the beginning of this section, in order to
have efficient control, one must have an accurate monitoring (even if it is implicitly rep-
resented and sometimes non-conscious). In these tasks, we can infer that participants
have some knowledge about a particular aspect of the task in their behaviour. Mainly
used in visual perception tasks, authors sometimes focus on opt-out paradigms (Kiani
& Shadlen, 2009). In these tests, participants have the opportunity to not responding
in a trial if they are not confident enough in their choice. Therefore, metacognition
is embedded in the first-order decision and not performed sequentially as an explicit
judgement. In memory, when there are two tests using the same material, it has been
shown that participants allocate more time to re-study an item that they did for previ-
ously unrecalled item leading to the idea that they have some knowledge about previous
failure (Son & Metcalfe, 2000).

Most of the time, the access to consciousness in these tasks is limited. In humans,

successful performance on these tasks can be associated with both conscious states
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and unconscious states. In this later case, Schooler (2002) proposes that it is a type
of tacit-monitoring which is a monitoring of a conscious state (e.g., a perceptual deci-
sion) that occurs non-consciously, continuously, and is involved in checking for failures.
However, some of these tests can also involve conscious states such as feelings. As with
low level metacognition, these feelings are conscious although processes underpinning
these feelings are based on implicit knowledge (and are not available for conscious
report).

Other more spontaneous behaviours can be used to infer the presence of metacog-
nition in humans. A useful framework to investigate this question is to focus on pa-
tients that exhibit self-awareness disorders. With these patients there is often a classical
pattern where they exhibit impairments in direct tests and preserved in more indi-
rect paradigms. Thus, patients with Alzheimer’s disease have shown some deficits® in
metacognitive judgements (see Souchay, 2007, for a review) despite other manifesta-
tions of implicit metacognitive knowledge. Whilst overestimating their performance on
a memory task, Alzheimer’s disease patients exhibit congruent failure/success facial ex-
pressions as it is the case for controls (Mograbi, Brown, Salas, & Morris, 2012). Similarly,
if patients with hemiplegia that deny their motor deficit are presented heavy objects
that usually need two hands to be carried, it is a means of assessing indirectly if their are
aware of their difficulties. Some patients with such difficulties are able to switch their
hand to the midpoint of the object which is necessary to correctly carry the object using
one hand (Moro, Pernigo, Zapparoli, Cordioli, & Aglioti, 2011). This adaptive behaviour
suggests that patients have some implicit knowledge about their deficit despite being
able to verbally and explicitly reporting them. To account for this phenomenon, Mograbi
and Morris (2013) labelled this “implicit awareness" that they define as an “indirect
demonstration of some level of knowledge about a deficit” (p. 181). Overall, indirect
tests of metacognition in humans allow the assessment of metacognitive abilities with
non-verbal populations (e.g., preverbal infants, Goupil & Kouider, 2016) or patients for

whom direct tests are less appropriate.

Evidence in non-human animals

A large body of work focuses on the assessment of metacognition in non-human ani-
mals. As these studies exclusively focus on behavioural observations, they necessarily

imply the use of indirect tests. We suggest that these studies mainly reflect the use of

SThese deficits relate to notion of accurate (or rather inaccuracy in the present case) of metacognitive
judgements that will be developed in Chapter 2.
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implicit metacognition however we let as an open question the possibility that some
manifestation of explicit components occur during these indirect tasks.

One of the first studies focusing on this question was carried out with dolphins (Smith
etal, 1995) in a tone discrimination task. Dolphins had to categorize a sound as either
a 2,100 Hz tone or another tone, however they could also use a third option when they
were not sure of the answer. As this third option was chosen for the most difficult trial
(tone that where close to 2,100 Hz), the authors suggested that dolphins were able to
evaluate their level of confidence in a response. This paradigm has been extensively
used in animal metacognition studies, and is a form of opt-out paradigm. In these proto-
cols, participants are typically asked to make simple decisions. When they are uncertain
in their answer, they can choose to skip the trial. This paradigm is especially interesting
as it has been used in both humans (Gherman & Philiastides, 2015) and non-human
animals. For instance, macaque monkeys were presented dot motion stimuli and had
to categorise the direction of the motion (Kiani & Shadlen, 2009). As for dolphins, they
selected the opt-out option for stimuli with a higher visual noise level (stimuli with the
most uncertainty). Critically, monkeys were able to adapt their behaviour according to
the situation. The opt-out option was presented in only half of the trials and perfor-
mance was lower when the opt-out was not available suggesting that monkeys did not
just categorise stimuli with high noise as a third category.

An interesting case is whether non-human animals are able to judge the quality of
their memory. Because such evaluations are about an internal state it is therefore less
susceptible to suffer from the “third option” categorisation as is the case in visual per-
ception. In a perceptual task it is possible that the animal uses surface characteristics of
an “objective difficulty” of stimuli (i.e., visual noise level) to categorise it in a dimension
which is about the percept rather than the difficulty itself. As such, they would cate-
gorise stimuli with higher noise as a third type of stimuli. In memory, this is presumably
less of an issue since the object of the evaluation is not a stimulus in the environment
to be classified, but the outputs of a cognitive process. Kornell, Son, and Terrace (2007)
used an animal version of post-decision wagering paradigm for a memory recognition
task. This study is particularly interesting as the first-order task is memory and that
the paradigm used is not likely to suffer from the third-option categorisation. Rhesus
monkeys were presented samples of pictures to learn. After this presentation, nine
pictures appeared on the screen containing one that had been presented before and
monkeys had to identify by touching the screen. Then, monkeys had to choose between

two options. The first one was bet with high risk where monkeys received three tokens
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that they can exchange for food is the answer was correct. In the case of incorrect
responses, they lost three tokens. In the second option, the bet was a low risk bet where
monkeys received a small (one tokens) but sure reward. Results revealed that monkeys
chose the high risk bet more often when their response was correct in comparison to
the low risk bet suggested an abilities to accurately evaluate their memory.

Although the literature in animal metacognition is growing, it is often debated in the
same manner as more non-conscious form of metacognition in humans (tacit-monitoring).
Forinstance, it has been suggested that associative learning can also explain behaviours
described above and does not necessary therefore imply metacognition (Smith, Beran,
Couchman, & Coutinho, 2008). However, as noted by Kentridge and Heywood (2000),
“implicit learning of a novel schema may not involve metacognitive regulation per se.
Substitution of one automatic process by another as a result of the inadequacy of the
former as circumstances change does, however, clearly involve metacognition” (p. 308).
The idea that metacognitive processes might be underlined by a form of implicit learn-
ing raises the question of the kind of behaviours we shall consider as metacognitive
behaviours. Thus, these behaviours do not need an awareness level and are consider
as anoetic metacognition that is stimulus-driven (Metcalfe & Son, 2012). Even though
they might imply such awareness, the parsimony principle leads us to consider them as

mainly non-conscious.

1.3 Summary

Research to date has shown the diversity of metacognition. Fundamentally represen-
tational and associated with access to consciousness, behavioural evidence has also
shown different forms of metacognition. As such, some behaviour that do not necessar-
ily imply high-order representations are also metacognitive in essence. In that sense,
metacognition pertains to “moderate representationalism” in a sense that metacogni-
tion can “represent a first-order state, but without representing the fact that this state
has a certain representational function” (p. 6, Beran, Brandl, Perner, & Proust, 2012).
The cognitive state is therefore implicitly represented though the use of heuristics (e.g.,
fluency, see Chapter 5) that are largely non-conceptual. Moreover, second-order judge-
ments are about internal states but do not necessarily imply the use of a self-reflexion
involving self-consciousness as these can by driven by implicit knowledge and heuris-
tics (low level metacognition). By its functional definition of monitoring and control of

cognitive activity, metacognition results in a large range of judgments and behaviours.
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These can be based on either explicit knowledge with the involvement of introspection
and self-awareness in extreme cases or can be based on more implicit knowledge as a
result of changes in behaviours without conscious awareness.

Other useful classifications of metacognition have been made. For instance, Metcalfe
and Schwartz (2016) highlight the discrepancy between manifestations of metacogni-
tion in the laboratory (the way it is studied) and manifestations in real life (which they
call spontaneous metacognition). They argue that whilst the study of metacognition
mainly focuses on explicit reports about the monitoring of responses that can be ei-
ther correct or incorrect, metacognition that occurs spontaneously “indicate[s] that the
knowledge base is wrong, that one has misunderstood, that one does not know what one
thinks one knows, or one is unable to smoothly and fluently retrieve the solution one
needs”. This distinction echoes an existing distinction in memory between voluntary
explicit memory and involuntary explicit memory (Richardson-Klavehn & Bjork, 1988).
It directly raises the question of the function of metacognition in daily life that can be
seen as a signal supposed to inform the cognitive system of a specific failure.

This thesis focuses on direct tests of metacognition. As we will see in chapter 2,
these tests and especially metacognitive judgements have been particularly studied in
the metacognition for memory tasks and visual perceptions tasks namely metamemory
and metaperception. We will investigate metacognitive judgements across different
cognitive domains (e.g., visual perception, memory, etc.) in order to observe if common
resources are involved in different domains for the same measure (Chapter 4) and for
several measures (Chapter 5). Then, we will turn to processes that are involved in
these direct tests and will investigate the role of heuristics and especially the fluency
heuristic (low level metacognition) as a potential domain-general process (Chapter 6;
for an introduction to the domain-generality and domain-specificity debate see Chapter

3 Section 1).
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Chapter 2

A comparison of the field of

metaperception and metamemory

etacognition is a broad construct and can therefore be applied to different cogni-
Mtive domains’® (e.g., memory, visual perception, language, etc.). In the memory do-
main, metacognition (metamemory) developed from direct applications. For instance,
many studies evaluate confidence in the context of eyewitness memory (e.g., Perfect &
Hollins, 1996) or focus on the evaluation of self-knowledge in learning with students
(e.g., Veenman, Van Hout-Wolters, & Afflerbach, 2006) or the degree of disease aware-
ness in patients (e.g., Alzheimer’s disease; Souchay, 2007). More recently, second-order
behaviours have also been used to evaluate the state of consciousness associated with a
cognitive function especially in perception (metaperception; e.g., Cheesman & Merikle,
1986). From this point of view, measuring metacognition allows a better understanding
of the level of consciousness people have about their cognition and how it can be used to
regulate cognitive activity. As such, two fields of metacognition that we aim to compare
in this chapter emerge: metamemory and metaperception. Because this thesis focus on
potential common metacognitive resources involved in different domains, we propose
both a methodological and a theoretical comparison of these two fields of metacogni-
tion. In particular, we aim to produce a synthesis of metamemory and metaperception

given that these two literatures have developed somewhat separately.

2.1 Methodological comparison

We distinguish two methodological aspects. Firstly, we label “measures of metacogni-
tion” what is recorded in the participant’s behaviour directly in relation with the task.

We only report here direct tests of metacognition. Secondly, we refer to “quantification

ISee the notion of cognitive domain in more details in Chapter 3 section 1.
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of metacognition” for metacognitive indices that can be calculated from these measures

namely metacognitive sensitivity and metacognitive bias.

2.1.1 Measures of metacognition: direct tests

These direct tests of metacognition are mainly metacognitive judgements and metacog-
nitive decisions. Metacognitive judgements are termed second-order behaviours as they
are ‘about’ a first-order task. Thus, they are performed during a cognitive task (e.g., a
memory task, a visual perception task, etc.) and for each trial of the task. The metamem-
ory literature distinguishes two types of metacognitive judgements according to the
moment when they are made (e.g., Dunlosky, Mueller, & Thiede, 2018): prospective
judgements are a prediction of a future performance whereas retrospective judgements
focus on a previous performance.

An extensively-studied type of prospective judgement in memory is Judgements-Of-
Learning (JOL; Arbuckle & Cuddy, 1969). JOLs are performed in episodic memory tasks
during the encoding phase (Figure 2.1). In this paradigm, participants have typically to
learn pairs of words; a cue that will be presented to the participant during the recall
phase and a target that they will have to remember. For each pair of words, participants
have to make a JOL referring to their ability to remember the target in the future recall
test. Their response can be either dichotomic (“yes, I will recall the target” or “no, I
will not recall the target”) or using a several-point certainty scale from ranging from
0% (“I am certain that I will not recall the target”) to 100% (I am certain that I will
recall the target). Moreover, these judgements can be performed either when partici-
pants encode the to-be-remembered stimuli (immediate-JOLs) or after a first encoding
(delayed-JOLs).

Another type of prospective metacognitive judgement that has been largely studied
in the metamemory literature is the Feeling-Of-Knowing (FOK). In experiments, FOKs
refer to the predictions of future stimulus recognition when this stimulus has not been
recalled. They are a special kind of judgement in that they are cued by a retrieval at-
tempt, but pertain to future performance, being therefore defined as prospective judge-
ments. In the episodic FOK (eFOK) paradigm (Schacter, 1983; Souchay, Isingrini, &
Espagnet, 2000), participants typically learn cue-target paired-words. In a recall phase,
a cue word is presented and the participants have to recall the target word. In the case
where participants are not able to remember the stimulus, they predict if they think they
will be able to recognize this particular word amongst a set of words. This prediction is

the FOK. Finally, participants perform the recognition task. In the semantic FOK (sFOK)
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1- Encoding phase

LAKE - boat HOUSE - garden ANAGRAM - letter

JOL JOL JOL

= Will you remember « Will you remember
the target? » the target? »

= Will you remember
the target? »

2- Recall phase

Figure 2.1: Example of the JOL paradigm. Participants learn pairs (e.g.
LAKE - boat, and are later cued with the word ‘boat’ and are asked to
predict their later performance.

paradigm (Hart, 1965; Nelson, 1990) instead of learning paired-words, word definitions
or general knowledge questions are presented to the participants and they have to recall
the word referring to this definition. As in the eFOK task, they make FOKs if they are
not able to find the correct word, and perform a recognition task (see Figure 2.2 for an
example of both paradigms). Although often classified as a prospective judgement, they
are made after a retrieval attempt therefore having a retrospective dimension.

Alast class of prospective judgements in metamemory is the Ease-Of-Learning judge-
ment (EOL; Underwood, 1966). In this less-utilised paradigm, participants typically
have to say how easily it will be to learn a to-be-remembered item. Therefore, these
judgements are made before or during the encoding phase.

Contrary to prospective judgements, there is only one type of retrospective judg-
ment which is the RC]J. This is used in both the metamemory and the metaperception
fields. RCJs refer to the level of confidence that a participant has in a given answer using

a multiple-point scale. As they can be performed for any kind of answer they have been
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SEMANTIC MEMORY EPISODIC MEMORY

1- Recall phase 1- Encoding phase 2- Recall phase

? -letter

What is the capital of Peru?

FOK

FOK
ANAGRAM - letter « Will you recognize

« Will you recognize the target? »
the target? »

2- Recognition phase 3- Recognition phase

What is the capital of Peru? ? - |etter

Buenos Aires Lima Anagram Acronym

La Paz Santiago Synonym Word

Figure 2.2: Examples of eFOK and sFOK paradigms.

the main judgment used in cross-domain comparative studies (see Chapter 4).

RCJ are the most used metacognitive judgement in the metaperception field and
only a few studies in this domain have focused on prospective judgements. In the few
works on prospective judgements in perception, a prospective judgement is not oper-
ationalised in the same way as for memory (where the study-test phases provide the
possibility of predicting performance on an upcoming test or decision). In metapercep-
tion, the prospective judgement is not strictly a prediction before having encountered
the trial, but a judgement made just before the motor response of the first-order deci-
sion, and with all the on-screen information necessary to perform the task (Siedlecka,
Paulewicz, & Wierzchon, 2016; see Barthelme & Mamassian, 2010 for a similar example
using other metacognitive decision). That is, participants first give their level of confi-
dence, and then commit to a decision.

In metamemory, retrospective and prospective judgements have been shown to dif-

fer in terms of their accuracy: participants are less able to do not discriminate between



Chapter 2. A comparison of the field of metaperception and metamemory 21

correct and incorrect responses in prospective judgements (i.e., metacognitive sensitiv-
ity, see next section for details) compared to retrospective judgements (e.g., Kelemen,
Frost, & Weaver, 2000) as more information is available after task completion. Nonethe-
less, prospective judgements remain overall accurate. To the best of our knowledge,
only Fleming, Massoni, Gajdos, and Vergnaud (2016) used prospective judgements in
perception that are close to the metamemory definition. In their experiment, partic-
ipants performed a typical dot-density discrimination task followed by RCJs for each
trial. Every fifth trial, they had to give their confidence on their ability to discriminate
correctly the next trial. The comparison between the two types of judgements showed
that prospective judgements in visual perception decision making do not discriminate
between correct and incorrect responses. This result points to a first difference between
the metamemory field and the metaperception field.

All these judgements can be performed on different scales and it is also interesting to
compare the scales that are used across fields. In the metamemory literature, a common
approach is to ask people to judge on a percentage scale ranging from 0% to 100% with
multiple steps (e.g., Finn & Metcalfe, 2007). Other works also use dichotomic judge-
ments (e.g., Will you retrieve the correct answer? yes/no”; Souchay & Isingrini, 2012).
In the metaperception field, RCJs are usually on a 4-point or 6-point scale and rarely
use percentage (e.g., Fleming et al,, 2015; Song et al,, 2011, although see Fleming et al,,
2016).

A few studies have considered whether these different types of scale influence the
results. Tunney and Shanks (2003) compared two types of metacognitive scale in artifi-
cial grammar learning. After an encoding phase where participants had to learn strings
that obey to one of two proposed rules, they had to classify the strings according to
the rule they should obey. After each classification, participants had to judge their level
of confidence using either a dichotomic scale (high or low confidence) or a continuous
scale from 50% (referring to random responses for the first-order task as it was a 2-
alternative force choice task; 2AFC) to 100% (the highest level of confidence). The
authors found that the point scale was a better predictor of the task performance. Di-
enes (2007) reproduced this experiment and found the opposite result. However, task
difficulty was not the same in the two experiments and it is possible that scale use was
different according to this variable. He also proposed an experiment which compared
six different scales and no difference between them was highlighted. Thus, although few

studies focus on the scale question, it seems that differences are minor.
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Inthefield of metaperception other direct tests of metacognition exist that can be de-
fined as metacognitive decision. For instance, in the confidence forced-choice paradigm
(Barthelme & Mamassian, 2010; de Gardelle & Mamassian, 2014; de Gardelle, Le Corre,
& Mamassian, 2016), participants have to select the stimulus they feel is more likely to
be correct for each trial. Metacognition refers here to the comparison of the first-order
performance for stimuli that were chosen (i.e., associated with confidence) and those
that were not chosen (i.e., associated with no confidence). These decisions are often
used to assess uncertainty (that is seen as the inverse of confidence, Meyniel, Sigman, &
Mainen, 2015) in perception. As suggested in Chapter 1, such evaluation of the reliabil-
ity of the signal during the decision process can be used in order to control behaviours
(e.g., modifying decision-making; Bach & Dolan, 2012). It is therefore seen as metacog-
nitive component. Although such a method pertains to direct test of metacognition, we
do not consider them as metacognitive judgements as these judgements imply a by-trial
evaluation and not a cross-trial comparison.

Finally, a last class of direct test refers to error-detection paradigms. Also mainly
used in visual perception tasks, participants are often aware of their own mistakes (e.g.,
Rabbitt, 1966). These protocols are very similar to the RCJs one as a first-order decision
is performed followed by a second-order questions such as “did you make an error?”.
On the contrary to RCJs paradigm where reaction time (RT) for the first-order decision
is not necessarily controlled, error-detection protocols are most of the time pressure
tasks. Although works dedicated to RCJs and error-detection have been developed sep-
arately, they now tend to converge and common frameworks have been proposed (e.g.
Yeung & Summerfield, 2012).

As reported here, there is a wide range of direct tests of metacognition. The fo-
cus of this thesis is metacognitive judgements (both prospective and retrospective) as
they have been the most studied in the metaperception and the metamemory field.
We highlighted that prospective judgements have been mainly develop in context of
memory tasks (especially episodic memory) whereas these judgements are less present
in perception. Moreover, that retrospective judgements are always more accurate than
prospective judgements regardless of the field, these latter judgements being completely
inaccurate in visual perception tasks. One of our aims here will be to compare these two
kinds of judgements in visual perception tasks and episodic memory tasks (see Chapter
5 and Chapter 6).
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2.1.2 The quantification of metacognition

Several methods exist to quantify metacognition in relation with the experimental de-
sign used to measure it. However, here we exclusively focus on the methods that can be
applied to metacognitive judgements. As they have an evaluative value, the core notion
is the accuracy of these judgements that is if they are related to the task performance.
As mentioned above, two aspects of metacognition can be separated: bias (or absolute
accuracy) and sensitivity (or relative accuracy). When reviewing the metacognitive lit-
erature, we can notice that these two notions have slightly differences according to the

field of metaperception or metamemory.

Metacognitive sensitivity

Regarding metacognitive sensitivity, definitions across the fields converge toward the
idea that it refers to the ability to discriminate between correct and incorrect responses.
The calculation of such a simple notion has been widely discussed and reviewed (Bar-
rett, Dienes, & Seth, 2013; Benjamin & Diaz, 2008; Dunlosky et al., 2018; Fleming &
Lau, 2014; Masson & Rotello, 2009; Sherman, Barrett, & Kanai, 2015). We here briefly
review the most used methods according to the respective field of studying metacog-
nition. The memory literature has mainly relied on Goodman-Kruskall gamma corre-
lations (Kruskal & Goodman, 1954; Nelson, 1984), non-parametric correlations com-
paring the number of concordant judgements (a high confidence for a correct response
or a low confidence for an incorrect response) and discordant judgements (a high con-
fidence for an incorrect response or a low confidence for a correct response). There
has been plenty of discussions of the suitability of this measure and even Nelson him-
self (Nelson, 1988) found split-half reliability of only p = -0.02 for 110 general knowl-
edge FOK items. Moreover, it has been shown that gamma correlations are sensitive
to metacognitive bias leading to interpretation problems when comparing two groups
with different biases (Masson & Rotello, 2009). To avoid such a confounding factor,
other methods have turned to signal detection theory which is known to assess inde-
pendently bias and sensitivity (Green, Swets, et al,, 1966).

We can separate between the Type 1 SDT which refers to discrimination in the first-
order task and the Type 2 SDT referring to the discrimination between correct and
incorrect responses about the first-order performance. In Type 1 SDT, d’ refers to the
ability to discriminate between different states of the world (i.e., signal and noise). This

parameter can be calculated as d’ = z(hits) —z(false alarms), where z is the inverse of the
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cumulative normal distribution function, hits are the proportion of ‘signal’ responses
when signal is present, and false alarms are the proportion of ‘signal’ responses when
noise is present (assuming Gaussian distribution for signal and noise with equal vari-
ance. The same logic can be applied for a second-order task. In Type 2 SDT, the sen-
sitivity parameter can be calculated as Type 2 d’ = z(H2) --z(FA2), where H2 are the
proportion of ‘high confidence’ responses when first-order decision in correct, and false
alarms are the proportion of ‘high confidence’ responses when the first-order decision
is incorrect (see Table 2.1). However, this method also assumes that distributions of
correct and incorrect responses are Gaussian with equal variance, which is rarely the
case (Galvin, Podd, Drga, & Whitmore, 2003). Therefore, a suitable solution is to use
non-parametric methods for metacognitive sensitivity. With multipoint rating scales, it
is possible to construct a Type 2 receiver operating characteristic (ROC) curve (Figure
2.3A) in which each point of the confidence scale allows a separation between ‘low con-
fidence’ and ‘high confidence’ according to the correctness of the Type 1 response (H2
rate and FA2 rate). Then, it is possible to calculate the area under this Type 2 ROC curve
(AUROC2) as an index of metacognitive sensitivity. AUROC2 can be interpreted akin to
a proportion of discrimination between correct and incorrect responses regardless of
metacognitive bias: an area equal to 0.5 suggests that second-order performance is at
chance and 1 refers to perfect metacognitive sensitivity (Benjamin & Diaz, 2008; Galvin
etal., 2003).

Table 2.1: Type 2 SDT and classification of responses.

Type I decision High confidence Low confidence

Correct Type 2 hit (H2) Type 2 miss (M2)

Incorrect Type 2 false alarm Type 2 correct
(FA2) rejection (CR2)

Although this method has been largely used to quantify metacognitive sensitivity in
metaperception in the visual modality (e.g., Ais, Zylberberg, Barttfeld, & Sigman, 2016;
Fleming, Weil, Nagy, Dolan, & Rees, 2010; Song et al., 2011; Weil et al,, 2013) or tac-
tile modality (e.g., Whitmarsh, Oostenveld, Almeida, & Lundqvist, 2017) and also in
metamemory mainly for RCJs (e.g., Higham, 2007; Higham, Perfect, & Bruno, 2009) but
also JOLs (e.g., Benjamin & Diaz, 2008; Masson & Rotello, 2009), some methodological
concerns arise. Galvin et al. (2003) showed that AUROC2 are sensitive to both d’ and
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Figure 2.3: (A). Example of a AUROC2 where each point refers to the H2
rate (the probability to give high confidence for correct responses) and
FA2 rate (the probability to give high confidence for incorrect Reponses).
Thus, the number of point is N-1 points of the metacognitive rating scale.
(B) Calibration curves. Estimated probabilities are each judgement scale
points. The upper curve refers to underestimation and the lower curve
refers to overestimation of performance. Reprint from Fleming and Lau
(2014).

Type 1 criterion. As such, metacognitive sensitivity proved to be greater for higher
first-order performance. This can be intuitively appreciated in the extreme case of a
participant performing a recognition task at chance. In thus example, correct responses
rely on random effects and the participant should have an inability to introspect on
these correct responses (although see Blind insight effect using Type 2 d’; Scott, Dienes,
Barrett, Bor, & Seth, 2014) and therefore have a low metacognitive sensitivity (Flem-
ing & Lau, 2014). Figures 2.4B and 2.4C propose examples of how d’ value can affect
the proportion of H2 and FA2 (and therefore AUROC2). Let us suppose an unbiased
observer performing a 2AFC task with confidence judgements on a 3-point scale. Her
Type 1 criterion, ¢ = 0, meaning that she has no tendency to give one response more
than the other. For each response “S1” or “S2” there are two Type 2 criteria delimiting
the level of confidence associated with the response (Figure 2.4A). For instance, if the
internal response falls over the second c; «so- the associated confidence rating is 3. As
suggested by Figure 2.4B and 2.4C, the proportion of H2 and FA2 changes according to
d’ for the same values of c and c,. When d’ is large (Figure 2.4B) the proportion of FA2 is
different from O only when confidence equals 1 (an “S2” response for a S1 presentation

corresponding to the hatched area). However, when d’ is lower (Figure 2.4C, the distance
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between mean S2 distribution and c has been shortened), a greater proportion of FA2
appears for a confidence level of 2 (corresponding to the red hatched area). AUROC2
is therefore smaller in this condition. Thus, when task performance is likely to differ
across participants (e.g., memory tasks which have high between-subject variability) or
group comparisons (e.g., patients vs. controls) spurious differences in metacognitive
sensitivity may emerge driven by variation in first-order task performance, rather than

metacognitive capacity itself.
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Figure 2.4: (A). SDT plot for a discrimination task between stimuli S1 and
S2. The x axis is the internal response and participants answer “S1” when
the internal response falls under the Type 1 criterion (c) and “S2” when
it falls over c. The d’ value refers to the ability to discriminate between
S1 and S2 stimuli (the distance between the two distribution) and c2
are the responses-specific Type 2 criteria (confidence ratings being a 3-
point scale in this example). (B). SDT plot for “R2” responses for a large
d. The proportion of FA2 is different from O only when confidence = 1
(grey hatched area). (C). SDT plot for “R2” responses for a small d. The
proportion of FA2 is different from O when confidence = 1 (grey hatched
area) and confidence = 2 d’ (red hatched area).

One recent measure that achieves this control is metacognitive efficiency, meta-d’/d".
The meta-d’ framework models the relationship between performance and metacogni-
tion where meta-d’ is defined as the Type 1 d’ that would lead to the observed Type 2
ROC curve in the absence of noise or imprecision in confidence estimates (Maniscalco
& Lau, 2012). Because of the relationship between Type 1 and Type 2 performance, it
possible to determine the shape or the Type 2 ROC curve given a particular d’ Type 1 cri-
terion (Galvin et al,, 2003). This AUROC2 refers to the ideal metacognitive sensitivity for
given tasks information. The idea of meta-d’ is to reverse this relationship by computing
the observed Type 2 ROC curve for a participant (i.e., assuming that this ROC curve is his

or her ideal curve) and expressed it in term of Type 1 parameter (meta-d’). Therefore,
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meta-d’ quantifies the sensitivity of confidence ratings to performance in units of d,
which is the signal available for a subject to perform the type 2 task (Maniscalco & Lau,
2012). Because d’ and meta-d’ are in the same units, they can be compared which allows
derivation of a measure of metacognitive efficiency, controlling for task performance. If
this measure (Mratio; meta-d’/d’) is close to 1, then metacognitive efficiency is optimal
under the SDT. Because this index is a ratio, the value can be extremely high in the
case of very low first-order performance. A solution to deal with this issue is to either
use a logarithmic transformation of Mratio or calculate the difference between meta-d’
and d’ (Rounis, Maniscalco, Rothwell, Passingham, & Lau, 2010). Meta-d’ can be fitted
with minimization of squared-sum-error but the most used fitting method is maximum
likelihood estimation (Maniscalco & Lau, 2012). Bayesian estimations have also now
been developed (Fleming, 2017; see Chapter 3 section 2.2 for more detail).

More specifically, the meta-d’ model consists of the maximization of the likelihood
of the response-specific confidence data for the model parameters 6 (the Type 1 param-
eters that are generated by the model which are meta-d’, meta-c, and response-specific
meta-c2). When 6 values are specified, we can derive the probability with which the
model generates confidence ratings for each stimuli and responses (Type 2 model).
Model assumptions are that meta-c = ¢’ (where ¢’ is the Type 1 relative criterion cal-
culated as ¢’ = ¢ / d’; Macmillan & Creelman, 2004) and that Type 1 and Type 2 criteria
should have an ordinal relationship. Hence, the model looks for the best concordance
between the Type 2 ROC curve generated by the model (the expected Type 2 ROC curve)
and the actual type 2 data (the observed Type 2 ROC curve).

The Type 2 SDT model allows the estimation of ideal Type 2 ROC curves given Type
1 parameters (d’, ¢, and c2). It is possible to construct either directly the overall Type
2 ROC curve (Galvin et al., 2003; assumption of a Type 2 decision axis so symmetry in
the placement of Type 2 criteria for S1 and S2) or the response-specific Type 2 ROC
curve and average them to have the overall Type 2 ROC curve (Maniscalco & Lau, 2014).
However the meta-d’ framework uses the second type of fitting these curves as an as-
sumption regarding the type 2 decision variable is not required (the overall curve im-
plies a symmetry in the placement of Type 2 criteria for S1 and S2 responses; Manis-
calco & Lau, 2014). The construction of response-specific Type 2 ROC curve includes
estimations of the probabilities of each confidence rating given stimuli (S1 or S2) and
responses (S1 or S2). This leads to 4 probabilities per confidence rating. In Figure 2.4C,
the different regions delimited by the multiple c, <>~ represents these probabilities for

the S2 responses. We can then obtain these probabilities for the times where S2 stimuli
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were indeed presented (i.e., correct responses) and for the times where S1 stimuli were
presented (i.e., incorrect responses). As an example, the probability for confidence =
2, stimuli = S1, and response = “S2” is given by the area under the S2 curve between
the confidence boundaries ¢ «s» = 2 and ¢y, «sp- = 3 (the red area on the Figure) divided
by the by the area under the S2 curve that is above the Type 1 criterion (all the “S2”
responses). This measure has been extensively used in the metaperception field (e.g.,
Fleming et al,, 2015; Maniscalco & Lau, 2015; Rouault, Seow, et al,, 2018) but rarely in
the metamemory literature. Nonetheless, recent studies comparing metacognition for
visual perception and for memory (e.g., Baird, Smallwood, Gorgolewski, & Margulies,
2013; Fitzgerald, Arvaneh, & Dockree, 2017; McCurdy et al., 2013; Morales, Lau, & Flem-
ing, 2018; Palmer, David, & Fleming, 2014; Sadeghi, Ekhtiari, Bahrami, & Ahmadabadi,
2017; Samaha & Postle, 2017) have now used meta-d’ in the context of metamemory for
RCJs.

Overall, the method to quantify metacognitive sensitivity may also change according
to the experimental procedure. When task performance is controlled, there is no need to
compute metacognitive efficiency and AUROC2 or meta-d’ are sufficient. However, when
task performance is likely to differ across participants (e.g., memory tasks) or group
comparisons (e.g., patients vs. controls), meta-d’/d’ allows control of such variability.
Although the field of metaperception focuses on SDT-based quantification of metacogni-
tive sensitivity, the memory field mainly relies on non-parametric correlations between
judgements and first-order performance such as gamma correlations. The difference
is therefore a limit in the comparison of studies across fields especially since gamma
correlations have been shown to be biased by both task performance and metacognitive
bias (Masson & Rotello, 2009).

Another way of computing metacognitive sensitivity is the use of logistic regression
(Sandberg, Timmermans, Overgaard, & Cleeremans, 2010). Logistic regressions quan-
tify the relationship between a binary response and a categorical or continuous pre-
dictor. These logistic regressions are particularly useful when they are used with ran-
dom effects that take into account the hierarchical nature of metacognitive judgements
(multiple trials per participants). However, it has been shown that this quantification
of metacognition is not independent from both Type 1 and Type 2 criteria (Rausch &
Zehetleitner, 2017).

Finally, psychometric curves are also used for specific paradigms that involve sys-
tematic stimuli variations according to stimuli characteristics (e.g., contrast or lumi-

nance). One curve referring to the association between varying stimulus characteristics
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and task performance can be plotted per metacognitive judgement. For instance, in
the confidence forced-choice paradigm (Barthelme & Mamassian, 2010; de Gardelle et
al,, 2016), one psychometric curve refers to stimuli that have been chosen (i.e., stimuli
with high confidence) and a second one refers to stimuli that have not been chosen (i.e,
stimuli with low confidence). When the stimuli characteristic that varies is diagnostic of
task performance (e.g., stimuli motion direction and subject categorisation), the steeper

the curve, the higher the metacognitive sensitivity.

Metacognitive bias

While metacognitive sensitivity is the ability to discriminate between correct and in-
correct responses, metacognitive bias is defined in the metaperception field as “the
tendency to give high confidence ratings, all else being equal” (p.5, Fleming & Lau, 2014).
It is mainly quantified by the average confidence ratings over trials and therefore refers
more to the magnitude of judgements. This definition slightly differs from the metamem-
ory one where “absolute accuracy pertains to the degree to which the magnitude of a
person’s judgement matches the magnitude of performance” (p. 30, Dunlosky et al.,
2018). From this perspective, there is a need to compare with the actual performance in
order to detect overestimation (judgements being higher than the mean performance)
or underestimation (judgements being lower than the mean performance). The logic
is the following: if a participant gives higher confidence in Condition A compared to
Condition B, this difference should not be considered as a bias if the actual performance
is higher in Condition A compared to Condition B. We suggest that this difference in
terms of quantification of bias occurs because task performance varies in memory (also
voluntarily due to experimental manipulation) which is less the case in perception, be-
cause task performance is often controlled (for example, using a staircase procedure).
This allows a very low between subject and between experimental condition variability.
Therefore there is no need to compare the magnitude of judgements to the actual task
performance. However, this is still routinely labeled as metacognitive bias, to distin-
guish it from sensitivity (as laid out in the taxonomy of Fleming & Lau, 2014). Nonethe-
less, there is a consensus to define bias as the tendency to give either high confidence
or low confidence irrespective of task performance that is controlling for performance.
Control of performance is either directly included in the experimental procedure or
in the quantification of metacognition. As for metacognitive sensitivity, the method to

quantify metacognitive bias may change according to the experimental procedure.
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Another means of quantifying metacognitive bias that is common across fields refers
to calibration curves (Harvey, 1997; Keren, 1991). Calibration refers to average perfor-
mance for each point of the judgement scale. As this suggests a comparison between
percentages of performance and prediction, it needs a scale which represents the per-
centages of both performance and prediction. If the curve is under the perfect calibra-
tion curve (Figure 2.3B), there is an underestimation of performance. The reverse refers
to an overestimation.

As is the case for metacognitive sensitivity, another measure of metacognitive bias
is based on SDT. Sherman, Seth, and Barrett (2018) developed the m-distance measure
in order to quantify what they called a metacognitive threshold. Because using directly
the c, from the Type 1 SDT as a measure of metacognitive bias would make the strong
assumption that participants use the same decision axis to perform the first-order and
the second-order task (see section 2.2. of this Chapter), m-distance is based on the meta-
d’ model. Thus, this measure uses meta-c, that are c, estimated by the meta-d’ model
(criteria that an ideal-observer would use given the actual data of the participant). Fur-
thermore, it is a distance in a sense that it allows the estimation of the additional bias
from the meta-c (actually the same as Type 1 c in the meta-d’ model) which results
in a metacognitive bias that is not biased by the placement of the first-order criterion
(see Figure 2.5). Finally, as it is the case for the relative criterion ¢’ in Type 1 SDT, m-
distance is divided by meta-d’ in order to control for metacognitive sensitivity and to
compare this threshold across subjects. This distance between the Type 1 criterion and
the Type 2 criterion can be calculated for each response as follows (in the case of a 2-

point confidence scale):

metac — metacy » gy» metacs » ger — metac

mdistrgy» = mdists gy» = (2.1)

metad metad

When thresholds for confidence are supposed to be placed symmetrically around
the Type 1 criterion (as it is the case in Figure 2.5) then mdist-z;» equals the oppo-
site of mdist-zo-. Therefore, the lower the distance, the bigger the tendency to report
high confidence, as the criterion can be reached with less internal evidence (Figure
2.5). This measure overall allows a good estimate of confidence criterion within the
SDT framework since it allows a control for any shift in Type 1 criterion and difference
metacognitive sensitivity measured by meta-d’.

To conclude this section, the quantification of metacognitive judgements is a primary

focus in the field. It has been an important distinct topic of metacognitive research since
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Figure 2.5: Representation of the meta-d’ model for a metacognitively ideal
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symmetrically disposed around meta-c. The additional evidence to report

“R2” with high confidence (mdist-gy~) is the same regardless of Type 1
criterion. Reprint from Sherman et al. (2018)

early work (e.g., Nelson, 1984), however indexes are thus far, very field-dependant. The
field of decision making especially in visual perception has a strong tendency to use
the meta-d’ framework or other SDT measures although some works also extensively
use psychometric curves or logistic regressions for measuring metacognitive sensitivity.
On the other hand, the field of metamemory has mainly been focused on gamma for
metacognitive sensitivity and either calibration curves or discrepancy score for bias.
In this thesis, we will focus on the meta-d’ framework (see Chapter 3 for more details
on methodological choices for both metacognitive sensitivity and metacognitive bias) as
this measure is the most independent from both first-order performance and metacog-
nitive bias as it is the case in recent literature (e.g., Baird et al,, 2013; Fitzgerald et al,,
2017; McCurdy et al.,, 2013; Morales et al., 2018; Palmer et al., 2014; Sadeghi et al., 2017,
Samaha & Postle, 2017). The core idea is to propose to use the most powerful approach
that has been developed for metaperception to examine metamemory processes. Here

we also propose to apply for the first time such quantification of metacognition for
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prospective metamemory judgements (Chapter 5 and Chapter 6). Although SDT-based
approaches have provided the most reliable estimations, it is nonetheless important to
note that they imply the use of a constrained protocol (e.g., 2AFC or yes/no designs),
which is less applicable to applied issues in eyewitness testimony or memory impair-

ment.

2.2 Theoretical comparison

This section proposes a comparison of different theoretical frameworks and models
that have been developed in the field of metaperception and metamemory. Although
it is possible to notice common points in these models, it is important to highlight that
in some cases they have been proposed to explain different aspects of metacognitive
judgements. The field of metaperception exclusively focuses on retrospective confi-
dence whereas metamemory has proposed larger theories of metacognitive judgements
including both prospective and retrospective judgements. Moreover, models of confi-
dence formation have mainly focused on confidence in decision making when an ob-
server has to decide between two answers. On the contrary, the metamemory field has
proposed models of metacognitive judgement in the context of both recall and recogni-
tion (as a potential memory decisions). This difference in terms of first order task is im-
portant to take into account when comparing these models. The main aim of this section
is to give a brief overview of theoretical models in both fields. Interestingly, although
metaperception and metamemory have been developed separately, similarities across
model emerge. We organise this section according to models that have been proposed to
account for (1) the observed relationship between metacognitive judgements and first-
order task performance, and (2) dissociations between metacognition and task perfor-
mance. Finally, we focus on a particular framework (stemming from the metamemory
literature) that can be used in metacognition across a wide range of domains (i.e., first-

order tasks; see Chapter 3 for more insights on the notion of “domain”) and judgements.

2.2.1 Relationship between metacognition and task performance

In both metaperception and metamemory, the first models of metacognitive judgements
claimed that there is a strong relationship between first-order and second-order judg-
ments. The main claim of these models is that there is a dependency between the qual-

ity of a cognitive function (e.g., visual discrimination, visual detection, strength of the
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memory trace, the amount of general knowledge) and metacognitive accuracy. Models
of metaperception and metamemory merge when they both refer to confidence forma-
tion decision making in the case of visual perception decision making and recognition
memory. These models suppose that confidence is driven by a subjective internal de-
cision variable which depends on the sensory evidence. Two main frameworks have
been developed: the SDT framework and the evidence accumulation framework (see
Mamassian, 2016 for a review). The main difference between these two frameworks
relates to the information that is modelled. Whilst SDT exclusively focuses on response
proportions, evidence accumulation models take into account reaction times. On the
other hand, theoretical models developed in the metamemory field do not exclusively
focus on confidence. Here we sketch out a few of the critical models of confidence

formation in either or both domains.

Models of confidence formation

The SDT framework has been used as a model for predicting behaviour but also as
a measurement tool to quantify metacognition. As mentioned in the methodological
section, this framework supposes that first-order decision and confidence are computed
from the same evidence axis. However, SDT first-order models propose that the decision
variable support first-order decision and confidence and that both are computed at the
same time.

On the contrary, the accumulation of evidence framework proposes that evidence is
accumulated until a decision is made either when evidence has reached a predefined
boundary or when a certain amount of time is exceeded. Many accumulation of evi-
dence models have been developed for two-choice situations with different stopping
rules and different types of accumulation (Ratcliff & McKoon, 2008). These models have
also been extended to explain confidence formation in decision making and are named
“decision locus” models (Yeung & Summerfield, 2012) as confidence is computed while
the decision is being made (akin to first-order SDT models). Forinstance, confidence can
be computed from a comparison between the evidence for the decision that has been
made and the evidence for the other alternative (i.e., balance of evidence; Vickers, 1979).
Thus, the bigger the difference, the higher the level of confidence. In drift diffusion
models, there is only one variable which accumulates evidence (see Figure 2.6A) and
one suggested possibility for computing confidence is to consider the distance between
one of the bounds and the accumulated evidence when the decision is made (Kiani &

Shadlen, 2009). Another model proposed is that one accumulator exists per confidence
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rating (Ratcliff & Starns, 2013). The variable accumulating evidence that first reached
the decision boundary for a given confidence determines this level of confidence as
the winner. The accumulation of evidence framework allows a good explanation of the
relationship between decision time and confidence - higher confidence are observed for
decision with a low RT - that have been found across lots of cognitive domains (Baran-
ski & Petrusic, 1994; Vickers & Packer, 1982). These models assume that the quality
and the quantity of evidence are used in confidence formation and therefore first-order
and second-order decisions are computed from the same internal state. Note that the
majority of these models have been developed in the context of tasks as described in the
first section; that is where participants have to perform two tasks sequentially: first a
two-choice decision and second a confidence judgement. Therefore, it is possible that
both decisions are computed separately (or somewhat separately).

From a neuronal point of view, studies have also highlighted that the neural sig-
nature of confidence emerges from the decision process in humans (Gherman & Phil-
iastides, 2015) and that same neurons can represent both confidence and decision in
non-human primate (Kiani & Shadlen, 2009). Similarly, fMRI has revealed that activity
of the ventromedial PFC reflects both value-based choice and confidence formation in
this choice (De Martino, Fleming, Garrett, & Dolan, 2013). Thus, it suggests that brain
regions that account for first-order decisions are also involved in the computation of
confidence.

Overall, both SDT models and accumulation of evidence models propose that con-
fidence reflect the quantity or quality of evidence which suggest that “observers have
a direct access on this [information]” (p.1312, Yeung & Summerfield, 2012). However,
alternative models based on these frameworks also account for a dissociation between
first-order performance and metacognition (see next section).

Finally, itisimportant to note that a large literature on recognition memory proposes
to use RCJs in the context of the recognition memory decision making SDT framework.
Although these models are not model of confidence per se, we would like to briefly
mention them here as they integrate confidence in an opposite way as the field of meta-
perception. Whilst this latter field (metaperception) suggests that confidence stems
from evidence in the first-order task, models of recognition memory propose the use
of confidence to infer memory processes (akin to a measure of trace strength).

In recognition memory, two main SDT models have been proposed: the dual-process

signal-detection model (DPSD; Yonelinas, 1994; Yonelinas, 2002) and the unequal-variance
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signal-detection model (UVSD). The DPSD supposes that recollection (a process associ-
ated with the retrieval of contextual details in the encoding situation) is a threshold pro-
cess working as all-or-none whereas familiarity (a process allowing the judgement of
prior exposure to an item without recalling contextual details) is a SDT continuous pro-
cess. Model assumptions are that when making a memory decision, participants tend to
recollect the item and if recollection fails, they use the familiarity process. An alternative
model, the UVSD proposes that memory is based on a unidimensional trace. However
and unlike classical SDT, the variance for targets exceeds the variance for lures which
allows explanations of a range of empirical findings not accounted by the equal-variance
model (for a review see Wixted, 2007). Research to date has extensively focused confi-
dence judgements and ROC curves in order to discriminate between models. Confidence
is used to infer trace strength or the involvement of different memory processes and
thus it is seen as a first-order decisional process instead of a second order process. If
models of confidence in perception and models of memory that use confidence both
suggests that there is an intrinsic relationship between confidence and the first-order
processes (memory, visual perception), inferring memory processes using confidence
suggests an important caveat in view of findings that dissociate metacognition and task
performance (see Section 2.2). Note that other models that have been mainly developed
in the context of memory and that do not rely on either SDT or evidence accumulation
have also integrated confidence. As such, models of recognition memory have suggested
that confidence is directly computed from the strength of the perceived familiarity be-

tween a probe and a memory trace (Hintzman, 1988; Murdock, 1983).

Theoretical accounts of metamemory

This idea of “direct-access” is also present in the field of metamemory. In this literature,
models similar to first-order models have also been developed to explain both prospec-
tive and retrospective metacognitive judgements. According to the direct-access hy-
pothesis (King, Zechmeister, & Shaughnessy, 1980), people estimate their memory per-
formance by having a direct access to the strength of their memory trace. As the ob-
jective performance to memory tests and the subjective evaluation of performance are
based on the same memory trace, it explains why people are overall accurate in their
metacognitive judgements. This model has been especially used to account for the ac-
curacy of JOLs (Dunlosky & Nelson, 1994; Mazzoni & Nelson, 1995) and FOKs (Ko-
riat, 1993; Schwartz, 1994). The main idea is that people can monitor online their

memory trace and that objective performance and subjective evaluation are based on
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a direct access to the strength of evidence (see Koriat, Lichtenstein, & Fischhoff, 1980
for the same idea in RCJs). Even if gamma correlations between predicted and actual
performance are often not very strong, this does not contradict the direct-access view.
Because JOLs and FOKs? are made item-by-item, but in block that is not at the same
time as the first-order task (i.e., a later recall or recognition phase) it is possible that
task performance depends on other factors than the strength of the memory trace that
existed when the metamemory judgements are made (which is not the case for RCJs
that are made as the same time as task performance). Thus, it has been shown that
delayed-JOLs are more accurate than immediate-JOLs (Nelson & Dunlosky, 1991). In
this paradigm, participants had to perform JOLs either directly after having encoded
the word-pair or after a short delay. Whilst these two conditions yield to the same recall
rate, metacognitive sensitivity was higher for delayed-JOLs. It is proposed that delayed-
JOLs have a more similar context to recall than immediate-JOLs as the latter would be
more biased by short-term memory that is not used in episodic recall.

More recently, the non-criterial recollection hypothesis suggests that different meta-
memory judgments are enhanced by information such as contextual details from the
encoding phase of an item (see Isingrini etal., 2016 for FOKs, and McCabe & Soderstrom,
2011 for JOLs). Therefore, the better the ability to retrieve (“recollect”) the encoding
context, the better the metacognitive sensitivity. Akin to AUROC2 being sensitivity to
Type 1d’ itsuggests that good memory performance relates to good metacognition. The
idea that an effective memory is needed to be metacognitively accurate has also been
highlighted by studies in neuropsychological populations (see Ernst, Moulin, Souchay,
Mograbi, & Morris, 2016; Souchay, 2007 in Alzheimer’s disease). For instance, differ-
ences in FOKs in different patients and older adults are concomitant with a deficit in
either episodic recall of recognition (except in autism, see Wojcik, Moulin, & Souchay,
2013; see Chapter 5 for more details). However, this literature largely relies on gamma
correlations to quantify metacognitive sensitivity which is known to be influenced by
task performance (see previous section). Therefore, the observed impaired metacogni-
tion in these populations could be a spurious deficit due to the chosen index.

Overall, the relationship between metacognition and first-order performance has
been explained by both models of confidence and models of metamemory. Models of
confidence have been mainly developed in the context of visual perception despite the

fact that confidence is also used in recognition memory but rather to infer first-order

ZWith this respect, FOKs exhibit a special status as they occurs after a recall failure (so as the same
time as the first-order task) but the question relates to recognition that is made in another future block.
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processes. As such, confidence is not seen as a metacognitive process per se which is
questionable especially regarding empirical dissociation between metacognition and

task performance.

2.2.2 Dissociation between metacognition and task performance

As mentioned in the previous section, it is possible that both decisions are computed
separately or partially separately because during the task RCJs are performed as a sec-
ond decision. This idea is particularly enhanced by evidence suggesting that disso-
ciation between Type 1 performance and metacognition can occur. Moreover, this is
enhanced by the ability to detect errors in the Type 1 decision. This section will firstly
review behavioural and neuroimaging evidence in favour of separable processes be-
tween first-order and second-order decisions. Then, we will turn to theoretical mod-
els that support the idea of the involvement of additional factors in the formation of

metacognitive judgements.

Behavioral and neuronal evidence

In metacognition for both memory and perception, a certain amount of work has shown
that dissociations can occur between first-order performance and metacognition. These
dissociations have been identified at differentlevels: in a young adult population, across
the lifespan, and in the context of pathologies, at both the behavioural and the neuro-
logical level.

Invisual perception decision-making, opposite patterns between type 1 performance
and the magnitude of confidence have been observed. For instance, Transcranial Mag-
netic Stimulation (TMS) applied on bilateral dorsolateral PFC created a decrease in meta-
cognitive sensitivity without affecting perceptual discrimination (Rounis et al., 2010).
Conversely, single-pulse TMS on the occipital lobe allows a decrease in a tilt orientation
discrimination task performance whilst increasing the magnitude of confidence judge-
ments (Rahnev, Maniscalco, Luber, Lau, & Lisanby, 2011). Similarly, without directly
using confidence judgements but rather subjective awareness decisions (dichotomic
decision between “seen” and “guess”), Lau and Passingham (2006) have the amount
of time between the target and a particular mask have no effect on task performance
whereas increasing the proportion of “seen” responses. This magnitude of response

was also specifically correlated with the activity of Broadman’s area 46. Controlling
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first-order performance using a staircase procedure has also revealed an extreme vari-
ability in metacognitive sensitivity across people, and this variability has been linked to
the grey matter volume in the anterior PFC (Fleming et al.,, 2010). Neurological dam-
age and experimental situations suggest double situations between first-order perfor-
mance and metacognitive sensitivity. Patients with lesions to the anterior PFC have
shown a specific metacognitive sensitivity deficit in visual perception decision mak-
ing (Fleming, Ryu, Golfinos, & Blackmon, 2014). Moreover, blindsight patients exhibit
above chance task performance whilst being unaware of such outcome (e.g., Poppel et
al,, 1973; Weiskrantz, Warrington, Sanders, & Marshall, 1974).

Implicitlearning, such as artificial grammar learning offers a similar situation where
participants can perform above chance in classification tasks in the absence of confi-
dence (e.g., Dienes, Altmann, Kwan, & Goode, 1995). Using the same paradigm, the
opposite pattern has also been shown: participants that were not able to learn in the
implicit task (first-order performance was at chance) were nonetheless able to discrim-
inate between correct and incorrect responses (i.e., “blind insight” phenomenon; Scott
etal, 2014). This range of findings implies that in some situations first-order evidence
is non-available for the second-order task and that in other situations second-order
evidence cannot be accessed during the first-order task.

Interestingly, such double dissociations have also been shown in the metamemory
literature. Amnesic patients have been shown good metacognitive predictions mea-
sured by eFOK despite their severe memory deficit (except for Korsakoff patients; Shi-
mamura & Squire, 1986). On the contrary, patients with autism exhibit no episodic
memory deficit despite having a lower eFOK sensitivity compared to neurotypical par-
ticipants (Wojcik et al., 2013). Moreover, participants can be unaware of some factors
that can contribute to memory performance. For instance, whereas spacing at encoding
increases learning comparing to massed information, the magnitude of JOL for these
two types of encoding is the same (Logan, Castel, Haber, & Viehman, 2012; Zechmeister
& Shaughnessy, 1980). Conversely, participants can identify variables as likely to influ-
ence their memory and therefore can increase the magnitude of their judgements whilst
first order performance remains the same. These effects are known as metacognitive
illusions (see the cue-utilization approach in the next session for more details).

Finally, empirical works have repetitively shown “hyper-metacognitive sensitivity”
(see Fleming & Daw, 2017) suggested by a meta-d’ > d. However, according to the
underlying model, such situations are not supposed to occurs as Type 1 parameters

define the maximal AUROC?2 that it is theoretically possible to obtains (i.e., given the
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available signal; Galvin et al.,, 2003) which suggests that the first-order model is not

completely appropriate to model metacognitive behaviours.

Post-decisional and second-order models of confidence

More recent models of confidence formation support the idea of the involvement of both
a representation of sensory evidence during the decision task and additional factors.
Contrary to first-order models which suppose that both first-order decision and confi-
dence are computed in a single stage, post-decisional models require that information
for both decisions are collected in dual stages. Such models allow an explanation for the
dissociations described above as they suggest that independent processes (or noise)
influence first-order or second-order decisions independently. Thus, parameters that
interfere with the accumulation of evidence in this second stage would affect only the
confidence task (Navajas, Bahrami, & Latham, 2016).

In post-decisional accumulation models, there is new information integration be-
cause evidence continues to be accumulated for a short while after the first-order deci-
sion has been made. In visual perception decision making, the two-stage dynamic signal
detection theory is a good example of such models (Pleskac & Busemeyer, 2010). As an
extension of the drift diffusion model, it assumes that accumulation of evidence does
not stop until one of the two boundaries is achieved and that accumulation of evidence
keeps going in order to perform the confidence task after the decision has been made
(Figure 2.6B). Post-decisional models are particularly interesting as they can account
for the error-detection phenomenon (e.g., Rabbitt & Vyas, 1981). Models of confidence
and error-detection tend now to be modelled in a common framework (Fleming & Daw,
2017; Yeung & Summerfield, 2012).

Within the SDT framework, Type 2 criteria suggest that additional information and
additional sampling is needed for confidence formation. As in post-decisional accumu-
lation models, this additional information also depends on the first-order state as confi-
dence is supposed to be computed from the same evidence axis and multiple Type 2 cri-
teria are placed along the axis according to the Type 1 criterion (see Figure 2.4A). Thus,
metacognitive sensitivity is better when first-order discrimination is high (AUROC2 de-
pends on the Type 1 parameters d’ and c). However noise can influence confidence
formation (resulting in a hypo-metacognitive sensitivity; Mratio < 1), or people can
use other relevant information such as prior beliefs (resulting in a hyper-metacognitive

sensitivity; Mratio > 1).
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Figure 2.6: (A). Diffusion model. Evidence is accumulated until one of the

bounds is reached. (B). The two-stage dynamic signal detection theory

(2DSD). After one of the two bounds has been reached, evidence continues

to be accumulated for a while which allows the formation of confidence.
Reprint from Grimaldi et al. (2015)

Recently, Fleming and Daw (2017) proposed another type of model that they called
the “second-order” model. This model proposes that confidence is computed by second
order inference that is independent from the first-order decision evidence. Crucially,
they can be correlated, meaning that when perfectly correlated (p = 1), the model refers
to the first-order model. The authors compared a first-order model, a post-decisional
model, and the second-order model. Although all of them were able to account the
relationship between first-order performance and confidence, only the post-decisional
model and the second-order model were able to predict error-detection. Moreover, only
the second-order model supports the effect of motor action of the first-order task in
the formation of confidence. The emerging literature on this topic suggests that the
motor response involved in the first-order decision influences the level of confidence
in that decision. This idea mainly stems from the comparison between prospective and
retrospective confidence judgements: metacognitive sensitivity is higher when confi-
dence is given after the first-order decision compared to before this decision without
impacting first-order performance (Siedlecka et al., 2016; Siedlecka, Skora, et al., 2019).
This is because, the second-order model supposes, “additional diagnostic information

[is] provided by the action” (p. 98; Fleming & Daw, 2017). This is enhanced by recent
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work showing that participants have a higher metacognitive sensitivity when they ac-
tively perform the first-order task compared to situations when they are observers and
therefore have no action of perform (Pereira et al,, 2018). Similarly, artificial delays
in first-order response resulting in a sensory-motor conflict may reduce metacognitive
sensitivity as well (Faivre et al., 2020).

Finally, the main difference between post-decisional accounts and the second-order
model is that the former supposes that first-order decision and confidence is computed
sequentially and from the same evidence whereas the latter supposes separated and
parallel computations while allowing correlations between the two. Again, these mod-
els of confidence have been mainly developed in the context of decision making espe-
cially in visual perception. However, models of metamemory have also highlighted the
idea that additional factors of task evidence (memory trace strength) are also involved

in metacognitive judgements.

Cue-utilization in metamemory judgements

Akin to the idea of second-order inference in confidence formation, current models of
metamemory judgments support the idea that metacognitive judgements are inferential
and involve cues. On the contrary to the direct-access view, the cue-utilization approach
suggests that people have no access to the strength of their memory trace but can infer
it using different cues. Therefore, Koriat (1997) explains metacognitive judgements as
follows: “[...] their accuracy is not guaranteed but depends on the empirical correlation
between the cues used and the criterion memory test” (p.350). Such an idea suggests
that in some contexts these inferences might be misleading, therefore explaining that
metacognitive judgements are not always accurate (or are illusory). When the cues
used to perform judgements are also pertinent to the memory retrieval itself, they are
diagnostic of memory performance and the judgements are accurate. However, in some
situations the cues used might have no influence of the memory test per se. Thus, these
cues are non-diagnostic. This directly leads to the notion of metacognitive illusion:
participants might have an erroneous perception of competence by a misuse of these
cues (see Chapter 6 for a more detailed description).

Koriat (1997) differentiates three types of cues: intrinsic cues, extrinsic cues, and
mnemonic cues. Intrinsic cues are directly related to the characteristics of the stimuli
during the task like perceptual characteristics (e.g., size, brightness, clarity, etc.), the
emotional aspect of the stimulus, the relationship between targets and cues during pair-

word learning, and so forth. On the contrary, extrinsic cues refer to the external factors
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that not the related to the items but more to the task and processes involved in the task
in general. In the context of memory this depends on the learning or retrieval conditions
like the time to encode stimuli, the strategy the participant uses at encoding (e.g., visual
imagery) or even knowledge of the type of retrieval test (e.g., recall or recognition). The
final class of cues are mnemonic and include the experience of internal indicators or
signals that can be used be participants to evaluate their level of memory performance.
The metamemory literature has identified several mnemonic cues influencing a variety
of metacognitive judgements such as the familiarity of the cue (e.g., Metcalfe, Schwartz,
& Joaquim, 1993) or processing fluency (e.g., Alter & Oppenheimer, 2009).

According to this approach, these three types of cues are used to perform metacogni-
tive judgements by means of two processes: information-based or theory-based metacog-
nition and experience-based metacognition (Koriat, 1997; Koriat & Bjork, 2006; Koriat,
Bjork, Sheffer, & Bar, n.d.; Koriat & Levy-Sadot, 1999). Information-based metacognition
(high level metacognition as discussed in Chapter 1) involves inferential processes from
explicit theories or beliefs. It refers to a direct influence of intrinsic and extrinsic cues
on metacognitive judgements (see Figure 2.7 for an example on JOLs). For instance,
participants can use the extrinsic diagnostic cue “type of test” and apply the beliefs that
recognition is easier than recall, therefore evaluating their performance according to the
task that is proposed to them. As such, information-based metacognition is inferential
by nature and results in the use of analytic and controlled processes. On the contrary,
experience-based metacognition (low level metacognition see Chapter 1) refers to an
indirect influence of influence of intrinsic and extrinsic cues on metacognitive (see also
Figure 2.7). The influence of these cues is named indirect as it is mediated by mnemonic
cues. For instance, an intrinsic cue such as the size of the stimuli can influence ease of
processing and therefore affects JOLs (see the font-size effect detailed in Chapter 6).
Experience-based metacognition is also inferential, however it involves the application
of heuristics that are automatic and non-analytic processes. As with the cues, the main
identified heuristics are the accessibility heuristic, the cue-familiarity heuristic, and the
fluency heuristic. The use of these heuristics gives rise to subjective feelings that are
then used as a basis of metacognitive judgements. Although several heuristics have
been identified, we suggest here that all actually pertain to the fluency heuristic. As
such, the cue-familiarity can be seen as conceptual fluency effect as feeling of familiarity
has been shown to be influence by fluency through an attribution process (e.g., Kelley
& Rhodes, 2002; Mandler, 1980; for more insights on fluency see Chapter 6). Similarly,

the accessibility heuristics suppose that the accessibility of partial information in used
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in metacognitive judgements (especially in the case of FOKs, Koriat, 1995) which can

also refer to a conceptual fluency heuristic.
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Figure 2.7: Schematic representation of the cue-utilization approach on

JOLs. Intrinsic and extrinsic cues have direct and indirect effects on JOLs.

The indirect effect is mediated to mnemonic cues. Reprint from Koriat
(1997)

Overall, and in comparison with field of confidence formation more generally and in
metaperception, there is a lack of formal models in the traditional field of metamemory.
A few exceptions nonetheless exist. Sikstrém and Jonsson (2005) proposed a model
that accounts for the difference between immediate-JOLs and delayed-JOLs. By mod-
elling large and weak drifts of memory strength it also explained differences in JOL
predictability of recall performance. A second more formal model that has been used in
the context of JOL is the stochastic detection and retrieval model (SDRM; Jang, Wallsten,
& Huber, 2012). Whereas classical SDT models assume the same decision axis for both
first-order and second-order decisions, the SDRM supposes two decision axes possibly
related (X-Y bivariate memory-strength distribution). From this perspective, SDRM is
akin to the second-order model of confidence (Fleming & Daw, 2017). As Sikstrém and
Jénsson (2005)’s proposal, this model allows explanations of the delayed-JOL effect but
also of the testing-JOL effect which suggest that JOL sensitivity increases with practic-
ing the same memory material. It suggests that people partly base their JOLs on the
outcome of the previous recall (an effect also know as “memory for past test”, Finn &
Metcalfe, 2007) which is explained by a greater correlation between memory sampling

during JOL and during recall for the second practice time. However, the authors suggest
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that it is “not a model for predicting behaviour but rather a measurement tool” (p.187;
Jang et al,, 2012). Note, again, that models of recognition memory have extensively
used confidence but rarely for the purpose of modelling metacognition (except for some
accumulation of evidence models focused on decision making in general, e.g., Ratcliff
& Starns, 2013). Therefore, it seems that metamemory models have rather focused
on prospective judgements rather than retrospective judgements. Note that whereas
prospective judgements take many forms according to the process measured (learning,

encoding, failed retrieval), retrospective judgements are all of the form: RCJ.

2.3 Conclusions

The comparison of the metaperception and metamemory fields has shown that the main
difference occurs in the type of judgements that it proposes to explain rather than the
nature of the first-order decision. It seems that although models of confidence have
been largely developed in the context of visual perception (but also in other domains;
see for instance De Martino et al.,, 2013 in value-based decision making, and see Sniezek,
1992 in group decision making) they pertain to metacognition in decision making (i.e.,
metadecision). Similarly, models of confidence in memory recognition, that is seen as
a decision making process, have been developed (e.g., Ratcliff & Starns, 2009; Ratcliff
& Starns, 2013). Whilst RCJs have been studied in a variety of decision making tasks
such as visual perception (e.g., Rounis et al,, 2010), value-based decision making (e.g.,
De Martino et al,, 2013), memory (e.g., Koriat et al.,, 1980), or in group decision mak-
ing (e.g., Sniezek, 1992), confidence has been poorly compared across these first-order
tasks (for an overview of cross-task comparison studies see Chapter 3 and Chapter 4).
Models of decision making that include confidence propose the involvement of pro-
cesses that could be applied to confidence formation regardless of the nature first-order
task (e.g., post-decision evidence accumulation). Some models have indeed been ap-
plied for memory and visual perception decisions (Ratcliff & Starns, 2013). Thus, these
considerations suggest that confidence can be domain-general (i.e., independent from
the first-order task, see Chapter 3 for more details). In this thesis, we will investigate
the domain-generality of metacognition.

A very large literature has also used confidence in recognition memory in order to
infer memory processes. From this perspective, confidence is not seen as a metacogni-
tive process per se but as a result of trace strength or processes involved in memory (e.g.,

Wixted, 2007; Yonelinas, 1994; Yonelinas, 2002). On the contrary, other metacognitive
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judgements that are mainly prospective and memory-dependant (e.g., EOLs and JOLs
are directly related to the learning process) had a particular focus. They differ from
retrospective confidence in both the quantification of the accuracy of these judgments
and theoretical frameworks that explain them. Thus, we can see a picture emerging:
metadecision models focus on retrospective judgements whereas metamemory models
rather focus on prospective judgements. It is possible that the distinction made in terms
of first-order task (memory or perception) rather pertains to a distinction in terms of
judgement types. Furthermore and as observed in the literature, prospective judge-
ments are less accurate than retrospective judgements (e.g., Fleming et al.,, 2016; Kele-
men et al., 2000) probably because they rely less on the first-order evidence. This idea
is also suggested by theoretical frameworks of confidence that are actually extension
of decision-making models (e.g., post-decisional models). In this thesis, we will handle
this question by comparing these two types of judgements in different first-order tasks
(see Chapter 5 and Chapter 6).

Nonetheless, similarities across models of retrospective confidence and prospective
judgements can be made. In the second-order model of confidence, the idea of proxy
of confidence (i.e., information that is used to infer confidence) emerges and echoes
the notion of metacognitive cues. The computation of confidence would therefore be
based on inferences from these cues that are available during the task (as for other
metacognitive judgements). Moreover, it is possible to consider that these proxies of
metacognitive judgement are driven by the experience of the task (low level metacog-
nition see Chapter 1) such as fluency or the action of the first-order decision and driven
by higher beliefs (high level metacognition see Chapter 1). Recent work has focused on
this question and heuristics have also been found in visual perception decision making.
For instance, Maniscalco, Peters, & Lau, 2016 suggested that confidence is based on the
heuristic of response-congruent evidence in favour of the selected response. If this is
non-optimal in a laboratory context, using this heuristic in the real word is much more
efficient as choices are rarely (or even never) limited to 2AFC but are rather between
multiple alternatives. When cues are also important for the processing goal of the task
(e.g., blur in a visual perception task, accessibility of partial information in a memory
task) they are valid or diagnostic cues and judgements track task performance. In these
situations, participants have a high metacognitive sensitivity. In other situations, cues
can be non-diagnostic of task performance and a dissociation between first-order and
second-order behaviour can occur. This notion of cue-diagnoticity may also echoes

processes in models of confidence. From a second-order model of confidence point of
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view, it can refer to the correlation between the variable decision (first-order evidence)
and the confidence decision (second-order evidence): a higher correlation increases
metacognitive sensitivity because diagnoticity is higher.

As suggested here, the cue-utilisation view of metacognition can be also applied to
other models of metacognition such as the second-order model of confidence. Moreover
and to the best of our knowledge, only this framework proposes an integration of both
prospective and retrospective judgements (Koriat, 1997; Koriat & Bjork, 2006; Koriat et
al,, n.d.; Koriat & Levy-Sadot, 1999). Therefore, we suggest that it is a good candidate to
investigate metacognition across domains. The domain-generality of metacognition will
be evaluated according to experience-based and information-based metacognition. As
proposed above, we suggest that experience-based metacognition mainly relies on the
fluency heuristic. As subjective ease is likely to occur regardless of the task, experience-
based metacognition is likely to be domain-general. In this thesis, we will also inves-
tigate the domain-generality of fluency in the formation of metacognitive judgements

(see Chapter 6).
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Chapter 3

Introduction to empirical chapters

etacognition is a broad construct that can be measured using direct and indirect
Mtests (Chapter 1). Direct tests of metacognition, particularly metacognitive judge-
ments, have been extensively studied in the field of metaperception and metamem-
ory (Chapter 2). Despite a long tradition of using metacognitive judgements separately
within these fields, similarities in methodological and theoretical framework can be
observed. Our aim here is to propose a more unified view of metacognition which moves
towards the idea that metacognition can be domain-general. In particular, we have
identified the cue-utilisation framework as a good theoretical candidate for studying
potential processes involved the generality of metacognition. Moreover, we propose to
use the meta-d’ framework to quantify metacognition as it allows control of numerous
biases (as developed in Chapter 2). This chapter will narrow our aims by defining the
notion of domain-generality theoretically and by proposing different ways of handling
the idea that metacognition can be more unified than it is the case in the literature so

far.

3.1 Investigating metacognition across domains

3.1.1 The domain-generality and domain-specificity debate

One major question in the study of human behaviour and the brain is whether cognition
is domain-general. Such an idea suggests that different domains share resources and
should involve similar brain regions and networks. It supposes that similar rules and
processes underlie different behaviours. On the contrary, domain-specificity stands
for a more independent view of different cognitive phenomena. The notion of speci-
ficity has been extensively linked to the notion of modularity. The modular perspective

(Fodor, 1983) supports the idea that cognition is subdivided into systems which are
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encapsulated (i.e., no access to other signal during information processing). According
to Fodor?!, modules are domain-specific in terms of “the range of questions for which a
device provides answers (the range of inputs for which it computes analyses)” (p. 103,
Fodor, 1983). A classical example is the evolution of the concept of intelligence. As Miller
(2000) suggests “the existence of the g factor (the “general intelligence” factor) in psy-
chometrics appears to contradict the strong modularity view of the mind” (p.42). How-
ever, recent works focus on the theory of multiple intelligences (Davis, Christodoulou,
Seider, & Gardner, 2011).

The domain-general and domain-specific debate in cognition necessarily points to
the definition of a cognitive domain. As highlighted by Frensch and Buchner (1999),
“any attempt at defining the notion of domain in some absolute objective sense can
never hope to succeed” (p. 142). It appears that the definition of a domain is relative to
constraints leading to domain separations. For instance, what is acceptable as a domain
can differ according to whether one focuses on the behavioural or neuronal reference.
It can also differ according to the choice of measurement. Here we take Frensch and
Buchner’s point of view of the domain-generality debate: the width of applicability of
a constraint. In other words, determining the domain-generality or domain-specificity
debate answers the question: “how widely applicable a particular theoretical statement
of empirical finding is” (p.140, Frensch & Buchner, 1999). Thus, it suggests that we
should be able to define rules in a particular context in order to assess their possible
extension to another context. For instance, the question of weather a particular learn-
ing program that is efficient for verbal learning is also efficient for non-verbal learning
pertains to the domain-general and domain-specific debate. Asking weather metacog-
nition is being domain-general obliges us to define theoretical statements that we can

generalise to other situations.

3.1.2 Domain-generality in metacognition

In the metacognitive literature, we propose two versions? of the domain-generality and
domain-specificity debate. First, a domain-general view proposes that people use a
common resource in their metacognitive judgements across different types of tasks.
Thus, people who are accurate in their evaluations of one task should also be accurate

for another task . We suggest that this is particularly interesting for tasks where first

!Whilst Fodor proposed that “low level” processes are modular, he also suggested that this molarity
is less present for higher order processes and it is sometimes unclear how encapsulated a module is.

2Note that several other domain-general debates also exist (e.g., are there common processes involved
in direct and indirect tests of metacognition?) but we decided to focus on metacognitive judgements.



Chapter 3. Introduction to empirical chapters 49

order performance is not correlated, that we can, in this sense, consider as “domains”.
Second, one can wonder if a general resource is involved in the formation of different
types of metacognitive judgements (e.g., prospective and retrospective). Therefore, we
propose to investigate how wide are metacognitive processes in terms of first-order
tasks and types of judgements. A domain-specific view proposes that there are differ-
ent metacognitive components at play in different tasks and judgements and therefore
predicts that the accuracy of metacognition will differ across tasks and judgements. It is
important to stress that these two visions of metacognition are not necessarily exclusive
as it is possible to suppose both domain-specific and domain-general resources co-exist
in the formation of metacognition (see Chapter 7 for a discussion).

In behavioural studies, there are different ways to assess the specificity or the gen-
erality of a cognitive process that we gather here in three main types. A first class
of method refers to correlational studies. The involvement of general metacognition
suggests that reports of performance should be correlated across different domains. As
mentioned before, it suggests that metacognitive accuracy in one domain or judgement
type should be correlated with the accuracy in another domain or judgement. This
method is the most commonly used in the field of domain-general metacognition (see
Chapter 4 for an overview). A similar method pertains to factorial analyses. This method
searches independent latent variable(s) called “factors” that can explains variability
of several observed variables. For instance, this has been extensively used in intelli-
gence research. Second, it is possible to assess the domain-specificity of a process using
functional independence. From this perspective, functions or processes are supposed
to be independent if one variable has an effect on one process and no affect or the
opposite effect on another process. In that sense, it is possible to observe the influence
of cues on metacognitive judgements across domains. Finally, a last class of method is
neuropsychological dissociations. The study of behaviour in patients with neurological
or psychiatric disorders is informative. Therefore, a selective deficit in metacognition
in domains despite a preservation in another domain suggests a dissociation between
metacognition in these two domains (and there a domain-specificity). The same rea-
soning occurs with metacognitive judgements. In the context of metacognition, these
methods can be used for both metacognitive bias and metacognitive sensitivity. As these
two methods of quantification of metacognition are supposed to be independent, it is

possible that one is more domain-general than the other.
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3.2 Methodological considerations

3.2.1 Objectives

The core question of this thesis is the breadth of metacognition. As mentioned in the
last section, we focus on two possible domain-generality and domain-specificity de-
bates: one related to the first-order tasks and another related to the type of metacog-
nitive judgements. Chapter 4 and Chapter 5 are correlational chapters that investigate
separately these two questions. Chapter 4 assesses the domain-generality of metacog-
nition across four different first-order tasks, all using RCJs. Chapter 5 focuses solely
on metamemory (both episodic and semantic) and compare cross-task correlations in
metacognition for both FOKs and RCJs, revisiting a typical dissociation between episodic
and semantic memory in the accuracy of FOK judgements. Chapter 6 takes an experi-
mental approach in order to examine domain-generality related to the first-order tasks
and related to the type of metacognitive judgements using functional independence.
Based on the cue-utilisation view of metamemory, we investigate a potential general
cue for metacognition (fluency) in a visual perception task (Experiment 1 and 2) and
in a memory task (Experiment 3) in both prospective and retrospective judgements. As
outlined in Chapter 2, the notion of the quantification of metacognition is highly im-
portant in this field. Therefore, the next section focuses on the methodological choices
that we made in order to the answer to our theoretical questions, especially since the
empirical chapters are all presented in the format of scientific articles, where there is
less scope for such a discussion and justification of methods.

Finally, in the appendices some work is presented on investigations of neuropsy-
chological dissociations in metacognition (3 articles), although the questions posed in
these articles were not —eventually- related to the main aim of this thesis. Appendix
A provides a brief overview of the use of the metacognitive framework in neurological
populations and reviews work related to metacognition and self-awareness in Multi-
ple Sclerosis. Appendix B investigates metacognitive judgements in Multiple Sclerosis
across memory and executive functions. Appendix C is focused on the comparison of

different metacognitive judgements for short-term memory in Alzheimer’s disease.

3.2.2 Material selection

The five experiments that we present in this thesis have similarities in terms of meth-

ods and materials selection. First, all first-order tasks were 2AFC tasks because of our
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methodological choice to quantify metacognition (see next section). Second, as is the
case in the metamemory field, we decided to use a percentage scale for the metacogni-
tive scale. This allows a direct comparison with task performance that can be calculated
in percentage as well. In order to have a wide range of possible responses for partici-
pants we decided to have an 11-point scale. We begun by using a scale ranging from
0% to 100% (Chapter 4) however we changed the scale for experiments in Chapter
from a scale ranging to 50% to 100% as we found that there was some ambiguity in
the absolute meaning of the scale label 0% confident, given that chance level in 2AFC
tasks is 50%. Finally, the metacognitive scale used in Chapter 5 ranges also from 50%
to 100% but had only 6 points. Our reasoning for this change was related to the FOK
measure that is the main focus in this chapter. FOKs can be seen as a mix between a
judgements and a feeling similar to TOT that would be an all-or-none state (people are
supposed to either have a TOT or not). As such, FOKs have been mainly measured with
yes/no scales (e.g., Hart, 1965; Souchay & Isingrini, 2012). We thus decided to lower
our scale to a 6-point in the experiment in Chapter 5.

In the metaperception field most studies have a high number of trials but a lower
number of participants (especially for cross-task correlations, see Chapter 4). Here,
however, we are constrained by the limits of human memory, where in episodic memory
tasks in particular, there are a limited number of trials where we can reliably expect
participants to encode and retrieve information. Thus, here we chose to have the oppo-
site reasoning with fewer trials but a higher number of participants (minimum 100 per

study).

3.2.3 Data and statistical modelling

As presented in Chapter 2, several means to quantity both metacognitive bias and metacog-
nitive sensitivity exist. We now turn to the selection of a method for the calculation of
both that is pertinent to the questions we address here. Our methodological choices
differ according to our aims and therefore across correlational studies (Chapter 4 and
Chapter 5) and experimental studies (Chapter 6).

Regarding metacognitive sensitivity, we decided to use the meta-d’ framework as
this measure is the most independent from both first-order performance and metacog-
nitive bias. We chose to estimate meta-d’ in a Bayesian framework instead of fitting it
with minimisation of squared-sum-error or with maximum likelihood estimation. As

it is important for the understanding of our statistical analyses, we (voluntarily briefly
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as it is beyond the scope of this thesis) explain the logic of Bayesian statistical mod-
elling (for more details see for instance Wagenmakers et al., 2018). Broadly speaking,
the Bayesian approach uses probabilities to model uncertainty. Prior information is
encoded into a prior distribution p(f) representing what is known about model pa-
rameters before seeing any data. The likelihood, p(D|f) can be seen as a hypothesis
made about the data generating process. After seeing some data, the prior distribution

is updated into a posterior distribution, p(D|#) following Bayes rule which states:

p(D|0)p(0)

3.1
p(D) (-1

p(0|D) =

The probability of the data p(D) (the marginal likelihood) is a normalising constant
which allows that the area under the posterior distribution is equal to 1. When p(D)
is not calculable, one can use algorithms to approximate the posterior distribution. In
the meta-d’ model, posterior approximation is made using Gibbs sampling (i.e., a type
of MCMC algorithm) implemented in JAGS (Plummer, 2003).

We see several advantages of the use of a Bayesian estimation of meta-d’ in this
thesis. First, it naturally handles zero cell counts and avoids the use of edge correction
which may bias other estimates such as maximum likelihood (Fleming, 2017). These
corrections can occur quite often (e.g., highest confidence level for an incorrect response)
which may especially bias estimates when the number of trials is low (as in all our
experiments in this thesis) and as the scale has many points, zero cell counts are more
likely to occur (11-point scale are used here except in Chapter 5). Second, Frequentist
estimates of hit and false alarm rates fail to take into account uncertainty. Thus, point
estimates of meta-d’ do not provide an estimate of the precision of each single-subject
estimate. This estimation is especially useful when group-level analyses are of interest
(e.g., cross-task correlations) as a Bayesian approach can take into account the uncer-
tainty about single-subject parameter estimates at the group level, and thus naturally
handles both within- and between-participant uncertainty. For instance, it is possible
that two participants have the same meta-d’ estimate (the mean of the distribution; i =
1) whilst having different degree of uncertainty (the variability of the distribution; o =
0.5 for Nina and o = 0.1 for Lisa). As the meta-d’ estimation of Lisa is more accurate, it
is assumed that her estimate is more reliable and should therefore have a bigger weight
in the group-level estimate.

Crucially, the Bayesian framework proposed by Fleming (2017) to compute meta-d’

also includes a hierarchical estimation of metacognitive sensitivity. More specifically,
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the model HMeta-d allows a group-level estimation of Mratio® for which a prior is also
given (known as hyperprior; see Fleming, 2017 details on priors and hyperpriors in the
model). In such hierarchical models, subject-level estimations inform the group-level
parameters that also inform subject-level estimations. This allows a more accurate es-
timation of subject-level parameters by allowing the group-level estimates to constrain
subject-level fits, and more stable group-level estimates by limiting the impact of single-
subject estimates with high uncertainty on the group.

The model can be easily extended to estimate jointly several group-level Mratios
from a bivariate Gaussian distribution. When one Mratio is estimated per first-order
task, the covariance between parameters can also be estimated in the hierarchical frame-

work. Then the correlation parameters can be extracted from the covariance matrix:

2
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(3.2)

This framework is particularly useful to measure cross-task correlations for metacog-
nitive efficiency and we therefore used it in Chapter 4 and Chapter 5. In Chapter 6, we
opted for a non-hierarchical estimation of meta-d. Our main hypothesis in Chapter 6
is about metacognitive bias. Thus, we decided to first focus on the bias which then
contained our measurement choice for metacognitive sensitivity. We chose to mainly
measure bias using the recently developed m-distance index as it falls onto the SDT
framework as meta-d’. Because m-distance needs the use of single-subject meta-c2 to
be calculated, we could not use a hierarchical estimation of meta-d’ for metacognitive
sensitivity as single-subject parameters are also influenced by group-level parameters
in multilevel models. Thus, we performed single-subject Bayesian estimations of pa-
rameters in Chapter 6.

We adapted the HMeta-d matlab code to allow an estimation of parameters in R
(adapted codeis freely available on GitHub athttps://github. com/amazancieux/HMeta
-d/tree/R_functions/R using the “rjags” package. As in the HMeta-d toolbox, we dis-
carded early samples of the posterior distributions and ran three chains in order to diag-
nose convergence problems. Convergence diagnostics were computed with the "coda"
package using the "potential scale reduction factor” R (Gelman & Rubin, 1992). Three

functions have been adapted: one that allows a single-subject meta-d’ parameter (used

3This group-level parameter is actually a logarithmic Mratio to avoid extremely high values in the case
of very low first-order performance (see Chapter 2).
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in all experiments of Chapter 6), another that allows both single-subject and group pa-
rameters of Mratio, and a last that allows single-subject estimations and group estima-
tions of Mratio for two, three, or four tasks with estimations of cross-tasks correlational

parameters (used in Chapter 4 and Chapter 5).

3.3 Aims of the thesis

The main idea of this thesis is to propose a more unified view of metacognitive research,
which has thus far been shown to be disparate (Chapter 1) and mainly studied within
fields (Chapter 2). Our rationale is to use a methodological and theoretical framework
developed in a particular context, one that we thought likely to be generalised as our
core question relates to the domain-generality of metacognition. We define domain-
generality as theoretical statements that we can generalise to other situations. The
comparison of the field of metamemory and metaperception in Chapter 2 suggests that
the metacognition literature has grown up in somewhat disparate pockets of expla-
nation which does not help in defining theoretical concepts which are common to all
domains. Nonetheless, domain-generality can refer to either the type of first-order task
(e.g., memory or perception) that is used or the type of judgements (prospective and
retrospective) that are made. With this respect, the cue-utilisation framework seems
pertinent to handle the domain-generality question. Particularly, we have argued in
Chapter 2 that experience-based metacognition can be typified by the fluency heuristic
that seems to be common in prospective judgements (see Chapter 6 for an overview
in metamemory) as well as in retrospective judgements (see similarities made with
models of confidence formation) regardless of the nature of the first-order task. In this

thesis, we will therefore investigate the following questions:

+ Is there a common resource in metacognition in terms of first-order tasks?

« Is this common resource involved in both prospective and retrospective judge-

ments?

- Is experience-based metacognition a common process used across episodic mem-
ory and visual perception for both prospective and retrospective judgements? With

this in mind, are visual perception and memory biased by fluency?

These questions will be handled for both metacognitive sensitivity and metacognitive
bias using the meta-d’ developed in the context of metaperception that we will also

apply here to metamemory and for the first time to prospective metamemory.
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Finally, this thesis has an Open Science approach that we think to be crucial for
increasing reproducibility and transparency of research. Thus, we systematically pre-
registered* our experiments on the OSF website. Preregistration delineates between
confirmatory and exploratory analyses “by requiring researchers to state how they will
analyze the data before they observe it allowing them to confront a prediction with
the possibility of being wrong” (p. 2605; Nosek, Ebersole, DeHaven, & Mellor, 2018).

Moreover, all materials, data, and analyses scripts are also freely available on the OSF.

4For transparency reasons, we want to stress that initial analyses in Chapter 4 were planned using the
SDT framework but with AUROC2and that the switch to the Bayesian meta-d’ framework was made after
Fleming’s (2017) paper.
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Chapter 4

Is there a G factor for metacognition?
Correlations in retrospective

metacognitive sensitivity across tasks

s metacognition a general resource shared across domains? Previous research has

documented consistent biases in judgments across tasks. In contrast, there is debate
regarding the domain-generality or the domain-specificity of the ability to discriminate
between correct and incorrect answers (metacognitive sensitivity) because most previ-
ous work has documented non-significant correlations across domains. However, such
null findings may be due to low statistical power and differences in task structure or
performance, thereby masking a latent domain-generality in metacognition. We ex-
amined across-domain correlations in confidence level and sensitivity in a large sam-
ple (N=181). Participants performed four two-alternative-forced-choice tasks (episodic
memory, semantic memory, executive function, and visual perception) with trial-by-
trial confidence judgments. We found significant correlations in average confidence
level across tasks. By applying a hierarchical Bayesian model to estimate cross-task co-
variance, we found five out six cross-task correlations in metacognitive efficiency (meta-
d’/d’) were significant, even for pairs of tasks in which first-order performance was not
correlated. This suggests that at least some components of metacognitive efficiency in

retrospective confidence are domain-general.
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4.1 Introduction

Metacognition refers to the ability to monitor and control cognitive processes (Flavell,
1979). It is often studied with reference to memory (e.g., Nelson, 1990) but has also
recently been quantified for other domains such as visual perception (e.g., Song et al.,
2011) decision making (e.g., Yeung & Summerfield, 2012) and motor tasks (e.g., Simon
& Bjork, 2001). A critical research question therefore concerns the cross-domain organ-
isation of such metacognitive evaluations of cognition. The core question of this article
is whether metacognition is a specific process particular to each cognitive domain (e.g.,
language, memory, perception) or whether it is a higher-order process with some over-
lap across multiple cognitive domains. A domain-general view of metacognition pro-
poses that people use a common resource when they evaluate their performance across
different types of tasks. In contrast, a domain-specific account proposes that there are
different metacognitive components at play in different tasks. By leveraging individual
differences it is possible to adjudicate between these two proposals. According to the
domain-general view, people who have accurate judgements for one task should also
make accurate judgements for another. In contrast, if metacognition relies on domain-
specific components, we would expect such abilities to be uncorrelated. The focus of
this paper is to investigate this issue using RCJs. RCJs are self-evaluations of certainty in
a given response and are appropriate for addressing the question of domain-generality,
as they can be applied to decisions made across a variety of tasks.

In the current study, we focus on assessing the domain-generality of both metacogni-
tive bias and sensitivity, two measures which map onto two different aspects of metacog-
nition. Metacognitive bias refers to the overall magnitude of a judgment, such as whether
an observer has a tendency to report high or low confidence, irrespective of their per-
formance. Metacognitive sensitivity refers to the ability of a person to discriminate
between different levels of performance, such as correct or incorrect trials (Fleming
& Lau, 2014).

Previous research using RCJs has provided equivocal findings for metacognitive sen-
sitivity. Whereas a few studies have found positive correlations between metacognitive
sensitivity for memory and visual perception tasks (McCurdy et al.,, 2013; Lee, Ruby,
Giles, & Lau, 2018), a majority concluded in favour of domain-specificity due to non-
significant correlations (Baird, Cieslak, Smallwood, Grafton, & Schooler, 2015; Baird
et al,, 2013; Fitzgerald et al, 2017; Morales et al.,, 2018). Regarding structural MRI

data, distinct cerebral areas correlating with individual variation within two tasks has
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been observed, also supporting the possibility of neurofunctional independence be-
tween domains (Baird et al., 2015; Baird et al., 2013; McCurdy et al., 2013). Specifically,
metacognitive sensitivity in a visual perception task has been related to the volume and
function of lateral anterior PFC, whereas metacognitive sensitivity in a memory task is
associated with the structure and function of precuneus and medial anterior PFC. Ac-
cordingly, lesions to anterior PFC have been shown to selectively affect visual perceptual
sensitivity while sparing sensitivity on the memory task (Fleming et al,, 2014).

However, a recent meta-analysis of cross-domain correlations in metacognitive sen-
sitivity pointed to a heterogeneous pattern of domain-generality (Rouault, McWilliams,
Allen, & Fleming, 2018). Although there was an overall cross-domain correlation be-
tween different perceptual tasks (e.g., visual, auditory, tactile; see for instance Ais et
al,, 2016, and Faivre, Filevich, Solovey, Kiihn, & Blanke, 2018) there was equivocal evi-
dence for domain-generality across visual perception and memory tasks. Moreover, it
was noted that drawing conclusions about domain-specificity relies on accepting the
null hypothesis of no correlation, which is problematic if individual experiments are
underpowered to detect a correlation. In addition, it was recognised that cross-domain
correlations may also be biased by inconsistencies in the sensitivity index calculated in
these studies and variability in task structure between domains.

A first important consideration is the method used to assess metacognitive sensi-
tivity. Different techniques are often used to compute sensitivity which makes it dif-
ficult to compare results across studies. Moreover, several of these indexes (such as
gamma correlation or AUROC2) do not control for the effect of task performance (Flem-
ing & Lau, 2014), and spurious correlations in metacognitive sensitivity may emerge
between domains that are driven by variation in task performance (i.e,, first-order per-
formance), rather than metacognitive capacity itself (i.e., second-order performance;
Rouault, McWilliams, et al.,, 2018). One recent measure that achieves this control is
metacognitive efficiency, meta-d’/d. The meta-d’ framework models the relationship
between performance and metacognition using SDT. Meta-d’ is defined as the Type 1
d’ that would lead to the observed AUROC2 in the absence of noise or imprecision in
confidence estimates (Maniscalco & Lau, 2012). Metacognitive efficiency is then defined
as the level of metacognitive sensitivity (meta-d’) of a subject relative to the subject’s
actual Type 1 performance. By estimating meta-d’ in a Bayesian hierarchical framework
(Fleming, 2017) it is possible to directly estimate covariance in metacognitive efficien-

cies across domains.
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A second possible explanation for inconsistencies between results of previous stud-
ies is that different task designs have been used in different domains. For instance, sev-
eral studies have compared metacognitive sensitivity between 2AFC perceptual tasks
and yes/no recognition memory tasks. As recently(Lee et al,, 2018), these differences
in task structure may obscure across-domain correlations in metacognitive ability, par-
ticularly given potential asymmetries in metacognitive ability for yes and no responses
Kanai, Walsh, & Tseng, 2010; Meuwese, van Loon, Lamme, & Fahrenfort, 2014). Here
we focus on comparing between different 2AFC tasks which are appropriate for fit-
ting an equal-variance meta-d’ model. Unlike the debate surrounding metacognitive
sensitivity, there is greater agreement in previous literature that metacognitive bias is
relatively stable across tasks. People tend to be overconfident in their judgments of
general knowledge (Lichtenstein & Fischhoff, 1977) and visual perception (Baranski &
Petrusic, 1994; Song et al.,, 2011), and this degree of confidence is correlated across
tasks (Ais et al,, 2016). Moreover, the hard-easy effect — overestimation in difficult tasks
and underestimation in easy tasks - has also been found in both types of task (e.g,,
Baranski & Petrusic, 1995). In sum, while previous studies support a domain-generality
in metacognitive bias, both neuroimaging and behavioural findings, albeit in small sam-
ples, remain equivocal about the domain-generality of metacognitive sensitivity.

On a theoretical level, models of metacognition have been developed in two distinct
fields: metamemory (metacognition about memory) and metaperception (metacogni-
tion about perceptual decision making). Although these frameworks have developed
independently, common points can be highlighted. Models of confidence formation in
perceptual decision making suggest that confidence is based on a computation of a
probability that a decision is correct. A dominant view supports the idea that confi-
dence relies on both evidence from the first-order decision and additional computations
beyond this such as post-decisional processes (Navajas et al., 2016) or ‘second-order’
inference (Fleming & Daw, 2017).

Similarly, in metamemory, the amount and quality of evidence is proposed to be
critical in supporting a confidence estimate (e.g., Koriat et al., 1980). One component of
such evidence are cues that are intrinsically related to memory processes (e.g. extrin-
sic information such as number of stimuli to encode, relatedness between targets and
distractors, Koriat, 1997), equivalent to the notion of sensory evidence in perceptual
decision-making. However, as in metaperception, metamemory confidence (and other
metacognitive judgements) is thought to also be inferred from additional information

that may not be used to guide first-order memory responses. In the metaperception
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field, confidence has been modeled using extensions of SDT and evidence accumulation
frameworks, whereas the computational distinction between first- and second-order
processes in memory has received less attention. For instance, according to the stochas-
tic detection and retrieval model (Jang et al., 2012), a first sample of evidence informs a
recall or recognition response and a second sample of evidence supports the formation
of confidence. This model, as in related models of perceptual confidence (Fleming &
Daw, 2017), suggests that additional computations (that can more or less correlated
with a first-order decision computation) are used to inform confidence judgements. It
is therefore possible that both domain-specific (i.e., internal perceptual or mnemonic
states supporting first-order decisions in each task) and domain-general resources (i.e.,
post-decisional computations that could be common across tasks) contribute to confi-
dence judgements in the two domains.

Motivated by these theoretical issues, the aim of the present study was to compare
metacognitive judgments across four different 2AFC cognitive tasks and to ask whether
correlations in bias (measured by confidence level) and/or sensitivity (measured by
meta-d’) are indicative of a common underlying process of metacognition. The idea was
to quantify potential domain-general contributions to metacognition while keeping the
task structure similar across first-order decisions. As noted above, it remains possible
thatan absence of correlations regarding metacognitive sensitivity is explained by a lack
of statistical power, as the sample sizes of previously mentioned studies ranged from 23
to 52 participants. It is however important to note that these studies are mainly neu-
roimaging studies that did not directly aim to test cross-task correlations in behavioural
measures of metacognition. To test a correlation hypothesis, it has been suggested that
"there are few occasions in which it may be justifiable to go below n = 150" to obtain
stable and reliable correlations (Schénbrodt & Perugini, 2013, p.10). Here we employ a
large sample (N =181) based on a priori power calculations and compute the covariance
of meta-d’/d’ estimates in a hierarchical Bayesian framework, thereby maximizing the

sensitivity of our analysis approach to detect shared variance across domains.

4.2 Method

4.2.1 Participants

The current experiment was conducted in the Laboratoire de Psychologie et Neurocog-
nition in Grenoble, France, and included 181 young adults (M = 20.01, SD = 3.13; 84%
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of women) recruited through an advertisement at the Grenoble-Alpes University. We
estimated the required sample size according to Schonbrodt and Perugini (2013) using
an expected correlation of 0.4 between metacognitive sensitivity on a memory and a
perceptual task (McCurdy et al,, 2013). The authors explained that "the true correla-
tion strength uncontaminated by outlier influence, although significant, is likely to be
lower than the r value of 0.471" (p.4), hence our more conservative estimate of 0.4.
According to Schénbrodt and Perugini (2013), for a correlation of 0.4 and 80% of power,
correlations begin to be stable for 181 participants. All participants were native French
speakers and reported having a normal or corrected-to-normal vision. The study was
preregistered on the OSF (https://osf.io/b5ype/) and preregistered analyses are
presented in Supplementary material. We report here non-preregistered analyses (see

data and statistical analyses section).

4.2.2 Materials and procedure

The entire procedure included four cognitive tasks: an episodic memory task, a se-
mantic memory task, an executive functioning task, and a visual perception task. Task
order was randomly assigned for each participant. See Figure 1 for examples and a
schematic representation. The episodic memory task was separated into two parts: an
encoding phase and a retrieval phase. During the encoding phase, participants were
presented with 40 unrelated pairs of words for 2500ms duration in a randomized order.
Words were extracted from the French Lexique database (New, Pallier, Brysbaert, &
Ferrand, 2004) according to the following criteria: nouns or adjectives with six letters,
two syllables, and between 20 to 100 occurrences per million. During the retrieval
phase, immediately after the end of the encoding phase, participants were presented
with a cue word seen during the encoding phase and had to select which one of the two
other presented words was paired with this cue word. Participants had no time limit
to give their answer. Distractors were other words extracted from Lexique according
to the same criteria as targets and cues. These 2AFC decisions in this task, and in the
following, are referred to as the ‘first order’ task

In the semantic memory task, participants performed a series of 2AFC decisions for
general knowledge questions specifically designed for the French participants in this
study. These questions included various topics such as cinema, sport, art, history, and
geography (e.g., What is the largest department in France? Which painter is the main
representative of Cubism?). We pretested the difficulty of 60 questions in 20 partici-

pants by calculating the percentage correct for each question. From these 60 questions,
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20 were excluded because they were either too easy (above 95% correct answers) or
too difficult (bellow 5% correct answers). Participants had no time limit to give their
answer.

The visual perception task was akin to the one used by Fleming et al. (2014) and
consisted of two circles (diameter of 11.5°) each containing dots presented for 700ms.
After stimuli presentations, participants responded as to which one of the two circles
contained more dots with no time limit. Before each new stimulus presentation, par-
ticipants had to press the space bar. One of the two circles always contained 50 dots
and the other either had fewer than or more than 50 dots, randomly defined on each
trial. Stimuli were created using a plot function in R software. For each stimulus the
number of dots was randomly defined - between 25 and 49 for stimuli with fewer dots
and between 51 and 75 for stimuli with more dots.

The fourth task consisted of an attention, flexibility and working memory (executive
function) task. Participants were presented a letter-number sequence of five symbols
for 1000ms. Half of these sequences had three letters and two numbers and the other
half had two letters and three numbers (e.g., 7A5N2). Participants chose which one of
the two presented responses corresponded to the sum of all numbers and the relevant
letters (in the example above the correct answer would be 14AN). They had no time
limit to give their answer and had to press the space bar before each new stimulus
presentation. All stimuli were made prior to the task by associating random letters
(from A to Z) with numbers (from O to 9). Distractors were made by changing either one
letter or the sum of all numbers (e.g., if the correct response is 14AN, distractors can be
either 16AN or 14BN) from the correct answer. All stimuli had the same structure with
numbers embedded in strings of letters.

All four tasks comprised 40 trials each and had similar response requirements. The
position of the correct answer was randomly assigned and the order of the four tasks
was randomised for all participants. To begin each trial participants pressed the “space”
bar. For the first-order decision, participants had to press the “s” letter to select the
lefthand answer and the “1” letter to select the righthand answer and they had no time
limit for make their decision. Figure 4.1 provides a summary of the four tasks.

After each response on each of the four tasks, participants were asked to evaluate
how confident they were in their answer. The scale ranged from 0% of confidence
(minimum confidence) to 100% (maximum confidence). Participants could report 10%,
20%, 30%, 40%, 50%, 60%, 70%, 80%, 90% by using the number keys 0 to 9. Partic-

ipants used “c” to report 100% confidence. It was explained to the participants that
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0% confidence signified a guess response. There was no time limit for either first-
order decisions or confidence judgments and participants were not asked to respond

as quickly as possible; however we measured decision time in an exploratory analysis.

B
Enceding phase Retrieval phase
ird - 0 Confidence? i i -
bird - land bird How high is the Mont-Blanc? Confidence?
0%- 10%- .- - . .
lake - t 0%- 10%- ...~ 90%
ki bl banana land 90%- 100% 4810m  4953m S
paper - cake
2500 ms
C
D
Which one had Confidence? Confidence?
more dots?
0%- 10%- - 90% TASNZ 14AN 16AN 0%- 10%- - 90%
L R - 100% - 100%
1000 ms
700 ms

Figure 4.1: Summary of the four tasks. (A) Episodic memory task. (B)

Semantic memory task. (C) Visual perception task — real stimuli included

between 25 and 75 dots. (D) Working memory/attention task (executive
functioning).

4.2.3 Data and statistical analyses

As described above, we focused on both metacognitive bias and metacognitive sensitiv-
ity. In ourinitial preregistration, we aimed to measure metacognitive bias by subtracting
mean task performance from mean confidence, because we anticipated that first-order
performance would differ across the four tasks. Metacognitive sensitivity was proposed
to be measured by the AUROC2. We decided to deviate from both of these planned anal-
yses for several reasons (see Supplementary results section for preregistered analyses).

Regarding metacognitive bias, we reasoned that there was some ambiguity in the
absolute meaning of the scale label 0% confident, given that chance level in 2AFC tasks
is 50%. We therefore decided to measure the average confidence level across trials
without subtracting mean task performance, which would rely on subjects having in-

terpreted a scale value of 0% confidence as 50% performance (chance).
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We chose to estimate metacognitive efficiency (meta-d’/d’) - i.e. metacognitive sen-
sitivity corrected for differences in performance — when comparing cross-task corre-
lations in metacognitive capacity. This is because measures of metacognitive sensi-
tivity (such as gamma correlation and AUROC2) are sensitive to differences in first-
order performance (e.g., Fleming & Lau, 2014), rendering such scores inappropriate
for the current study in which task performance varied across both domains and par-
ticipants. Using AUROC2, for instance, it is possible that cross-task correlations at the
metacognitive level could be partly or fully driven by correlations in first-order perfor-
mance. The meta-d’ framework allows us to control for such variability. In Type 1 SDT,
d’ refers to the ability to discriminate between different states of the world (i.e., signal
and noise). This parameter can be calculated as d’ = z(hits) — z(false alarms),where z
is the inverse of the cumulative normal distribution function, hits are the proportion of
"signal" responses when signal is present, and false alarms are the proportion of "signal”
responses when noise is present (here, signal was defined arbitrarily as one of the two
response options, as two stimulus options were presented on each trial of the 2AFC
tasks). In Type 2 SDT, the sensitivity parameter of interest is the ability to discriminate
between correct and incorrect responses, rather than signal and noise. Meta-d’ refers
to the Type 1 d’ that would give rise to the observed confidence distributions in the
absence of noise or imprecision in the ratings. By modelling the relationship between
Type 1 and Type 2 performance (the more information available for the Type 1 task, the
more sensitive Type 2 confidence ratings should be), meta-d’ quantifies the sensitivity
of confidence ratings to performance in units of d’ (Maniscalco & Lau, 2012). Because
d’ and meta-d’ are in the same units, they can be compared which allows derivation of
a measure of metacognitive efficiency, controlling for task performance. If this measure
(Mratio; meta-d’ / d’) is close to 1, then metacognitive efficiency is optimal under the
SDT model.

Here we used a recent hierarchical Bayesian framework (Fleming, 2017) to estimate
meta-d’/d’ at the group level (HMeta-d). This allows a more accurate estimation of
subject-level parameters by allowing the group-level estimates to constrain subject-
level fits, and more stable group-level estimates by limiting the impact of single-subject
estimates with high uncertainty on the group. (Fleming, 2017) showed in simulation
that HMeta-d was able to recover stable group-level parameter estimates with as few as
50 trials per subject, which was not the case when averaging single-subject maximum
likelihood fits. This framework is also particularly useful to test the question of the

domain-generality of metacognition since it can also be used to estimate covariance
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between estimates in a hierarchical framework.

As we have a low number of trial per task (N = 40), a Bayesian estimation of meta-
d’ is more appropriate as it naturally handles zero cell counts and avoids the use of
edge correction which may bias maximum likelihood estimates. Moreover, maximum
likelihood estimates of parameters based on hit and false alarm rates fail to take into
account uncertainty about these rates that is a consequence of finite data. A Bayesian
approach takes into account the uncertainty about single-subject parameter estimates
at the group level, and thus naturally handles both within- and between-participant
uncertainty. This is particularly crucial in the current study given that uncertainty in
the model’s estimate of meta-d’ needs to be incorporated into an assessment of any
correlation between the two domains (see Supplementary results).

To extend the existing model, each subject’s log metacognitive efficiency (log(meta-

d’/d’)) in the four tasks (M1, M2, M3, M4) was specified as a draw from a multivariate

Gaussian:
log(M1g) log(M2s) log(M3s) log(M4s)| ~ (4.1)
_ - , _
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Priors were specified as follows:

a1, a2, M3y Hvia ™ N(O,l)

OM1,0M2,0M3,0M4 7~ InqurtGamma(0.00l, 0001)

PM1M2s PM1M3y PM1M4s PM2M3y PM2M4s PM3M4 ™ Uniform(—l,l) (4.2)

N is a normal distribution with mean and standard deviation as parameters. i),
and o) refer to the mean and the standard deviation of log(meta-d’/d’). pasin; is the
correlation coefficient for log(meta-d’/d’) between tasks i and j.

The HMeta-d toolbox (https://github.com/metacoglab/HMeta-d)uses MCMC sam-
pling to estimate posterior distribution over model parameters using JAGS (Plummer,
2003). We modified the HMeta-d code to allow estimation of parameters in R using
rjags. As in the HMeta-d toolbox, we discarded early samples of the posterior distri-

butions and ran three chains in order to diagnose convergence problems. Convergence
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diagnostics were computed with the "coda" package using the "potential scale reduction
factor" R (Gelman & Rubin, 1992). Material, raw data, model and analysis scripts are
availablein OSF (https://osf.io/b5ype/). Significance of group-level parameters was
estimated by calculating whether the 95% HDIs on the posterior distributions of the
correlation coefficients pys;5/; overlapped with zero, which is a Bayesian analogue of a
frequentist confidence interval since it is the smallest interval containing 95% of the
MCMC samples (Kruschke, 2014).
We complemented the HMeta-d analyses for metacognitive efficiency with non-hierarchical

Pearson’s r correlations and paired t-tests for magnitude of judgements and task per-
formance. For paired t-tests, outliers were detected using 3 tests: Leverage, RSS and

Cook’s distance. When necessary, Bonferroni corrections were applied.

4.3 Results

4.3.1 Type 1 performance

We assessed task performance using Type 1 d’ This index was calculated for each par-
ticipant and each task (see Figure 4.2A for mean and confidence intervals). For these
analyses a Bonferroni correction was used providing a significance threshold of a =
0.05/6 = 0.008. Paired t-tests showed that performance on the executive function task
(M = 2.58; §D = 0.74) was better than the episodic memory task (M = 1.84; SD = 0.88),
t(180) = 9.42, p < .001, d, = 0.70, semantic memory task (M = 1.19; §D = 0.60), t(180)
=22.71,p <.001, d, = 1.69, and visual perception task (M = 0.92; SD = 0.39), t(180) =
30.26, p < .001, d, = 2.25. The episodic memory task was also better performed than
the semantic memory task, t(180) = 9.32, p <.001, d, = 0.69, and the visual perception
task, t(180) = 13.09, p < .001, d, = 0.97. Finally, the semantic memory task was better
performed than the visual perception task, t(180) = 4.98, p <.001, d, = 0.37.

We next examined intersubject correlations in first-order performance across tasks.
Table 4.1 summarises Pearson correlation coefficients between d’ values. These anal-
yses revealed a positive correlation between episodic and semantic memory perfor-
mance, r = 0.23, p = .002. Executive function performance was also positively corre-
lated with semantic memory performance, r = 0.27, p < .001, and visual perception

performance, r = 0.21, p <.001. However, correlations between other task performance
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pairings (visual perception and episodic memory; executive function and episodic mem-
ory; semantic memory and visual perception) were not significant after correcting for
multiple comparisons.

Table 4.1: Pearson correlation coefficients, confidence intervals, and p

values for correlations in task performance between pairs of tasks. Alpha
threshold is .008.

Performance (d’) correlations

Episodic memory Visual perception Semantic memory Executive function
Episodic memory r=0.04[-0.11,0.18] r=0.23[0.09, 0.37] r=0.16 [0.02, 0.30]
p=.638 p=.002 p=.030
Visual perception r=-0.08 [-0.23,0.06] r=0.25[0.11,0.39]
p=.258 p<.001
Semantic memory r=0.25[0.11, 0.38]
p<.001

Executive function

4.3.2 Confidence level

Mean confidence judgments were calculated for each participant and each task (Figure
4.2B). The pattern of results for confidence judgements was similar to that for task
performance. Paired t-tests (corrected for multiple comparisons) showed people were
more confident overall on the executive function task than the episodic memory task,
t(180) = 10.04, p < .001, d, = 0.75, the semantic memory task, t(180) = 18.73, p < .001,
d, = 1.39, and the visual perception task, t(180) = 18.10, p <.001, d, = 1.35. The episodic
memory task was also judged with higher confidence than the semantic memory task,
t(180)=4.71,p<.001,d, = 0.35, and the visual perception task, t(180) = 6.30, p <.001,d,
= 0.47. Finally, the semantic memory task was judged with higher confidence than the
visual perception task, t(180) = 3.37, p <.001, d, = 0.25.

In order to estimate domain-general influences on confidence level, we computed
correlations between average confidence levels across tasks (Table 4.2). We observed
a significant correlation between confidence levels across all tasks after correction for
multiple comparisons (all p < .008, with r ranging from 0.21 to 0.39; the exception was
a trend-level correlation between visual perception and episodic memory) suggesting
that the more participants report high confidence in one task, the more they report high

confidence in another task.
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Figure 4.2: (A) Raincloud plots (Allen et al., 2019) for d’ for the four tasks.
(B) Raincloud plots for confidence level for the four tasks.

Table 4.2: Pearson correlation coefficients, confidence intervals, and
p values for correlations in confidence between pairs of tasks. Alpha
threshold is .008.

Confidence level correlations

Episodic memory Visual perception Semantic memory Executive function

Episodic memory r=0.19 [0.05, 0.33] r=0.34[0.21,0.46] r=0.21[0.06,0.34]
p =.009 p<.001 p=.005

Visual perception r=0.39[0.27,0.52] r=0.361[0.23,0.48]
p<.001 p<.001

Semantic memory r=0.37[0.23, 0.49]
p<.001

Executive function

4.3.3 Metacognitive efficiency

To estimate metacognitive efficiency, we estimated the group meta-d’/d’ ratio for each
task (see Figure 4.3). According to the overlap of 95% HDIs, metacognitive efficiencies
were similar for the two memory tasks, which in turn were greater than both the exec-
utive function and visual perception tasks (for means and HDIs related to the difference
distributions for each comparison see Table 4.3). Executive function metacognitive ef-
ficiency was also greater than visual perceptual metacognitive efficiency.

In order to evaluate domain-general contributions to metacognitive efficiency, we

estimated correlations between all four task pairings within the hierarchical model.
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Figure 4.3: Posterior distributions over u Mratio (meta-d’/d’ ratio) for
the episodic memory, visual perception, semantic memory and executive
functioning tasks.

These correlations are estimated at the group-level from the variance-covariance ma-
trix. Figure 4.4B presents posterior distributions over each cross-task correlation pa-
rameter and associated 95% HDIs are presented in Table 4.4. Figure 4.4A visualises the
relationships between single-subject meta-d’/d’ values estimated within the hierarchi-
cal model. Critically, 95% HDIs on the posterior correlation coefficients for 5 out of 6
task pairings did not overlap zero suggesting substantial covariance in metacognitive
efficiency across domains. This was also the case for task pairings for which we did not
observe correlations in task performance (e.g. visual perception and semantic memory;
Table 4.1), suggesting it is unlikely to be an artefact of covariance in first-order capacity.

Only the HDI for the correlation between visual perception task and episodic memory
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Table 4.3: Means and HDIs of the posteriors of the difference between

1 Mratio distributions for each task pairing. Only the difference

distribution between episodic memory and semantic memory overlaps
with O, indicating no significant difference between tasks.

Difference distributions between group-level meta-d’/d’ estimates

Episodic memory Visual perception Semantic memory Executive function

Episodic memory 0.84 [0.72,0.97] 0.05[-0.01,0.11] 0.22 [0.17,0.28]
Visual perception 0.79 [0.68,0.91] 0.62 [0.51, 0.75]

Semantic memory 0.17[0.11,0.23]
Executive function

task (p = 0.28; HDI= [-0.03, 0.60]) overlapped zero, indicating a lack of cross-task cor-
relation.

Table 4.4: Means and HDIs of the distribution of posteriors of the p value

for each task pairing. Only the HDI for the correlation between episodic

memory and visual perception overlap with 0, indicating a lack of cross-
task correlation.

Group-level correlations in meta-d’/d’

Episodic memory Visual perception Semantic memory Executive function
Episodic memory 0.28 [-0.03, 0.60] 0.41 [0.14, 0.66] 0.44[0.24, 0.63]
Visual perception 0.69 [0.36,0.94] 0.65 [0.35, 0.89]
Semantic memory 0.41 [0.16, 0.65]

Executive function

Although the current study has few trials per task, for completeness we nonetheless
performed non-hierarchical estimation of subject-specific meta-d’ in order to calculate a
meta-d’ / d’ ratio per participant and per task. We excluded nine participants with very
low performance (d’ < 0.10) in one of the four tasks. Then, we performed Pearson’s
correlations for metacognitive efficiency across tasks (Table 4.5). When controlling for
multiple comparisons, we found positive correlations for meta-d’/d’ across visual per-

ception and semantic memory and across visual perception and executive function.

4.3.4 Supplementary results

Preregistered analyses

We estimated metacognitive bias using difference scores. Thus, the difference between

mean confidence and mean performance was calculated for each participant and each
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Figure 4.4: (A) Single-subject parameter estimates from the hierarchical
model of meta-d’/d’ and Pearson correlations between meta-d’/d’
estimates across the four tasks. (B) Posterior distributions over p for
each entry in the covariance matrix determining the correlations between

meta-d’/d’ across the four tasks.
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Table 4.5: Pearson correlation coefficients, confidence intervals, and p
values for correlations in individual meta-d’/d’ between pairs of tasks.
Alpha threshold is .008. N = 172.
Correlations in individual meta-d’/d’ estimates
Episodic memory Visual perception Semantic memory Executive function
Episodic memory r=0.10[-0.05, 0.24] r=0.05[-0.10, 0.19] r=0.18[0.04, 0.33]
p=.212 p=.516 p=.015
Visual perception r=0.21[0.06,0.35] r=0.25[0.11,0.39]
p=.006 p<.001
Semantic memory r=0.12 [-0.03, 0.26]
p=.106

Executive function

task. As the performance scale (from 50% to 100% of performance) was different from
the confidence scale (0% to 100%) we transformed the confidence scale. Therefore,
0% was 50%, 10% was 55%, 20% was 60% and so on. Here, a negative score refers to
underestimation of performance whereas a positive score refers to an overestimation.
Bonferroni corrected single sample t-tests were used (« = 0.05/6 = 0.008); revealing
that confidence tended to be higher than task performance (episodic memory: M =
0.015, SD = 0.084; semantic memory: M = 0.071, SD = 0.089; visual perception: M =
0.094,8D=0.116; all p <.05) except for the executive functioning task which was neither
underestimated nor overestimated (M = 0.001, SD = 0.057,t(180) = 0.28,p=.778,d, =
0.02).

We also compared these difference scores across task using Bonferroni corrected
paired t-tests (o = 0.05/6 = 0.008). Analyses showed that metacognitive bias was the
same in the executive functioning task and the episodic memory task, t(180) = 2.16,p =
.032,d, =0.17, whereas it was lower in the executive functioning task compared to the
semantic memory task, t(180) = 10.28, p < .001, d, = 0.80, and than visual perception
task, t(180) = 11.77,p <.001, d, = 0.92. The episodic memory task has also a lower bias
than the semantic memory, t(180) = 7.83, p < .001, d, = 0.61, and than the visual per-
ception task, t(180) = 9.50, p <.001, d, = 0.74. Finally, the bias for the visual perception
task was higher than that for the semantic memory task, t(180) = 2.67, p = .008, d, =
0.21. Overall, overconfidence in performance tended to be higher in tasks with lower
performance.

In order to estimate domain-general and domain-specific influences on these dif-
ference scores, we computed correlations across tasks (see Table below). All scores

significantly correlated which each other (all p <.001 and r ranging from 0.27 to 0.42)
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suggesting that the more a participant overestimates their performance in one task, the
more they overestimate their performance in another task.
Table 4.6: Pearson correlation coefficients, confidence intervals, and p

values for paired correlations of metacognitive bias (mean confidence -
mean performance) across tasks. Alpha threshold is .008.

Metacognitive bias
Episodic memory Visual perception Semantic memory Executive function
Episodic memory r=0.41[0.28,0.52] r=0.37[0.24,0.49] r=0.35[0.21,0.47]
p<.001 p<.001 p<.001
Visual perception r=0.42[0.29,0.53] r=0.42[0.29,0.53]
p<.001 p<.001
Semantic memory r=0.27[0.13, 0.40]

p<.001

Executive function

Metacognitive sensitivity was estimated using AUROC2. Thus, we computed one AU-
ROC2 for each participant and each task. The Type 2 ROC curve represents the relation-
ship between performance (i.e., type 1 decision as correct or incorrect) and confidence.
AUROC2 ranges between 0.5 and 1 where 0.5 refers to chance-level discrimination be-
tween correct and incorrect answers and 1 refers to perfect discrimination. We excluded
17 participants from these analyses because they gave 100% correct answers in one of
the 4 tasks. As we were interested in the comparison of AUROC2 values across all task
pairs the significance threshold for these analyses was o = 0.05/6 = 0.008. Paired t-tests
were conducted across tasks and showed that executive functioning AUROC2 was higher
than episodic memory AUROC2, t(163) = 2.69, p = .008, d, = 0.21, semantic memory
AUROC2, t(163) = 8.42, p < .001, d, = 0.66, and visual perception AUROC2, t(163) =
19.92, p < .001, d, = 1.56. Furthermore, episodic memory AUROC2 was higher than
semantic memory AUROC2, t(163) = 6.07, p < .001, d, = 0.47 and visual perception
AUROC2, t(163) = 16.95, p < .001, d, = 1.32. Finally, semantic memory AUROC2 was
higher than visual perception AUROC2, t(163) = 12.78, p < .001, d, = 1.00. As further
discussed in the main text, these differences in metacognitive sensitivity are potentially
confounded by differences in first-order performance (d’), hence why we decided to use
meta-d’/d’ as our primary measure of metacognitive efficiency when analyzing cross-
task correlations.

For completeness, we also examined correlations in AUROC2 across tasks (see Table

S7). We found a significant correlation between AUROC2 values estimated from the
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Figure 4.5: AUROC2 values per participant and per tasks.

episodic and semantic memory tasks, r = 0.23, p = .003, but other correlations did not

reach significance.

Table 4.7: Pearson correlation coefficients, confidence intervals, and p
values for paired correlations of AUROC2 across tasks. Alpha threshold
is .008.

Episodic memory

Metacognitive sensitivity (AUROC2)

Visual perception

Semantic memory

Executive function

Episodic memory

Visual perception

Semantic memory

Executive function

r=0.14[-0.01,0.29]
p=.066

r=0.23 [0.08, 0.37]
p=.003

r=0.13[-0.03,0.28]

p=.010

r=0.13[-0.03,0.27]
p=.106

r=0.07 [-0.09, 0.22]
p=.385

r=0.04[-0.11,0.19]
p =.609

Comparison between hierarchical and non hierarchical models

We carried out simulations to compare the power of hierarchical and non-hierarchical

estimation procedures in recovering cross-task correlations in metacognitive efficiency.
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Simulated data were generated using the variance-covariance matrix and parameters
estimated from data from the current experiment. We used the metad_sim function
from the HMeta-d toolbox to generate confidence rating data (this function simulates
confidence rating data from the meta-d’ model with pre-specified levels of meta-d’/d’;
see Fleming, 2017, for further details).

Two types of dataset were generated: one with 40 trials per task/subject (as in
the current study) and one with 400 trials per task. As in the current experiment, we
simulated data for 181 participants and for 11 distinct confidence rating levels. For each
participant and each task, meta-d’/d’ ratios were sampled from a multivariate Gaus-
sian distribution (using the means and covariance matrix obtained from the current
study) and d’ values were sampled from a normal Gaussian distribution (again using
the parameters from the current study). Then, simulated confidence ratings were gener-
ated from each participant’s d’ and meta-d’. Decision and confidence criteria were fixed
across tasks and participants. Code and generated data are available on OSF (https://

osf.io/b5ype/). Simulation parameters were specified as follows:

« Group-d: EM = 1.84; VP =1.19; SM = 0.92; EF = 2.58

« Type1lo: EM=0.88; VP = 0.60; SM = 0.36; EF = 0.74

« Group-Mratio: EM = 1.23; VP = 0.53; SM = 1.17; EF = 0.99

« Type2 0: EM =0.31; VP = 0.54; SM = 0.36; EF = 0.39

- p: EM/VP = 0.28; EM/SM = 0.41; EM/EF = 0.44; SM/VP = 0.69; SM/EF = 0.68;
VP/EF =0.41

- c:0

« ¢ 2,“S1™:(-2,-1.8,-1.6,-1.4,-1.2,-1,-0.8,-0.6,-0.4, -0.2)

« ¢2,“527:(0.2,0.4,0.6,0.8,1,1.2,1.4,1.6,1.8,2)

First, we estimated group-level parameters from the simulated data with 40 trials
per task (mean and covariance of meta-d’/d’ ratios across tasks) using the hierarchical
Bayesian model (Fleming, 2017). The mean and HDIs of group-level posterior distribu-
tions over the cross-task correlation parameters are presented in the Figure 4.6. The
red vertical line showed the ground-truth correlations, and the black line shows the
recovered parameter. Five out of six of the recovered correlations were significantly
above zero, as was the case for the actual data.

Second, we analysed the same simulated data by estimating one meta-d’ / d’ ratio
per participant and per task using a single-subject Bayesian model (Fleming, 2017).

We excluded 13 simulated participants with very low performance (d’ < 0.10) in one of


(https://osf.io/b5ype/)
(https://osf.io/b5ype/)

Chapter 4. Is there a G factor for metacognition? Correlations in retrospective

metacognitive sensitivity across tasks

76

A 3000
2000

1000

Visual perception Episodic memory
Sample count

Semantic memory

Visual perception

Semantic memory

Executive functioning

| B 3000 1 1 ¢ 3000 1
| 1 1 1
1 = 1 1 = 1
1 e 2000 1 1 3 2000 1
S <3
1 ° [ °
Q Q
£ 11 £
||HH“‘ o ”ll“ I o “
..'"" ||I,| ”.|1||| ""il, |,||| A
i e T 0 T
-1.0 -0.5 0.0 0.5 1.0 -1.0 -0.5 0.0 0.5 1.0 -1.0 -0.5 0.0 0.5 1.0
p value p value p value
0 3000 n E 3000 |
n 1
- n - |
5 2000 I 5 2000 I
8 8
o 1 o 1
= S
3 5 !
& 1000 & 1000 I
|||||| ll d ||
...ll........”.,..,.. 0 .||.[...l .....
-1.0 -0.5 0.0 0.5 1.0 -1.0 -0.5 0.0 0.5 1.0
p value p value
F 3000 1
11
- 1
=
3 2000 11
<]
Py 11
Q
3 I
& 1000 I

-1.0

-0.5 0.0

p value

0.5

Figure 4.6: Posterior distributions over p for each entry in the covariance
matrix determining the correlations between meta-d’/d’ across the four
simulated tasks. N = 40 trials. Red lines are ground truth correlations and
black lines are mean correlations estimated by the model.

the four tasks. Then, we performed Pearson’s correlations for estimated metacognitive

efficiency across tasks (see Table 4.8).

Table 4.8: Pearson correlation coefficients, confidence intervals, and
p values for paired correlations of simulated meta-d’/d’ ratios across

simulated tasks.

Simulated participants with d’ lower than 0.1 were

excluded. N = 168 subjects and N = 40 trials. Alpha threshold is .008.

Episodic memory

Visual perception

Metacognitive bias

Semantic memory

Executive function

Episodic memory

Visual perception

Semantic memory

Executive function

r=0.11[-0.04,0.26]

p=.147

r=0.07 [-0.08, 0.22]

r=0.02[-0.14,0.17]

p=.838

p=.367

p=.083

p=.028

r=0.13[-0.02,0.28]

r=0.17[0.02, 0.31]

r=0.40 [0.26, 0.52]

p<.001
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When comparing correlations estimated using single-subject estimations of meta-
d’/d’ and those obtained within the hierarchical model, the latter are closer to the ground
truth correlations (see Table 4.9) except for the correlation between executive function
and semantic memory. Five out of six correlations estimated within the hierarchical
model were significantly above zero, compared to only 1 out of 6 correlations using
the single-subject approach. Finally, correlations estimated from single-subject values
tended to be lower than those estimated in the hierarchical model.

Table 4.9: Comparisons of values for “true” correlations, correlations

estimated within the hierarchical model and correlations calculated from
single-subject estimations. N = 181 subjects and N = 40 trials.

Comparisons
"True" correlation Hierarchical Single-subject
estimation estimation
EM / VP 0.28 0.28 0.11
EM / SM 0.41 0.15 0.02
EM / EF 0.44 0.38 0.13
VP / SM 0.69 0.73 0.07
VP / EF 0.68 0.81 0.17
SM / EF 0.41 0.55 0.40

We next repeated the same simulation and parameter recovery process when gen-
erating 400 simulated trials per task/subject. Results from the hierarchical estimation
are presented in Figure 4.7, using the same conventions as before.

We next estimated one meta-d’ / d’ ratio per participant and per task using a single-
subject Bayesian model (Fleming, 2017). As in the 40-trial simulation, we excluded 13
simulated participants with very low performance (d’ < 0.10) in one of the four tasks
were excluded. Cross-task correlations are presented in Table 4.10.

Now, in contrast to 40 trials, the comparison between correlations recovered us-
ing single-subject estimates of meta-d’/d’ and those recovered within the hierarchical
model showed that all values were closer to the “true” correlations (see Table 4.11).
Therefore, we conclude that the benefit of the hierarchical approach is likely to be par-
ticularly pronounced when low trial numbers lead to individual meta-d’/d’ estimates to

be unreliable (see also Fleming, 2017).
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Figure 4.7: Posterior distributions over p for each entry in the covariance
matrix determining the correlations between meta-d’/d’ across the four
simulated tasks. N = 400 trials. Red lines are ground truth correlations
and black lines are mean correlations estimated by the model.
Table 4.10: Pearson correlation coefficients, confidence intervals, and
p values for paired correlations of simulated meta-d’/d’ ratios across
simulated tasks. Simulated participants with d’ lower than 0.1 were
excluded. N = 168 subjects and N = 400 trials. Alpha threshold is .008.
Metacognitive bias
Episodic memory Visual perception Semantic memory Executive function
Episodic memory r=0.24[0.10,0.38] r=0.30[0.16,0.43] r=0.42[0.29,0.54]
p=.002 p<.001 p<.001
Visual perception r=0.59[0.44,0.66] r=0.60][0.50,0.69]
p=<.001 p<.001
Semantic memory r=0.41[0.28, 0.53]
p<.001

Executive function

4.4 Discussion

The present study compared RCJs across four cognitive tasks in order to quantify a

potential domain-general metacognitive resource. We focused on both confidence level
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Table 4.11: Comparisons of values for “true” correlations, correlations
estimated within the hierarchical model and correlations calculated from
single-subject estimations. N = 181 subjects and N = 400 trials.

Comparisons
"True" correlation Hierarchical Single-subject
estimation estimation
EM / VP 0.28 0.34 0.24
EM / SM 0.41 0.40 0.30
EM / EF 0.44 0.46 0.42
VP / SM 0.69 0.77 0.59
VP / EF 0.68 0.74 0.60
SM / EF 0.41 0.49 0.41

and metacognitive efficiency. Our study goes beyond previous studies by using a large
sample to increase reliability, employing four distinct 2AFC tasks to avoid problems that
arise when comparing different task formats, and using a hierarchical estimation of
meta-d’/d’ (and covariance parameters) that facilitated efficient estimation of group-
level correlation parameters.

We reproduced previous findings on the domain-generality of metacognitive bias us-
ing a confidence level (e.g., Ais etal.,,2016). Except for a trend between episodic memory
and visual perception, we found that the tendency to report high confidence in one task
is correlated with the tendency to report high confidence in another task, suggesting
domain-general contributions to overall confidence level. These results are in line with
judgements of confidence being biased by domain-general contextual factors such as
mood (see Ais et al., 2016, for influences of optimism on bias) and psychiatric symptoms
(see Rouault, Seow, et al.,, 2018, in perceptual decision-making).

Our study also allowed us to estimate the extent of across-task stability in metacog-
nitive efficiency, by estimating the parameters of a covariance matrix governing the
association between meta-d’/d’ values in a hierarchical framework. We found substan-
tial shared variance in meta-d’/d’ across tasks, with 5 out of 6 correlation parameters
deviating from zero. As the meta-d’/d’ measure controls for influences of task perfor-
mance, this result suggests a substantial shared variance in metacognitive efficiency,
and is consistent with a domain-general resource supporting metacognition. Critically,
these correlations were obtained even for pairs of tasks that did not show correlations in

first-order performance (i.e., for semantic memory and visual perception; for episodic
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memory and executive function). This suggests that correlations in metacognitive effi-
ciency are unlikely to be driven by covariance in task performance.

The one 95% HDI that did overlap zero, for the correlation between episodic mem-
ory and visual perception, still showed a substantial probability mass above zero, sug-
gesting uncertainty around the proportion of shared variance, rather than an absence
of correlation (HDI = [-0.03, 0.60]). Although our findings are less clear regarding these
two tasks, a recent study (Lee et al,, 2018) suggested a positive relationship between
metacognitive sensitivity for short-term memory and visual perception when compar-
ing 2AFC tasks using a large sample size (100 participants) and a larger number of trials
(120 trials). The correlation they found was very close to the one we estimated here (r
=0.31and r =0.28).

Our results on shared variance in metacognitive efficiency across tasks thus suggest
the involvement of a common resource in metacognitive sensitivity across domains.
Nevertheless, it seems that the involvement of this common resource differed across
tasks, with variation in the strength of cross-task correlations (from 0.28 to 0.69). From
this perspective, general metacognition explains between 7% and 48% of the variance
in cross-task meta-d’/d’ estimates (i.e., 7> coefficient). As this range is large, it sup-
ports the idea that both domain-general and domain-specific processes are at play in
metacognition. Recent work has indeed found common and distinct brain areas track-
ing confidence across recognition memory and visual perceptual metacognition tasks
(Morales etal.,2018) supporting the idea that both domain-specificand domain-general
processes may influence the sensitivity of metacognitive judgments. Moreover, the con-
tribution of a putative global resource may differ according to the cognitive domain.

Comparing the highest cross-task correlation (semantic memory and visual percep-
tion) with the lowest (episodic memory and visual perception) is especially interesting.
We will briefly highlight a potential reason for this difference in the use of domain-
general metacognition. In the visual perception task there is an objective level of task
difficulty - the difference in terms of number of dots between the two stimuli. In the
semantic memory task, difficulty varies in a more subjective way: for instance, peo-
ple are more likely to know a very famous actor compared to a less well-known one.
However, as people share representations about general knowledge (Juslin, 1993), this
variation could also create shared knowledge about task difficulty and therefore a quasi-
“objective” level (or at least an inter-subjective or a consensual level; Koriat, 2008). As
such, a putative domain-general metacognitive resource could reflect the ability to build

meta-level representations of task difficulty to infer confidence. We would therefore
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expect that the more task difficulty can be easily inferred across two tasks (e.g., from
shared experimental cues, see Barthelme & Mamassian, 2010), the more metacognitive
efficiency would also correlate. Conversely, if one task has an easily available difficulty
signal and another task did not, we would expect a lower cross-task correlation for
metacognitive efficiency: the ability to infer task difficulty is less useful for the second
task. We suggest that such a lack of correlation occurs in the episodic memory task
because there is less intersubject consensus regarding task difficulty, and such domain-
general cues are less readily available.

Our findings are also consistent with a second-order model which proposes that a
common algorithm for second-order inference may be engaged across domains (Flem-
ing & Daw, 2017). As such, shared aspects of the state space, such as motor responses
being shared across tasks (Faivre et al,, 2018), can increase the prevalence of domain-
general metacognition. Another driver to global metacognition would be the ability to
generalize priors from one task to another, such as between two memory tasks, or two
perceptual tasks (Rouault, McWilliams, et al., 2018). Although some cross-domain cues
and processes influencing bias have been identified (as described above), further re-
search should focus on identifying domain-general processes influencing metacognitive
efficiency.

When analyzing our data using a non-hierarchical estimation of cross-task correla-
tions, only two out five correlations remained significant. This is likely due to the low
number of trials in this experiment and we suggest that the hierarchical model is more
powerful and accurate in this context (see Methods section). To confirm this intuition,
we carried out simulations to compare the power of hierarchical and non-hierarchical
estimation procedures in recovering cross-task correlations in metacognitive efficiency.
Simulated data were generated using the variance-covariance matrix and parameters
estimated from data from the current experiment. When analyzing these data using
both hierarchical and non-hierarchical estimations of cross-task correlations, we found
that the hierarchical model estimations achieved a closer match to the ground truth cor-
relations than the non-hierarchical fits for a low number of trials (N = 40), a difference
which was not seen when conducting parameter recovery simulations with a higher
number of trials (N = 400). In the present work, we opted to use a large number of
participants and several cognitive tasks to study a breadth of cross-task correlations
and isolate a domain-general resource. However, this approach was at the expense
of having fewer trials per task. It will be important to replicate our findings with a

higher number of trials in order to strengthen conclusions regarding the involvement
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of a domain-general resource for metacognitive efficiency.

Finally, as in previous studies (e.g., Morales et al.,2018), we found that metacognitive
efficiency was better for memory (for both episodic and semantic memory tasks in the
present study) compared to visual perception. Here we consider potential explana-
tions of this difference. One potential possibility is that the one-dimensional SDT model
that underpins the modeling of metacognitive efficiency is less appropriate for mem-
ory compared to perception tasks, because memory decisions are presumably made by
matching a target to a sample in a high-dimensional space. How confidence is formed in
such a situation, and how the link between confidence and accuracy should be modeled
relative to SDT-observer predictions, therefore remains an open question (Van den Berg,
Yoo, &Ma, 2017). This may especially be the case for episodic memory decisions, which
have been proposed to be influenced both by a familiarity process accommodated by
classical SDT and an all-or-none recollection process (e.g., Yonelinas, 1994; Yonelinas,
2002). Another possibility is that control processes exert a greater influence on confi-
dence in the memory compared to perceptual task. In memory, metacognitive beliefs
are important in regulating attempts to retrieve information: participants are more
likely to engage in a search if they believe they can recall the information (Nelson &
Narens, 1994). Thus, a positive feedback loop might ensue in which good metacognitive
sensitivity is used to guide memory search which in turn may further increase measured
metacognitive sensitivity: if one knows that she can remember the answer, she will
engage a search in memory which is more likely to lead to successful remembering
(compared to a situation with no active search in memory). Conversely, a belief that
one cannot remember a target would lead to weaker memory search and the increased
likelihood of an incorrect response. However, such a belief would be metacognitively
informative for these incorrect responses (i.e., “this response should be incorrect as I
did not search in memory”) therefore increasing metacognitive sensitivity. We suggest
that such processes are less likely to occur in the case of visual perception which would
point to a unique variance component associated with metamemory. However, as also
suggested by previous work (Morales et al., 2018), both domain-specific processes and
a more domain-general resource may make independent contributions to confidence
formation.

To conclude, we find that contrary to previous results, both metacognitive bias (mea-
sured by confidence level) and metacognitive efficiency share common resources across
domains. This observation of a domain-general signature of metacognitive efficiency

was obtained after ensuring that task structures were similar across domains (2AFC
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tasks), that experimental power was sufficient, and that performance-controlled mea-
sures of metacognition were employed (meta-d’/d’). The percentage of explained vari-
ance however suggests that both domain-specific and domain-general resources are
involved in metacognitive efficiency which is consistent with previous neuroimaging
data (Morales et al., 2018) and models of confidence formation (Fleming & Daw, 2017).
It also suggests that the use of a global resource may differ according to the evaluated do-
main. Nevertheless, this lends support to the idea that training metacognitive efficiency
in one domain can enhanced metacognitive efficiency in another domain (Carpenter et
al., 2019). Such "transfer effects” on metacognition may have important implications
for education and rehabilitation programs as they offer a pathway towards general-
ized improvements of awareness of abilities (or disabilities). Although domain-general
cues have been identified for biases in confidence judgement (i.e., anchoring effects,
confirmation bias), the source(s) of domain-generality in metacognitive efficiency has
received less attention. Further work should focus on identifying the types of processes
which influence metacognitive efficiency across domains. A second question of inter-
est is understanding sources of variation in cross-task correlation which may indicate
that some tasks are less likely than others to rely on a domain-general metacognitive

resource.



84

Chapter 5

Metacognitive domain specificity in
feeling-of-knowing but not

retrospective confidence

revious research has converged on the idea that metacognitive evaluations of mem-
Pory dissociate between semantic and episodic memory tasks, even if the type of
metacognitive judgement is held constant. This often observed difference has been
the basis of much theoretical reasoning about the types of cues available when making
metacognitive judgements of memory and how metacognition is altered in memory
pathologies. Here we sought to revisit the difference between episodic and semantic
feeling-of-knowing judgements in the light of recent research which has supported a
domain general account of metacognition. One hundred participants performed classi-
cal episodic and semantic memory tasks with feeling-of-knowing judgements and con-
fidence judgements. Using the meta-d’ framework, we applied a hierarchical Bayesian
model to estimate metacognitive sensitivity and cross-task covariance. Results revealed
a significant correlation in metacognitive efficiency (meta-d’/d’) between the episodic
memory task and the semantic memory task for confidence judgements, however no
evidence was found for a cross-task correlation for FOK judgements. This supports the
view that FOK judgements are based on different cues in semantic and episodic memory,

whereas confidence judgements are domain general.
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5.1 Introduction

When people fail to retrieve information from memory, they may have a feeling that they
nonetheless know this information. Such FOKs are a self-evaluation of cognitive abilities
and can be thought of as a metacognitive experience, akin to the TOT state (see Brown &
McNeill, 1966). In experiments, FOKs refer to the predictions of future stimulus recog-
nition when this stimulus has not been recalled. They are a special kind of judgement
in that they are cued by a retrieval attempt, but pertain to future performance, and in
this sense, they are prospective judgements. In the eFOK paradigm (e.g., Schacter, 1983;
Souchay et al,, 2000), participants learn cue-target paired-words. In a subsequent recall
phase, a cue word is presented and the participants are asked to recall the target word.
In cases where participants are not able to remember the target, they judge whether
they will be able to recognize the target amongst a set of distracter words (the FOK
prediction). Finally, participants perform the recognition task. In the sFOK paradigm
(e.g., Hart, 1965; Nelson, 1990) instead of learning paired-words, word definitions or
general knowledge questions are presented to participants (for example: ‘A movement,
passage, or composition marked to be performed in slow time’) and they are asked to
recall the answer or word referring to this definition (adagio). As in the episodic task,
they make an FOK if they are not able to find the correct word, and later perform a
recognition task. In the current experiment, we address the question of whether sFOK
and eFOK share similar basis or resources.

The literature shows striking dissociations between the accuracy of judgements in
sFOK and eFOK and especially in what is named “metacognitive sensitivity” (i.e., the
ability to discriminate between correct and incorrect responses). In several neuropsy-
chological populations, a profile of impaired eFOK despite preserved sFOK has been
reported (e.g., Alzheimer’s disease, Souchay, 2007; schizophrenia, Bacon, Danion, Kauff-
mann-Muller, & Bruant, 2001; Souchay, Bacon, & Danion, 2006; patients with frontal
lobe lesions, Schnyer et al., 2004). The same dissociation is observed in older adults
(e.g., Souchay, Moulin, Clarys, Taconnat, & Isingrini, 2007). This profile is proposed to
occur because sFOK and eFOK are based on different retrieval processes. Hicks, Marsh,
and Ritschel (2002) suggest that eFOK rely on autonoetic consciousness in order to
retrieve partial information from the study phase on which to base the FOK prediction
such as being able to recall what you were thinking when you first saw the pair. Such a
process is exclusively involved in episodic memory. In comparison, sFOK judgements do

not rely on autonoetic consciousness but can be inferred from the retrieval of lexical or
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semantic information associated to the target question such as when trying to answer
the question: “word obtained by transposing the letters of another word,” one can know
that the word ends with “gram”. Finally, in terms of neural regions, sFOK and eFOK
seem to be based on both common and distinct regions (Elman, Klostermann, Marian,
Verstaen, & Shimamura, 2012; Reggev, Zuckerman, & Maril, 2011).

This distinction is a critical one in theories of metacognition and memory, helping
identify the cues used to make metacognitive evaluations of retrieval, and pointing to
a domain specificity of FOK accuracy in human memory. Despite being such a robust
finding in the neuropsychological and aging literatures, to our knowledge no research
has examined the episodic-semantic distinction in correlational tasks in healthy partic-
ipants. This is of interest for two reasons which we develop below. First, it seems that
metacognitive for episodic materials only tends to occur in special populations with an
episodic memory deficit (the Memory Constraint Hypothesis; Hertzog, Dunlosky, & Sin-
clair, 2010) limiting the generalisability of this theory. Moreover, a number of method-
ological issues raise questions about the nature of the episodic-semantic dissociation
(for a recent review see Renoult, Irish, Moscovitch, & Rugg, 2019). Secondly, research
in other cognitive domains has found evidence of domain generalisable processes in
metacognition (e.g., Ais et al,, 2016; Lee et al,, 2018; Mazancieux, Fleming, Souchay,
& Moulin, 2018; McCurdy et al,, 2013; Samaha & Postle, 2017), contrasting with the
observed neuropsychological dissociation between semantic and episodic memory. We
introduce these two areas in turn.

Firstly, several methodological issues cloud the results of studies comparing sFOK
and eFOK. As shown in Table 5.1, few studies have directly compared these two types of
acrshortFOK and most of the dissociations related above are driven by distinct studies
with different pools of participants. Moreover in the metamemory literature, metacog-
nitive sensitivity is mainly assessed by Goodman-Kruskal gamma correlations (Kruskal
& Goodman, 1954) which is a within-subject non parametric correlation between metacog-
nitive judgements and the accuracy of the memory task. It has been shown that gamma
correlations are sensitive to metacognitive bias (i.e., the tendency to be overconfident or
underconfident) as well as task performance (Fleming & Lau, 2014). Task performance
differences are obviously a critical issue in neuropsychological and aging populations,
especially where the key theory is that eFOK judgements are less accurate due to deficits
in episodic memory (e.g., in Alzheimer’s disease, Ernst et al., 2016). As such, differences
in FOKs in the studies of Table 5.1 are concomitant with a deficit in either episodic

recall of recognition (except in autism, see Wojcik et al, 2013). Another solution to
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evaluate the potential dissociation between eFOK and sFOK is to estimate the cross-
task correlations for metacognitive sensitivity in FOK. However, this has rarely been
performed as sample sizes are typically small (most of the studies being with patients,
see Table 5.1).

Secondly, investigating the question of whether sFOK and eFOK share common re-
sources relates to the domain-generality of metacognition. This assumes that if metacog-
nitive sensitivity depends on domain-general resource, sensitivity indices across two
different domains will be correlated. Research to date has exclusively focused on RCJs.
In contrast to FOKs, RCJs refer to a subjective evaluation of the confidence in a previous
decision. As this metacognitive judgement can be performed for decisions in several
cognitive domains (e.g., memory, visual perception, language), it is a good candidate to
answer the question of the domain-generality of metacognition. As well as an interest in
sensitivity, researchers have also examined bias, finding it is domain-general e.g., Ais et
al.,, 2016; e.g., Baranski & Petrusic, 1995) that is, people who are over confident on one
task will tend to be over confident on another task. The correlation is less clear for sen-
sitivity across tasks. However, under controlled conditions and with appropriate statis-
tical power, it is possible to find cross-domain correlations for metacognitive sensitivity
in RCJs (Lee et al,, 2018; Mazancieux et al,, 2018). In support, a recent meta-analysis of
neuroimaging studies has identified a domain-general neural network involved in RCJs
for decision-making and memory tasks (Vaccaro & Fleming, 2018).

A further question arises regarding when the metacognitive evaluation is made. As
metacognitive judgements can be performed prospectively and retrospectively, it is of
interest whether metacognition dissociates according to this variable, especially since
the above literature on domain generality tends to focus on retrospective judgements.
Several findings support the idea that prospective and retrospective judgements mea-
sure distinct aspects of metacognition. They are uncorrelated (e.g., Kelemen et al., 2000),
supported by separate brain regions (Chua, Schacter, & Sperling, 2009), and seem to rely
on different cues and processes. In the memory field, FOKs are proposed to be based on
both the access of partial information of stimuli and the familiarity of the cue (Koriat &
Levy-Sadot, 2001; Metcalfe et al., 1993), whereas RC]Js are proposed to be related to the
strength of the memory trace (e.g., Yonelinas, 1994). Neuroimaging studies support the
idea that common and distinct neural mechanisms underpin FOKs and RCJs in memory
(Chua et al., 2009). Moreover, studies with neurological populations often exhibit a
pattern of impaired sensitivity for prospective judgements and preserved sensitivity for

retrospective judgements (e.g., Pannu & Kaszniak, 2005). Within the visual perception
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Table 5.1: Review of studies comparing episodic FOK and semantic FOK.

” o«

Using the keywords “feeling-of-knowing”,

episodic”, and “semantic” in

Pubmed, we identified 16 articles. After having screened the abstracts,
we selected 7 articles. Our inclusion criteria were as follows: (1) eFOK
and sFOK have to be compared in the same study (2) judgements have
to be related to retrospective memory (3) metacognitive sensitivity has
to be measured. Two more articles were found in the references of the
above studies. All the studies rely on gamma correlations for assessing
metacognitive sensitivity. AD is Alzheimer’s disease. PD is Parkinson’s
disease. ASD is autism spectrum disorder. Notes: eFOK = episodic Feeling

of Knowing; sFOK = semantic Feeling of Knowing.

Metacognitive
N° Reference Participants sensitivity FOK sensitivity Memory
index
12 placebo, 12 Lower recall and
Bacon et al. low lorazepma Lower eFOK for recognition for both
1 (1998) .dose, and 12 Gamma lor.azepma groups. No tasks in lorazepma
high lorazepma difference for sFOK groups
dose
. No difference L isodi 1
Eakin, Hertzog, 50 young adults between r i ower episodic reca
2 and Harris and 56 older Gamma etween groups and recognition for
(2014) adults both FOKs. A trend older adults
for higher sFOK
Morson, Moulin, 35 young adults Lower eFOK for older  Better semar}t.ic recall
3 and Souchay and 16 older Gamma adults. No difference and recognition for
(2015) adults for sFOK older adults
Lower recall for both
Pappas et al 12 older adults Lower sFOK for AD. tasks fO}’ _AD- Lower
4 ?5)992) ) and 12 patients Gamma No difference for recognition for {\D
with AD eFOK (low for both) only in episodic
memory
; d " No difference in recall.
5 Perfect an 46 young adults Gamma Lower for eFOK-No 1 gyer recognition for
Hollins (1996) difference for sFOK episodic memory
No difference
Reggev et al. Gamma + Task performance
6 (2011) 23 young adults Hamann betweer;gli{OK and differences not tested
s
Better semantic and
7 Souchay and ;: doiier;(ii:rlliss Gamma Lower sFOK and episodic recall and
Moulin (2013) . P eFOK for PD recognition for older
with PD adults
Souchav et al 20 young adults Lower eFOK for older Lower recall and
8 20g7 ’ and 40 older Gamma adults. No difference recognition for both
( ) adults for sFOK tasks for older adults
18 children with Lower eFOK for No difference in task
Wojcik et al. ASD and 18 . . erformance between
9 (2013) neurotypical Gamma children with ASD.No P
yp difference for sFOK groups

children
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decision making field, RCJs are mainly influenced by reaction time and the correctness
of the decision, whereas prospective judgements rely more on the judgements made
for previous tasks (Fleming et al.,, 2016). In both literatures, prospective judgement
sensitivity is lower that retrospective judgement sensitivity (Fleming et al., 2016; Per-
fect & Hollins, 1996). There is some variability in he procedures used and hence in the
definition of ‘prospective’. For instance, in perceptual tasks, the ‘prospective’ judgement
is not a a prediction before having seen the trial, but are made just before the motor
response of the first-order decision, and with all the on-screen information necessary
to perform the task. Even so, with such paradigms, there is still significantly lower
sensitivity in prospective tasks (e.g., Siedlecka et al., 2016) In contrast to sensitivity,
metacognitive bias seems consistent across judgement type (Fleming et al.,, 2016). FOK
judgements, however, have a particular status, since they are prospective evaluations
but made after a retrieval attempt, and in that way they share characteristics of both
prospective and retrospective judgements.

Here, we expected to reproduce previous results regarding the domain-generality
of metacognitive efficiency for RCJs (Mazancieux et al, 2018) and to investigate the
same issue in FOKs. The clearest hypothesis to formulate is that we will find cross-
task (i.e. episodic/semantic) correlations for RCJs, and such a finding will help ground
our studies in the work on domain general contributions to metacognition. The novel
hypothesis tested here is that FOKs too will show some domain generality. Based on
neuroimaging studies (Reggev et al,, 2011) and on the idea that methodological issues
exist in the estimation of metacognitive sensitivity in previous work on FOKs, we sug-
gest that episodic and semantic FOKs will produce low, but significant, correlations.

As we claim for a more general view of metacognition, we here wanted to use novel
methods to estimate metacognitive sensitivity stemming from the visual perception lit-
erature rather than the classic methods used in the metamemory field. Therefore, we
chose to estimate metacognitive sensitivity using the meta-d’ framework (Maniscalco &
Lau, 2012). Based on signal detection theory, this framework allows the calculation of
metacognitive efficiency which is a ratio between task performance (d’) and metacog-
nitive performance (meta-d’). Metacognitive efficiency has the advantage of being inde-
pendent from task performance and metacognitive bias which is less the case for clas-
sical correlational methods such as phi and gamma correlations (Fleming & Lau, 2014).
Moreover, as we are interested in cross-task correlations, we estimated meta-d’ in a
hierarchical Bayesian model (Fleming, 2017) which allows an estimation of metacog-

nitive efficiency for individual participants and group level parameters (mean per task
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and cross-task correlations). Preregistration of the study, raw data, model and analysis

scripts are available in OSF (https://osf.io/p5gaq/).

5.2 Method

5.2.1 Participants

Based ona power calculation, 100 young adults (Mg, = 20.50, §D,4. = 4.45; 87% women)
were included in the study recruited through an advertisement at the Grenoble-Alpes
University. Because one of our aims was to reproduce the correlation for metacognitive
efficiency between episodic and semantic memory in RCJs, we focused on this effect in
a previous study (Mazancieux et al,, 2018; p = 0.41, sample size estimation was made
with a power of .99 at the standard .05 alpha error probability).

According to our preregistration, we excluded six participants who performed close
to chance or ceiling (below 55% or above 95% correct) in the recognition of one of the
two tasks. We also excluded two participants who used only one point on the metacog-

nitive scale. Thus, we performed analyses on 92 participants.

5.2.2 Materials and procedure

The procedure included two tasks: an episodic task and a semantic task (Figure 5.1).
In the episodic task, participants studied 40 cue-target word-pairs each presented for
1500ms. After this phase, the cue was presented, and participants attempted to recall
the target with a time limit of 15 seconds. In any case (with or without a response in the
recall phase), participants performed an FOK judgement. More specifically, they had
to judge their confidence in recognizing the correct target between 2 words in a next
phase. To do so, they used a 6-point scale ranging from 50% (I will guess the answer)
to 100% (very confident in finding the answer). During the last phase, participants
performed a 2AFC recognition task where the 40 cues were presented for a second time
and participants had to choose between a target and a distractor by pressing either
the “s” or the “1” letter. Finally, for each trial, participants had to estimate their level
of confidence in their response using the same 6-point scale (ranging from "guessing"
to "very confident").

In the semantic task, participants responded to 40 general-information questions.
These questions were word definitions and the participants were asked to recall the

word given the definition with a time limit of 15 seconds. As in the episodic task, in
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either case, they judged their ability to recognize in a next phase the correct definition
between two alternatives. Then in a recognition phase, the definitions were presented a
second time and participants had to select the correct answer in a 2AFC task by pressing
either the “s” or the “1” letter. They also estimated their level of confidence in their
response using the same scale as the episodic memory task.

The stimuli were based on a previous experiment (see Souchay et al., 2007), with the
exception that in order to use the meta-d’ framework we presented two alternatives and
not four in the recognition phase. We used a feature of the Souchay et al. (2007) task, in
that the same target words were used in the episodic and the semantic tasks in a coun-
terbalanced fashion (see Figure 5.1). Each target has a cue for the episodic memory task
and a definition for the semantic memory task. Two lists of forty targets were created
such that each participant was randomly allocated to one set of targets in the episodic
condition, and the other in the semantic condition. For both tasks, participants had
three training trials in order to familiarise themselves with the task before the test trials.
They had 15 seconds to recall the word before the performing their FOK judgement. For
the recognition phase, there was no time limit. The task order was random (on the 92
non-excluded participants, 49 begun with the episodic memory task and 43 begun with
the semantic memory task) for each participant and the entire procedure lasted around

45 minutes.

5.2.3 Data and statistical analyses

Our analyses focused on task performance, metacognitive bias, and metacognitive sen-
sitivity. Metacognitive bias was estimated by calculating the difference between mean
RCJs or FOKs and mean performance for each participant and each task. Sensitivity
was estimated as metacognitive efficiency (meta-d’/d’). Meta-d’ is the d’ that would
be expected if the Type 2 ROC curve observed for a participant was his or her ideal
(Fleming, 2017) using an extension of the the HMeta-d toolbox (https://github. com/
metacoglab/HMeta-d) in R software. Two models were used: one for the FOKs and
one for the RCJs. Both models estimated a meta-d’/d’ ratio for each participant and
each task as well as a group-level parameter for both the episodic and the semantic task
and the cross-task correlation. To assess the significance of group-level parameters,
we calculated the 95% highest density intervals (HDIs; the smallest interval containing
95% of the MCMC samples; Kruschke, 2014) on the posterior distributions and looked

at its potential overlaps with zero.
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letters of another word 7 ? -letter
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Figure 5.1: Summary of the two tasks. The semantic memory task includes
2 phases and the episodic memory includes 3 phases.

The HMeta-d toolbox uses MCMC sampling to estimate posterior distribution over
model parameters using JAGS (Plummer, 2003) in R ("rjags" package). We modified the
HMeta-d code to allow estimation of parameters in R using rjags. As in the HMeta-d tool-
box, we discarded early samples of the posterior distributions and ran three chains in
order to diagnose convergence problems. We estimated convergence of the three chains
with the "potential scale reduction factor" R (Gelman & Rubin, 1992). This approach
was exactly the same as in Mazancieux et al. (2018) and was carried out according
to our preregistration document. Other analyses include ANOVA, t-test, and Pearson’s
correlations. Outliers were detected using Leverage, RSS and Cook’s distance. When

necessary, Bonferroni corrections were applied.
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5.3 Results

5.3.1 Type 1 performance

Task performance was estimated in two ways (Figure 5.2). First, we calculated the
proportion of correct recall for episodic recall and semantic recall. A recalled item was
judged as correct when the exact word was retrieved (we judged as correct those that
were recalled in the plural form, even though all targets were singular). Second, we
calculated a Type 1 d’ for performance in the recognition task. Paired t-tests showed that
performance on the semantic recall (M = 0.27; SD = 0.13) was better than the episodic
recall (M =0.15;$D=0.09),t(91) =9.68,p<.001,d, = 1.01. However, the reverse pattern
was observed regarding recognition for all items: the episodic memory recognition (M
= 1.48; SD = 0.68) was better performed than the semantic memory recognition (M =
1.23; SD = 0.56), t(91) = 3.10, p = .003, d, = 0.32. The pattern of results was the same
when comparing proportion of correct recognition only for unrecalled items, t(91) =
5.98, p <.001, d, = 0.62, episodic recognition being higher (M = 0.73; SD = 0.11) than
semantic recognition (M = 0.65; SD = 0.10).

We were also interested in the intersubject correlations in first-order performance
across the two tasks. These analyses revealed positive correlations between episodic
and semantic memory for both recall, r = 0.50 [0.32; 0.64], p < .001, and recognition for
all items, r=0.26 [0.05; 0.44], p = .013, suggesting that participants who performed well

on one task also performed well on the other.

5.3.2 Metacognitive bias

Metacognitive bias (mean confidence minus mean performance) was calculated for each
participant, each task, and for both FOKs and RCJs (Figure 5.3). We performed an ANOVA
with judgement types and task as factors on metacognitive bias score. It revealed a main
effect oftask,t(91) =8.99,p <.001, d, = 0.94, with participants being more overconfident
in the semantic memory task compared to the episodic memory task. We also found
a main effect of judgment, t(91) = 18.91, p < .001, d, = 1.91, with participants being
more overconfident for RCJs compared to FOKs. Finally, the interaction, t(91) = 2.41, p
=.018,d, = 0.25, showed that the difference between the semantic memory task and the
episodic memory task was smaller for FOKs, t(91) = 7.64, p <.001, d,= 0.80, compared
to RCJs, t(91) =9.80, p < .001, d, = 1.02.
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for FOKs and RCJs in the episodic memory task and semantic memory task

We were also interested in the intersubject correlations in metacognitive bias across

the two tasks for both FOKs and RCJs. These analyses revealed positive correlations
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between eFOK and sFOK, r = 0.32 [0.13; 0.50], p = .002, and eRCJ and sRC], r = 0.36
[0.16; 0.52], p < .001.

5.3.3 Metacognitive efficiency

We estimated the group meta-d’/d’ ratio for each task and for both FOKs and RCJs (see
Figure 5.4). To test difference across the 4 distributions, we performed the difference
distribution for each two-by-two comparisons (Table 5.2). According to overlaps of 95%
HDIs with 0, metacognitive efficiency was better for eFOK compared to sFOK. Efficiency
for eFOK was however lower than efficiency for both eRCJ and sRC]J. The same pattern
was observed for sFOK. Finally, metacognitive efficiencies were the same for eRCJ and
sRC]J.
Table 5.2: Means and HDIs of the posteriors of the difference between g

Mratio distributions for each task pairing. Only the difference distribution
between episodic memory and semantic memory overlaps with O.

Difference distributions

Episodic memory Visual perception Semantic memory Executive function
Episodic memory 0.20 [0.06, 0.34] 0.51[0.39, 0.64] .52[0.39,0.63]
Visual perception 0.71[0.57,0.84] 0.71[0.58,0.84]
Semantic memory 0.01[-0.11, 0.09]

Executive function

Hierarchical models allow us to estimate correlations between metacognitive effi-
ciency eFOK and sFOK on the one hand and eRCJ and sRCJ on the other hand (Figure
5.5). According to overlaps of 95% HDIs with 0, we found no cross-task correlation
(0.22 [-0.89; 0.99]) for FOKs but a positive correlation (p = 0.47 [0.13; 0.78]) for RCJs.

5.3.4 Exploratory analyses

Note that the following analyses were not preregistered.

Logistic regressions

Following the idea that FOK can be related to the quality of memory (the memory con-
straint hypothesis), we were also interested in the relationship between FOK and prior
recall. As FOK occurs after a recall attempt, the idea here is to calculate the retrospective

sensitivity and bias of the FOK. Therefore we performed exploratory analyses to see
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Figure 5.4: Posterior p Mratio (meta-d’/d’ ratio) distributions for FOKs
and RCJs for both the episodic memory task and the semantic memory
task.

if FOK judgements are related to prior recall. We quantified metacognitive sensitivity
using mixed effect logistic regressions, rather than meta d), as meta-d’ assumes that
target and distractor distributions are Gaussian with equal variance. Although this is the
case for 2AFC recognition, we suggest that this is less applicable for remembered and
forgotten words, which limits the use of SDT in this context. Moreover, the estimation
of the Type 2 ROC curve from the Type 1 parameters in the meta-d’ model as based on
the average or response-specific Type 2 ROC curves (i.e., the construction of one curve
for “S1” responses for “S2” responses, Maniscalco & Lau, 2014).

Consequently, we performed mixed effect logistic regressions to see if FOKs track

task performance accuracy for recognition on the one hand and recall on the other
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Figure 5.5: Single-subject parameter estimates from the hierarchical
model of meta-d’/d’ and posterior distributions over p in the two
covariance matrix determining the correlations between meta-d’/d’
across FOKs and RCJs. Distribution of p values overlaps with 0 for FOKs
(0.22 [-0.89; 0.99]) which is not the case for RCJs (0.47 [0.13; 0.78]).

hand. This method has been already used as a quantification of metacognitive sensitivity
because it is independent from metacognitive bias although not independent from task
performance (e.g., Faivre et al.,, 2018). We created two models per task: one model in
which FOK ratings explain first order accuracy for the recognition task and a second in
which FOK ratings explain first order accuracy for the recall task. Each model includes
confidence as a fixed effect and the estimation of an intercept per participant. For the

episodic memory task, the models reveal that accuracy of recognition was predicted
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by FOK (estimate = 0.37,z = 11.70, p < .001, OR = 1.45) which was also the case for the
accuracy of recall (estimate = 1.65,z=22.26,p <.001, OR = 5.22). Odds ratio comparison
revealed that the effect size was higher for the model in which FOKs explain the accuracy
of recall compared to the model in which FOKs explain the accuracy of recognition (odds
ratio are 3.6 times larger in the recall model). For the semantic memory task, models
reveal that accuracy of recognition was predicted by FOK (estimate = 0.23,z = 9.52,p <
.001, OR = 1.30) as well as the accuracy of recall (estimate = 0.97,z = 24.61, p <.001, OR
=2.63). As for eFOK the odds ratio comparison shows that the effect size was higher for
the model in which FOK explain the accuracy of recall compared to the model in which
FOK explain the accuracy of recognition (odds ratio are 2.02 times larger in the recall

model).

Correlational analyses

Exploratory analyses revealed that eFOK metacognitive efficiency was correlated with
episodic recall, r = 0.32, p = .002, which was not the case for eRC], r = 0.03, p = .781
(these correlations being significantly different, z = 2.01, p = .036). Similarly, while
sFOK metacognitive efficiency was correlated with semantic recall, r = 0.33, p =.002, this
correlation was significantly not different from the non significant correlation between
semantic recall and sRC] metacognitive efficiency, r = 0.09, p = .406 (difference, z = 1.68,
p =.093).

5.4 Discussion

The present study focused on the domain-generality of metacognition in two dimen-
sions. First, we wanted to investigate cross-task correlations in episodic and semantic
memory indicating a potential general metacognitive resource as in previous works
(Lee et al., 2018; Mazancieux et al., 2018; Morales et al.,, 2018). Second, we wanted
to take into account the multifaceted nature of metacognition by comparing two types
of metacognitive judgements: FOKs and RCJs. We computed metacognitive efficiency
in both the episodic memory task and the semantic memory task separately for FOKs
and RCJs. As our tasks contained relatively few trials due to the FOK procedure which
requires recall and so cannot use too many items, we estimated metacognitive efficiency
in a Bayesian manner (Fleming, 2017) and used hierarchical models to estimate cross-

task correlations.
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First, we reproduced previous findings (Mazancieux et al,, 2018) regarding the group-
level estimation of the correlation between metacognitive efficiency for eRCJ and sRCJ
(p=0.471[0.13; 0.78] vs. p=0.41 [0.14, 0.66]), although the estimation of the current
correlation is less precise (with a larger HDI), which can be explained by having roughly
half the number of participants in this study (N = 92 vs. N = 181). This nonetheless
suggests that there is a common resource in judging our confidence across episodic
and semantic memory. As RCJs are performed after the first order decision, a suitable
candidate for this, especially in memory, is response fluency. That is, we suggest that
participants use a common cue from the ease of answering as a basis for gauging the
correctness of their response. In support, retrieval or answer fluency (shown as shorter
response times) in both general knowledge tasks (Kelley & Lindsay, 1993) and episodic
recognition tasks (e.g., Benjamin, Bjork, & Schwartz, 1998 is associated with higher
confidence. Hence, we suggest that retrieval fluency is a diagnostic cue allowing the
discrimination between correct and incorrect responses. This cue could even be used
beyond the memory domain as answer fluency has been shown to influence confidence
in reasoning (Thompson et al,, 2013) and response time is negatively correlated with
confidence in visual perception decision making (e.g., Grimaldi et al., 2015).

Second, and most importantly, we found no evidence for a cross-task correlation in
eFOK and sFOK. One possible explanation is that even if FOKs imply a prospection of a
future recognition task, these judgements are made after a recall test. People can use
the output of the retrieval attempt to perform the FOK and therefore use recall as a
heuristic for performing FOKs (Schwartz, Boduroglu, & Tekcan, 2016). In contrast with
semantic recall, episodic recall involves autonoetic consciousness as a re-experience
of the remembered information. Exploratory analyses revealed that for the episodic
memory task FOK metacognitive efficiency was correlated with episodic recall which
was not the case for RC] metacognitive efficiency. This is consistent with the FOK liter-
ature showing that eFOK judgments are partly based on the recollection process (e.g.,
Hicks et al,, 2002) and especially the retrieval of the encoding context; retrieving infor-
mation or details about the original encoding context (see the noncriterial recollection
hypothesis of eFOK; Hertzog, Fulton, Sinclair, & Dunlosky, 2014; Isingrini et al., 2016).
This is also consistent with the classical discrepancy found between impaired eFOK
and preserved sFOK in older adults (e.g., Castel, Middlebrooks, & McGillivray, 2016)
as recollection is the most impaired process with age (e.g., Clarys, Isingrini, & Gana,
2002), as well as several neurological diseases involving episodic memory impairment

(e.g., Alzheimer’s disease, Souchay, Isingrini, & Gil, 2002; Multiple Sclerosis; Beatty &
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Monson, 1991; patients with frontal lobe lesions, Schnyer et al.,, 2004). This difference
in terms of processes involved in both retrieval mechanisms can also explain why we
found a better metacognitive efficiency for eFOK compared to sFOK: partial retrieved
information can be used as a cue for performing the FOK judgement eFOK but not sFOK.

A classic distinction in the basis of metacognitive judgements is between experience-
based metacognition and information-based metacognition (Koriat & Levy-Sadot, 1999).
Experience-based metacognition is based on heuristics that are used automatically and
that give rise to feeling (as epistemic feelings, see Moulin & Souchay, 2014. As an ex-
ample mentioned above, the fluency heuristic as been shown to influence FOKs (e.g.,
the cue-familiarity heuristic, Metcalfe et al., 1993). On the contrary, information-based
metacognition is based on the application of explicit beliefs or naive theories. Although
it is possible that heuristics influence metacognitive judgements across tasks (e.g., the
fluency heuristic), we suggest here that beliefs are different in semantic and episodic
memory tasks. Semantic memory refers to general knowledge which is shared across
people who tend to have an accurate appreciation of what others know (e.g., Juslin,
1993). Thus, Koriat, 2008 has shown that metacognitive judgements correlate more
with the consensual response (the one which is the most chosen by participants) com-
pared to the actual correct response. In episodic memory tasks, such consensus is less
likely to occur as retrieval abilities are closely related to the self (e.g., the self-reference
effect; Symons & Johnson, 1997 and can be thought of as idiosyncratic (Klatzky, 1984)
and therefore differs across people. Self-referencing has been shown to improve eFOK
accuracy (Boduroglu, Pehlivanoglu, Tekcan, & Kapucu, 2015).

Going toward the idea that beliefs used for FOKs differ across tasks, Perfect and
Hollins (1996) have found a between-subject correlation between FOKs and task per-
formance for semantic memory despite no such relation for episodic memory. We also
suggest that explains why sFOK are rarely impaired in patients with memory problems
(e.g., Pannu & Kaszniak, 2005): information-based cues in sFOK rely more on consensus
and do not necessitate autonoesis to be accurate. Semantic FOKs rely more on the infer-
ence of what people know or should know based on the activation of a network of related
information, whereas eFOKs depend on self-knowledge and outputs from the retrieval
attempt. That is, if you do not know anything about capitals of African countries, for in-
stance, the sFOK will not be able to retrieve any partial information on which to make an
accurate FOK judgement: the process is somewhat all-or-nothing. However, in episodic
memory, the integration of autonoetic consciousness and the results of the deliberative

memory search will likely yield information which is pertinent to eFOK judgements.
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Whilst these inferential processes can occur as well in RCJs, we suggest here that they
are less important, as RCJs rely more on the evidence driven by the given response and
experience based metacognition (e.g., answer fluency) therefore explaining the cross-
task correlation observed in the present study. Complementing this hypothesis, the
exploratory analyses showed that FOK ratings better explains the accuracy of the recall
task compared to the accuracy of the recognition. In support, recall was correlated with
FOK metacognitive efficiency (albeit in both episodic and semantic tasks).

We therefore here suggest that FOKs are more based on the output of retrieval at-
tempt during the recall (a kind of retrospective recall metacognition) rather than actual
prospection of future performance. Thus, the two types of judgement are not corre-
lated because they rely on different types of retrieval process. Future research should
experimentally manipulate the semantic and episodic information available at different
phases of the task, in order to test the hypothesis that eFOK and sFOK differ according
to the cues used, especially because other variables not controlled in this experiment,
familiarity, fluency, etc. may bring to bear on the metacognitive decision. Also, here we
matched the target word in the two conditions, but it would be of interest to run a task
with identical cues (rather than targets) used in the semantic and episodic conditions,
such as asking someone to define a word, or retrieve something that was associated
with it. It is perhaps possible that our particular pattern of recall and recognition scores
have lead to the pattern of FOK correlations shown here. Of note we have a higher level
of semantic recall, but alower level of semantic recognition, and there is a large variance
in recall scores (see Figure 5.2). Whilst the pattern of cross-task correlations in recall
butnotin FOK, suggests that recall is not a particular concern here, an interesting future
experiment would be to manipulate difficulty levels in recall and recognition across the
two tasks. Also, FOK sensitivity in the two tasks was correlated to recall.

Finally and regarding metacognitive bias, our results revealed that participants had
a lower magnitude of judgement for FOKs compared to RCJs. This is consistent with the
fact that less sensory evidence is available for prospective judgements because the task
is not yet performed. Therefore participants are less confident in the FOKs reported
here compared to RCJs. We also found that participants tend to give a higher metacog-
nitive judgement for the semantic memory task resulting in more accurate FOKs but an
overestimation for RCJs. In accordance with previous work in retrospective judgments
(Aisetal.,, 2016; Mazancieux et al.,2018), we found a cross-task correlation for metacog-
nitive bias in FOKs and RCJs. This is congruent with the fact that metacognitive bias is

domain-general but also consistent across judgements types (Fleming et al., 2016).
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To conclude, this study revealed a cross-task correlation for RCJs in episodic memory
and semantic memory suggesting a common resource for metacognitive efficiency in
these two tasks. However, no correlation was found across eFOK and sFOK. According
to the dual-process view of metacognition (Koriat & Levy-Sadot, 1999), we suggest that
FOKs and RC]J rely on both experience-based and information-based cues although the
amounts of each process differ across judgements. We propose that these processes
differ across tasks: sFOK uses inferences based on simply what we know about a subject
(noesis) whereas eFOK relies more on inferences based on self-knowledge and an access

to the personal past (autonoesis).
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Chapter 6

Investigate ease-of-processing in
metacognition for memory and visual

perception

fter having found cross-task correlations for both metacognitive bias and efficiency

for retrospective judgements in the preceding chapters, the current experimental
chapter focuses on the investigation of a potential domain-general resource that could
explain such correlations. In this chapter, we focus on a commonly researched experience-
based metacognitive cue which is fluency (as also suggested in Chapter 4 and Chapter 5).
As briefly described earlier, fluency is the subjective experience of processing informa-
tion easily. Oppenheimer (2008) suggests that “[...] fluency isn’t the process itself but,
rather, information about how efficient or easy that process feels. Thus, fluency effects
can be generated by nearly any form of cognitive processing, which makes it a difficult
construct to pin down.” (p.238). As such, it is a good candidate for a domain-general cue
(Alter & Oppenheimer, 2009).

The influence of fluency on metacognitive judgements has been mainly investigated
in memory tasks (especially episodic memory) through different manipulations. Ta-
ble 6.1 presents a non-exhaustive list of studies that have evaluated the influence of
processing fluency on metacognitive judgements. We classified these effects into four
types: perceptual fluency, answer fluency, conceptual fluency, and motor/body fluency.
As we aim to have a more general view of metacognition and because most of this prior
work has been focused on metamemory, relabeled some types of fluency that were too
related to memory processes. Encoding fluency refers to the ease of encoding a stimulus
has therefore been classified as perceptual fluency or answer fluency depending on
the manipulation used in these studies. Similarly, retrieval fluency which is the ease

of retrieving information from memory has been put in the broader category of answer
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fluency. As presented in Table 6.1, the type of fluency that has been the most used across
different cognitive domains is answer fluency. Defined as the ease in which information
comes to mind, Benjamin and Bjork (1996) define three relevant characteristics for this
accessibility: latency, persistence, and amount. Latency refers to the speed that infor-
mation comes to mind. It is the most common subjective source of answer fluency and
is often measured by reaction time. In metacognition, it has been shown that decision
or answer time is negatively correlated with confidence: the shorter the reaction time,
the higher the metacognitive judgements in episodic recall (Hertzog, Dunlosky, Robin-
son, & Kidder, 2003), reasoning (Thompson et al., 2013), problem solving (Ackerman
& Zalmanov, 2012), and decision making (De Martino et al,, 2013). Persistence is a
characteristic similar to accessibility as it refers to a concept that comes to mind the
most frequently. For instance, people are more likely to generate London compared
to Dhaka when they have to think about a capital city. Finally, amount refers to the
amount of information that comes to mind. The subjective ease of processing would
be higher for a concept associated with multiple others compared to another with a
low amount of related concepts. Although it is theoretically possible to dissociate these
three characteristics, they are often confounded empirically (Benjamin & Bjork, 1996).

The other types of fluency have been exclusively studied in memory tasks and typi-
cally in episodic memory. Here, we will detail two of the most studied fluency effects on
metamemory: the font-size effect and the relatedness effect. A classical manipulation of
perceptual fluency on JOL is the font-size effect (Rhodes & Castel, 2008). In their original
experiment, participants performed a standard JOL task on pairs of words in which
half of the words are written in a small font-size (18-point font) and the other half in a
large font-size (48-point font). The authors observed what they termed a ‘metacognitive
illusion’: higher JOLs were given to the words written in a large font-size despite there
being no difference in recall. This effect has been widely replicated (for a meta-analysis
see Luna, Martin-Luengo, & Albuquerque, 2018) although the processes thought to un-
derpin it are often debated (Mueller, Dunlosky, Tauber, & Rhodes, 2014). One major
alternative explanation of the font-size effect specifies that people have beliefs regarding
the size of the stimuli: they explicitly believe that words written in a large font-size will
be better recalled because (e.g., because they are thought to be more important, Luna,
Nogueira, & Albuquerque, 2019). Mueller et al. (2014) found that the font-size effect was
also found when participants did not experience the stimuli but when they only had to
predict if people would better remember words in a large font size compared to words

in a small font size, supporting the belief hypothesis. A couple of their experiments did
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Table 6.1: Non-exhaustive review of fluency effects on metacognitive
judgements (including only studies with young adult population). * Many
others have focused on the font-size effect. We report here only the very
first article (see details in the main text). ** Here again, we only report
one of the first articles focusing on the relatedness effects (see details in
the main text).

Effect on magnitude of

Type of Type of . -
fluency Reference judgement Domain judgements
The font-size effect: words
Perceptual Rhodes and Castel L written in bigger have higher
fluency (2008)* JoL Episodic memory e
Yue, Castel, and Bjork o Clear words have higher JOLs
(2013) JoL Episodic memory compared to blurred words
Besken and Mulligan o Auditory intact words have
(2014) JOL Episodic memory higher JOLs
Words presented in a higher loud
Rhod(szggS)Castel JOL Episodic memory volume have higher JOLs
The relatedness effect: higher
Conceptual Dunlosky and Matvey o JOLs for highly related
oL Episodic memo ghly relate
fluency (2001)** J p ry pair-words
Higher predictions for high
Benjamin (2003) JoL Episodic memory frequency words compared to
low frequency words
A flu- Predicti " Episodic memory Negative correlation betwee1.1 Fhe
nswer fiu Benjamin et al. (1998) rediction o (from trivia latency to respond to the trivia
ency free recall questions) question and predictions
Primed responses easily
Kelley and Lindsay . retrieved (correct and incorrect)
(1993) RC] Semantic memory are judged with higher
confidence
Matvey, Dunlosky, and o Correlation with latency to
Guttentag (2001) JoL Episodic memory generate target
Correlation with speed of
Hertzog et al. (2003) JOL Episodic memory generating an image
Koriat and Ma’ayan o Shorter retrieval latency
(2005) JOL Episodic memory associated with higher JOLs
Higher FOR when the first
Thompson etal. (2013) FOR Reasoning answer is produce quickly
Kiani, Corthell, and RCJ Perceptial decision L(l)nger d(.ecision times are
Shadlen (2014) making associated with lower confidence
Ackerman and Zalmanov . Higher confidence for solutions
(2012) RCJ Problem solving provided quickly
Lower decision time for high
De Martino et al. (2013) RCJ Vz'll}le—base(.i confidence compared to low
decision making confidence
Motor/body Susser and Mulligan L Fluently written words have
fluency (2015) JOL Episodic memory higher JOLs
Susser, Panitz, Buchin, o Words written with the
and Mulligan (2017) JOL Episodic memory dominant hand have higher JOLs
Words studied with a lower
Alban and Kelley (2013) JoL Episodic memory clipboard weight have higher

JOLs
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not account for the fluency hypothesis and they suggested that only beliefs underpinned
the font size effect. Moreover, Hu et al. (2015) asked both learners and observers to
performed JOLs on small font size paired words and big font size paired words and
found that the effect was bigger on observers compared to learners. This result put the
emphasis on the importance of belief: when items are not directly experienced the effect
is stronger. Nonetheless, it seems that both fluency and beliefs underpin the font-size
effect (Su et al,, 2018). As such, Yang, Huang, and Shanks (2018) provided experimental
evidence that processing fluency influences JOLs as well as beliefs by directly measuring
fluency using a continuous identification task.

A second fluency effect in metamemory is the relatedness effect. On the contrary to
the font-size effect, this effect rather pertains to conceptual fluency as it refers to the
semantic relationship between the target and the cue at encoding. Mueller, Tauber, and
Dunlosky (2013) proposed a review of this effect: there is a substantial effect where
higher JOLs are given for related words (water - lake) compared to unrelated words
(cow - chair). As for the font-size effect, both processing fluency and beliefs have been
used to explain such difference. When using a questionnaire, participants predict that
they will be more able to recall related items compared to unrelated items without
actually experiencing these stimuli. This suggests that people have beliefs about the
relative memorability of such stimuli Mueller et al. (2013). When fluency is measured
by self-paced study time (i.e., stimuli that are less studied are thought to be more flu-
ent), related words are indeed studied less than unrelated words. However this differ-
ence did not mediate the effect on JOL magnitude (Mueller, Dunlosky, & Tauber, 2016).
Even though evidence for the involvement of processing fluency is weak, other works
highlighted nonetheless the influence of fluency especially when study-test experience
was increased using repeated presentations (Undorf & Erdfelder, 2015; Experiment
3). Overall, both the font-size effect and the relatedness effect seem to be driven by
experience-based metacognition as a result of fluency and information-based metacog-
nition in terms of beliefs.

Across these different ways of generating fluency, it seems that its effect on metacog-
nitive judgments is consistent: a greater experience of fluency increases the magnitude
of judgements. In most of cases, this effect results in a metacognitive illusion where
fluency has an effect on subjective judgements without affecting the first-order perfor-
mance. Hence, it modifies metacognitive bias (without affecting metacognitive sensi-
tivity). However, for few fluency effects, the cues used to make the judgement are also

pertinent for the processing goals of the task. This is the case for the relatedness effect
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where related words are indeed more recalled than unrelated words. These metacog-
nitive cues (e.g., relatedness) are named diagnostic as they allow correct predictions of
performance. The effect of diagnostic cues can be explained in two different ways in the
context of prospective judgements. It is possible that participants are either aware of
factors that influence their task performance or that the process of making JOLs itself
affects future recall (Mitchum, Kelley, & Fox, 2016; Soderstrom, Clark, Halamish, & Bjork,
2015). In favor of the latter hypothesis, Janes, Rivers, and Dunlosky (2018) have shown
that the recall difference between related paired words and unrelated paired words was
higher when participants had to make JOLs although recent work failed to replicate the
influence of JOLs on task performance (Dougherty, Robey, & Buttaccio, 2018). It is possi-
ble that JOLs strengthen metacognitive cues and the inferential processes involved and
can therefore change the way words are encoded. In this context, there is no metacogni-
tive illusion as the cues are diagnostic. Critically, the relatedness effect is found only in
prospective judgements; recall is increased only when participants perform JOLs which
is not the case when they make RCJs (Dougherty, Scheck, Nelson, & Narens, 2005). This
suggests that prospective and retrospective judgements are not based on the exact same
processes .

In sum, across a number of different manipulations there is evidence that metamem-
ory judgements, particularly JOLs, can be influenced by factors which are proposed to
be related to fluency. These effects may even be dissociated from actual performance,
generating a metacognitive illusion. The pattern of results is relatively complex, with
some cues being thought to be diagnostic, and others illusory, and with some differences
between types of judgement used, but it is safe to conclude that we should anticipate
that fluency is a cue that is used to modulate metacognitive judgements. Whether it is
a cue which can be extended to tasks other than memory tasks is something yet to be
tested, apart from in the case of answer fluency, where fast reaction times have been
shown to be related to the magnitude of metacognitive judgements across several first-
order tasks.

In this chapter, we propose three experiments which investigate the role of fluency in
metacognitive judgments. Overall, the idea of this chapter is to isolate a domain-general
metacognitive cue by creating metacognitive illusion as in metamemory. Starting from
the metamemory literature where fluency has been largely studied and manipulated
experimentally, we suggest that fluency can be a cue influencing metacognition irre-
spective of the cognitive domain. Answer fluency is the type of fluency that as been the

most studied as a cue for metacognition across different domains (episodic memory,
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semantic memory, reasoning, problem solving, and visual perception, see Table 6.1), and
so we wanted to extend this by investigating the role of both perceptual and conceptual
fluency in visual perception. Our reasoning is to manipulate perceptual fluency (Exper-
iment 1) and conceptual fluency (Experiment 2) as is done in metamemory in order to
observe potential effects on metacognition in a visual perception task. We hypothesise
that if fluency is a general cue available across domains then we should observe similar
effects in perception tasks as is seen in memory tasks.

The majority of the studies on the effect of fluency on metamemory have focused
on JOLs, a type of prospective judgement which does not have an immediate equivalent
in visual perception. We thus chose to compare the impact of fluency on prospective
and retrospective judgements, using a standard RCJ in the retrospective condition, and
developing a prospective judgement which is made based on a cue, akin to a FOK judge-
ment (see preceding chapter). This prospective-retrospective comparison is also of
interest when adopting a more domain-general view of metacognition.

We chose to narrow our experimental design on the domains of visual perception
and episodic memory for two main reasons. First and as related before, research focus-
ing on the question of the domain-generality of metacognition predominantly compares
these two domains. We therefore aim to fall within this existing literature. Second,
Experiment 1 showed that these two tasks had the lowest correlations for both metacog-
nitive bias and metacognitive efficiency. Thus, we suggest that if we find domain-general
cues generate metacognitive bias across these two domains, it would be easier to gen-

eralize for the other domains as these cross-tasks correlations are stronger.

6.1 Experiment 1: Perceptual fluency induces by prior
exposure effects on metacognition for visual per-

ception

6.1.1 Overview

This first experiment of this section manipulates fluency and especially perceptual flu-
ency in a comparable fashion to the font-size effect (Rhodes & Castel, 2008; Mueller
et al., 2014). To do so, we chose a standard procedure used in the memory literature: a
prior exposure of stimuli, something which has a long precedent in cognition and which

alters judgements in numerous ways (e.g. Zajonc, 1968). The idea that fluency can be
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induced by prior exposure is particularly interesting because it suggests that retrieval
of information from memory implicitly or explicitly affects current metacognitive judge-
ments (Koriat & Levy-Sadot, 1999; Koriat, 2008). Here we suggest that if participants
have prior experience with task-related materials or stimuli, this information will affect
both fluency and metacognitive judgements, even if it is not directly pertinent to the
processing goals of the task.

Specifically, we tested the effect of pre-exposure of stimuli on metacognitive judg-
ments for a visual perception task. First, we presented to participants different pictures
during an "encoding" phase. In a second phase, participants had to perform a visual per-
ception task (a task which did not need prior study - there was no memory component).
During the perceptual task, participants reported their level of confidence. Critically,
half of the stimuli were the same as those in the encoding phase, and we hypothesized
that prior exposure to these stimuli would modify the metacognitive judgments, due to
the greater fluency experienced when encountering the previously experienced images.
Interestingly, in experiments on memory, such "cue priming" when suprathreshold, has
been shown to lead to an increase in positive FOK judgements (i.e. a positive bias;
Reder, 1987; Reder, 1988), leading to what is termed “spurious feelings of knowing”.
In contrast, subliminal priming seems to influence recall but not FOK magnitude (for an
overview, see Narens, Jameson, & Lee, 1994). Our prediction was that prior exposure to
the items in a study phase would lead to a higher confidence value.

We were also interested in the difference between prospective confidence judge-
ments and retrospective confidence judgments. Because retrospective judgments are
typically more accurate than prospective judgments (Fleming et al., 2016), we further
hypothesized that the fluency effect would be greater for prospective judgments: more
information about performance is available after task completion (such as trial difficulty
and response time), and this could overcome the bias induced by the prior exposure of
the cue. In comparison, before task completion people may rely more heavily on other
available cues, such as our manipulation past experience with the item. As the font size
effect in metamemory seems to rely on both perceptual fluency and the application of
beliefs by the participants, we also measured explicit memory of the encoded stimuli at
the end of the experiment. This allows us to estimate a potential relationship between
the explicit remembering of having seen previously a stimuli and the metacognitive bias
for seen item. We suggested here that participants who had better performance for the

recognition task would also give higher confidence for previously seen items.
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6.1.2 Method
Participants

Participants were recruited through Prolific Academic and were paid £3 for their partici-
pation in the experiment. To estimate the sample size we focused on the intra-individual
pre-exposure effect which could be related to a fluency effect as the font-size effect in
metamemory judgement. Therefore, we ran a power analysis using the effect size (d,
= 0.36 [0.3; 0.42]) from a recent meta-analysis (Luna et al., 2018). As recommended
by Perugini, Gallucci, and Costantini (2014), we considered the lower boundary of the
confidence interval. Therefore, we included ninety participants in each group and the
total sample size was 180 participants. As we wanted to have around 180 participants
included in our analyses and as we had several exclusion criteria, we tested 266 partic-
ipants.

According to our preregistered criteria (https://osf.io/n4t8p/) we excluded 45
participants with performance below 55% and above 95%. Because we aimed to com-
pare metacognition for items previously seen and not seen, participants were excluded
if they had performance out side the range of our criteria in one (or both) of the two
types of items. Eight other participants were excluded because they used fewer than
three points on the metacognitive scale. One additional participant was excluded be-
cause he or she did not perform all the trials. Finally, as in Sherman et al. (2018), we
excluded 34 participants with meta-d’ < |0.1| to avoid dividing by very small values.
Thus, we excluded 33.08% of our sample in total which is consistent with online stud-
ies (Chandler, Mueller, & Paolacci, 2014). Analyses were therefore conducted on 178

participants (83 in the "prospective" condition and 95 in the "retrospective” condition).

Material and procedure

The experiment included three phases: an "encoding” phase, a visual perception task,
and recognition task (Figure 6.1). All participants carried out these tasks. During the
encoding phase, participants saw 26 abstract pictures for 5000ms per picture. They
were not instructed to learn the items, nor told of the upcoming task. During the visual
perception task, participants were represented the images again and had to select which
one of the two presented small pictures was a detail of the larger picture (2AFC task).
Critically, half of the larger pictures were presented during the encoding phase, such

that pre-exposure to items was manipulated within-subject.
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1 - Encoding phase

2 - Prospective condition OR 2 - Retrospective condition

How confident are you in finding the correct reponse?

50% - 556% - 60% - 65% - 70% - 75% - 80% - 85% - 90% - 95% -100%

How confident are you in you response?

50% - 55% - 60% - 65% - 70% - 75% - 80% - 85% - 80% - 95% -100%

3 - Recognition phase

Select the picture which was presented durgin the encoding phase

r

Figure 6.1: Summary of the procedure. This included 3 phase:
the encoding phase, the test phase (either prospective condition or
retrospective condition), and the recognition phase.

Prospective and retrospective judgements were manipulated between subject. Half
of the participants were randomly assigned to the prospective judgment condition and
half to the retrospective judgment condition. In the prospective condition, participants
saw only the larger picture before performing the visual task. While the picture re-
mained on the screen, they then had to judge how confident they thought they were
in finding the correct detail for this picture on an 11-point-scale (ranging from 50% to

100% of confidence). The picture stayed on the screen until a confidence judgement was
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made. This judgement is a prospective confidence judgement as it was made before the
task response. After this subjective rating, the two alternatives appeared and the partic-
ipants chose the detail which corresponded with the larger image. In the retrospective
condition, participants saw first the larger picture, as above. When they were ready, they
pressed a button for the two responses to appear and had to select the correct detail
Then, they had to report their level of confident in the given response using the same 11-
point-scale. To avoid ceiling performance, the big picture and the two responses only
appeared together for 1500ms in both conditions. Finally, during a final recognition
phase, participants had to identify the picture they had seen during the encoding phase.
Specifically, they had to select the correct response between two (2AFC task).

Stimuli were abstract pictures selected in the Pexel website which is a free of rights
photography database. Details from these pictures were created using the Photoshop
software. Three type of detail were initially created differing in terms of size and lo-
cation in the picture. Then, each picture was associated with a type of detail. Detail
distractors were created from an axial symmetry of the correct detail. The experiment
was programmed in the Gorilla website and was preregistered on the OSF (https://
osf.io/n4t8p/).

Data and statistical analyses

We examined the effects of fluency on the two facets of metacognitive accuracy: metacog-
nitive bias and metacognitive efficiency. We estimated a meta-d’ per participants and
per item type (previously seen or not seen) using a Bayesian framework (Fleming &
Daw, 2017). A d’ value was also calculated per participant and item type. We also
estimated one m-distance (Sherman et al., 2018) for each participant and per item type
as a quantification of metacognitive bias. All analyses were linear regressions and ef-
fect sizes were calculated as d; and d, according to Lakens (2013). Outliers were de-
tected using three tests: Leverage, RSS and Cook’s distance. Non-preregistered anal-
ysis for metacognitive bias was linear mixed-effect model computed using "ImerTest"
and "lme4" packages (Kuznetsova, Brockhoff, & Christensen, 2017) in R software with
participants and stimuli as random effects (estimation of one intercept per participant
and per stimuli). Exploratory analyses included logistic mixed-effect models with par-
ticipants as random effects. Because these effects are not the main focus here, we only
report fixed-effects. These models included an estimation of an intercept for each partic-
ipant. As there is no consensus in the calculation of effect sizes for mixed-effect models

especially when models have several predictors, we decided to compute them from the t
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value for each fixed-effect as for regular t-tests (Lakens, 2013) and to report odds ratios

for exploratory analyses models.

6.1.3 Results

The following section is organized according to task performance (first-order decision),
metacognitive efficiency, and metacognitive bias. The last partfocuses on the final recog-

nition task and its relationship with metacognition.

First-order performance

We estimated task performance using the type 1 d’. As we were interested in the differ-
ence between items previously seen and not, we calculated two d’ per participant: one
for seen items and a second for not seen items (Figure 6.2A). Then, we compared d’ val-
ues for item type (seen vs not seen) and judgement type (prospective vs retrospective).
The analyses revealed a trend main effect of judgement type, t(176) = 1.91, p = .058,
d, = 0.14, d’ tending to be higher for items not seen (M = 1.37, D = 0.56) compared to
stimuli previously seen (M = 1.26, SD = 0.53). There were neither an effect of judgement
type, t(176) = 0.30, p =.767, d; = 0.05, and no interaction, t(176) = 1.27, p = .207, d; =
0.19.

Metacognitive efficiency

To estimate metacognitive efficiency, we calculated meta-d’/d’ ratio for each participant
and each item type (seen and not seen; (Figure 6.2B). We compared meta-d’/d’ ratio
for item type and judgement type. Four participants were excluded from the following
analysis because they had a higher Mratio compared to the rest of the group (Mratio
< 3.5). The analyses showed a significant effect of judgement type, t(172) = 15.08,
p < .001, d, = 0.02, metacognitive efficiency being better for participant in the retro-
spective condition (M = 0.79, SD = 0.70) compared to the prospective condition (M
= -0.34, SD = 0.48). Mratio in the prospective condition were significantly different
from O, t(172) = -6.24, p < .001, d, = 0.47, but were negative values meaning that if
any discrimination between correct and incorrect responses was possible, they did it
in an opposite way (i.e., confident for future incorrect responses and non confident
for future correct responses). On the contrary, participants performed correctly in the

retrospective condition, t(172) = 15.30, p <.001, d, = 1.16. There were neither an effect
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Figure 6.2: (A) Task performance measured by d’ values for seen and

not seen items according to the metacognitive judgement condition. (B)

Mratio (meta-d’/d’) values for seen and not seen items according to the

metacognitive judgement condition. Errors bars are confidence intervals.

(C) Logarithmic absolute m-distance values for seen and not seen items
according to the metacognitive judgement condition.

of item type, t(172) = 0.47, p = .637, d, = 0.03, nor interaction, t(172) = -0.11, p = .914,

d; = 0.02.

Metacognitive bias

We decided to measure metacognitive bias in two ways. As preregistered, we calculated

a value of m-distance for each participant and for seen item and not seen items (Figure

6.2C). As metacognitive efficiency in the prospective condition did not differ from 0O,

several participants had a negative value of meta-d’. Therefore, because it is the distance

between confidence and response thresholds which is of interest here, we analyzed m-

distance in absolute value to avoid negative scores. We compared m-distance values for
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item type and judgement type. The analyses showed a significant effect of judgement
type, t(176) = 7.32, p < .001, d; = 1.11, participant allowing higher confidence in the
retrospective condition (M = 0.54, SD = 0.82) compared to the prospective condition (M
= 1.24,8D = 0.67). There were neither an effect of item type, t(176) =-0.92,p = .357,d,
= 0.07, nor interaction, t(176) = 0.03,p =.979, d; < 0.01.

As we suggest that the perceptual fluency induce an erroneous sense of knowing, it is
possible that the effect of bias might exist only for incorrect responses. As we cannot cal-
culate m-distance for correct and incorrect answers separately because the calculation
of m-distance needs meta-d’, something we overlooked in our pre-registration, we con-
ducted mixed-effect model analyses on the magnitude of confidence (Figure 6.9). Three
predictors were included in the model: response accuracy (correct and incorrect), stim-
uli type (words and non-words), and type of judgement (prospective or retrospective).
This analysis revealed main effects of the three factors. An higher confidence was given
for items seen compared to item not seen t(6706.00) = 3.60, p <.001, d, = 0.27, and an
higher confidence was also given for retrospective judgements compared to prospective
judgement, t(183.00) = 8.27, p < .001, d,; = 1.24. Moreover, correct responses had a
higher confidence rate compared to incorrect responses, t(140.00) = 7.35, p <.001, d,
= 0.55. We also found a interaction between accuracy and judgements type, t(9024.00)
= 18.59, p < .001, d, = 1.39, showing that an higher confidence was given for correct
responses in the retrospective condition, t(172.00) = 13.20, p < .001, d, = 0.99, but
not in the prospective condition, t(181.00) = 0.75, p = .456, d, = 0.06. This result is
therefore consistent with Mratio analyses. Finally, we also found a interaction between
item type and judgements type, t(9013.00) = -2.53, p =.011, d; = 0.38, showing that an
higher confidence was given for seen item compared to not seen item for prospective
judgements, t(8279.00) = 4.28, p <.001, d, = 0.32, but not for retrospective judgements,
t(8090.00) = 1.25,p =.211,d, = 0.09.

Relationship with recognition memory

We calculated a d’ value per participant for the final recognition task. Participants per-
formed the task as the same level in the prospective (M = 1.92, SD = 0.89) and retrospec-
tive condition (M = 1.93,8D=0.82),t(176) =0.07,p =.942,d,; = 0.01. Then, we wanted to
see if the ability the retrieve the previously seen items could predict m-distance for seen
item in the two judgements conditions. The model revealed that consistently with m-

distance analyses that a lower confidence was given for prospective judgements, t(176)
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Figure 6.3: Magnitude of confidence according to accuracy of the response
and metacognitive judgement condition for words and nonwords items.

=2.58,p=.011,d; = 0.39, however there were neither an effect of memory performance,
t(176) =-0.81,p =.417,d, = 0.06, nor an interaction, t(176) = -0.02, p = .981, d; < 0.01.

Exploratory analyses

As metacognitive efficiency was extremely low in the prospective condition, we were
interested in the possibility that participants performed prospective judgements as ret-
rospective judgements regarding the previous trial. Thus, we performed mixed effect
logistic regressions to see if metacognitive judgements track task performance accu-
racy. This method has been already used as a quantification of metacognitive sensitivity
because it is independent from metacognitive bias although not independent from task
performance (e.g., Faivre et al,, 2018). However, our aim here is to compare different
models where different metacognitive judgements (i.e., for trial N and trial N-1) explain
the same task performance. Therefore, we suggest that variation in task performance
is less problematic here. As the following analyses are performed only on prospective

judgements, they only include 52 participants.
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We created two models: one model in which confidence track first order accuracy
for the same trial and a second in which confidence for the trial N-1 track first order
accuracy. For the latest, the first trial was excluded because the matching with an N-1
judgement was not possible. However, because we want to compare the two models we
also excluded the first trial for the first model to have the same number of observation
per participants. Each model includes confidence as fixed effects and the estimation of
an intercept per participant. Models revealed that accuracy was predicted by confidence
for the same trial (estimate = 0.08, z = 4.85, p <.001, OR = 1.08) as well as by confidence
for the trial N-1 (estimate = 0.04,z = 2.63, p =.009, OR = 1.04). However, model compar-
ison revealed that the two models explained the same amount of variance, X? < 0.01, p
>.999.

Finally, we focused on how the reaction time for the first-order decision can predict
the magnitude of confidence for the two types of metacognitive judgements. A mixed-
effect linear model revealed a main effect of reaction time showing that faster reaction
times were associated with higher confidence judgements, t(9252.00) =-12.80, p <.001,
d, = 0.96. However, the interaction between reaction time and judgement type was also
significant, t(9252.00) =-14.58,p <.001, d, = 1.09. Faster reaction time predicted higher
confidence judgements in the retrospective condition, t(9235.00) = -24.78,p <.001,d, =
1.85, but this was not the case in the prospective condition, £(9250.00) = 1.06, p = .287,
d, = 0.08.

6.1.4 Brief discussion

The aim of this experiment was to manipulate perceptual fluency by using prior expo-
sure of stimuli. Our reasoning here was that if fluency is a general metacognitive cue,
we should observe an effect on metacognitive judgements even if this is not directly
pertinent for the first-order task, therefore creating a metacognitive illusion in visual
perception (akin to the font-size effect in metamemory). We also wanted to compare
prospective and retrospective judgements. Our results revealed no effect of perceptual
fluency on our measure of metacognitive bias. Consistently, we found no evidence for a
relationship between episodic memory and m-distance for seen items suggesting that
the actual remembering of the pre-exposure to the stimuli did not affect metacognitive
bias.

However we found an effect when we compared the raw magnitude of metacognitive
judgements: a higher confidence was given for the previously seen items, but only in the

prospective condition. This is consistent with the idea that people may use perceptual
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fluency as a cue for metacognition especially when information related to the task is
not sufficient (for prospective judgements). In the case of retrospective judgements, we
suggest that people rely more on other cues that are more diagnostic for confidence such
as answer fluency. As such, we found that higher confidence judgements were predicted
by faster reaction times in the first-order decision only for retrospective judgements. It
is nonetheless important to note that our first measure of interest did show any differ-
ence in metacognitive bias. A likely explanation of this could be in the quantification of
metacognitive bias itself. As the estimation of m-distance needs parameters from the
meta-d’ model (both meta-d’ and meta-c;) and as the number of trial per item type
is here very low (N = 26), we suggest that estimations of m-distance were not very
accurate. As the effect size for the effect of higher judgements for seen item compared
to not see item was relatively small (d, = 0.32), it can explain that we did not detect it
using m-distance.

Although participants were able to perform the first-order task in both prospective
and retrospective condition, this was not the case for metacognitive efficiency. Mratio
were negatively different from O for the prospective condition, meaning that if any dis-
crimination between correct and incorrect responses was possible, participants did it
in an opposite way (i.e., confident for future incorrect responses and non confident for
future correct responses). However, mean meta-d’ for both seen and not seen item for
prospective judgements was -0.46 suggesting that metacognitive sensitivity for these
judgements was very low. Thus, participants were not able to do perform prospective
confidence judgements for this visual task: the visual cue was not informative enough
to create accurate judgements. This support the idea that there is a qualitative differ-
ence between metacognitive judgements for perception and memory as prospective
metamemory judgements are often accurate (JOL and FOK). We will further detail this
point in the general discussion of this chapter.

As exploratory analysis, we were interested in the possibility that participants per-
formed prospective judgements as retrospective judgements regarding the previous
trial as we did in Chapter 5 for FOK judgements. Prospective judgements indeed pre-
dicted the accuracy of both the current trial and the previous trial. However model for
trial N-1 did not predict more variance than model for trial N. This means that people
use information from the current trial and previous trials to perform their prospective
metacognitive judgements.

Overall, we identified a low effect for higher prospective metacognitive judgements

meaning that participant use prior exposure of stimuli (and likely perceptual fluency)
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as a metacognitive cue. However, as we found no effect on our measure of metacognitive
bias this outcome stay to be confirmed. We suggest that this is due to the low number

of trials in this experiment.

6.2 Experiment 2: The effect of conceptual fluency on

metacognitive judgements for visual perception

6.2.1 Overview

Following the first experiment of this chapter, we investigated the role of fluency as
a cue used to form confidence in visual perceptual decisions, in line with analogous
models of metamemory judgments (e.g. Koriat, 1997). As the results of the previous
experiment were ambiguous regarding the influence of perceptual fluency on metacog-
nitive judgements, we aim here to reproduce these findings using a procedure with
more trials. We were also interested in the fact that “fluency exerts the same influence
on judgements independently of how it is generated” (p. 220, Alter & Oppenheimer,
2009). Thus, we here focused on conceptual fluency. As reviewed preciously, in episodic
memory, manipulations of conceptual fluency have been shown to affect metacognitive
judgements (e.g., the relatedness effect on JOL, Dunlosky & Matvey, 2001; Mueller et
al,, 2013; Undorf & Erdfelder, 2015). Similarly, participants give higher metacognitive
judgements for high frequency words than low frequency words (Benjamin, 2003; Jia
et al, 2016). Here, we proposed to participants the same visual perception task as in
the first experiment albeit using different stimuli. These stimuli were visual patterns
for which the global shape was three letters. For half of the stimuli these three letters
were a word and they were a non-word for the other half. Akin to the frequency ef-
fect in metamemory, we suggest that if fluency is a common metacognitive cue across
domains, metacognitive judgements of participants will be modified by the conceptual
fluency arising from the words (compared to the non-words) even if it is not directly
pertinent to the processing goals of the task. Regarding the frequency effect, if this
cue is a diagnostic cue for memory (participants indeed recall more frequent words
compared to non-frequent words), using this cue would create a metacognitive illusion
for visual perception tasks. As previously, we were also interested in the difference
between prospective confidence judgements and retrospective confidence judgments
and we further hypothesized that the fluency effect would be greater for prospective

judgments in keeping with the results of Experiment 1.
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6.2.2 Method
Participants

Participants were recruited at Grenoble Alpes University. To estimate the sample size
we focused on the within-subject difference between words and non-words stimuli. We
based our power calculation on the magnitude of the word frequency effect on metamem-
ory judgements. Using the first experiment of Jia et al. (2016), we calculated an effect
size and confidence interval for Judgement-Of-Learning magnitude difference between
low frequency words and high frequency words (d, = 0.80 [0.40; 1.23]). As recom-
mended by Perugini et al. (2014), we considered the lower boundary of the confidence
interval. Using a power of .80 we determined a sample size of 51 participants. Because
our design included a between-subject comparison we included 102 participants in
total. Because we have several exclusion criteria, we therefore tested 116 participants.
According to our preregistered criteria we excluded 4 participants with performance
below 55% and above 95% in one of the two types of items (i.e., words or non words).
One other participant was excluded because he or she used fewer than 3 points on the
confidence scale. Finally, as previously, we excluded 13 participants with meta-d’ < |0.1|
to avoid to dividing by very small values. Thus, we excluded 15.52% of our sample and
analyses were conducted on 98 participants (44 in the "prospective” condition and 54

in the "retrospective" condition).

Material and procedure

Participants performed the task individually in a quiet experimental box. As previously,
the experiment was a visual perception task in which participants had to select which
one of the two presented small pictures is a detail of a larger picture (2AFC task). Stimuli
were visual pictures forming three letters (see Figure 6.1). To manipulate conceptual
fluency, half of these larger pictures were French words and the other half were non-
words. Each stimuli condition contained 40 trials. Words were selected from the Lex-
ique database (New et al,, 2004) and were the most frequent three-letters words in
the database. Non-word creation was performed using the same letters as the real
words and randomly mixing them. Each word and non-word was associated with visual
patterns which were abstract pictures (a part was the same as those used in the previous
experiment). To control for the effect of the visual pattern, the same picture was asso-

ciated with both a word and a non-word, and their presentation was counterbalanced
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across participants. Details from the picture were created using the same procedure as
the previous experiment.

As previously, half of the participants were randomly assigned to a prospective judg-
ment condition and half to a retrospective judgment condition. Therefore, participants
had to either estimate prospectively their confidence in finding the correct detail for
each trial or to estimate level of confidence in their response retrospectively. The metacog-
nitive scale was also the same. In both conditions, each trial began by the presentation
of the larger picture for 4000ms. Then, participants in the prospective condition had to
give their metacognitive judgement. After that, all participants had to perform the visual
task and select the correct detail between two answers. During the response selection,
the big picture and the two responses appeared together for 2000ms. This time was
increased compared to the first experiment (1500ms) as task performance was lower
than when we pretested the task. After this decision, participants in the retrospective
condition had to judge their level of confidence in their answer (see Figure 6.4 for a
summary of the procedure and stimuli examples). The experiment was programmed

using E-prime software and was preregistered on the OSF (https://osf.io/mp6gk/).

Data and statistical analyses

Asin Experiment 1, we examined the effects of fluency on metacognitive bias and metacog-
nitive efficiency. We also estimated a meta-d’ per participants and per item type (pre-
viously seen or not seen) using a Bayesian framework (Fleming & Daw, 2017) and one
m-distance (Sherman et al,, 2018) per participants and per item type as a quantification
of metacognitive bias. All analyses were linear regressions and effect sizes were calcu-
lating as d; and d, according to Lakens (2013). Exploratory analyses included logistic
mixed-effect models with participants as random effects. Effect sizes for mixed-effect

models were here odds ratios.

6.2.3 Results

As with the previous experiment, the result section is organized according to task per-
formance (first-order decision), metacognition efficiency, and metacognitive bias. The

last part focuses on the final recognition task and its relationship with metacognition.
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Figure 6.4: Summary of the procedure. Participants were either in

the prospective condition or in the retrospective condition. For each

participant, half of the stimuli were words and the other half were non
words.

First-order performance

We estimated task performance using one d’ per stimuli condition (words and non-
words; see Figure 6.5A). We compared d’ values for item type (words vs non-words) and
judgement type (prospective vs retrospective). The analyses revealed no main effect of
either judgement type, t(96) = 0.80, p = .429, d; = 0.14, or type of judgement, t(96) =
1.35, p =.179, d, = 0.14. Moreover, there was no interaction between the two factors,

t(96)=0.19,p=.851,d; = 0.04. Our manipulated variables had no effect on performance.

Metacognitive efficiency

To estimate metacognitive efficiency, we calculated meta-d’/d’ ratio for each participant
and each stimuli type (words and non-words; Figure 6.5B). We compared meta-d’/d’ ra-
tio for item type and judgement type. We excluded two participants from these analyses
who had a very high M-ratio in one of the stimuli condition (7.11 and 4.31 respectively).
The analyses showed a significant effect of judgement type, t(94) = 13.55, p < .001, d;
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non-words items according to the metacognitive judgement condition.

(B) Mratio (meta-d’/d’) values for words and non-words items according
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= 2.75, metacognitive efficiency being better for participants in the retrospective con-
dition (M = 0.80, SD = 0.77) compared to the prospective condition (M = -0.49, SD =
0.58), as with Experiment 1. Mratios in the prospective condition were significantly
different from 0, t(94) = -4.92, p < .001, d, = 0.50, but were negative meaning that if
any discrimination between correct and incorrect responses was possible, they did it in
the opposite direction (i.e., confident for future incorrect responses and non confident
for future correct responses). On the contrary, participants performed correctly in the
retrospective condition, t(94) = 14.66, p < .001, d, = 1.50. There were neither an effect
of item type, t(94) = 0.93, p =.357, d, = 0.09, nor interaction, t(94) = -0.57, p = .566, d; =
0.12.
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Metacognitive bias

A value of m-distance was calculated for each participant and for words and not non-
words (Figure 6.5C). As metacognitive efficiency in the prospective condition did not
differ from O, we analyzed m-distance in absolute values as we did in the previous ex-
periment. We compared m-distance values for item type and judgement type. We used
a logarithmic transformation to fit to the normality assumptions of linear models. The
analysis showed a significant effect of judgement type, t(96) = 5.82, p <.001, d; = 1.18,
participants having a higher tendency to report higher confidence in the retrospective
condition (M = 0.26, SD = 0.77) compared to the prospective condition (M = 1.09, §D =
0.75). There was neither an effect of item type, t(96) = 0.22, p =.829, d, = 0.02, nor an
interaction, t(96) = 1.54,p =.127,d; = 0.3 1.

As preregistered, and as we carried out in Experiment 1, we were also interested
in the comparison of the magnitude of confidence for response accuracy (correct and
incorrect), stimuli type (words and non-words), and type of judgement (prospective
or retrospective). We conducted mixed-effect model analyses showing main effects of
response accuracy and type of judgement (Figure X). Higher confidence was given for
correct responses compared to incorrect responses t(7833.00) = 15.04, p < .001, d;
= 3.04, and higher confidence was also given for retrospective judgements compared
to prospective judgements, t(100.00) = 3.61, p < .001, d, = 0.36. Both of these are in
support of the metacognitive efficiency and m-distance measures above. However, in
this experiment, no difference was found between words and non-words, t(186.00) =
0.29, p =.770, d, = 0.03: our critical manipulation of fluency. We did find an interac-
tion between type of judgement and response accuracy, t(7721.00) = 20.20, p < .001,
d, = 4.09: higher confidence was given for correct responses compared to incorrect
responses in the retrospective condition, t(4881.00) = 25.89, p < .001, d, = 2.60, and
the reverse pattern was found in the prospective condition t(5285.00) =-3.03, p =.002,

d, = -0.30; again consistent with the Mratio analysis.

Exploratory analyses

As in Experiment 1, we were interested in the possibility that participants performed
prospective judgements as retrospective judgements regarding the previous trial. We
performed mixed effect logistic regressions to see if metacognitive judgements track
task performance accuracy. Here again, we also only included the participants in the

prospective condition (N = 44). The analyses revealed that accuracy was not predicted
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Figure 6.6: Magnitude of confidence according to accuracy of the response
and metacognitive judgement condition for seen and not seen items.

by confidence for the same trial (estimate = 0.03, z = 2.89, p =.093, OR = 1.03) although
it was the case by confidence for the trial N-1 (estimate = 0.12, z = 5.50, p < .001, OR
= 1.12). Model comparison revealed that the model where accuracy is predicted by
the judgements of the same trial explains less variance compared to the model where
accuracy is predicted by the judgements of the trial before, X* = 28.72, p < .001.

Finally, as with the previous experiment, we focused on how the reaction time for
the first-order decision can predict the magnitude of confidence for the two types of
metacognitive judgements. A mixed-effect linear model revealed a main effect of re-
action time showing that faster reaction times were associated with higher confidence
judgements, t(7890.00) = -19.05, p <.001, d, = 1.91. However, the interaction between
reaction time and judgement type was also significant, t(7890.00) =-21.93,p<.001,d, =
2.20. Faster reaction time predicted higher confidence judgements in the retrospective
condition, t(7899.00) = -32.89, p < .001, d, = 3.31, but this was not the case in the
prospective condition, t(7882.00) = 1.83, p =.066, d, = 0.18, repeating the same pattern

as in Experiment 1.
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6.2.4 Brief discussion

The second experiment of this chapter focused on conceptual fluency as a potential
metacognitive cue in a visual perception task. In line with our first experiment, we
suggested that if fluency is a general metacognitive cue, we should observe an effect on
metacognitive judgements even if this is not directly pertinent for the processing goal
of the first-order task. This experiment broadly replicated the findings of Experiment
1 yielding a series of results in accordance with our predictions: notably, retrospective
judgements are more accurate than prospective judgements, faster first order reaction
times are associated with higher levels of confidence, and prospective judgements is
more related to the performance of the trial before than the trial in hand'. However,
our critical analysis did not reveal an effect of the word/non word manipulation on
metacognitive bias either with m-distance or magnitude of judgements. In short, our
manipulation of conceptual fluency did not influence second order measures. Before
discussing these results more fully, we concentrate on Experiment 3 where we aimed to
show that our manipulation of conceptual fluency was at least pertinent in a memory

task

6.3 Experiment3: The word heuristic as conceptual flu-

ency effect on metacognition for episodic memory

6.3.1 Overview

In the two previous experiments, we investigated the role of fluency as a cue used for
metacognitive judgements in visual perceptual decisions. The idea of these experiments
was to extend findings of the metamemory field to perceptual decision making tasks as
we suggest that fluency may be a common cue for metacognition across different do-
mains. However, our results so far revealed a small effect of perceptual fluency (induced
by prior exposure of stimuli) and showed no effect of conceptual fluency (induced by a
word/non-word comparison).

In episodic memory tasks, manipulations of both perceptual fluency (e.g., the font
size effect on JOLs, Rhodes & Castel, 2008) and conceptual fluency (e.g., the relatedness
effect on JOLs, Dunlosky & Matvey, 2001) have been shown to influence metacognitive

judgements. As it is possible that our absence of findings in visual perception is due

INote that in the previous experiment, performance on trail N and trial N-1 explained the same amount
of variance of prospective judgements.
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to our manipulation of conceptual fluency, we aim to reproduce the effect of fluency in
metamemory with the same manipulation and type of stimuli we used in the previous
experiment. Moreover, as in the relatedness effect the metacognitive cue is a diagnostic
cue, itis possible that differences on metacognitive judgements based on conceptual flu-
ency arise only when the cues are pertinent to the processing goal of the task. Therefore,
we aim to a) reproduce the effect of conceptual fluency on metamemory, b) observe a
difference in task performance with our procedure if the conceptual fluency effect on
metacognition relies on diagnostic cues.

Metacognitive efficiency was very poor in the previous experiments for prospective
judgements suggesting that participants are completely unable to predict their future
performance for visual perception. This could be a major difference between metacog-
nition for visual perception and memory as prospective judgements are —although weak-
ly - typically accurate for these tasks (see JOL studies in Table 6.1), possibly because
cues intrinsic to the stimuli themselves are diagnostic (e.g. pronounceability, frequency,
imageabilty). We also aimed to reproduce these metamemory findings in the current
experiment. Moreover, this experiment allows a comparison of conceptual fluency ef-
fects between prospective and retrospective judgements in the memory field which has
never been proposed before. As mentioned previously, we suggest that the fluency effect
mainly affects prospective judgements compared to retrospective judgements as more
pertinent information about performance is available after task completion. To the best
of our knowledge, only one study focused on perceptual fluency effect in JOLs and RCJs
(Frank & Kuhlmann, 2017). In this study, participants had to learn and recognize words
presented in auditory format. Critically, half of the words were presented in a high
volume whereas the other half were presented in a low volume. The authors founds

that participants gave higher JOLs for loud words however no effect was found for RCJs.

6.3.2 Method
Participants

In accordance with our preregistration documents, we collected data from 130 par-
ticipants through Prolific Academic. As we were interested in the same effect as the
previous experiment we also we wanted to include around 102 participants in the study.
We excluded 23 participants with performance below 55% and above 95% in one of
the two types of items (i.e.,, words or non words). One other participant was excluded

because he or she used fewer than 3 points on the confidence scale. Finally, we excluded
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14 participants with meta-d’ < |0.1| to avoid to dividing by very small values. Thus, we
excluded 29.23% of our sample which is consistent with online studies (Chandler et al.,
2014). Analyses were therefore conducted on 92 participants (42 in the "prospective”

condition and 50 in the "retrospective" condition).

Material and procedure

The main task of the experiment was an episodic memory test using the same type of
stimuli (but in English) as the previous experiment. Firstly, participants studied sets of
80 three-letter word or non-word visual patterns for 3000ms each and were asked to
remember them. Secondly, they were presented the same set of three-letters without
the pattern and had to find which pattern each three-letters word was made of between
2 propositions (2AFC task). As in the two first experiments, half of the participants
were randomly assigned to a prospective judgment condition and half to a retrospective
judgment condition.

As in the previous experiment, each test trial began by the presentation of the larger
picture for 4000ms. Then, participants in the prospective condition had to perform their
metacognitive judgements. More specifically, they had to estimate prospectively their
confidence in finding the pattern in which a particular three-letter stimulus was pre-
sented during the first phase. In the next step, all participants had to perform the visual
task and select the correct detail between two answers. They had no time limit to make
their choice. After this decision, participants in the retrospective condition had to judge
theirlevel of confidence in their answer (see Figure 6.7 for a summary of the procedure).
As previously, half of these three-letter stimuli were English words and the other half
will be non-words. As previously, the same picture was associated with both a word
and a non-word to control for the effect of patterns, and targets and distractors were
counterbalanced across participants. The experiment was programmed using Gorilla

website and was preregistered on the OSF (https://osf.io/tkqzw/).

Data and statistical analyses

Asinthe two previous experiments, we examined the effects of fluency on metacognitive
bias and metacognitive efficiency. We also estimated a meta-d’ per participants and per
item type (previously seen or not seen) using a Bayesian framework (Fleming & Daw,
2017) and one m-distance (Sherman et al.,, 2018) per participant and per item type as

a quantification of metacognitive bias. All analyses were linear regressions and effect
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Figure 6.7: Summary of the procedure.

Participants were either in

the prospective condition or in the retrospective condition. For each
participant, half of the stimuli were words and the other half were non-

words.

sizes were calculating as d; and d, according to Lakens (2013). Exploratory analyses

included logistic mixed-effect models with participants as random effects. Effect sizes

for mixed-effect models were here classical odds ratio.

6.3.3 Results

As previously, the result section is organized according to task performance (first-order

decision), metacognition efficiency, and metacognitive bias. The last part focuses on the



Chapter 6. Investigate ease-of-processing in metacognition for memory and visual 130
perception

final recognition task and its relationship with metacognition.

First-order performance

We estimated first-order performance by calculating one d’ per participant and per
stimuli condition (words and non-words; see Figure 6.8A). We compared d’ values for
item type (words vs non-words) and judgement type (prospective vs retrospective). The
analyses revealed a main effect of item type, t(90) = -11.08, p < .001, d, = 1.15, trials
with non-words (M = 1.86, SD = 0.43) being better performed than trials with words
(M =1.13, SD = 0.78). There were no effect of judgement type, t(90) = 0.75, p = .457,
and no interaction between the two factors, t(90) = -1.02, p =.310. Although this seems
counter-intuitive, bear in mind that there is no reason why the memory performance
should actually be better for words than non-words, since the memory task is purely

based on abstract visual information.

Metacognitive efficiency

To estimate metacognitive efficiency, we calculated meta-d’/d’ ratio for each participant
and each stimuli type (words and non-words; Figure 6.8B). We compared meta-d’/d’
ratio for item type and judgement type. Two participants were excluded from the fol-
lowing analysis because they had a higher Mratio compared to the rest of the group
(Mratio < 2.5). The analyses showed a significant effect of judgement type, t(88) = 9.69,
p <.001, d; = 2.05, with metacognitive efficiency again being higher for participants in
the retrospective condition (M = 0.86, SD = 0.77) compared to the prospective condition
(M =-0.12, SD = 0.53). Participants in the prospective condition did not discriminate
between correct and incorrect responses: Mratio was not different from 0, t(88) = -
1.57,p=.120,d, = 0.17. However participants performed correctly in the retrospective
condition, t(88) = 12.79, p < .001, d, = 1.35. We also found a significant main effect of
item type, t(88) = 5.56, p < .001, d, = 0.58. Word stimuli (M = 0.62, SD = 0.87) were
associated with a better metacognitive efficiency compared to non-words (M = 0.23, SD
=0.61). Finally, there was an interaction between the two factors, t(88) = 2.81, p = .006,
ds; = 0.59. Participants had a higher Mratio for words compared to non-words in the
retrospective condition, t(88) = 6.27, p <.001, d, = 0.66, which was not the case in the
prospective condition, t(88) = 1.85, p =.068, d, = 0.20.
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Figure 6.8: (A) Task performance measured by d’ values for words and

non-words items according to the metacognitive judgement condition.

(B) Mratio (meta-d’/d’) values for words and non-words items according

to the metacognitive judgement condition. Errors bars are confidence

intervals. (C) Logarithmic absolute m-distance values for words and non-

words items according to the metacognitive judgement condition. Errors
bars are confidence intervals.

Metacognitive bias

A value of m-distance was calculated for each participant and for words and not non-
words (Figure 6.8C). As metacognitive efficiency in the prospective condition did not
differ from O, we analyzed m-distance in absolute values as we did in the previous ex-
periment. We compared m-distance values for item type and judgement type. As previ-
ously, we used alogarithmic transformation to fit to the normality assumptions of linear
models. The analyses showed a significant effect of judgement type, t(90) = 4.88, p <
.001, d, = 1.04, participants again having a higher tendency to report high confidence in

the retrospective condition (M =0.41, SD = 0.41) compared to the prospective condition
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(M =1.19, 8D = 0.85). There was no effect of item type, t(90) = 0.74, p = .463, d, = 0.08,
however the interaction between the two factors was significant, t(90) =-2.83, p = .006,
d; = 0.60. Participants reported higher confidence for words compared to non-words in
the retrospective condition, t(90) = 2.64, p =.010, d, = 0.28, but this was not the case in
the prospective condition, t(90) =-1.42,p =.159,d, = 0.15.

As previously, we compare the magnitude of judgements for response accuracy (cor-
rectand incorrect), stimuli type (words and non-words), and type of judgement (prospec-
tive or retrospective). We conducted mixed-effect model analyses showing main effects
of the three factors (Figure 6.9). A higher confidence was given for words than non-
words t(186.00) = 5.29, p < .001, d, = 0.55, and a higher confidence was also given
for retrospective judgements compared to prospective judgements, t(94.00) = 5.38, p
<.001,d, = 1.13. Moreover, correct responses had a higher confidence rate compared to
incorrect responses, t(6946.00) = 16.17,p <.001, d, = 1.69. We also found an interaction
between type of judgement and response accuracy, t(7110.00) =9.48,p <.001,d; = 1.99.
A higher confidence was given for correct responses compared to incorrect responses
in the retrospective condition, t(7192.00) = 19.00, p <.001, d, = 2.60, but this difference
was smaller in the prospective condition t(7240.00) = 5.32, p <.001, d, = 1.98. This re-
sultis again consistent with Mratio analyses, and with the previous experiments. Finally,
we also found a interaction between item type and judgement type, t(7085.00) = 4.25,
p < .001, d,; = 0.89, showing that a higher confidence was given for words compared
to non-words for retrospective judgements, t(270.00) = 6.73, p < .001, d; = 0.70, but
this difference was smaller for prospective judgements, t(307.00) = 2.80, p = .005, d;
= 0.29, again consistent with the m-distance analysis above. The three-way interaction
was also significant, £(7092.00) = -2.37, p = .018, d, = -0.46, however our two two-way
interactions of interest did not reach significance, therefore we did notlook at the simple
main effects (i.e., interaction between the type of item (word and non-words) and the
accuracy (correct and incorrect responses) in the retrospective condition, t(7180.00) =
-1.71, p =.088, dz = -0.18, and in the prospective condition t(7092.00) = 1.51, p = .131,
d, =0.16).

Exploratory analyses

As in the two previous experiments, we were interested in the possibility that partic-
ipants performed prospective judgements as retrospective judgements regarding the
previous trial. We performed mixed effect logistic regressions to see if metacognitive

judgements track task performance accuracy for trial N and trial N-1. As the following
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Figure 6.9: Magnitude of confidence according to accuracy of the response
and metacognitive judgement condition for words and non-words items.

analyses are performed only on prospective judgements, they only include 52 partici-
pants. Each model includes confidence as fixed effects and the estimation of an intercept
per participant. They reveal that accuracy was predicted by confidence for the same trial
(estimate = 0.10,z = 6.64,p <.001, OR = 1.11) as well as for the trial N-1 (estimate = 0.09,
z=5.57,p<.001, OR = 1.09). However, model comparison revealed that the two models
explained the same amount of variance, X* < 0.01, p >.999.

Finally as in the two previous experiments, we focused on how the reaction time
for the first-order decision can predict the magnitude of confidence for the two types
of metacognitive judgements. A mixed-effect linear model revealed a main effect of
reaction time showing that faster reaction times were associated with higher confidence
judgements, t(7296.00) = -9.44, p < .001, d, = 0.98. However, the interaction between
reaction time and judgement type was also significant, t(7296.00) = 3.07, p =.002,d, =
0.32. Faster reaction time predicted higher confidence judgements in the retrospective
condition, t(7260.00) =-11.97,p<.001,d, = 1.25, as well as in the prospective condition,
t(7297.00) =-6.49,p <.001,d, = 0.68.
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6.3.4 Brief discussion

This third experiment aimed to reproduce the effect of conceptual fluency on metamem-
ory observed in the literature (e.g., the font-size effect and the relatedness effect). We
were also interested in the comparison between prospective and retrospective judge-
ments, suggesting that fluency effect mainly affects prospective judgements as more
pertinent information about performance is available after task completion which is
also in line with previous results (Frank & Kuhlmann, 2017). Our results highlight a
lower m-distance for words compared to non-words (i.e., a higher tendency to report
high confidence) in the retrospective condition as well as a higher magnitude of judge-
ments in the same condition. However, and contrary to previous studies such as in
Frank and Kuhlmann (2017), the effect of conceptual fluency was either absent (for
m-distance) or less strong (for magnitude of judgements) for prospective judgements
compared to retrospective judgements. We will turn to comparison with Experiment
1 and Experiment 2 in the General Discussion, nonetheless, here we want to highlight
here that our conceptual fluency manipulation increased the magnitude of judgements
in a non-verbal memory task. This is interesting as studies have exclusively measured
the effect of fluency on verbal stimuli (when fluency is experimentally manipulated, see
Table 6.1).

Interestingly, prospective judgements in metamemory have been shown to be rel-
atively accurate (e.g., gamma correlation being above 0; Kelemen et al., 2000) which
was not the case here (metacognitive efficiency being non different from 0). As such, it
suggests that there is a major difference between verbal and non-verbal stimuli rather
than processes involved in the first-order task (e.g., episodic memory) as possible in-
trinsic diagnostic cues (e.g. pronounceability, frequency, imageabilty) mainly pertain
to verbal stimuli. In contrast to what we expected we found better visual recognition
for non-words compared to words. A likely explanation here is that processing a word
can alter the quality of encoding despite the fact that the presence of a word is not
directly pertinent for the memory task. This echoes the overshadowing effect which is
the phenomenon that describing a previously seen face impairs its recognition (Dodson,
Johnson, & Schooler, 1997). In any case, as first-order performance is better for non-
words and metacognitive judgements are higher for words, this strengthens the idea of
the metacognitive illusion: conceptual fluency creates a false feeling of confidence both
prospectively and retrospectively. Finally, as in the two first experiments, we replicated
a series of results where retrospective judgements are more accurate than prospective

judgements, faster reaction times are associated with higher levels of confidence, and
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prospective judgements seem to be related to both the subsequent performance of the

trial before and the trial in hand.

6.4 General discussion

This set of three experiments investigated the role of fluency in metacognitive judg-
ments. We suggested that processing fluency can be a domain-general metacognitive
cue since it has been proposed to influence a large variety of judgements (Alter & Op-
penheimer, 2009). Our reasoning was to create metacognitive illusions akin to those
in metamemory by manipulating both perceptual and conceptual fluency in a visual
perception task. Because we did not find evidence for the involvement of fluency in
metacognition for visual perception in our initial measure of metacognitive bias, we
aimed to replicate previous findings on memory using one of our experimental manip-
ulations. We also focused on both prospective and retrospective judgements by propos-
ing that the influence of fluency would be lower for retrospective judgements since more
pertinent information about performance is available after task completion and as most
of metacognitive illusions have been shown on prospective JOLs.

A small effect of perceptual fluency on the magnitude of prospective judgements
emerged in Experiment 1 (although not on our initial measure). This effect was in
absence of task performance difference as is the case in the font-size illusion, which
suggests that perceptual fluency can create a metacognitive illusion in both episodic
memory and visual perception. This finding would benefit from being replicated, es-
pecially using a protocol that compares the two first-order task. It would however be
crucial to find an experimental manipulation pertinent for both visual perception and
memory. The disadvantage of using a previous exposure manipulation in episodic mem-
ory is that it modifies the memory process itself. In return, using a manipulation for the
visual perception task that is often used in the metamemory field (e.g., the size of the
font) would probably modify the perception process. In this respect, the comparison
between Experiment 2 and Experiment 3 may be more reliable as both experiments
use the same material and the same manipulation of fluency.

Conceptual fluency generated by a word/non-word manipulation showed no effect
on metacognitive bias or magnitude of judgments for visual perception (Experiment
2). On the contrary, we found a higher tendency to report high confidence in the ret-

rospective condition for words as well as a higher magnitude of judgements in both
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prospective and retrospective condition for episodic memory. In the metamemory lit-
erature, the conceptual fluency effect on metamemory appears when there is also a
difference in task performance. As the word/non-word manipulation did not affect task
performance in Experiment 2, this could explain why we did not find a difference in
metacognitive bias. Conversely, Experiment 3 created performance differences between
words and non-words (however these effects are in the opposite direction compared to
the metacognitive effect). It is therefore possible that conceptual fluency cues affect
metacognitive judgments only when these cues are pertinent of task performance that
is have a influence on the first-order performance regardless of the direction, and idea
developed in Chapter 7. Importantly, our conclusion is based on the comparison on
two different studies and one should again consider the comparison between visual
perception and episodic memory in the same experiment in order to strengthen this
claim.

This chapter generated a range of consistent and inconsistent findings. Whereas per-
ceptual fluency seems to influence the magnitude of prospective metacognitive judge-
ments in visual perception (Experiment 1)? as it has been shown in episodic mem-
ory (e.g., Rhodes & Castel, 2008), conceptual fluency seems to influence metacognitive
judgements only in episodic memory (Experiment 3) and not in visual perception (Ex-
periment 2). This leads to the idea that the effect of fluency on metacognitive judge-
ments is not consistent across different means of generating fluency. Another possibility
is that the contribution of fluency in previous manipulations (e.g., font size, relatedness
between the target and the cue, etc.) and ours (previous exposure and word /non-word)
is limited, and that beliefs are also important as previously suggested (Mueller et al.,
2013; Mueller et al,, 2014). This is also highlighted by Alter and Oppenheimer (2009):
“classifying studies as ‘fluency effects’ requires an important caveat: The independent
variables in those studies may not have explicitly manipulated processing fluency ease,
so we cannot conclude absolutely that those effects were driven by differential fluency”
(p- 220). The three experiments proposed here have no direct measurement of fluency
and therefore conclusions exclusively with respect to fluency are limited. Thus, it is pos-
sible that beliefs influence judgements in the opposite direction from the fluency effect
in some situations leading to an absence of effect. Here it is proposed that beliefs are

situation-dependent and possibly different for visual perception and episodic memory

ZNote however that for magnitude of judgement, if this effect is strong in Experiment 3 (d, for
prospective and retrospective judgements are both above 1.5) this effect is way smaller in Experiment
1(d; = 0.23). Moreover, we again found not effect on our initial measure of metacognitive bias (m-
distance) largely limiting our conclusion.
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as well as for perceptual fluency and conceptual fluency manipulation. We will develop
further this idea in the general discussion.

Because few works have focused on prospective judgements in visual perception
and in line with our results in Experiment 1 and Experiment 2 (very low or even neg-
ative metacognitive efficiency), we suggest that people can only predict their future
memory compared to their visual perception. Interestingly, Experiment 3 showed a
similar pattern of results in a memory task. Thus, it is possible that the effect of ac-
curate prospective judgements largely found in the metamemory literature is due to
the use of verbal materials: with memory, people might have prospectively access to a
verbal content (e.g., TOT phenomenon). Because in Experiment 3 we proposed a visual
recognition task (i.e., the same material as Experiment 2) such access was not possible
and metacognitive efficiency was not different from zero. The ability to prospectively
evaluate ourselves seems to be related to the modality that is used, which suggests a
qualitative difference between prospective and retrospective judgements (see Chapter
7 for more discussion of this point). Finally, other findings were also consistently found
across the three experiments, notably the fact that faster reaction times were associated
with higher levels of confidence and that prospective judgements seem to be related
to both the subsequent performance of the trial before and the trial in hand. These
outcomes support the idea that similarities can be found in metacognition for visual

perception and episodic memory.



138

Chapter 7

General discussion and perspectives

esearch into metacognition to date has had a diversity of methods, analyses and
Reven research goals (Chapter 1). There has been along tradition of studying metacog-
nitive judgements within fields for different purposes such as understanding processes
at play in self-evaluation, assessing mechanisms that can enhance learning, or evalu-
ating the state of consciousness in perception or memory. Nonetheless, similarities in
methodological and theoretical frameworks can be observed suggesting the idea that
metacognition could be domain-general. The comparison between the metamemory
and the metaperception field (Chapter 2) generated two questions: whether people use
a common resource in their metacognitive judgements across different types of first-
order tasks and whether this resource is also shared across different metacognitive
judgements (Chapter 3).

We identified the cue-utilisation framework (stemming from the metamemory lit-
erature) as a good theoretical candidate for studying potential processes involved the
generality of metacognition. We also used the meta-d’ framework (stemming from the
metaperception literature) to quantify metacognition as it allows control of diverse bi-
ases. To investigate our two main questions, we proposed to measure cross-task correla-
tions for both metacognitive bias and metacognitive efficiency (Chapter 4) that we then
compared across judgement types (Chapter 5). Finally, we focused on the cue-utilization
and especially experience-based processes to investigate the potential domain-general

role of fluency (Chapter 6) in visual perception and episodic memory.

7.1 Summary of results

We investigated the breadth of metacognition using two means of assessing the speci-
ficity or the generality of a cognitive process (Chapter 3). Therefore, our empirical

sections include two correlational chapters (Chapter 4 and Chapter 5) and one chapter
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based on functional independence (Chapter 6). Table 7.1 proposes a summary our main
results. Correlational studies address the domain-generality of metacognition whereas
Chapter 6 summarises effects of fluency.

Our first novel contribution was to measure RCJs across four different domains as
has been done recently for memory and visual perception (Baird et al.,, 2013; Baird
et al,, 2015; McCurdy et al., 2013; Morales et al,, 2018; Lee et al.,, 2018). Our ratio-
nale was to compute cross-task correlations for both metacognitive bias and metacogni-
tive efficiency using a large sample size. If a general resource underpins the formation
of metacognitive judgements, people who are accurate in their evaluation in one task
should also be accurate for another task. Our results revealed that both metacognitive
bias and metacognitive efficiency share common resources across first-order tasks. If
the generality of bias has often been found in previous works (Ais et al., 2016; Baranski
& Petrusic, 1994; Baranski & Petrusic, 1995; Lichtenstein & Fischhoff, 1977; Song et
al., 2011) this study provides for the first time evidence for a domain-general resource
involved in metacognitive efficiency across four tasks. The percentage of explained vari-
ance however suggests that both domain-specific and domain-general resources are
involved in metacognitive efficiency and that the involvement of this general resource
might vary across tasks.

Aswe found cross-task correlations for RCJs, we then wondered whether such corre-
lations also occur for other metacognitive judgements in Chapter 5. Using similar meth-
ods that we used in Chapter 4 and which allow a strict control of different variations in
metacognition (see Chapter 3), we proposed to revisit the classical distinction between
eFOK and sFOK. This distinction is particularly pertinent to test the breadth of metacog-
nition as these judgements have been shown to be dissociated (see Introduction section
in Chapter 5). Moreover, we were interested in the reproduction of our previous findings
in RCJs. Regarding metacognitive efficiency, we reproduced the cross-task correlations
between eRC] and sRC] found in Chapter 4 but crucially this relationship did not emerge
for FOKs. On the contrary, cross-task correlations for metacognitive bias were present
for both FOKs and RCJs meaning that people’s general level of confidence was similar
across the two tasks.

Finally, we were interested in the experimental manipulation of metacognitive cues.
As hypothesised in Chapter 2, experience-based metacognition could occur across dif-
ferent types of first-order tasks and judgements through the fluency heuristic. In both
correlational chapters, we indeed suggested that fluency was possibly a common cue

for gauging the correctness of responses that could explain the cross-task correlations
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Table 7.1: Summary of our main results regarding the domain generality
of both metacognitive bias and metacognitive efficiency according to
the type of study, the type of metacognitive judgements that have been
measured, and the nature of first-order tasks. EM = episodic memory;
VP = visual perception; SM = semantic memory; EF = executive function;
PCJ = prospective confidence judgment; RCJ = retrospective confidence

judgement.
Metacognitive First- Metacognitive
Study Type . g order Metacognitive bias 8 Comments
judgement efficiency
tasks
Trend correlation for
EM/VP bias. HDI for
. EM/ VP / . , task lati
Chapter4  Correlational RCJ SM / EF Domain-general Domain-general ~Cross-task correlation
/ EM/VP efficiency
overlaps with 0.
Chapter5  Correlational FOK EM / SM Domain-general Domain-specific -
RCJ Domain-general Domain-general -
High itude f Small effect size d, =
Chapter 6 - Seen / not PCJ VP igher magmtu efor No difference ~ 0.23 and no effect on
Expl seen seen items m-distance
manipulation RCJ No difference No difference -
Chapter 6 - Word / PCJ VP No difference No difference -
Exp2 non-word RCJ No difference No difference -
manipulation High tude f
Chapter 6 - Word / PCJ EM igher maggl udelor N difference  Higher task
Exp3 non-word High wor s de f performance for
manipulation igher magnitude for Higher Mratio words and non-words
RC] words and lower

for words

m-distance

found for RCJs. As is the case in the literature Alter and Oppenheimer (2009), we dis-
tinguished between several types of fluency. The metamemory literature has shown
that a greater experience of fluency increases the magnitude of judgements regardless
of the type of fluency. Thus, Chapter 6 examined both perceptual fluency (such as in-
duced by the size of the font; Rhodes & Castel, 2008) and conceptual fluency (such as
induced by a higher relationship between the target and the cue; Dunlosky & Matvey,
2001). Based on the cue-utilization view of metamemory, we investigated these types
of fluency in a visual perception task (Experiment 1 and 2) and in a memory task (Ex-
periment 3) in both prospective and retrospective judgements. Here the focus was on
metacognitive bias rather that metacognitive sensitivity because these two types of flu-
ency are not supposed to be diagnostic heuristics (in contrast with answer fluency).
First,in perceptual tasks, we found that perceptual fluency induced by pre-exposure had
a small effect on the magnitude of prospective judgements (however without affecting
our measure of metacognitive bias that is m-distance, Chapter 3) despite no effect on
retrospective judgements. When trying to reproduce this effect with conceptual fluency

induced by a word/non-word manipulation, no effect was found either on metacognitive
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bias (m-distance) or magnitude of judgements. Finally, the same manipulation used
in an episodic memory task revealed an effect on retrospective judgements only for
metacognitive bias (m-distance) and an effect on both prospective and retrospective
judgements for magnitude. As suggested in Chapter 6, inconsistencies between effects
detected in the magnitude of confidence but not detected using m-distance are likely due
to the quantification of metacognitive bias itself. As the estimation of m-distance needs
parameters from the meta-d’ model (both meta-d’ and meta-c2) and as the number of
trials per item type is low in Experiment 1 (N = 26), it is possible that estimations of
m-distance were not very accurate. Another likely explanation is that m-distance for
prospective judgements is not precise because prospective metacognitive sensitivity is
inexistent for these judgements.

Finally, a pattern of findings was consistently found across experiments in Chap-
ter 6. Particularly, we found that metacognitive efficiency was higher for retrospective
judgements compared to prospective judgements, the latter being non-different from
zero. Prospective judgements were actually found to be related to both the subsequent
performance of the trial before and the trial in hand. Faster reaction times were as-
sociated with higher levels of confidence only for retrospective judgements. We will
now discuss these results in light of theoretical frameworks with putting the emphasis
on implications for research on metacognition but also for memory research, clinical

research, and research on consciousness more broadly

7.2 Implications for research on metacognition

The core question of this thesis is the domain-generality of metacognition. We proposed
to investigate how wide are metacognitive processes in terms of first-order tasks and
types of judgements. Thus, we have highlighted the following questions to which we
will briefly answer here in lights of our results and that we will re-consider in the next

sections.
+ Is there a common resource in metacognition in terms of first-order tasks?

Chapter 4 revealed cross-task correlations for metacognitive efficiency for RCJs across 4
tasks suggesting the existence of a domain-general resource. It is important to note that

HDIs for the episodic memory task and the visual perception task overlapped with zero
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(still showed a substantial probability mass above zero). We proposed that experience-
based metacognition through the answer fluency heuristic was common across first-
order tasks and is therefore a good candidate for a domain-general process of metacog-
nitive efficiency. However, we proposed that the involvement of this general resource
might vary across tasks. We identified that tasks having the highest correlations were
those for which one can infer task difficulty easily (i.e., easily available difficulty signal
such as for visual perception and semantic memory). Here we suggested that the per-
ceived difficulty also pertains to the fluency heuristic as it could be inferred from RT. We
also reproduced previous findings regarding the domain-generality of metacognitive
bias using cross-task correlation for confidence level. Here again we note that there
was a trend correlation for metacognitive bias across the episodic memory task and
the visual perception task. These findings were replicated in Chapter 5 for an episodic
memory task and a semantic memory task. In sum, our results suggest the involvement
of a domain-general resource in both metacognitive bias and metacognitive efficiency
for RC]Js.

« Is this common resource involved in both prospective and retrospective judge-

ments?

Regarding metacognitive efficiency, Chapter 5 revealed cross-task correlations for episodic
and semantic memory tasks in RCJs despite an absence of cross-task correlations for
the same tasks in FOKs. It supports the idea that metacognitive efficiency depends
on the type of judgement that is made. Specifically, processes involved in prospective
judgements such as FOKs seem to vary across the nature of the first-order task which
is not the case for retrospective judgements. On the contrary, cross-task correlations
for metacognitive bias occurred in both FOKs and RCJs suggesting that bias is the same

regardless of the type of judgement.

« Is experience-based metacognition a common process used across episodic mem-

ory and visual perception for both prospective and retrospective judgements?

In Chapter 6, perceptual fluency (induced by pre-exposure of stimuli) slightly increased
the magnitude of prospective judgements despite no different in first-order performance.
This effect is akin to the perceptual fluency effects on prospective metamemory judge-
ments. This suggests again the generality of metacognitive bias regardless of the type
of first-order task. However, his effect did not emerge for conceptual fluency in visual

perception suggesting either an experimental manipulation failure or that fluency is
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less unitary than previously proposed (Alter & Oppenheimer, 2009). The same ma-
nipulation affected metacognitive bias in an episodic memory task however this effect
emerged mainly on retrospective judgements contrary to Experiment 1. Thus, a com-
plex pattern emerges, nonetheless we can first conclude that fluency influences prospec-
tive and retrospective judgements differently. Moreover, this influence seems also dif-
ferent according to the first-order task. We will discuss the potential generality of flu-
ency and experience-based metacognition further in the next section.

In light of our results and our answers to the proposed above questions, we will now
extend our conclusion to the cue-utilization framework and to metamemory and meta-
perception more broadly. Finally, we will re-consider our initial definition of metacog-

nition according to the three dimensions proposed in Chapter 1.

7.2.1 Experience-based and information-based metacognition

A prominent theory suggests that separable information-based processes and experience-
based processes are at play in the formation of metacognitive judgements (Koriat, 1997;
Koriat & Bjork, 2006; Koriat et al., n.d.; Koriat & Levy-Sadot, 1999). Information-based
metacognition (high level metacognition see Chapter 1) involves inferential processes
from explicit theories or beliefs. On the contrary, experience-based metacognition (low
level metacognition see Chapter 1) refers to the influence of heuristics that are auto-
matic and non-analytic. We will here detail our results in light of this standard distinc-

tion.

Information-based metacognition

The contribution of fluency as experience-based metacognition and beliefs as information-
based metacognition in judgements is difficult to disentangle. Through our experimen-
tal chapters, we have mainly highlighted the involvement of beliefs, essentially in the
discussion of Chapter 6 as there is no direct measure of processing fluency in our three
experiments. Based on Dunlosky, Mueller, and Tauber (2014)’s distinction defined in
the context of memory, we propose here that there are two types of beliefs, namely
online beliefs or low-level beliefs and higher-order beliefs. Higher-order beliefs are
prior beliefs about memory that can have been learnt either by associative learning
or by explicit encoding. Such an idea echoes the literature of naive theories in social
cognition referring to “what make it easy or difficult to think of things or to process new

information” (p.332, Schwarz, 2004). Naive theories are involved in a model of fluency
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on judgments and decision making (Unkelbach & Greifeneder, 2013). They allow a link
between what people experience (e.g., ease) and how these experiences are interpreted
through inferential processes (Schwarz, 2004). As such, these theories allow a use of
fluency according to context, and explain that ease-of-processing has a different effect
for different judgements. They are a priori explanations of the experience of fluency as
they are supposed to exist before the experience of a particular task.

On the other hand, online beliefs or low-level beliefs can be created online during
a particular task. Dunlosky et al. (2014) distinguish two kinds of task-dependent be-
liefs involved in JOLs: they can be either created following performance feedback or
be created online in response to task demands. In the former case, the presence of
feedback or outcomes allows participants to update their beliefs. For instance, people
might not be aware of the benefit of an encoding strategy during the first test therefore
predicting no difference between item repetition and mental imagery in terms of JOLs
(Dunlosky & Hertzog, 2000). However, such a difference appears during a second test
(for a similar effect with massed and spaced encoding see Logan etal.,2012). These kind
of online beliefs learnt by feedback are therefore more likely to influence metacognitive
sensitivity which has been shown in RCJs for a general knowledge task (Sharp, Cutler,
& Penrod, 1988). In the second case, when giving JOLs, participants might be engaged
in an analytic process (Dunlosky et al,, 2014) because of the explicit instruction of the
task. Thus, they look for any kind of variability across items that can be used as a
metacognitive cue which would rather affect metacognitive bias. This analytic mode
creating online beliefs has been used to explain the font-size effect (Mueller et al., 2014)
because “focusing people on evaluating memory per se triggers an analytic mode of
processing where people search for cues” (p.9).

Even if the involvement of fluency is limited in effects such as the font-size effect, the
question as to whether people have general beliefs irrespective of the cognitive task is of
interest. Experiment 1in Chapter 6 may have generated the belief that the task would be
easier for preciously seen pictures as the stimuli have been already processed compared
to other pictures explaining the difference in magnitude of judgements. However, it is
difficult to claim for the use of general beliefs across memory and visual perception
even though these effects (font-size effect and Experiment 1) are in the same direc-
tion because the means of generating perceptual fluency are different (size of the font
and pre-exposure of stimuli). It is indeed possible that the use of two different task-

dependent beliefs modify metacognitive judgements in the same direction. However,
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because Experiment 2 in Chapter 6 revealed no effect of conceptual fluency on metacog-
nitive judgements for visual perception but Experiment 3, for memory, did show an
effect, we suggest that participants are more likely to have specific beliefs regarding
words/non-words manipulation that would exclusively be applied to episodic memory.
These beliefs influence metacognitive bias, therefore we propose that beliefs used in
Chapter 6 are online beliefs based on an analytic mode and are domain-specific (i.e.,
can differ across cognitive tasks). In other words, performing the task cues participants
to use variability in the task in their judgements when they think that is this variability is
relevant. The word /non-word manipulation likely created the belief that remembering
the word would help in recognising the visual pattern (probably because performance
is usually better for remembering a word compared to a non-word). This belief was only
applied during the episodic memory task as it is meaningless in a visual perception task.

Here, we also suggest that online beliefs and higher-order beliefs have a hierar-
chical structure. Pertinent online beliefs (mainly online beliefs based on feedback as
there are more likely to be accurate) might be generalised over time to other similar
contexts to create higher-order beliefs. We propose that these beliefs are those we
referred to in Chapter 5: they account for metacognitive sensitivity in a domain-specific
manner. In eFOK formation, these beliefs refer to both the integration of autonoetic
consciousness as a result of the deliberative memory search and the efficacy of memory
(Hertzog, Dixon, & Hultsch, 1990) and the self (Boduroglu et al,, 2015). In sFOK, these
beliefs are shared across people (Juslin, 1993) as metacognitive sensitivity is better
when calculated using responses which are the most chosen by participants (consensual
responses) compared to actual correct responses (Koriat, 2008). These beliefs have
been generalised because they are diagnostic of task performance. If there are less
situation-specific, they remain domain-specific. Thus, they can vary across episodic

memory, visual perception, or semantic memory.

Experience-based metacognition

If metacognitive sensitivity is influenced by such inferential domain-specific processes,
metacognitive judgements are likely not correlated and one can be metacognitively effi-
cient in a task despite being efficiency in another task (see FOKs in Chapter 5). So, how
can we explain the cross-task correlations for metacognitive efficiency found in Chapter
4? In Chapter 5, we have suggested that retrospective judgements rely more on the ev-
idence driven by the given response and experience-based metacognition (e.g., answer

fluency) whereas prospective judgements (such as FOKs) are more based on analytic
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processes and information-based metacognition. This supports the idea that there is a
massive difference between prospective and retrospective judgements. Similarly Flem-
ing et al. (2016) found no correlations between prospective judgements and retrospec-
tive judgements for AUROC? in a visual perception task. In the field of metamemory,
similar absences of correlations for gamma have also been highlighted within prospec-
tive judgements (Kelemen et al., 2000) which suggest that different processes are at play
in these judgements. Here we argue that this is likely due to the main use of information-
based metacognition which is domain-specific (as suggested above) and that can also
vary across prospective metacognitive judgements as task demands are different. As
such, eFOK and sFOK metacognitive efficiency did not correlate in Chapter 5 and there
was also an absence of correlation between JOL, EOL, and FOK sensitivity in Kelemen et
al. (2000)’s study (2000).

On the contrary, we suggest that retrospective judgements are more based on expe-
rience-based metacognition using heuristics that are likely more task-general (see Chap-
ter 4 and Chapter 5). For instance, we suggest that answer fluency is a common cue
for gauging the correctness of their responses and is therefore a diagnostic cue across
first-order tasks (Chapter 4 and Chapter 5). This heuristic can be enhanced by shared
aspects of the state space such as motor responses being shared across tasks. Thus,
several works have found the motor response of the first-order task improves metacog-
nitive efficiency in a memory task (Siedlecka, Skoéra, et al,, 2019) and similar results
have been found in a visual perception task (Siedlecka, Hobot, et al., 2019). When this
information is not available (Wokke, Achoui, & Cleeremans, 2019) or altered (Faivre et
al,, 2020) during the second-order task, metacognitive efficiency is reduced. We suggest
here that this sensory-motor information pertains to the fluency heuristic: it allows
an evaluation of the speed of the first-order task answer. When this information is
disrupted, participants are less able to rely of the diagnostic answer fluency heuris-
tic to discriminate between correct and incorrect. To test this hypothesis, it would be
relatively straightforward to examine cross-task correlations as we did in Chapter 4 in
relationships between situations where participants have no time pressure to perform
the first-order decision and situations where participants have to wait a certain amount
of time before performing their decision. If participants base their confidence on the
RT difference between correct and incorrect responses (as in the second situation) we
would observe lower cross-task correlations when response time is controlled.

Although naive theories or beliefs can change the interpretation of fluency with re-

spect to the context, an important feature of model of fluency on judgments (Unkelbach
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& Greifeneder, 2013) is that it has been proposed that it does not change the experience
of fluency that “exerts the same influence on judgements independently of how it is
generated” (p.220; Alter & Oppenheimer, 2009). Thus, we suggest that fluency is a
domain-general heuristic. When fluency is diagnostic of task performance (e.g., answer
fluency), it influences metacognitive sensitivity. When it applies to stimuli regardless
of first-order accuracy (e.g., perceptual fluency), it influences metacognitive bias. This
knowledge is essentially implicit. When people can attribute the effect of fluency to a
source independent from the judgements, the effect of metacognitive bias disappears.
In perceptual fluency attribution model (Bornstein & D’agostino, 1992), the effect on
judgements of pre-exposure is stronger when people are not aware that they have been
pre-exposed to these stimuli. Fluency is a proxy for judgements as long as this effect
is not discounting by other information that are more diagnostic. Similarly, perceptual
fluency manipulations induced by cue priming have been shown to influence the mag-
nitude of FOKs only when this priming is suprathreshold (for an overview, see Narens
etal, 1994).

A proposal for metacognitive judgement formation

In essence, we suggest that prospective metacognitive judgments are more based on
information-based metacognition using domain-specific beliefs. These beliefs can ei-
ther modify metacognitive bias when they are created online using an analytic mode or
affect metacognitive sensitivity when they are learnt from feedback. Here we propose
a hierarchical structure of beliefs whereby online beliefs are integrated over time by
associative learning or explicit learning becoming higher-order beliefs. In return, these
types of beliefs can also influence metacognitive judgements. Figure X is a summary
of our proposal including examples of types of beliefs and fluency. Chapter 6 also con-
sistently showed that the magnitude of prospective judgements in one trial is equally
(Experiment 1 and Experiment 3) or even more (Experiment 2) explained by the first-
order accuracy of the previous trial. When participants are not able to apply pertinent
beliefs in order to perform the prospective task (i.e., when metacognitive efficiency is
absent as in our three experiments in Chapter 6), participants rely on readily available
internal feedback from the previous trial.

Interestingly, a recent study evaluated the domain-generality of metacognition in
children for strategy selection in an episodic memory task and an arithmetic task (Geurten,
Meulemans, & Lemaire, 2018). They found that cross-task metacognitive sensitivity for

RCJs was absent at 8-9 year olds, small to medium at 10-11 year olds, and medium to
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Figure 7.1: Proposed metacognitive judgement formation. Prospective
judgements are more underpinned by information-based metacognition
(solid arrow) rather than experience-based metacognition (dashed
arrow) and the reverse is proposed for retrospective judgements. (1)
Example of higher-level beliefs (context-dependent beliefs and global self-
beliefs): “I should retrieve this information as most people know this”. (2)
Example of online beliefs created by an analytic mode: “In this experiment,
words written in a large font are easier to remember”. (3) Example of
online beliefs created by feedback: “In this experiment, it seems that I can
better remember high frequency words compared to low frequency words
(4) Answer fluency is an example of diagnostic fluency. (5) Perceptual
fluency is an example of non diagnostic fluency.

large at 10-11 year olds. Moreover, they proposed that “as information-based processes

are conscious and effortful, they are probably more likely to be generalized to other

domains than experience-based processes” (p.76). Although we do not disagree with

this idea, we suggest that higher-order beliefs are more likely to be domain-general

rather thanlow-level. Thus, itis possible that young children mainly use low-level online

beliefs that are situation specific whereas older children are more likely to use less

specific higher-level beliefs that have emerged during development. As also suggested
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in Chapter 4, cross-task correlations for metacognitive efficiency in RCJs could also re-
flect the ability to generalise priors from one task to another an idea akin to higher-
level belief. Another explanation pertains to the acquisition of the fluency heuristic.
It suggests the idea that the cognitive system is able to detect variations in terms of
RT and that it uses it though the implicit knowledge that longer RTs are more likely
to be associated with incorrect decisions. It is possible that this knowledge has been
integrated over time (with repeated experiences) and therefore one can suggest that
children would rely less on the answer fluency heuristic as it would have been less
automatise.

Finally, our proposal implies that that prospective judgements require a higher amount
of time to be performed as information-based metacognition is proposed to be a slow
process related to “System 2” whereas experience-based metacognition is faster and
related to “System 1” (see Chapter 1). Complementing this hypothesis, we performed
post-hoc analyses on RT for prospective and retrospective judgements in Experiment
2 of Chapter 6. This analysis (using mixed-effect models with participants as random
factor) showed that RT for performing prospective judgements were indeed longer than
those for retrospective judgements (t(96.99) = -3.85, p <.001, d; = 0.78).

Overall, we propose that prospective metacognitive judgments are more based on
information-based metacognition using domain-specific beliefs, and that retrospective
judgements are more based on experience-based metacognition that is more likely to
be domain-general (see Table 7.1). This proposal and several of our findings have also

implication for the fields of metamemory and metaperception .

7.2.2 Metamemory and metaperception
Qualitative differences

As Chapter 2 proposed a comparison of metamemory and metaperception, we will here
compare the two fields in lights of our results in Chapter 4 and Chapter 6 in order
to propose a more unified view of metacognitive research. In Chapter 4, we found a
better metacognitive efficiency for episodic memory and semantic memory compared
to visual perception. Even if this hypothesis has not been directly tested in the literature,
qualitatively it appears that metacognitive efficiency is usually better for memory tasks
than visual perception tasks (see Table X for a summary including our Chapter 4). To
the best of our knowledge, only two studies directly tested this, with statistical analysis.

McCurdy et al. (2013) found a non significant difference between sensitivity for the two
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tasks (p =.152; N = 34). Morales et al. (2018)’s analysis revealed a better sensitivity for
memory than visual perception (N = 30; no overlap between the two HDIs). According to
the distribution plots of individual values in other studies (Baird et al., 2013; Baird et al.,
2015; Lee et al,, 2018), sensitivity for memory seems higher than sensitivity for visual
perception, however mean data are not presented and the differences between the two
was not tested. Our findings in Chapter 4 bring another piece of evidence in this direc-
tion. Although this comparison is just descriptive and includes different experiments,
both in Experiment 1 and 2 (perception) in Chapter 6 we found a lower metacognitive
efficiency than in Experiment 3 (memory; in retrospective condition only).

We propose here that this is due to higher-order metacognitive beliefs that are quali-
tatively difference across memory and visual perception. Influence of beliefs on metacog-
nitive judgements has been mainly studied in metamemory. These beliefs have been
identified using questionnaires such as the Memory in Adulthood questionnaire (Dixon
& Hultsch, 1983) or the Everyday Memory Questionnaire (Sunderland, Harris, & Badde-
ley, 1983). In this context, the notion of memory self-efficacy, “a generalized judgment
that is abstracted from specific task and situation characteristics” (p. 212; Beaudoin &
Desrichard, 2011) has been developed. It is seen as a set of beliefs that are organised
in a hierarchical manner from local to global beliefs (Hertzog & Dixon, 1994). In self-
evaluation, these beliefs are used according to the situation: ifa situation is very familiar,
beliefs that are used are more likely to be low-level beliefs. On the contrary, any new
situation would rather imply the use of higher-level beliefs (Hertzog et al.,, 1990). Here,
we suggest that these higher-order beliefs have been created by the generalisation from
lower-beliefs particularly because they were efficient and accurate!. As such, the higher
the number of higher-level beliefs for a cognitive domain, the greater the metacognitive
sensitivity in this domain.

We therefore propose that such beliefs are less present for visual perception, and this
is perhaps amenable to testing via the use of questionnaires and qualitative reports of
how participants think about the tasks they use. Metaperception perhaps relies more on
implicit knowledge that has been learnt over time by associative learning (e.g., associa-
tion between RT and the outcome of a decision). As such, beliefs are more prominent in
episodic memory in comparison with visual perception. This is probably strengthened
by the fact that the visual perception tasks used in this thesis (and in the literature)

have a lower ecological validity compared to the memory task. Whilst learning lists of

1We also support the idea that pathological generalisation of beliefs exists (see section “Implication
for patients”).
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words or information is relatively common in the real world (e.g., leaning a shopping
list, a phone number, information for an exam, etc.), comparing two close visual stimuli
(discrimination tasks) or judging weather you saw a stimulus or not (discrimination
tasks) rarely occurs in the same overt, repeated manner as when in a laboratory task.
Moreover, memory processes are more often questioned in real life and have probably
a higher number of metacognitive thoughts about them (e.g., “I am sure I had another
item on my shopping list but I cannot remember what it is”) compared to visual per-
ception. We nonetheless we believe that metaperception thoughts also occur in daily
life, however we suggest that their lower frequency compared to metamemory thoughts
and the fact that experimental memory tasks have a higher ecological validity make
metamemory beliefs more accurate.

Whilst we have proposed that overall more experience-based metacognition is used
in RCJs, it is nonetheless possible that the part of beliefs in RCJs is higher in episodic
memory as these beliefs are more prominent. This is also consistent with the fact that
the contribution of a putative global resource may differ according to the cognitive do-
main (see Chapter 4): domains that rely less on metacognitive beliefs are supposed
therefore to be more highly correlated.

Although the majority of work regarding beliefs has been dedicated to memory, re-
cent work in visual perception decision making has shown that “global estimates of per-
formance” can be generated from local RCJs and that these estimates are accurate and
efficient (Rouault, Dayan, & Fleming, 2019). People are indeed able to detect trial-by-
trail variation in local confidence to construct beliefs about the task even in the absence
of performance feedback. In return, these beliefs can be used as prior expectations that
have been shown to influence metacognitive efficiency even in visual perception (Sher-
man, Seth, Barrett, & Kanai, 2015). In essence, we suggest that prospective judgements
in visual perception are inaccurate (i.e., very low metacognitive sensitivity) as beliefs
about these processes are less common than those about memory possibly due to real
life t raining for both memory and metamemory.

Another possibility is that beliefs also differ in terms of stimuli that are used. A large
body of work that has focused on prospective judgements (that are mainly influenced by
beliefs) has used verbal stimuli. As verbal stimuli are associated with a strong concep-
tual network, we suggest that beliefs are more prominent for these stimuli compared
to non-verbal stimuli. This is likely due to the fact that more information is available

in verbal stimuli and trial-by-trial variations might be easier to discriminate. This is
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consistent with the fact that we found a very low metacognitive efficiency for a non-
verbal episodic memory Experiment 3 in Chapter 6 for prospective judgements despite
the fact these judgements are supposed to be mainly underpinned by beliefs.

To disentangle these two likely explanations (more accurate metamemory beliefs
and/or more accurate metacognitive beliefs about verbal content), it would be interest-
ing to compare metacognitive efficiency (using for instance RCJs) for two types of visual
perception tasks using material with verbalisable content (e.g., object categorisation)
and material with less verbalisable content (e.g., visual pattern categorisation). Then,
the same distinction can be made for episodic memory tasks (e.g., remembering famous
and unknown faces). Comparing these four tasks would allow a quantification of the
contribution of the nature of the first-order task and the contribution of the type of

material in metacognitive efficiency formation.

Using the meta-d framework in memory and perception tasks

Another explanation for the higher metamemory efficiency compared to metapercep-
tion efficiency pertains to the quantification of metacognition. Theoretically, Type 1
performance constraints the Type 2 ROC curve by providing a upper bound as it refers
to the maximum available signal to perform the second-order task. Thus, meta-d’ is
never supposed to be higher than d. However, hyper-metacognitive sensitivity (meta-
d’ > d’) has been shown to be relatively frequent. Fleming and Daw (2017) suggested
that is likely due to “additional valid information from the state world” (p.100). Here,
we propose that this information actually pertains to metacognitive beliefs that have
been poorly integrated in model of confidence (see Section 2.3.2. “The behavioural
dimension”). If metamemory is more information-based as proposed in the last section,
it is possible that a framework that quantifies metacognitive sensitivity from the signal
available in the first-order task is not the most efficient. The same conclusion can be
drawn for prospective judgements as they also are largely based on information-based
metacognition.

According to the dual-process theory of recognition memory, whilst the familiarity
process is accommodated by classical SDT, recollection is thought as an all-or-none
process that cannot be modelled using SDT (e.g., Yonelinas, 1994; Yonelinas, 2002).
This is a major difference with visual perception that we can directly model in terms
of SDT (e.g., Macmillan & Creelman, 2004). This is probably strengthened by the fact
thatvisual perception uncertainty has an “objective” value within stimuli characteristics

(visual noise such as blur) that is less present in memory as memory decisions are
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not related to a stimulus in the environment but to the outputs of a cognitive process.
Nonetheless, there is a long tradition of using SDT to model the familiarity process (see
Wixted, 2007 for a review). An interesting finding in Chapter 4 goes toward the idea
that recollection might be problematic from a SDT point of view. Semantic memory
recognition known to be mainly based of familiarity process (according to the frac-
tionation of declarative memory proposed by Tulving (1985); however, see Kempnich,
Urquhart, O’connor, & Moulin, 2017 for evidence of a threshold retrieval process in
semantic memory) has the highest correlation with the visual perception task which can
be due to the fact that first-order performance in these tasks both fit with an SDT model.
We suggest that a quantification of metacognitive sensitivity using another framework
might allow a better comparison between episodic memory and visual perception. The
accumulation of evidence can therefore be a good candidate as it rather focuses on
the modelling of RT. Overall, even if the meta-d’ framework provides an interesting
framework for modelling the link between confidence and first-order accuracy remains
an open question (Van den Berg et al,, 2017) and has been always been debated in the

field of metacognition (as shown in Chapter 2).

7.2.3 Implications for dimensions of metacognition

Chapter 1 defined metacognition according to the three dimensions developed by Flem-
ing et al. (2012). Here we aim to add information to these dimensions according to our

proposal of metacognitive judgement formation.

The representational dimension

In metacognitive judgement formation, using explicit knowledge and beliefs suggests
that people have theories about their own functioning. In this sense, they present to
themselves their cognitive activity (akin to the meta-level). On the contrary, the use of
implicit knowledge and heuristics do not necessarily need a representational dimen-
sion by directly using information stemming from the object-level, such as answer flu-
ency. These heuristics allow a mean of uncertainty estimation. As we have suggested,
prospective judgements are more underpinned by information-based metacognition
than has likely a representational dimension. Because early model were based on mem-
ory functioning, they had a bias on representation dimension because prospective judge-
ments are more pertinent to metacognition in memory tasks, hence their prominence in

the model of Nelson and Narens (1994). Moreover, we suggest that their model mainly
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propose to explain metacognitive beliefs: the meta-level actually refers to metacognitive
knowledge (as originally defined by Flavell (1979). We even propose that metacognitive
experiences (as also defined by Flavell, 1979) also pertain to metacognitive knowledge
and information-based metacognition rather than experience-based metacognition. Let
us consider the FOK in daily life. The “state” of FOK actually refers to a conflict between
a failure to retrieve (which is a first-order process) and the metacognitive belief that we
should be able to retrieve this information. This is also the case for other metacognitive
experiences such as TOT (e.g., Brown & McNeill, 1966) and deja-vu experiences (e.g.,
O’Connor & Moulin, 2010).

The behavioural dimension

On the contrary, metacognitive judgments can be based on information directly stem-
ming from the first-order task which pertains to experience-based metacognition (as
the experience of the task). As for the previous section, we suggest that models of confi-
dence have particularly focus on this type of information (e.g., evidence or signal driven
by the task) because it is the main source of RCJs formation. As such, models of con-
fidence are thus an extension of first-order models: for instance accumulation models
accounting for decision making (mainly in visual perception) have been extended to ex-
plain dissociations between metacognition and task performance (see Chapter 2). From
a second-order model of confidence point of view, confidence is computed “together
with the observed action a and knowledge of the covariance between [the decision vari-
able] and [the confidence variable]” (p.94; Fleming & Daw, 2017). We have proposed
in Chapter 1 that metacognitive behaviours are underpinned by processes involving
knowledge either represented explicitly or implicitly. We also have suggested that such
implicit knowledge pertains to experience-based metacognition and heuristics such as
answer fluency. The motor action, when performed by the participant, gives additional
information about the speed of response of the first-order task answer which refers to
the correlation between the decision variable and the confidence variable. As suggested
above, when this information is disrupted or non-available, participants are less able
to rely on the diagnostic answer fluency heuristic to discriminate between correct and
incorrect responses. Even if we propose that RCJs are mainly underpinned by such
processes, explicit knowledge? can also be used. However, models of confidence such as

the second-order model of confidence and post-decisional models have “not considered

2Note that in these two cases, knowledge is used as a broad term, as it can be misleading (i.e.,
inaccurate) in some situations and pertains more to the notion of beliefs.
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the role of learning or prior beliefs about the task structure” (p.106; Fleming & Daw,
2017) that pertain to information-based metacognition. Thus, future work should focus
on this issue, modelling the influence of beliefs on metacognitive judgements. Models of
confidence regardless of the framework they have been developed (e.g., SDT, accumu-
lation of evidence) do not currently account for these top-down influences on metacog-
nitive judgement formation. Here we propose that even if bottom-up experience-based
metacognition is one basis of such judgements (especially for RCJs), top-down beliefs -
information based metacognition - is also at play.

In Chapter 1, we also proposed the existence of other metacognitive behaviours
(mainly be underpinned by implicit knowledge). These behaviours can be measured
by indirect tests and a remaining open question is weather these metacognitive be-
haviours are also related to metacognitive judgment accuracy. As we proposed that RCJs
are mainly based on experience-based metacognition, RCJs accuracy would be likely
more related to performance on indirect tests of metacognition compared to prospec-
tive judgements. This idea echoes findings in pathologies. For instance, in Alzheimer’s
disease patients have deficits on some prospective judgements® (e.g., eFOK; Souchay
et al., 2002) despite other correct metacognitive behaviours (e.g., time allocation of
re-studying item, Moulin, Perfect, & Jones, 2000a. This dissociative pattern have been
explained by a preservation of an “implicit awareness” (Mograbi & Morris, 2013) that
allow patients to (for further implications for neuropsychology and psychiatry see Sec-
tion 3.2).

The consciousness dimension

As briefly introduced in Chapter 1, metacognition has a consciousness dimension de-
spite being dissociable from it. Some manifestations of conscious awareness occur with-
out a metacognitive value (e.g., the phenomenology of consciousness) and metacogni-
tive behaviour does not necessarily involve consciousness (e.g., unconscious cognitive
control). In that sense, metacognition refers to consciousness in terms of the “access of
consciousness”, that is the ability to be aware of conscious states as knowledge. How-
ever, metacognitive judgements and particularly RCJs are now extensively used to mea-
sure phenomenal consciousness and are seen as subjective measures of consciousness
(e.g., Norman & Price, 2015; Rosenthal, 2019; Sandberg et al., 2010; Seth et al., 2008)

3These deficits are actually a complex pattern resulting in a fractionation of metacognition in this
pathology.
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with the underlying assumptions that any conscious process should be reportable (in
conditions when it is possible (Rosenthal, 2019).

This thesis did not aim to directly address the concept of phenomenal consciousness,
however we want to stress here that there is a tendency to evaluate consciousness in
visual perception (perhaps because it is associated with a large phenomenological rich-
ness) and we propose that memory is another good candidate for this purpose. As such,
FOK, the TOT phenomenon, the deja-vu experience, and any other metamemory states
where there is a dissociation between first-order processes (e.g., a failure to retrieve
a word) and a second-order thought (e.g., being sure of knowing this word), are also
associated with a large subjective richness. This would be particularly interesting in
the context of the higher-order-thoughts theory of consciousness (Rosenthal, 2000)
which proposes that a state is conscious only if one is aware of being in that state.
Therefore this ability relates to the individual rather than a in any signal or state from
the environment as a notion that is close to our conceptualisation of information-based
metacognition.

Some aspects of consciousness research provide interesting windows into metacog-
nitive research. Aleading theory of phenomenal consciousness namely the Global Workspace
Theory (e.g., Baars, 2005; Dehaene, Sergent, & Changeux, 2003) proposes that con-
sciousness makes available information to different cognitive processes. Such informa-
tion is available when it is in a “workspace” which is thought to be “global” (i.e., available
across cognitive/neural processes). The notion of globalism in interesting here as it
proposes as the access of the global workspace occurs after the process has been taken
place in domain-specific systems. Shea and Frith (2019) propose integrating metacog-
nition (i.e., low level metacognition from our point of view) into the global workspace.
Each state is accompanied by a sense of certainty (how likely this state is correct) that
do not imply another level of representation (on the contrary higher-order-thoughts
theory of consciousness). These authors suggest that the manipulation of represen-
tations is made using metacognitive parameters that weight information. Thus, these
parameters stemming from actual states/percepts/outputs would be used regardless
of the cognitive domain (as our proposal of experience-based metacognition).

In sum, the representation dimension of metacognition has been mainly proposed in
classical metamemory models by explicit metacognitive knowledge and beliefs, whereas
models of confidence formation rather focused on evidence driven by the first-order
task and implicit metacognitive knowledge. If metacognition has been linked to con-

sciousness, it remains that other forms of metacognitive behaviours do not necessarily



Chapter 7. General discussion and perspectives 157

imply conscious awareness. Therefore, the relation between performance on direct and
more indirect tests of metacognition should be examined in future research to have a
more broad understanding of the diversity of metacognition. Overall, we propose more
bridges across theories and fields. The metaperception field and the metamemory field
have similarities and differences that are interesting and useful to draw out, as is likely

the case for consciousness and metacognitive research®.

7.3 Other implications

Although the current work mainly aims to contribution to metacognitive research, italso
proposes indirect implications for other field of the psychological research. As such, we

will now focus on the field on recognition memory and more clinical research.

7.3.1 Implication for memory research

As mentioned in Chapter 2, a large amount of work in recognition memory has used
confidence as a means of studying memory processes (e.g., DPSD model or the UVSD
model; Yonelinas, 1994; Yonelinas, 2002). Research to date has extensively focused
on confidence judgements and ROC curves in order to discriminate between models.
Confidence is used to infer trace strength or the involvement of different memory pro-
cesses and thus it is seen as a first-order decisional process instead of a second or-
der process. As highlighted in Chapter 2, even though metacognition is based on first-
order evidence, it can also dissociate from task performance. Thus, post-decisional
accumulation models and second-order models of confidence support the involvement
of both a representation of sensory evidence during the decision task and additional
factors. From this perspective, the use of ROC curves to infer memory trace strength is
limited as patterns of results would be explained by both first-order and second-order
processes. This is particularly important as we have suggested here that metamemory
beliefs are more higher-order beliefs (at least in comparison with those related to visual
perception) and that these beliefs play a greater role in the formation of confidence in
memory compared to confidence in visual perception.

Moreover, metamemory beliefs have been shown to control the memory activity
as they are important in regulating attempts to retrieve information. Participants are

more likely to engage in a search if they believe they can recall the information (Nelson

4Here we just very briefly considered similarities and differences as it is beyond the scope of this
thesis.
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& Narens, 1994). As proposed in Chapter 4, a positive feedback loop might ensue in
which good metacognitive sensitivity is used to guide memory search which may in
turn further increase metacognitive sensitivity. Thus, memory and metamemory are
linked in essence and models of memory should consider the role of metacognition as
an important component in recognition memory.

Although the present studies do not directly bring additional information for model-
comparison in memory, we wanted to highlight (as also suggested in Chapter 2) that a
large amount of work related to confidence from of the recognition memory field do not
considers confidence as a metacognitive process per se. This means that confidence can-
not be (atleast completely) used to infer first-order processes as additional information
can selectively influence confidence (see section on dissociations between metacogni-
tion and first-order performance in Chapter 2). Our proposal of metacognitive judge-
ment formation adds another consideration. Whilst metamemory confidence is mainly
based on experience-based metacognition (through the fluency heuristic mainly driven
by RT in the first-order task), we propose that metamemory beliefs (information-based
metacognition) are more prominent than other metacognitive beliefs (e.g., metaper-
ception beliefs). Thus, these beliefs cannot be directly attributed to memory processes
themselves. Research should therefore consider this as an important part of confidence
formation in memory and we suggest that recognition memory models should incorpo-
rate a metacognitive component when using confidence to infer first-order processes.
Thus, it is possible that confidence can be computed from first-order performance for to
familiarity (or for an unidimensional trace strength) but according to dual process the-
ories, this might be less the case for recollection. We can even suggest that recollection
intrinsically pertains to metacognitive beliefs: if more information is retrieved one can
explicitly think (and be sure) that this situation actually occurred. Thus, applying ac-
curate domain-specific metacognitive beliefs in a situation could differentiate between

recollection-based recognition and familiarity-based recognition®.

7.3.2 Implication for neuropsychology and psychiatry

Because metacognitive judgements are self-evaluations of a cognitive activity, they offer
aframework by which we can measure disease and symptom awareness in patients. The
core idea is that patients that are unaware of their cognitive difficulty should be inaccu-

rate on metacognitive tasks (on metacognitive bias and/or metacognitive sensitivity).

5Nonetheless, note that recollection and beliefs can be dissociated in the case of recall, e.g., non-
believed memory, Mazzoni, Scoboria, and Harvey (2010)
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In that sense, it is close to the clinical notion of anosognosia (see Appendix A for an
introduction to the key concepts).

A population of that has been particularly studied within both frameworks of metacog-
nition and anosognosia is Alzheimer’s disease. In this pathology, it has been proposed
that patients exhibit a failure to transfer online awareness of difficulties into metacogni-
tive knowledge that are more generalised (i.e.,, mnemonic anosognosia, Agnew & Morris,
1998; Morris & Mograbi, 2013). This failure results in a pattern of findings suggesting a
fractionation of metamemory in this pathology (Souchay, 2007). Patients are able to as-
sess their performance during a cognitive task in the here-and-now both prospectively
and retrospectively (see Appendix C for an example in short-term memory) but initial
predictions made before any experience with the task are always overestimated (Ansell
& Bucks, 2006; Moulin, Perfect, & Jones, 2000b). According to the view of metacognitive
judgement formation we propose here, Alzheimer’s disease patients would therefore
have an inability to generalise online beliefs into more higher-level beliefs (or to update
these beliefs). We have suggested that these beliefs are domain-specific, however from
our point of view, the generalisation process occurs regardless of the type of cognitive
domain. Nonetheless, we suggest that even if the integration/generalisation process
is impaired, such impairment does not necessarily create domain-general metacogni-
tive difficulties. On the contrary, the integration stems from online situation-specific
beliefs that can be generated by task performance feedback. If first-order performance
is unimpaired, online beliefs and higher-level beliefs remain in accordance. However,
as soon as a change in cognitive functioning appears, a mismatch exists between online
beliefs and higher-level beliefs. If generalisation processes are inefficient, this results in
a metacognitive impairment specific to the impaired cognitive domain.

This is strengthened by studies showing that patients with metamemory impair-
ment have often memory difficulties or alower task performance than healthy controls®
(e.g. Alzheimer’s disease, Souchay, 2007; schizophrenia, Souchay et al., 2006; patients
with frontal lobe lesions, Schnyer et al., 2004; however see patients with autism spec-

trum disorder, Wojcik et al., 2013). Similarly, we have shown that patients with Multiple

®As mentioned in Chapter 2, it is worthy to note that lots of studies in the metamemory field rely on
gamma correlation that has been shown to be biased by first-order performance. Therefore, for some
work could have found metacognitive sensitivity deficits that do not reveal a genuine impairment due to
a confound with first-order performance.
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Sclerosis are inaccurate in predicting their performance in a task were they are im-
paired (i.e., processing speed, see Appendix B). In essence, we suggest that metacogni-
tive impairments in patients relate to faulty belief-updating which can result in domain-
specific metacognitive deficit in metacognitive judgements that are mainly underpinned
by information-based metacognition (i.e., prospective judgements).

Regarding the domain-generality of metacognition that we found using RCJs, we sug-
gest that cross-task correlations for metacognitive efficiency are likely due to experience-
based metacognition through the fluency heuristic (i.e., RT difference between correct
and incorrect responses). As processes involved here are based on implicit knowledge,
we propose that they are less likely to be impaired in patients as they are used auto-
matically and do not need a strategic and voluntary use as it is probably the case for
explicit knowledge. As such, very few studies have identified metacognitive sensitivity
deficits in RCJs in patients (see Pannu & Kaszniak, 2005 in metamemory with neuro-
logical population or Hoven et al.,, 2019 in metadecision with psychiatric populations).
Although some studies have found a lower metacognitive sensitivity in schizophrenia
(e.g., Moritz, Woodward, Jelinek, & Klinge, 2008), it appears that when first-order per-
formance is controlled, metacognitive efficiency is the same for controls and patients
(Faivre et al,, 2020). Nonetheless, Fleming et al. (2014) have highlighted a low metacog-
nitive efficiency specific to a visual perception task in patients with lesion in the an-
terior PFC despite a preserved metamemory efficiency. This interesting result is not
directly consistent with our current proposal. Nonetheless, even if we have suggested
that RCJs are mainly domain-general (underpinned by experience-based metacogni-
tion), domain-specific processes (underpinned by information-based metacognition)
are also at play (as also highlighted by neural networks, Morales et al., 2018; Vaccaro
& Fleming, 2018). This study suggests a specific involvement of the anterior PFC in
metacognitive efficiency for visual perception, however we should keep in mind that
the neural correlates of metacognition and especially metacognitive sensitivity remains
unclear (Vaccaro & Fleming, 2018). We suggest that further work should be dedicated
in the investigation of such high-order representation of specific tasks.

Deficits that have been found in RCJs are mainly on metacognitive bias (see Rouault,
Seow, et al.,, 2018 for a study of psychiatric dimensions in healthy participants; see
Hoven et al,, 2019 for a review with psychiatric populations) which we have proposed
to be domain-general for a variety of first-order tasks and type of judgements (Chap-
ter 4 and Chapter 5). Such deficits have been suggested to be due to domain-general

beliefs about self-abilities (Rouault, Seow, et al.,, 2018) that could have been created by
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chronic dyshomeostasis notably in the case of depression (Stephan et al., 2016). From
our perspective, this relates to an over-generalisation of beliefs: extension of a situation-
specific perceived failure to other situations and domains .

Overall, few studies have compared metacognitive judgements across domains in
pathologies and predictions made here need to be tested in cross-task paradigms. Chap-
man et al. (2018) recently proposed investigating metacognition for memory and motor
tasks (using eFOK and an agency task) in Alzheimer’s disease. Interestingly, a rela-
tionship between metamemory accuracy and accuracy in the agency task suggested
potential common resources across these two tasks’. Future research should investi-
gate how domain-specific and domain-general impairment in metacognition can occur
in neurological and psychiatric populations.

Finally, we propose that, in patients, it is the integration of online low-level beliefs to
higher-level beliefs that is defective. In some cases, beliefs are not generalised because
there are accurate but they are rather over-generalised: situation-specific beliefs be-
comes too general (e.g., in case of depressive symptoms). In other cases, generalisation
processes do not occur at all and a mismatch exists between online beliefs and higher-
level beliefs resulting in a domain-specific metacognitive impairment (e.g., in case of
Alzheimer’s disease). From a clinical point of view, recent studies have proposed that
metacognition can be trained and even that domain-specific training can have a “trans-
fer effect” on another domain (see Carpenter et al., 2019) which is in accordance with
our results on domain-generality (Chapter 4). Thus, it opens an interesting window for
patients with metacognitive and disease awareness impairment as such awareness has
been shown to maximize the efficacy of cognitive rehabilitation techniques (Prigatano,
1999) or to predict conversion to dementia in mild cognitive impairment patients (for

a review see Roberts, Clare, & Woods, 2009.

7.3.3 Conclusion

This thesis explored the breadth of metacognition asking whether people use a common
resource in their metacognitive judgements across different types of first-order tasks
and whether this resource is also shared across different metacognitive judgements.
We investigated these questions using both correlational studies and experimental ma-

nipulations of processes potentially involved in metacognitive judgements formation

"Note that we do not see judgements of agency as a metacognitive judgement per se therefore we
do not see this study as a genuine cross-task comparison (also because this study was carried out for a
different purpose).
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across domains. This thesis provides new findings for the in-depth understanding of
metacognitive processes at play in second-order judgements. In particular, we found
that metacognitive efficiency in RCJs can be supported by a domain-general resource
which was not the case in prospective FOKs. Our studies investigating the role of fluency
however revealed that fluency effects are less unified as previously proposed. Specifi-
cally, if perceptual fluency could influence the magnitude of prospective judgement in
visual perception and memory, this is not the case for conceptual fluency. Nonetheless,
consistent outcomes were found regarding differences across prospective and retro-
spective judgements suggesting that prospection using non-verbalisable material can-
not occur.

Moreover, we proposed that although metacognitive judgements rely on dual pro-
cesses, the amount of each process differs according to the type of judgement. Prospec-
tive judgements rely more on beliefs and higher-order representations whereas retro-
spective judgements are more based on heuristics driven by the first-order task. In
essence, this thesis proposes having a more unified view of metacognitive research than
has been mainly studied within field. When related to second-order evaluations, we be-
lieve that memory and perception have much more in common that previously thought
and the models and methods developed in both field should benefit from each other.

Finally, our results have implications for both research on recognition memory and
research on neuropsychology and psychiatry. Recognition memory research has a long
tradition of using confidence to infer first-order processes. Here, we propose that mod-
els of memory should consider the role of metacognition as an important component
in recognition memory, especially the involvement of beliefs in the formation of confi-
dence. Regarding clinical work, metacognition offers an interesting viewpoint on dis-
ease awareness. We highlight similarities between models of anosognosia especially in
Alzheimer’s disease population and our proposal of metacognitive judgement forma-
tion. Furthermore, we suggest that identifying processes at play in such evaluation are
crucial for patients and the efficacy of rehabilitation techniques, particularly in term of

domain-generality.
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A review of metacognition and

self-awareness in Multiple Sclerosis
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Although a large range of literature on awareness and metacognition focuses on different
neurological populations, little attention has been paid to Multiple Sclerosis (MS). This
paper gathers literatures related to studies of anosognosia and the theoretical construct of
metacognition which both offer a means to operationalize and measure awareness in MS.
We focused on both a clinical concern, regarding the relationship between subjective and
objective evolution of cognitive performance, and the theoretical issue of metacognitive
processes implicated in disease awareness. We identified 26 papers with findings related to
awareness of cognitive impairment in MS using questionnaire-based or performance-
based methods. We found support for the idea that the relationship between subjective
evaluation and neuropsychological evaluation depends on disease duration and is strongly
modulated by other variables, such as mood state. We propose that the metacognitive
deficit for memory tasks in this population arises from memory impairment. Finally, we

Metamemory discuss methodological issues, variability in MS patients, and the domain specificity of
Anosognosia metacognitive impairment.
© 2018 Elsevier Ltd. All rights reserved.
. also been linked to disturbances in understanding of the
1. Introduction

impact of cognitive disabilities on activities of daily living

Research into deficit awareness in neuropsychological diseases
has shown much development over the last few decades. Un-
derstanding awareness is particularly important to alleviate
the effect of symptoms, especially cognitive deficits. For
instance, in cognitive rehabilitation, in order to maximize the
efficacy of cognitive rehabilitation techniques, awareness of
deficit is crucial (Prigatano, 1999). Unawareness of deficit has

(McGlynn & Schacter, 1989). A second motivation for
researching awareness is to better understand the disease
process in neurological disorders: awareness (or lack of it) may
be prognostic. For instance, evidence has been found for low
awareness as a predictor of conversion to dementia in mild
cognitive impairment patients (for a review see Roberts, Clare,
& Woods, 2009) independently from others factors (Gerretsen
et al., 2017). Moreover, a lack of awareness may contribute to

* Corresponding author. 1251 Avenue Centrale, St Martin d'Heres, 38040 Grenoble, France.
E-mail address: audrey.mazancieux@univ-grenoble-alpes.fr (A. Mazancieux).

https://doi.org/10.1016/j.cortex.2018.11.012
0010-9452/© 2018 Elsevier Ltd. All rights reserved.
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cognitive deficits by altering the efficient allocation of cognitive
resources — people who lack awareness will not spontaneously
compensate for their cognitive difficulties.

The focus of this review is awareness of deficits and
metacognition in Multiple Sclerosis (MS). We aim to define
more precisely this concept in this pathology, and critically to
determine if MS patients suffer from a disturbance in aware-
ness processes. To do so, we will be concentrating in the
classical distinction between metacognitive knowledge and
metacognitive experiences (Flavell, 1979). Metacognitive
knowledge refers to a global assessment of cognitive skills and
beliefs about functioning whereas metacognitive experiences
refer to on-line awareness during task achievement which
allows the assessment of the level of expertise of this task. We
will also present two parallel literatures (studies of anosog-
nosia in patient groups, and metacognition) which offer a
means to operationalize and measure awareness in patient
groups. There is considerably variability in the use of terms
across the different literatures, so in this introduction we will
specify how we have operationalized each type of awareness
in terms of measures and the theoretical model, focusing on
the distinction between metacognitive knowledge and meta-
cognitive experience.

MS is an autoimmune inflammatory disease affecting the
central nervous system. It is characterized by inflammatory
lesions which compromise neuronal conduction, resulting in
a range of symptoms, including physical and cognitive prob-
lems (e.g., McDonald & Compston, 2006). It is now well-
documented that cognitive impairment is frequent in MS
and its prevalence rate ranges from 43% to 70% (Chiaravalloti
& DelLuca, 2008). Rao, Leo, Bernardin, and Unverzagt (1991)
suggest that the severity of cognitive impairment is related
to the form of MS, disease duration and depends on normative
data used to detect cognitive disabilities. Eighty percent of MS
patients have the relapsing-remitting (RR) form which refers
to new symptoms resulting from inflation and occurring in
isolated attacks or relapses. Fifty percent of the time, RR pa-
tients will shift to a progressive form (secondary progressive —
SP form) due to neurodegenerative evolution (Thompson
et al., 1991). A latest form called primary progressive (PP) re-
fers to a worsening over time without relapse and it is char-
acterized by more cognitive symptoms (Planche, Gibelin,
Cregut, Pereira, & Clavelou, 2016). In turn, these factors are
related to disease duration and age, since there is a worsening
cognitive impairment with time and progressive forms are
encountered later in life than the relapsing type.

Because lesions are distributed, there can be multiple
cognitive impairments in MS however a typical profile often
emerges. The most impaired functions are related to execu-
tive functioning which gather planning, flexibility, inhibition,
and working memory; broadly speaking, adaptation to new or
complex situations (e.g., Rabbitt, 2004). Executive functions
partly depend on information processing speed which is a
more transversal function referring to the speed of task
achievement (for a discussion of speed of processing in MS see
Costa, Genova, DeLuca, & Chiaravalloti, 2017). Slowed pro-
cessing seems to be the earliest and most common impair-
ment in MS and could explain another frequent deficit which
is long-term memory (Chiaravalloti & DeLuca, 2008) even if
this hypothesis is still under debate.

MS patients are not typically thought of as anosognosic per
se, however because this concept refers to the core question of
awareness, we briefly define it here. Anosognosia was firstly
used for a lack of awareness of deficit in neurological disease,
especially hemiplegia (Babinski, 1914), but this term is now
being extended to neuropsychological and psychiatric disor-
ders (Prigatano & Schacter, 1991). Several terms co-exist in the
literature such as unawareness of deficit, denial of deficit, self-
awareness, and lack of insight, which all refer to awareness of
disabilities, because these terms are mainly used in the
context of illness.

Because of the complexity of anosognosia, the effective-
ness of the different methods used to assess awareness is
often debated (Cocchini & Della Sala, 2010). Broadly speaking,
three assessment approaches exist. First, from a medical
perspective, the relationship between patients' subjective
complaints and neuropsychological evaluation is important in
order to inform diagnosis, and to understand the impact of the
disease on quality of life and activities of daily living. This
approach considers whether subjective complaints (typically
measured by patient-completed questionnaires) are related to
cognitive abilities as measured on neuropsychological tests.
Second, from a neuropsychological perspective, the assess-
ment of self-awareness consists of the comparison of patients'
and informants' ratings of abilities of daily living. The level of
agreement between the two questionnaires provides infor-
mation about awareness of deficit. Thirdly, unawareness of
deficit can be measured by clinician ratings. As these evalu-
ations of self-awareness are not related to a current cognitive
task, we suggest that they measure metacognitive knowledge
rather than metacognitive experiences.

These methods assess either the global perceived-abilities
of the patients, or focus on specific cognitive domains such as
motor abilities, memory or executive functioning. Such a
comparison between global or domain specific awareness is
motivated by the first theoretical model of awareness, the
Dissociation and Interaction and Conscious Experience (DICE;
McGlynn & Schacter, 1989) model. This model postulates that
a conscious awareness system (CAS) allows conscious experi-
ences. Whereas this system can be selectively disconnected
from a module leading to impaired awareness for a specific
domain, a disconnection between the CAS and the executive
system is supposed to impair awareness across several do-
mains. From this perspective, different neurological damage
leads to different kinds of anosognosia. This idea, which has
been reported in neuropsychological studies, was incorpo-
rated into a recent more complex model: the cognitive aware-
ness model (CAM; Agnew & Morris, 1998, Morris &
Hannesdottir, 2004; Morris & Mograbi, 2013; see Fig. 1). This
model predicts three types of anosognosia depending on
lesion localization: mnemonic anosognosia, executive ano-
sognosia and primary anosognosia.

In parallel to the anosognosia literature, studies from a
cognitive psychology viewpoint — mostly concerned with
healthy populations — focus on the notion of metacognition.
Metacognition as a research topic first derived from studies of
child development, and was defined by Flavell (1979) as
cognition about cognition; knowledge of cognitive abilities and
their regulation. In short, the metacognitive research domain
focuses on those cognitive processes which allow us to reflect
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Fig. 1 — The Cognitive Awareness Model (Morris and Mograbi, 2013).

upon and estimate our cognitive capacities. As such, it offers a
framework by which we can measure awareness in patient
groups (see Souchay, 2007). Here we will just run through a
few key concepts. The core idea is that if patients with MS are
unaware of the cognitive difficulties this will be detected in
their performance on metacognitive tasks.

The metacognitive framework proposed by Nelson and
Narens' (1990) defines in a current task (for metacognitive
experiences) control and monitoring processes. In a memory
task, one can notice in a word-list that is difficult to learn. This
self-assessment refers to monitoring processes. In turn, one
can decide to allocate more time to study this item. This
regulation of cognitive activity and change in strategies refers
to control processes. In general, the study of the metacogni-
tion of memory processes (metamemory) is much better
developed than in other domains but the metacognitive
approach is now being extended to other cognitive processes
(e.g., visual perception, De Gardelle & Mamassian, 2014; de-
cision making, Yeung & Summerfield, 2012; and motor tasks,
Simon & Bjork, 2001).

In metacognition, the main interest is the notion of judg-
ment accuracy which is a measure of a person's awareness of
their cognitive abilities. A distinction is made between two
classes of measures: global predictions and item-by-item
predictions (e.g., Mariné & Huet, 1998). Global predictions are
used pre- and post-task, and these two different time points
measure different components of metamemory. For instance,
pre-task predictions for memory tasks (as an example) ask
about the number of items people think they will later recall
from a list. As the task has not yet commenced, this measure
taps into metacognitive knowledge (Hertzog, 1992), rather
than metacognitive experience. A post-task global prediction

is exactly the same prediction, but made after someone has
learned the list. This measure draws more directly upon a
monitoring process: that is, the extent to which a person up-
dates his or her knowledge about memory abilities according
to their experience of the task (Connor, Dunlosky, & Hertzog,
1997). In that sense, these evaluations (except from pre-task
global predictions) can be thought of as measuring meta-
cognitive experiences.

Although the metacognitive framework and the study of
anosognosia were developed independently, there are simi-
larities between models and constructs. For instance, Toglia
and Kirk's model (2000) of awareness divides it into two pro-
cesses: metacognitive knowledge and online awareness. Their
metacognitive knowledge is close to Flavell's concept and
online awareness can be thought of as metacognitive experi-
ences (Flavell, 1979). This separation is useful because it is
consistent with studies stemming from the anosognosia
framework (mainly measuring generalized beliefs — i.e,
metacognitive knowledge) and the metacognitive framework
(mainly measuring metacognitive experience — i.e., ‘online’
feelings and evaluations of processes as they are occurring).
Recent research focuses on the integration of both constructs.
These studies explain results which come from studies on
metacognition, especially metamemory according to the most
recent model of anosognosia — the CAM model — in the
context of dementia (Sunderaraman & Cosentino, 2017). Here,
we focused on the distinction between metacognitive
knowledge and metacognitive experiences as this distinction
allows including both studies referring to anosognosia field
and studies from metacognitive framework in the MS litera-
ture as has been done in others pathologies (Ernst, Moulin,
Souchay, Mograbi, & Morris, 2016).
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The focus of this review is not the neuroanatomy of
awareness or executive functions, but here it needs to be
stressed that the main cognitive symptoms in MS are
thought to be due to deficits in executive functioning prob-
ably due to a decline in processing speed (Drew, Tippett,
Starkey, & Isler, 2008). Neuroanatomically, there is a lead-
ing role of the frontal lobe in the neural network related to
awareness of deficit. Fleming and Dolan (2012) reviewed the
neural basis of metacognition and concluded that it relies on
the prefrontal cortex interacting with interior regions such as
insula and cingulate cortex. There is considerable overlap
between the symptomology of MS, and the concepts of ex-
ecutive functions and these deficits have often been linked to
the frontal lobe in this pathology (e.g., Beatty, Goodkin,
Beatty, & Monson, 1989; Calabrese, 2006; Chiaravalloti &
DeLuca, 2008; Foong et al., 1997). Furthermore, it has been
suggested that some facets of executive functions are by
definition metacognitive (Fernandez-Duque, Baird, & Posner,
2000), and thus one might expect there to be metacognitive
deficits in MS.

Converging on the idea of metacognition and awareness as
executive, both the DICE and CAM models include an execu-
tive component. Whereas the DICE model supposes a link
between the CAS and an executive system, the CAM suggests
that frontal lobe damage may cause an executive anosognosia.
Some studies have also highlighted links between models of
metacognition and models of executive functioning. For
instance, Fernandez-Duque et al. (2000) suggest that the meta
level and the object level from Nelson and Narens (1994)
model have similarities with the executive system and the
schemas level from Norman and Shallice's (1986) supervisory
attentional system account of executive processes.

Finally, neuropsychological evidence supports a link be-
tween executive functioning and metacognition. Several
studies in neurodegenerative diseases such as Alzheimer's
disease (for a review in memory, see Souchay, 2007) or in
traumatic brain injury (e.g., Ciurli et al., 2010) show a positive
relationship between metacognitive unawareness and
impaired measures of executive function. Likewise, in the
healthy aging process, there appears to be simultaneous and
correlated declines in metacognition and executive functions
(e.g., Souchay & Isingrini, 2004; Souchay, Isingrini, & Espagnet,
2000). Because the main impairment in MS is in executive
functioning — or at least in tasks which involve executive
functions (e.g., processing speed, memory retrieval, attention)
and because these patients have impaired performance on
tests of executive functions such as the Stroop task and
Wisconsin Sorting Card Test (WCST; e.g., Arnett et al., 1994),
phonemic fluency tests (e.g., Henry & Beatty, 2006) and Paced
Auditory Serial Addition Test (PASAT; e.g., Rosti, Hamaldinen,
Koivisto, & Hokkanen, 2007), we hypothesize that MS patients
have also impaired awareness of cognitive functioning. As
metacognitive knowledge (through the anosognosia frame-
work) and metacognitive experiences (through the meta-
cognitive framework) have been related to executive
functioning, we would expect that MS patients are impaired
on both of them. However, we also have to imagine that we
will also find individual variability since MS is a highly variable
disease.

This systematic review thus aims to elucidate the level of
awareness of MS patients according to the distinction be-
tween metacognitive knowledge and metacognitive experi-
ences. More specifically, we are focusing on the following
questions:

(1) Regarding metacognitive knowledge, do MS patients
make reliable subjective evaluations of their neuro-
psychological performance?

(2) Regarding metacognitive experiences, do MS patients
have problems in monitoring their cognitive functions?

(3) What variables are associated with metacognitive
knowledge and metacognitive experiences in MS?

A broader review of metamemory in several different
neuropsychological populations has already considered MS,
citing two articles on the topic. This review (Pannu &
Kaszniak, 2005) aimed to understand different outcomes of
metamemory impairment focused on metacognitive experi-
ences in different neuropsychological populations such as
Parkinson's disease, Alzheimer's disease, MS and traumatic
brain injury. Here, we aimed to review studies that evaluate
metacognitive experiences for memory as well as other
cognitive functions and also studies referring to meta-
cognitive knowledge.

2. Method

The flow chart describes the selection process (Fig. 2). We
initially identified articles using ScienceDirect and Pubmed
databases with the search strings: “multiple sclerosis” and
“metacognition”, “metamemory”, “self-awareness”, and
“anosognosia”. There was no limit on the year of publication.
After screening the abstracts, twenty-five papers were
assessed for eligibility. Sixteen more papers were identified as
eligible from the citations of these 25 papers. From these 25
papers, 12 were included. From the 16 additional papers, 2
were excluded. Therefore, 26 papers were included in the
current review (12 + 14). Our inclusion criteria were the
following: (1) one of the measures used in the studies must be
a metacognitive measure which is a subjective evaluation of
performance (i.e., a validated questionnaire or performance
predictions related to a task); (2) these metacognitive mea-
sures must concern cognitive abilities or cognitive functioning
(e.g., episodic or semantic memory, planning, flexibility, in-
hibition ...); (3) these measures must be compared to another
measure of cognitive functioning such as a neuropsychologi-
cal evaluation or an experimental measure in the case of
metacognitive predictions (see the metacognitive framework
above). A summary of the included papers is presented in
Table 1.

We organized the discussion of the published research
around the distinction of metacognitive knowledge and met-
acognitive experiences since these refer to the different con-
structs of awareness as described above (Flavell, 1979; Toglia &
Kirk, 2000). Already, a clear imbalance can be observed: most
of the papers (22 out of 26) focused on metacognitive knowl-
edge, and the remaining four were ranked as measuring
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Fig. 2 — Flow chart describing the selection process according to PRISMA 2009.

metacognitive experiences. Table 1 summarizes the methods
and main results.

3. Results
3.1.  Measures of metacognitive knowledge

Metacognitive knowledge was measured by either question-
naires of awareness or experimental measures (i.e., perfor-
mance predictions). Within the use of questionnaires in order
to assess metacognitive knowledge, several methods exist in
the literature. These are correlations between neuropsycho-
logical evaluation and subjective evaluation (measured by
self-rated questionnaires), or patient—informant discrep-
ancies in reported impairments. Some studies compared co-
horts of patients who were classified into accurate,
underestimating and overestimating groups according to
patient—informant discrepancies.

3.1.1. Correlations between neuropsychological and
subjective evaluation
Fifteen studies assessing awareness in MS patients by a cor-
relation between subjective evaluations and neuropsycho-
logical assessment. These studies focused on executive
functioning (verbal fluency, planning, attention, inhibition)
and memory evaluation.

The correlations in MS patients are weak for global cogni-
tive functioning (Maor, Olmer, & Mozes, 2001), memory
(Randolph, Arnett, & Freske, 2004) and were marginally

significant for processing speed [Stroop (r = —.27, p = .016) and
SDMT (r = —.28, p = .014); Roberg, Bruce, Lovelace, & Lynch,
2012]. Julian, Merluzzi, and Mohr (2007) observed that a neu-
ropsychological index, featuring several tests of executive
functioning explained only 8% of the variance of a subjective
cognitive index. Additionally, Christodoulou et al. (2005) found
no significant correlation between subjective evaluation and
neuropsychological testing. Interestingly, however their pa-
tients were tested twice and the improvement in neuropsy-
chological test scores was associated with a decrease in
subjective complaint. Despite the lack of a correlation, we
interpret this as MS patients being aware of their performance
changing — a finding which possibly points to intact meta-
cognition — discussed further below.

Other studies in our set show that people with MS are
aware of cognitive impairment because they performed worse
on neuropsychological testing and also reported more sub-
jective deficits than healthy controls for both global cognitive
functioning (Basso et al., 2008; Matotek, Saling, Gates, & Sedal,
2001) and memory (Kujala, Portin, & Ruutiainen, 1996).
Hoogervorst et al. (2001) reported a correlation between sub-
jective ratings and neuropsychological evaluations and these
correlations were larger for physical disabilities. This suggests
that MS patients are aware of their impairments, especially
physical difficulties.

Randolph, Arnett, and Higginson (2001) measured self-
reported day-to-day memory difficulties — they also assessed
these difficulties from an informant's point of view, but did not
calculate a discrepancy score as described below. Their results
revealed that poorer perceived memory was explained by



Table 1 — Selected papers dealing with metacognition in MS.

N° Référence Method of assessing Awareness questionnaire Objective evaluation Participants Results

awareness

1 Basso et al. (2008) Comparison between self-rating FrSBE TMT, CVLT, WAIS-III letter 42 MS + 13 HC  FrBSE accounted for variance across, TMT,
and objective testing number sequencing, Digit Letter Number Sequencing, SDMT and CVLT-

span, SDMT, COWAT 1I for both patients and controls

2  Beatty and Monson  Episodic and semantic 3 parts questionnaire (friend 4 groups of MS according to 45 MS + 22 HC  No difference for awareness

(1991) FOK + global comparison, everyday memory level in CVLT-II and WCST questionnaire + Impaired episodique FOK
prediction + awareness problems, variable that affect and preserved semantic FOK + impaired
questionnaire memory) global prediction only for the most with low

memory and low WCST

3 Bruce et al. (2010) Comparison between self-rating Prospective and Retrospective SDMT, WGST, Stroop Test, 71 MS + 20 HC  Dissociation mediates the relationship
and objective testing Memory Questionnaire AVLT, letter-number between depression, anxiety and self-

sequencing reported memory complaints.

4  Carone et al. (2005) Discrepancy between self- and MSNQ COWAT, Judgment of Line 122 MS + 37 HC No difference in objective testing between
informant-rating + 3 accuracy Orientation test, CVLT-II, groups. Overestimation is associated with
groups BVMT-R, PASAT, SDMT, less depression and more cognitive

WCST impairment. Underestimation is associated
with more depression.

5  Christodoulou etal. ~ Comparison between self-rating PDQ Brief Repeatable Battery 53 MS No correlation between subjective evaluation

(2005) and objective testing (BRB): SRT, 10/36, SDMT, and objective performance. Improvement in a

PASAT, COWAT, TOH second testing is related to lower subjective
complains. No link between depression and
subjective reports of cognitive impairment.

6  Goverover et al. Discrepancy between self- and FrSBE COWAT, Verbal fluency, 26 MS Lower level of agreement for the most

(2005) informant-rating BNT, WART-3 reading cognitively impaired patients for executive

subtest, WMS, PASAT, functions.
WCST

7  Goverover et al. Discrepancy between self- and Functional Behavior Profile Sorting Test, SDMT, CVLT-II 18 MS + 16 HC ~ Change in awareness for MS patients between

(2014) informant-rating + global pre- and pre- and post-diction (57% of patients were
post-task judgment on aware before, compared to 81% after) whereas
experimental task no change was observed for healthy controls

(70% against 75%) + lower degree of
agreement for patients than controls

8  Hanssen et al. (2014) Comparison between self-rating BRIEF-A COWAT, SDMT, Stroop 120 MS Marginal significance to relation between
and objective testing Tests executive testing and subjective reports.

Subjective impairment is related to
depression.

9  Hoogervorst et al. Comparison between self-rating GNDS MSFC 290 MS Correlation between subjective evaluation

(2001) and objective testing and objective performance. Correlation for

physical disabilities are stronger than those
for cognitive abilities.

10 Julian et al. (2007) Comparison between self-rating Cognitive function subscale of SDMT, digit span, Stroop, 58 MS Objective testing explain 8% of the variance of

and objective testing

MSQOL-54

AVLT, COWAT

subjective evaluation. Effective treatment for
depression is associated with a stronger
relationship between subjective evaluation
and objective performance.

(continued on next page)
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Table 1 — (continued)

N° Référence Method of assessing Awareness questionnaire Objective evaluation Participants Results
awareness
11 Kinsingeretal. (2010) Comparison between self-rating PDQ COWAT, Digit Span, lettre- 127 MS Improvement in accuracy estimation after
and objective testing + 3 accuracy number sequencing, CVLT- psychotherapy which was associated with
groups I decreased depression and fatigue.
12 Krchetal. (2011) Comparison between self-rating MFQ CVLT-II et Memory 64 MS Correlation between subjective evaluations
and objective testing Assessment Scale and memory performance even after
controlling for depression.
13 Kujala et al. (1996) Comparison between self-rating Self-evaluation of memory and WMS,7/24 spatial recall, 100 45 MS + 35 HC  The most impaired group of patient report
and objective testing learning problems (from 1 to 5) words learning, Incidental more subjective impairment than the less
memory of word pairs, Digit impaired group and controls.
Symbol-incidental learning
14 Maor et al. (2001) Comparison between self-rating MSQOL-54 NCSE 161 MS Weak correlation between subjective
and objective testing evaluation and objective performance for
global cognitive functioning. Subjective
impairment is related to depression.
15 Marrie et al. (2005) Comparison between self-rating PDQ MSFC 136 MS Slight decline in memory and processing
and objective testing speed are associated with higher subjective
complaints than a major decline. Subjective
impairment is related to depression.
16 Matotek et al. (2001) Comparison between self-rating Subjective difficulties WCST, Verbal intellectual 39 MS + 40 HC  Subjective evaluation correlate with verbal

17 Middletown et al.
(2006)

18 Phillips and
Stuifbergen (2006)
19 Randolph etal. (2001)

20 Randolph etal. (2004)

21 Roberg et al. (2012)

and objective testing

Discrepancy between self- and
informant-rating + post-task
judgment (trail-by-trial and global)

Comparison between self-rating
and objective testing
Comparison between self-rating
and objective testing

Comparison between self-rating
and objective testing

Comparison between self-rating
and objective testing

questionnaire

Cognitive Failure Questionnaire

Multifactorial Memory
Questionnaire
Memory Rating Scale

MFQ

Processing Speed Difficulties
Questionnaire

quotien from WAIS-R, WMS

PASAT, SRT, Word List
Generation, CVLT-II, TOL

1SS

TOL, CVLT-II, Rivermead
Behavioral Memory Test, le
7/24, SDMT, Test of
Everyday Attention

TOH, letter-number
sequencing, SRT

SDMT, Stroop, PASAT,
letter-number sequencing,
AVLT, COWAT, Conners'
Continuous Performance
Test II, MSFC

221 MS + 31 HC

482 MS

79 MS

48 MS

40 MS + 25 HC

fluency and working memory testing. No
correlation with anxiety and depression. No
link between depression and subjective
reports of cognitive impairment

No significant correlation perceived/objective
abilities for either patients or

controls + correlation trial-by-trial and global
judgment with test performance

Poorer metamemory for the most depressed
group.

Poorer perceived memory is explained by
slower speed of processing and a lower level
of education. No correlation between
subjective and objective memory evaluation.
Weak correlation between subjective
evaluation and objective performance or
memory function. Depressive beliefs mediate
the relationship between depression, anxiety
and self-reported memory complaints.
Marginal significant correlation between
subjective evaluation and objective
performance for processing speed.
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26

Rosti-Otajarvi et al.
(2014)

Scarrabelotti and
Carroll (1999)

Sherman et al. (2008)

Smith and Arnett
(2010)

Van der Hiele et al.
(2012)

Comparison between self-rating
and objective testing + 3 accuracy

groups

Prospective and retrospective JOL

in stem word completion
(inclusion and exclusion
conditions)

Comparison between self-rating
and objective testing + ‘aware’ and

‘unaware’ groups

Discrepancy between self- and
informant-rating + 3 accuracy
groups

Comparison between self-rating
and objective testing + 3 accuracy

groups

MSNQ

Awareness interview

Dysexecutive Questionnaire

Dysexecutive Questionnaire

Buschke Selective
Reminding Test, 10/36,
SDMT, PASAT, COWAT

Oral Symbol Digit Test, Brief
test attention, judgment of
Line orientation, letter-
number sequencing, Stroop,
COWAT, CVLT-II, WCST
COWAT, Animal Naming,
Stroop, reading span task

National Adult Reading test,
CVLT, Rey's figure, TMT,
Stroop, WCST, PASAT

196 MS

50 MS + 41 HC

74 MS

95 MS + 27 HC

128 MS

RR form: Overestimators are more cognitively
impaired and more physically disabled. SP/PP
form: Overestimators are more cognitively
impaired than have less education.

Impaired prospective JOL only for the
exclusion condition. No difference for
retrospective JOL.

Unawareness of global cognitive abilities: 15%
of RR patients and 51% of the SP patients.
Unawareness is related to lower performance
on tests

No difference between the three groups
according to age, disease duration,
neuropsychological tests, and depression.
Lower level of education for the
overestimators.

Underestimators were slower and showed
higher interference on the Stroop Test and
performed worse on the WCST -+ associated
with more anxiety and depression.

AVLT: Auditory Verbal Learning Test, BRIEF-A: The Behavior Rating Inventory of Executive Function — Adult version, BNT: Boston Naming Test, BVMT-R: Brief Visual Spatial Memory Test-Revised,
COWAT: Controlled Oral Word Association Task, CVLT-II: Californian Verbal Learning Test — version II, FrSBE: Frontal Systems Behavior Scale, ISS: Incapacity Status Scale, GNDS: General Neuro-
psychological Deficit Scale, MFQ: Memory Function Questionnaire, MSNQ: Multiple Sclerosis Neuropsychological Screening Questionnaire, MSQOL-54: Multiple Sclerosis Quality Of Life Questionnaire,
NCSE: Neurobehavioral Cognitive Status Examination, PASAT: Paced Auditory Serial Addition Task, PDQ: Perceive Deficit Questionnaire, SDMT: Symbol Digit Modalities Test, SRT: Selective
Reminding Test, TMT: Trail Making Test, TOH: Tower Of Hanoi, WAIS-R: Wechsler Adult Intelligence Scale—Revised, WART-3: Wide Range Achievement Test-3, WMS: Wechsler Memory Scale, WCST:
Wisconsin Sorting Card Test. As in Marrie et al. (2005), ‘objective’ testing refers to neuropsychological evaluation.
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slower speed of processing (17% of explained variance) and a
lower level of education (15%) rather than the measure of
memory impairment. Also, subjective evaluation and neuro-
psychological memory tests were not correlated with each
other (which is a form of impairment of awareness — this will
be discussed later). They also found that diminished awareness
of memory difficulties was explained by impaired executive
functioning, suggesting an association between impaired
metamemory and executive functions. Finally, Marrie,
Chelune, Miller, and Cohen (2005) suggested an interesting
non-linear relationship between the perceived-abilities and the
‘objective cognitive impairment’ assessed by neuropsycholog-
ical evaluation including memory and speed of processing.
Slight decline in these two functions were associated with
higher subjective complaints than a major decline.

Several studies also highlight a relationship between sub-
jective cognitive impairment and the level of depression
(Hanssen, Beiske, Landrg, & Hessen, 2014; Maor et al., 2001;
Marrie et al., 2005). Julian et al. (2007) showed that an effective
treatment for depression is associated with a stronger rela-
tionship between subjective evaluation and neuropsychological
evaluation. According to this study, the more depressed MS
patients are, the less aware they are. Phillips and Stuifbergen
(2006) observed a lower score in a metamemory questionnaire
[i.e., self-reported memory ratings about ‘contentment, ability,
and strategy’ (p.429) in this study] for the most depressed group,
revealing poorer metamemory in this group.

Two studies have focused on mediation analyses. Bruce,
Bruce, Hancock, and Lynch (2010) concluded that dissocia-
tion (i.e., the disruption of usually integrated cognitive pro-
cesses) mediates the relationship between depression,
anxiety and self-reported memory complaints in MS whereas
Randolph et al.'s (2004) found that depressive beliefs mediated
this effect. However, other studies have failed to find a link
between depression and subjective reports of cognitive im-
pairments (Christodoulou et al., 2005; Matotek et al., 2001).
Krch, Sumowski, DeLuca, and Chiaravalloti (2011) found a
significant correlation between subjective evaluations and
memory performance even after controlling for depression.

3.1.2. Patient—informant discrepancies

A second method used to evaluate the awareness of cognitive
abilities is to consider the level of agreement between pa-
tients' and informants' evaluations. The lower the level of
agreement, the lower the awareness of patients. Unlike the
correlation method described above, this allows the direct
comparison of awareness of cognitive functioning without a
neuropsychological evaluation. Using such discrepancy mea-
sures, Goverover, Chiaravalloti, and DeLuca (2005) found a
lower level of agreement for the most cognitively impaired
patients (as measured by neuropsychological testing of exec-
utive functioning). This result indicates lower awareness of
these functions when they are impaired. A lower level of
agreement was also related to higher anxiety and depression.
Overall, this study concludes that there is an impaired
awareness in the most impaired MS patients.

3.1.3.  Under and over-estimation in subgroups of MS patients
Another important question in the study of awareness is the
assessment of the magnitude of the awareness of deficit. In this

way, it is possible to consider whether patients make pre-
dictions which over or under estimate their actual function. In
the MS literature, six studies classified participants into “ac-
curate”, “underestimate” and “overestimate” groups. Howev-
er, the method used changed from study to study. Some used
a discrepancy score between patients' reports and informants'
reports (e.g., Carone, Benedict, Munschauer III, Fishman, &
Weinstock-Guttman, 2005; Smith & Arnett, 2010) whereas
others measured the accuracy by assessing the discrepancy
between subjective evaluation and neuropsychological eval-
uation (Kinsinger, Lattie, & Mohr, 2010; Rosti-Otajarvi, Ruu-
tiainen, Huhtala, & Hamalainen, 2014; Van der Hiele,
Spliethoff-Kamminga, Ruimschotel, Middelkoop, & Visser,
2012). For three studies (Carone et al., 2005; Kinsinger et al.,
2010; Smith & Arnett, 2010), the evaluation of magnitude is
based on a discrepancy between the t score or z score of the
subjective questionnaire and/or the neuropsychological
evaluation. Negative scores refer to better subjective cognitive
functioning than neuropsychological evaluation. The classi-
fication criterion (i.e., cut-off criterion) was fixed by the au-
thors. For instance, Kinsinger et al. (2010) estimated that
‘patients were categorized as under-estimators of their
cognitive abilities if their discrepancy scores were 1 SD above
zero’ (p.576). Other studies (Rosti-Otajarvi et al., 2014; Van der
Hiele et al., 2012) classified patients according to neuropsy-
chological performance and subjective evaluation. Thus, ac-
curacy was defined as ‘objectively impaired and subjectively
impaired’ or ‘objectively intact and subjectively intact’. Once
again, the impairment criterion was fixed by the authors. This
separation of patients according to their accuracy allows the
comparison of underestimating, overestimating and accurate
groups.

The distribution of patients in the five studies according to
the three accuracy groups and MS type is summarized in Table 2.
We averaged the percentage of groups across studies except for
Rosti-Otajarvi et al. (2014) which compared the RR form and SP/
PP forms. According to our analysis, fifty-three percent of MS
patients are accurate in their subjective reports. Furthermore,
MS patients are more likely to underestimate their cognitive
abilities than overestimate them (32% compared to 15% for the
respective groups). Because these studies mainly included RR
patients, the calculated percentages are very close to those
related by Rosti-Otajarvietal. (2014) for the RR group. However, it
is important to notice the relatively large differences across
studies. For instance, accurate estimators range from 33%
(Kinsinger et al., 2010) to 69% (Van der Hiele et al., 2012) of the
sample. This important variation probably depends on the
classification, the definition of accuracy. Due to differences in
the criteria used, it is difficult to compare these studies. How-
ever, if anything, these studies report more underestimation
than overestimation in MS. If we combine the percentages of
those who under or over estimate, it appears that approximately
half of all patients are inaccurate, but approximately twice as
many patients underestimate as overestimate their perfor-
mance. This collection of studies finds that MS patients, if they
lack awareness, tend to think that their cognitive function is
more impaired than it actually is.

Carone et al. (2005) showed that overestimation of cognitive
abilities in MS is associated with less depression, and more
cognitive impairments (memory and executive functioning).
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Table 2 — Distribution of patients according to accuracy groups and MS type.

Reference MS type Underestimate Accurate Overestimate N
Carone et al. (2005) RR, SP and PP 21% 61% 18% 122
Kinsinger et al. (2010) RR, SP and PP 65% 33% 2% 124
Smith and Arnett (2010) RR, SP and PP 27% 49% 24% 95
Van der Hiele et al. (2012) unknown 16% 69% 15% 128
Mean 32% 53% 15%
Rosti-Otajarvi et al. (2014) RR 27% 53% 20% 138
Rosti-Otajarvi et al. (2014) PP and SP 7% 64% 28% 58

Conversely, underestimation is only related to increased
depression. Although they did not compare directly their three
accuracy groups, Kinsinger et al. (2010) observed an improve-
ment in accuracy estimation after psychotherapy. This
improvement was associated with decreased depression and
fatigue. Smith and Amett (2010) focused on executive func-
tioning and found no difference between the accurate, under-
estimating, and overestimating groups according to age,
disease duration, neuropsychological tests of executive func-
tion, and depression. The authors only observed a lower level of
education for the over estimators compared to the accurate/
underestimators. Conversely, Van der Hiele et al. (2012) found
that underestimators were slower and showed higher inter-
ference than the accurate group on the Stroop Test and per-
formed worse on the WCST (but note they did not compare
under- and overestimators). In their study, underestimators
also showed more anxiety and depression than accurate esti-
mators and overestimators showed more problems in activities
of daily living measured by self-reported questionnaire.

One study focused on the comparison between RR form
and SP/PP forms of MS. Rosti-Otajarvi et al. (2014) showed that
SP/PP patients underestimate significantly less their cognitive
abilities compared to RR patients. Overestimators were more
cognitively impaired and had more physical disabilities than
underestimators for the RR group. Overestimators were also
more cognitively impaired than underestimators and had less
education than accurate estimators for the progressive group
(SP/PP). A second study also compared RR form and SP/PP
forms, however only two groups of awareness were created
(i.e., aware and unaware) using an awareness interview and
the bias/direction of the unawareness was not specified
(Sherman, Rapport, & Ryan, 2008). These authors reported that
56% of the MS patients were unaware of their ‘thinking abili-
ties’, 38% of their attention and 31% of their memory. Across
MS forms, 15% of RR and 51% of the SP patients have un-
awareness of global cognitive abilities. This unawareness was
related to lower performance on the California Verbal
Learning Test (CVLT; Delis, Kramer, Kaplan, & Ober, 2000) and
several executive function tests such as Controlled Oral Word
Association Test (COWAT, Spreen & Strauss, 1991), Stroop and
the WCST.

Finally, in order to assess metacognitive knowledge,
Beatty and Monson (1991) used a global prediction of per-
formance in a memory (episodic free recall) task. This pre-
diction was then compared to actual performance. The
authors compared four patient groups and one control group.
The results revealed that only the group with the worse
deficit in memory and executive function overestimated
their performance. The other four groups were accurate (i.e.,

difference between prediction and performance did not
differ from zero).

Overall, across several different measures and in multiple
studies, research into metacognitive knowledge in MS points
to there being a metacognitive impairment in this disease.
There is not a uniform deficit however, and inaccuracy is
observed in about 50% of the samples that we could find in the
literature. Where these studies have considered the magni-
tude of judgments, it looks like there is a tendency to under-
estimate performance, rather than overestimate it. This is
interesting, since rather than a failure to adapt to changes in
cognition (which would lead to overestimations of perfor-
mance), this suggests that people with MS may actually be
overly concerned with their cognitive changes, and believe
themselves to be more impaired than they actually are. We
will return to this issue in the discussion.

The comparison of under and over estimates (and the ac-
curate participants) is interesting, but yields equivocal find-
ings. Differences are observed between accuracy groups but
the studies do not yield consistent results. They mainly sug-
gest that metacognitive knowledge impairment is associated
with depression, fatigue and a worse score on neuropsycho-
logical tests. No clear pattern emerges according to over- and
underestimation except the fact that overestimation seems to
be correlated with less education and seems to be less
frequent than underestimation (as above). A not unexpected
finding is that underestimation seems to be associated with
more depression and anxiety — consistent with the idea that
underestimates of performance reflect low self-esteem (e.g.,
Bandura, 1989).

3.2.  Measuring metacognitive experiences

Few studies have focused on metacognitive experience or
online awareness in MS. As mentioned above, Pannu and
Kaszniak (2005) reviewed two studies dealing with meta-
memory. The first one is a study conducted by Beatty and
Monson (1991) in which MS patients were divided into four
groups based on performance on the CVLT and the WCST.
This study suggested that MS patients perform differently
across four metamemory tasks. No difference between pa-
tients and healthy controls was found for a semantic feeling-
of-knowing (FOK) task, where participants have to predict the
future recognition of non-recalled items. However, the mean
discrepancy between global predictions and performance in
an episodic free recall task was larger in patients than in
controls, but only for the patient group with the highest level
of cognitive impairments (i.e., the low memory, low WCST
group). Accuracy on an episodic FOK task was lower than the
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controls for all patient groups except for the “normal memory,
normal WSCT” group. Pannu & Krasnik's review also mentions
Scarrabelotti and Carroll's study (1999) dealing with moni-
toring. In this study, participants had to make prospective
judgments-of-learning (JOLs) about learning words that is
they had to say how likely they will be to remember the item
later. Then, they performed a stem completion task under an
inclusion condition (complete the word with those previously
learnt) and an exclusion condition (complete the word with a
new one). Finally, they made a retrospective confidence
judgment about how correct the completed-word was.
Although no difference in accuracy between MS patients and
controls was observed for retrospective confidence judg-
ments, MS patients showed a JOL deficit in the exclusion
condition. Pannu and Kaszniak (2005) conclude in their review
that ‘for tasks that make higher monitoring demands, such as
an episodic sentence memory task, or list learning and pre-
diction tasks, MS patients show deficits in comparison to
control subjects’ (p.114).

To the best of our knowledge, only two other studies have
dealt with online awareness or metacognitive experience in
MS. In Goverover, Genova, Griswold, Chiaravalloti, and
DelLuca (2014), participants performed an internet-abilities
test within which a score was calculated according to the
help the participant needed to complete the task. Participants
had to respond to questions on a 4-point scale about difficulty,
time to perform the task and the ability to do similar task in
their home environment. These three questions were gath-
ered into a metacognitive score and were asked pre- and post-
task. Participants were classified as “aware” or “unaware”
according to their metacognitive score and their performance.
Performance and metacognitive scores were divided into two
groups based on a median split. The aware group was defined
by an agreement between performance and metacognition:
low metacognitive prediction and low performance or high
metacognitive prediction and high performance. The results
revealed a significant change in awareness for MS patients
between pre- and post-diction (57% of patients were aware
before, compared to 81% after) whereas no change was
observed for healthy controls (70% against 75%) suggesting
that MS patients need to experience the task to be aware of
their performance. However, no interaction effect was re-
ported by the authors and there was only a trend for a dif-
ference in percentage of aware participants between controls
and MS patients for their predictions. This study suggests that
patients may have a deficit in pre-task prediction — which
simply measures domain-specific metacognitive knowledge
(since it is made before they have experienced the task). On
the other hand, after the task is completed, they show normal
retrospective monitoring.

Middletone, Denney, Lynch, and Parmenter (2006) also took
a retrospective estimation of performance on memory and
executive function tasks. They found that neuropsychological
evaluation was correlated with estimation for both trial-by-
trial estimates and global post-diction. This correlation was
significant for MS patients and healthy controls which in-
dicates that patients have an intact relative metacognitive
accuracy. However, participants from both patient and control
groups consistently underestimated their performance,
showing that whereas in general, estimates of performance in

both groups relate to the level of functioning, all participants
fail to appreciate how well they have performed the task. In
this case, underestimating performance is not specific to the
MS patients. In sum, a correlational analysis (which points to
those people with worse performance giving lower pre-
dictions) and an analysis of prediction magnitude (which
points to systematic underestimation) yield different results:
predictions are related to performance (in between subject
correlations) but differ in magnitude (i.e., they are consistently
lower than performance).

Three of these studies also assessed metacognitive
knowledge by questionnaires. Beatty and Monson (1991)
found no difference in questionnaire responses about
awareness of memory abilities between MS patients and
healthy controls. Middletone et al. (2006) study revealed no
significant correlation between subjective evaluation and
neuropsychological evaluation but the same correlation was
also not significant for controls. Therefore, it suggests in this
case this absence of relationship is not disease-dependent but
it also found in normal functioning. However, Goverover et al.
(2014) showed a higher discrepancy between self- and
informant-rated questionnaires for the patients than for the
controls leading to an awareness impairment of global
functioning.

In sum, a complex pattern emerges from the results of
the research assessing metacognitive knowledge and ex-
periences in MS. These studies point to different profiles of
metacognitive impairment in people with MS. They mainly
support the idea that patients have a problem with high
monitoring-demand tasks and have more of a prospective
monitoring impairment than a retrospective one (since it
appears that estimation of performance conducted after the
task are consistently intact). Beatty and Monson's (1991)
results underscore the complexity of the data. They
showed different a pattern of impairments according to the
patient's level of memory and executive functions. FOK
judgments are predominantly impaired in patients (except
for the “normal memory, normal WCST” group — who by
definition do not have cognitive impairment). However,
only the most impaired group overestimated their perfor-
mance with the global prediction. Additionally, there was
no difference in FOK judgments for general knowledge be-
tween the groups. These different profiles according to
impaired/preserved metacognitive abilities and according to
global cognitive impairment will be discussed in the next
section.

4, Discussion

The present review gathers information about metacognition
and the awareness of deficit in the MS population. The results
reveal a complex profile of intact and impaired metacognitive
knowledge and metacognitive experience in MS. There is
considerable heterogeneity in the samples and in the para-
digms used, and even in the motivations for carrying out the
studies. Here we summarize the key findings and highlight
priorities for future research, taking on board the methodo-
logical pitfalls in awareness and metacognition research. The
discussion is grouped around three key questions.
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4.1.  Metacognitive knowledge: do MS patients make
reliable subjective evaluations of their neuropsychological
performance?

Asin the results section, we identified two subgroups of studies:
those using correlations between self-ratings and neuropsy-
chological testing and those who evaluate under- and over-
estimation of the abilities. We will consider these two subgroups
and will discuss methodological issues with this respect.

The fifteen studies using correlations between self-rating
and neuropsychological testing in order to measure aware-
ness do not provide consistent results for both global and
specific functions. They mainly support the idea that MS pa-
tients are aware in their subjective evaluations, even if the
correlations with neuropsychological evaluations are weak.
This relationship is difficult to interpret in terms of meta-
cognition because most of these studies do not include a
healthy control group. Without a healthy control group, it is
not known how well (in general within any group), task pre-
dictions relate to individual differences in performance. That
is, even if the correlations are low in the MS group, we might
see exactly the same magnitude of correlation in the control
group (as shown in the Middletone et al. 2006 study). As such,
it is difficult to pinpoint a disease specific effect without
considering a comparison of correlations between subjective
evaluations and neuropsychological evaluations in healthy
groups as well as in MS groups. The only four studies out of
fourteen which did have a control group did not statistically
compare both groups. This could be explained by the fact that
these studies are more focused on the perceived abilities of
the patients than an awareness perspective. In any case, in a
meta-analysis of 55 studies dealing with the relationship be-
tween subjective evaluation and neuropsychological evalua-
tion in healthy participants across several cognitive and
physical domains, Mabe and West (1982) found that the cor-
relations between both measures were typically rather low
(r = .29). Therefore, it is difficult to interpret the observed low
correlation between self-evaluation and neuropsychological
evaluation in MS as low correlations may also be observed in
healthy populations — as stated previously there is a lack of
control data regarding correlations between subjective eval-
uations and neuropsychological evaluations.

However, it is still clinically informative to compare
directly self-evaluations and neuropsychological evaluation.
Our review reveals that cognitive deficits experienced by MS
patients cannot be totally predicted by subjective complaints,
but can also be due to emotional factors such as depression
(Hanssen et al., 2014; Julian et al., 2007; Maor et al., 2001,
Marrie et al., 2005; Phillips & Stuifbergen, 2006). However,
because of the heterogeneity of MS, results differ across
studies. As described above, patient-informant discrepancies
seem to be a better estimator of awareness because the basis
of the metacognitive score directly stems from the same
measure and allows classifying patients according to under-
or overestimation.

Methodological issues arise when using patient-informant
discrepancies, because the measure hinges on how well the
informant rating captures real-world performance (or neuro-
psychological evaluation). Although significant correlations are

found between this evaluation and informant-rated impair-
ment, these correlations are again, moderate (e.g., from —.31 to
—.47; Carone et al., 2005). It can also be difficult to interpret
these patient-informant discrepancies because, again, there
are rarely control comparisons. As with the correlations above,
the group differences between controls and patients are often
absent. For instance, Carone et al. (2005) had 37 control par-
ticipants who had ‘informants’, which they compared to their
125 MS patients and their informants. The discrepancies be-
tween participants and informants for their patient and control
groups were not significant. In a review of measures used in
awareness research in Alzheimer's disease, Clare, Markova,
Verhey, & Kenny. (2005) cast some doubt on the use of
patient-informant discrepancies — factors such as career
burden or depression can influence the ratings, and moreover
there are philosophical issues about whether someone else can
make accurate estimates of subtle internal changes and sub-
jective difficulties. It might be concluded that apart from some
clear differences in subgroups of MS patients, people with MS
are only unaware to the same degree that healthy people are
unaware if one focuses on subjective complaints.

To evaluate metacognitive knowledge in MS, another
subgroup of studies mainly focused on under- or over-
estimation of performance. As we predicted, and according to
the fact that MS is a heterogeneous disease, these studies
suggest that about half of patients have some metacognitive
impairment. Within this subgroup, patients more often un-
derestimate their performance than overestimate it.

Overestimation was associated with more cognitive
impairment in two studies (Carone et al., 2005; Rosti-Otajarvi
et al.,, 2014), but Smith and Arnett (2010) found no differ-
ences between under and overestimators groups. In line with
Marrie et al. (2005), we suggest that the relationship between
self-evaluation and neuropsychological evaluation is possibly
quadratic. Mildly cognitively impaired patients report a
greater degree of subjective impairment than the severely
impaired patients. At the beginning of the disease, the diag-
nosis of MS is integrated into self-knowledge and beliefs (see
the notion of intellectual awareness from Toglia & Kirk, 2000)
and patients begin to consider the idea that they may have
cognitive impairment even if physical disabilities are more
often associated with the disease. From the CAM's perspec-
tive, constructs like “I am a person who suffering from MS” would
be updated in the Personal Database. This leads to an under-
estimation of performance which is in fact not associated to a
real metacognitive impairment, but reflects beliefs, worries,
and an updated self-concept. With disease progression, and
the increase in cognitive symptoms, MS patients would be
more likely to overestimate their performance as is observed
in other cognitively impaired populations (e.g., Alzheimer's
disease, Souchay, 2007). Fig. 3 is a proposal of this relationship
between self-evaluation and neuropsychological evaluation
based on Marrie et al.'s sketch.

Thus, patients underestimate their performance whilst
they show only a slight decline in their cognitive abilities — in
the early stage of the disease. If more severe cognitive deficits
develop then it is possible that there is a more genuine
metacognitive deficit as the patient may not have the
cognitive resources to update or maintain realistic
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Fig. 3 — Proposed non-linear relationship between
objective impairment and subjective impairment in MS
patients, based on Marrie et al. (2005). Subjective
impairment refers to self assessment of functioning,
whereas objective impairment refers to performance on
standardized neuropsychological tests. The hypothetical
‘perfect accuracy’ line indicates where subjective
evaluation is equal to objective performance. The curve
shows the observed pattern in MS, with values above the
perfect accuracy line being underestimates of performance
(because people judge themselves to be more impaired
than they actually are — an underestimate of their actual
functioning) and values below this line being
overestimates (conversely people fail to appreciate their
impairment, and overestimate their performance).

conceptions of task performance. This proposition is not new
(cf. Marrie et al., 2005), but it should be noted that this idea is
supported by multiple studies in the review. Critically, MS
patient overestimators are more cognitively impaired than
those who are accurate and those who underestimate (e.g.,
Carone et al., 2005; Rosti-Otajarvi et al., 2014). Because there
is a high fatigue rate in the most cognitively impaired pa-
tients, they are rarely included in studies which could
explain that we report more underestimation than over-
estimation in the studies reviewed here. Future research
needs to consider this issue in larger, more varied groups and
consider disease progression and severity as a variable which
is of significance to under and over-estimation. However, it
needs to be noted that linear correlations may overlook this
critical hypothesis. Therefore, we highlight the important of
measuring under- and overestimation of performance in the
assessment of metacognitive knowledge. As related before,
there are difficulties with the interpretations of the ques-
tionnaires and patient-informant discrepancies. As such, to
consider under and overestimation in metacognitive
knowledge we suggest that the global prediction method is
the more reliable method.

Using such a method, Beatty and Monson's results (1991)
only showed an overestimation for the most cognitively
impaired group. We suggest that this group contains patients
with longer disease duration than the other groups as we
suppose that disease progression is associated to more cogni-
tive symptoms. Beatty and Monson's measure of metacognitive
knowledge (1991) is thus consistent with the non-linear rela-
tionship between self-evaluation and neuropsychological
evaluation. However, no underestimation was found for the
less impaired patients as with our proposal. We suggest this
occurs because questionnaires are more sensitive to variables
associated with underestimation in MS (i.e., depression, fa-
tigue, see Section 4.3 for more details), whereas more concrete
estimations, such as the number of items that can be recalled
from a list are less sensitive to early disease changes. Moreover,
when confronted with a word recall test (or similar) in a clinical
setting, patients have no suitable reference point. Whereas
they may have become worried about their cognitive perfor-
mance in daily life and adjust their estimates accordingly, they
will not necessarily have a concept of an appropriate number of
the number of words they should remember from a list. Such
an issue would easily be examined in future research by asking
participants to give an up-to-date prediction of current func-
tioning, as well as an estimate of functioning before they felt
they were affected by the disease.

4.2. Metacognitive experiences: do MS patients have
problems in monitoring their cognitive functions?

The above sections point to a deficit in awareness for the pa-
tients who are most cognitively impaired. The results how-
ever, hinge on measures which can be influenced by other
factors such as depression, self-esteem, and disease burden.
There is also little consideration of controls' performance or
the underlying cognitive processes which are responsible for
awareness. To consider the question of awareness more fully
it seems apt to focus on metacognitive tasks, although rela-
tively few studies have focused on this in MS.

Our review revealed that patients with MS have problems
with prospective metamemory but have intact retrospective
metamemory (Goverover et al., 2014; Middletone et al., 2006;
Scarrabelotti & Carroll, 1999). Within prospective moni-
toring, they show heterogeneous profiles according to the
object of the metacognitive task: MS patients exhibit impaired
episodic FOK but preserved semantic FOK (Beatty & Monson,
1991). As with the sections above, this impairment only
seems to arise once the MS sample have low performance on
the WSCT or memory tests.

Considerable research exists on the processes underlying
FOK judgments, and the putative difference between se-
mantic and episodic FOK is of interest. According to the
noncriterial recollection hypothesis of episodic FOK (Hertzog,
Fulton, Sinclair, & Dunlosky, 2014), FOK judgments are
partly based on the retrieval of the encoding context;
retrieving information or details about the original encoding
context. Based on studies finding on a memory retrieval
deficit in MS (Calabrese, 2006; Rao, Leo, & St. Aubin-Faubert,
1989), impaired episodic FOK could be explained by a deficit
in conscious retrieval of episodic recollection underpinned
by frontal lobe dysfunction. This idea is also supported by
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studies showing an autobiographical memory impairmentin
MS (Ernst et al., 2016), which has also been explained by
impaired retrieval processes.

However, there is no consensus about the nature of
memory disorder in MS (Chiaravalloti & DeLuca, 2008; Defer,
Brochet, & Pelletier, 2010). Thus, a second explanation of the
memory deficitin MS is the encoding-deficit hypothesis and is
often seen as a consequence of processing speed and working
memory impairment. From this perspective, impaired
episodic FOK could be seen as a contextual encoding deficit
and such deficit has been already raised in MS (Thornton, Raz,
& Tucker, 2002). In MS, such deficit would be linked to a slower
speed of processing or a decrease in efficient strategy used
during encoding (Saenz, Bakchine, & Ehrle, 2015).

These two hypotheses (i.e., retrieval and encoding deficit)
have also been suggested in order to explain the FOK profile
observed in older adults. Likewise, in MS patients, most
studies observed an age-related discrepancy between
impaired episodic FOK and preserved semantic FOK (for a
review see Castel, Middlebrooks, & McGillivray, 2016). This
discrepancy has also been explained by two different hy-
potheses which refer to either a deficit in evaluation of
contextual information associated to the retrieval process and
executive functioning, or a decrease in encoding strength.
With respect to the heterogeneity of the lesions in MS, and
because encoding and retrieval both seem to be impaired in
MS (Saenz, Bakchine, Jonin, & Ehrlé, 2015), both explanations
can be considered. In sum, the deficit in episodic FOK in MS
could be proposed to be based on the underlying episodic
deficit in the disease. When MS participants have impaired
episodic memory, they also show a metamemory deficit on
these particular tasks. For instance, Beatty and Monson (1991)
showed that the group “low WSCT, intact memory” exhibited
impaired episodic FOK. As these patients also have a lower
recall score in this task, we suggest that the memory deficit
explains the metamemory impairment in MS patients. This
calls into question the level of difficulty of the task, and thus
future research needs to carry out multiple FOK episodic
memory tasks, where it might be found that more difficult
tasks are more sensitive to early changes in metacognitive
accuracy in this population. It is therefore possible that a
slight decline in memory performance for some particular
tasks (those needing more cognitive resources, such as the
episodic task in this case) induce a metamemory deficit even if
these patients are not impaired on neuropsychological tests.

Regarding the monitoring at encoding measured by JOL,
results are less clear. According to Scarrabelotti and Carroll
(1999), people with MS have no prospective and retrospec-
tive JOL impairment in a word stem completion task. How-
ever, although they show intact relative accuracy in the
inclusion condition (i.e., completing the sentence with a
learned word), MS patients were less accurate than controls in
the exclusion condition (i.e., completing the sentence with a
new word). Two explanations can be considered. First, the
exclusion task is simply more difficult, and as such, as above,
this task may be more sensitive to early changes in meta-
cognition. As above, longitudinal studies and those which
consider disease severity are a priority for future research.

This impairment can also be explained by the fact that the
JOL in the exclusion condition requires more controlled,

effortful processes. Thus, to be aware of an automatic process
— to produce a target word in the exclusion condition refers to
automatic process — is more difficult for MS patients because,
according to Scarrabelotti and Carroll (1999), it requires more
‘controlled (intentional) processes’ (p.1346). Such an inter-
esting hypothesis may be considered in future research, that
there is less conscious control and less awareness of auto-
matic processes in memory. This is a proposal (in memory)
which resonates with the general tenet of the executive deficit
in MS (Beatty et al., 1989; Calabrese, 2006; Chiaravalloti &
DeLuca, 2008; Foong et al., 1997). It is also possible that MS
patients have specific metamemory impairment in the
exclusion condition because having a strong performance in
this task mainly depends on recollection which is often
impaired in MS and because, as above, the memory deficit
seems to explain the metamemory impairment. Prospective
monitoring at encoding seems to be intact in patients with MS
but impaired under specific conditions which are more
demanding in terms of controlled and intentional processes.

Overall, MS patients have an episodic FOK impairment and
a JOL impairment which is apparent only under specific (and
particularly demanding) conditions. This statement is in line
with the executive function deficit in MS, since it has been
shown that FOK judgments are correlated with a measure of
executive functioning (i.e., performance on the WCST;
Souchay, Isingrini, Clarys, Taconnat, & Eustache, 2004)
whereas simpler JOL judgments are not.

MS patients perform normally on retrospective monitoring
tasks. This has been found for item-by-item tasks
(Scarrabelotti & Carroll, 1999) and global post-task predictions
(Goverover et al., 2014; Middletone et al., 2006), both of which
are known to refer to monitoring processes (Connor et al.,
1997). We suggest that this intact monitoring is due to the
fact that retrospective judgments are made after the retrieval
process, which acts as a salient cue to make the judgment;
people with MS are able to reflect on successfully completed
tasks and make accurate assessments of their performance
based on experience. Such cues are not present in prospective
metacognitive judgments (the FOK and JOL) and these are
arguably more demanding in terms of cognitive load.

4.3.  What variables are associated with metacognitive
knowledge and metacognitive experiences in MS?

A critical variable associated with impaired awareness in this
pathology is the type of MS. Although few studies have
focused on disease type, the results observed by Shermann
et al. (2008) and Rosti-Otajarvi et al. (2014) are interesting.
They suggest that patients suffering from SP and PP forms
underestimate less their performance compared to the RR
form even if no significant difference was found for the ac-
curate group and the overestimators (Rosti-Otajarvi et al.,
2014). Because results revealed that patients suffering from
the SP form have a greater degree of unawareness than the RR
one (51% against 15%), we suggest that progressive forms are
associated with more overestimation (Shermann et al., 2008),
consistent with the non-linear progression discussed above.
Additionally, studies have shown that patients with SP and PP
forms exhibit more cognitive impairment (e.g., Wishart &
Sharpe, 1997); overestimators are more cognitively impaired
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than both the accurate group and the underestimators
(Carone et al., 2005; Rosti-Otajarvi et al., 2014). However, we
cannot discriminate between a real form-dependent effect
and the fact that patients suffering from progressive forms
exhibit more cognitive symptoms. In the latter case, this
would be consistent with the quadratic relationship between
subjective evaluation and neuropsychological performance
suggested above. From this perspective, patients with a
greater degree of cognitive impairment are more likely to
overestimate their performance which seems to be the case
for the progressive forms.

A second variable associated with impaired awareness in
MS is depression. Studies assessing metacognitive knowledge
mainly support the idea that depression is a good predictor of
self-rated cognitive impairment (Hanssen et al., 2014; Maor
et al,, 2001; Marrie et al., 2005). Depression is also related to
a lower correlation between subjective evaluation and neu-
ropsychological testing in memory (Phillips & Stuifbergen,
2006). Thus, depression could explain the cases where sub-
jective complaints do not predict tests performance.

From a metacognitive point of view, a decrease in depres-
sion is also related to accuracy estimation in MS (Kinsinger
et al., 2010). Additionally, underestimation of cognitive abili-
ties is associated with more depression than overestimation
(Carone et al., 2005; Van der Hiele et al., 2012). Because we
suggest that underestimation occurs in the beginning of the
disease — at least for patient with relatively few symptoms —
and because depression is related to underestimation, it
would be interesting to test the evolution of depression with
disease progression. This would be particularly interesting as
we suppose that more cognitive impairment is associated
with overestimation and that overestimation seems to be
linked with less depression. The same results were found with
anxiety (Bruce et al., 2010) which was especially associated
with underestimation (Van der Hiele et al., 2012). These effects
are consistent with studies on metamemory which find an
association between poor metamemory and affective disor-
ders (e.g., Cavanaugh & Murphy, 1986). Additionally, this
relationship was also suggested in other pathologies such as
Alzheimer's disease (Clare, 2004) and Mild Cognitive Impair-
ment (Roberts, Clare, & Wood, 2009).

Finally, Randolph et al. (2004) suggest that depressive be-
liefs could mediate the relationship between depression and
self-rated cognitive impairment. The notion of belief is
important in Toglia and Kirk's (2000) construct of meta-
cognitive knowledge and is one of the bases of these judg-
ments. Self-efficacy is especially related to perceived cognitive
impairment in MS (Hughes et al.,, 2015) and should also be
considered in studies dealing with metacognitive knowledge.
Fatigue is also important to consider because it was also
related to perceived cognitive impairment (Jougleux-Vie et al.,
2014) and is the most frequent symptom in MS ranging from
53% to 83% of patients (Wood et al., 2013).

Overall, these variables influence measures of meta-
cognitive knowledge which is impaired in half of the MS pa-
tients. However, these variables have not yet been measured
in studies dealing with metacognitive experiences and should
be also considered in future research. This would allow us to
determine whether MS patients have a primary deficit in
metacognition, or whether it is a consequence of related

problems. Continuing to make reference to the anosognosia
framework is critical as it groups together cognitive and
noncognitive factors (e.g., depression, anxiety).

5. Conclusion

A complex picture emerges, according to whether one con-
siders disease awareness (as operationalized here as meta-
cognitive knowledge) or metacognition per se, and moreover
whether we consider metacognition as domain specific or
domain general. According to this review, the most impaired
half of MS patients exhibit poor subjective evaluation of their
disease progression, as measured by questionnaires. More-
over, such patients mostly underestimate their performance.
In line with Marrie et al. proposal (2005), we suggest that the
relationship between perceived abilities and neuropsycho-
logical evaluation is quadratic (see Fig. 3). That is, mildly
cognitively impaired patients exhibit a greater degree of sub-
jective impairment — resulting in underestimation — than the
severely impaired patients — which results in overestimation.
From a CAM (Fig. 1) perspective, the disease concept should be
updated in the Personal Database at the beginning of the
disease, and any failure to up-date this model will result in
over or under-estimation. According to this model, with
depression, anxiety and fatigue, such updating would lead
patients to underestimate their performance, as we have
found in the review here. As the disease progresses, meta-
cognitive impairments may also appear, since cognitive
mechanisms which are required to monitor feedback and
incorporate it into current goals and stored knowledge, are
impaired. This in turn would result in overestimation of per-
formance as has been observed in other pathologies (e.g.,
Alzheimer's disease; Morris & Mograbi, 2013).

We specifically considered component parts of the meta-
cognitive system. Monitoring processes have almost uniquely
been measured in memory tasks. These results support the
idea that MS patients exhibit impaired relative accuracy on
prospective judgments and especially for episodic FOKs and
JOLs on tasks more reliant on recollective processes (see
Souchay, 2007 for an explanation of this process in Alz-
heimer's disease). This suggests that any observed meta-
memory deficit in MS patients is a consequence of their
memory impairment. The memory deficit in MS is slight, and
according to Saenz, Bakchine and Ehrle (2015), this impair-
ment seems to be based on both encoding and retrieval defi-
cits. We would add that, in particular, the deficit with
controlled recollection processes in MS (see for example
Seineld, Hamaldinen, Koivisto, & Ruutiainen, 2002;
Scarrabelotti & Carroll, 1999), leads to difficulties in moni-
toring currently unrecalled information on episodic tasks (see
Mograbi & Morris, 2013). That is, the very specific deficits on
certain memory tasks are only secondary to the difficulty in
generating the requisite information from episodic memory
on which to base accurate metacognitive judgments.

In turn, a critical issue is whether to consider metacogni-
tion as domain specific or domain general. The studies
reviewed in Table 1 point to a bias towards using memory
tasks to measure metacognition, and yet conclusions are
often drawn about metacognitive function more generally on
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the basis of performance in such tasks. Recent evidence sug-
gests that metacognition is not domain general (e.g., Fleming,
Ryu, Golfinos, & Blackmon, 2014), but specific for each task
and cognitive process, and as such one should be cautious
about inferring general deficits from performance on one
specific domain. Here, then, we call for a more complete ac-
count of metacognition in MS, perhaps focusing more on the
deficits which are of most relevance to the disease: executive
functions (in terms of cognition) and even fatigue, strength
and energy levels (as non-cognitive symptoms of the disease)
— in line with Hoogervorst et al. (2001). Moreover, perhaps in
the absence of cognitive deficits in MS (as is the case in a large
proportion of the population with this disease) it is perhaps
inappropriate to interpret erroneous or idealistic predictions
of performance as metacognitive impairments. Indeed, we
propose that in patients without cognitive difficulties, the
search for impaired metacognition is fruitless. In terms of the
CAM model (Morris & Mograbi, 2013), discussed above, there is
perhaps insufficient studies to adjudicate on the different
types of anosognosia, but we can propose based on the review
here, that if anything, the deficit would be mnemonic ano-
sognosia, arising from faulty memory and updating.

Finally, the variables associated with impaired meta-
cognitive knowledge (or ‘disease awareness’) in MS should be
considered as well in experiments dealing with metacognitive
judgments, especially depression and fatigue which are
common in this pathology. These variables are of interest for
clinicians as they are strongly associated with subjective
complaints, but are also known to alter metacognitive accu-
racy (e.g., Moore & Fresco, 2012).
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Abstract
Objective: In neurological diseases, metacognitive judgements have been widely used in
order to assess the degree of disease awareness. However, as yet little research of this type
has focused on Multiple Sclerosis (MS).
Method: We here focused on an investigation of item-by-item metacognitive predictions
(using Feeling-Of-Knowing judgements) in episodic and semantic memory and global
metacognitive predictions in standard neuropsychological tests pertinent to MS (processing
speed and verbal fluency). Twenty-seven relapsing-remitting MS (RR-MS) patients and 27
comparison participants took part.
Results: We found that RR-MS patients were as accurate as the group of comparison
participants on our episodic and semantic item-by-item judgements. However, for the global
predictions we found that the MS group initially overestimated their performance (ds = .64),
but only on a task on which performance was also impaired (ds = .89; processing speed). We
suggest that MS patients, under certain conditions, show inaccurate metacognitive knowledge.
However, postdictions and item-by-item predictions indicate that on-line metacognitive
processes are no different from participants without MS.
Conclusion: We conclude that there is no monitoring deficit in RR-MS and as such these

patients should benefit from adaptive strategies and symptom education.

KEYWORDS: Multiple Sclerosis, metacognition, self-awareness, metamemory, anosognosia



In the context of pathology, awareness is critical for patient care. Being aware of cognitive or
physical impairments is crucial for both the efficacy of cognitive rehabilitation programmes
(Prigatano, 1999) and the understanding of the impact of cognitive disabilities on activities of
daily living (McGlynn & Schacter, 1989). The focus of this paper is Multiple Sclerosis (MS).
Whilst a considerable number of studies have examined the question of disease awareness in
MS (for a review see Mazancieux, Souchay, Casez & Moulin, 2019), most research has
considered self-report and questionnaire measures. In this article we invoke the metacognition
framework to consider disease awareness in MS. Metacognition broadly refers to the
knowledge of, the monitoring of (self-evaluation) and the control of (strategy implementation)
cognitive activity (Nelson & Narens, 1990). It allows the evaluation of awareness in asking
patients to make metacognitive judgments. These judgments refer to a self-assessment of
performance on a particular cognitive task.

Although metacognition has been widely evaluated in different neurological and
psychiatric diseases (e.g., Pannu & Kaszniak, 2005), there are surprisingly few studies
focusing on the evaluation of metacognition in MS despite the high incidence of this
pathology. MS is an autoimmune inflammatory disease characterized by lesions which can
appear across the whole central nervous system. These lesions produce a neural and neuronal
demyelination which compromises the conduction of information (Trapp & Nave, 2008). In
addition to physical disabilities, cognitive impairment is also frequent in MS with prevalence
rates ranging from 43% to 70% (Chiaravalloti & DelLuca, 2008). Although cognitive
symptoms vary in MS, a common profile emerges where the majority of these symptoms are
related to an executive functioning deficit as a potential consequence of processing speed
impairments (Drew, Tippett, Starkey, & Isler, 2008). As has been shown in other pathologies
(see Souchay, 2007 for a review in Alzheimer’s disease), in traumatic brain injury (Ciurli et

al., 2010) or in healthy aging (e.g., Souchay & Isingrini, 2004), impaired performance of



executive function tests are associated with metacognitive difficulties. This leads to the
expectation that MS patients might exhibit metacognitive impairment. Perhaps more
importantly, from a clinical viewpoint, assessing the level of symptom awareness is crucial in
order to help patients to use pertinent strategies when dealing with their symptoms. Apart
from executive function related symptoms (including planning, flexibility, inhibition, working
memory, Rabbitt, 2004) and processing speed, impairments in long-term memory in verbal
and visual modalities has been reported (e.g., Calabrese, 2006; Ruet, 2015).

The majority of studies investigating awareness in MS have focused on a comparison
of self-evaluations of cognitive functioning (mainly by questionnaires) with more objective
neuropsychological evaluations (e.g., Maor, Olmer, & Mozes, 2001; Randolph, Arnett, &
Freske, 2004; Roberg, Bruce, Lovelace, & Lynch, 2012). In a recent review of the scant
literature on metacognition in MS (Mazancieux et al., 2019), we suggested a non-linear
relationship between the subjective evaluation of cognitive impairment and a more objective
evaluation (i.e. neuropsychological assessment). Patients with a slight decline in their
cognitive abilities tend to underestimate their abilities whereas patients with more cognitive
impairment tend to overestimate them. This failure in self-evaluation is also associated with
emotional disturbances and fatigue which are prevalent in MS patients (Kesselring &
Klement, 2001). For instance, it has been shown that depression is associated with
metacognitive inaccuracy in MS (Kinsinger Lattie, & Mohr, 2010) and a lower correlation
between subjective evaluation and neuropsychological memory tests (Phillips & Stuifbergen,
2006). Beliefs about cognitive functioning (referred here to metacognitive knowledge
(Flavell, 1979), and which are easily operationalised in questionnaire studies) have been the
most evaluated metacognitive construct in MS. However, since methodological issues arise

from the comparison between subjective evaluation via questionnaire and neuropsychological



evaluation, a more reliable way to measure metacognitive knowledge is the use of global
predictions, as used in the current paper.

In the global prediction paradigm, participants are asked to predict their performance
in a cognitive task. For instance on an episodic memory task, they predict the number of
items they think they will be able to recall from a list. By comparing the prediction to the
actual performance (i.e., the number of recalled items), it is possible to have an idea of the
awareness of the cognitive function. When the prediction is made before the task, it allows an
estimation of or metacognitive knowledge (generalised beliefs about the task which might
include lay understandings of aging or the disease process; Hertzog, 1992). Measured after
the task, ‘postdictions’ evaluate metacognitive experience, especially monitoring processes
referring to the update of self-evaluation derived from on-line monitoring of the ongoing task
(Connor, Dunlosky & Hertzog, 1997).

A more fine-grained analysis of monitoring is achieved by asking participants to make
item-by-item judgements. In MS, Beatty and Monson (1991) asked patients and non-MS
participants to perform item-by-item Feeling-Of-Knowing (FOK) judgements, where
participants have to predict their future ability to recognize an item that they have failed to
recall. Two versions of the task exist. In the episodic FOK (eFOK) task, participants first
learn paired-words and then have to recall the target from a presented cue. If they are unable
to recall the target word, they report their likelihood of recognizing it in a list of words. This
judgement is the FOK. In the semantic FOK (sFOK) task, participants answer general
knowledge questions. As in the eFOK task, they have to say if they think they will be able to
recognize the answer if they are not able to recall it. From these FOKSs, it is possible to
examine metacognitive biases (the over- and underestimation of performance) and
metacognitive sensitivity (the discrimination between correct and incorrect recognition). In

the only study in MS, patients exhibited poor metacognitive sensitivity in the eFOK task



(Beatty & Monson, 1991). However, this study is inconclusive for several reasons. First, the
authors did not distinguish between different forms of MS. Second, alternative - more
reliable - measures of metacognitive sensitivity have subsequently been developed. Third, the
examination of metacognition was limited to memory tasks. The current study aimed to
address these shortcomings.

The present study aims to further examine metacognitive functioning in people with
RR-MS, the most common form of MS (80% of patients, Rao et al., 1991). The present study
proposes a general overview of metacognition in MS with relapsing-remitting MS (RR-MS)
patients, since this is the most common form (80% of patients, Rao et al., 1991). First, we
decided to measure eFOK and sFOK, a common strategy for exploring metacognition in
cognitive impaired groups (e.g., Alzheimer’s disease, Souchay, 2007; patients with focal
frontal lesions, Schnyer et al., 2004; Korsakoff’s syndrome, Shimamura & Squire, 1986;
autism spectrum disorders, Wojcik, Moulin, & Souchay, 2013). A typical profile is of
impaired eFOK accuracy when patients exhibit episodic memory impairment. On the
contrary, SFOK accuracy is preserved in these studies. There is an overwhelming bias for
measuring metacognition through memory tasks in MS (Mazancieux et al., 2019). As such,
even though eFOK and sFOK tasks are robust and often used as measures of metacognition,
memory function may not be the most pertinent task on which to test the metacognition of
people with MS.

We assume that focusing on more relevant functions would allow a more complete
picture of awareness in this pathology. From a clinical point of view, we assume that
measuring awareness of a cognitive activity is especially relevant when there is a specific
impairment in this cognitive activity. Therefore, we also adopted a procedure where
participants can make metacognitive judgements about standard neuropsychological tasks

where MS patients are often impaired: the Symbol Digit Modalities Test (SDMT) and the



conceptual verbal fluency task (Planche, Gibelin, Cregut, Pereira, & Clavelou, 2016; Ruet,
2015).

The SDMT is a processing speed task where first an association of symbols with digits
is provided. In the test phase, only the symbols are presented, and participants have to say the
digit associated with each symbol as rapidly as possible. As slowing is the main cognitive
impairment in MS, patients often exhibit a deficit in this task. In the conceptual fluency task,
participants have to generate as many words as possible in a given time from a semantic
category (e.g., animals). Similarly, MS patients often show significant impairments (slowing)
on this task where self-initiated processes and strategic search in memory are involved. In
order to assess awareness of these cognitive abilities, we added metacognitive judgements to
these two tasks focusing on global predictions to measure both metacognitive knowledge and
metacognitive monitoring.

Our rationale was to have a protocol that mixed very commonly used monitoring tasks
(FOKSs) and global predictions on tasks that are pertinent for MS. In particular, we proposed
metacognitive judgements on neuropsychological tests that are particularly used in this
population. The SDMT is one of the most used tests in MS (e.g., Planche et al., 2015; Walker,
et al., 2016; O'Brien, et al., 2007; Basso, et al., 2008; Ruet, 2015). Regarding verbal fluency,
several studies have found that it is also a good predictor of RR-MS severity (Prakash, Snook,
Lewis, Motl, & Kramer, 2008) and a selective impairment of semantic fluency in RR-MS has
been shown (despite a preserved phonemic fluency, Santiago, Guardia, Casado, Carmona &
Arbizu, 2007). Thus from a neuropsychological viewpoint, these are tasks where we may
expect to find deficits, and as such examining metacognitive awareness in these tasks would
be of critical interest, even though these are less typically studied in a metacognitive context.

In sum, there is very little existing research into metacognition in this population, and

existing works focus mainly on memory function with varying disease types. This study aims



to explore more precisely metacognitive processes in MS that are likely to be impaired due to
the neuropsychological profile with executive deficits in this population.
Method

Participants

Twenty-seven patients (21 female, 6 male; Mage = 39.48, SDage = 9.93) were included
in the study. The diagnosis of MS was established by a neurologist who also informed the
patients about the study. Inclusion criteria were to have no recent exacerbation of MS
symptoms, and no other neurological disease. Participants were excluded if they had a form
of MS other than RR-MS, or a history of alcohol or drug abuse. Twenty-seven non-MS
volunteer participants (21 female, 6 male; Mage = 39.03, SD4ge = 10.80) also took part in the
study as a comparison group. People in the comparison group voluntarily chose to participate
to the study without being paid for their participation. Information about the study was given
in the hospital where patients were tested and in Grenoble Alpes University. This
advertisement targeted the general public, but no patient family member was recruited to the
control group. Only people with no history of neurological disease, psychiatric disease, or
alcohol or drug abuse were included in the control group. Patients and comparison group
participants were matched one-by-one in terms of gender, age (+/- 5 years) and years of
education (+/- 3 years). Demographic and clinical data are summarised in Table 1.

Participants were tested either in the Laboratoire de Psychology et Neurocognition
(LPNC) or in the Centre Hospitalier Universitaire in Grenoble. The study was approved by
the Ethics Committee for Non-Interventional Research of Grenoble. All data included in this

manuscript was obtained in compliance with the Helsinki Declaration.
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Material and procedure

All participants were tested individually in one 60 to 75 minute session. The whole
procedure included two metacognition tasks: global predictions and the eFOK and sFOK
tasks, as well as the completion of two questionnaires. Global prediction and FOK task order
was randomly assigned for each participant.

Global prediction. Participants performed two neuropsychological tasks: a verbal
fluency task and the SDMT (oral version). The standard tasks were slightly modified in order
to assess and compare metacognitive awareness across tasks. Participants had 45s (instead of
120s) to give as many numbers as possible for the SDMT task. Two versions were created in
order to have two trials (see Figure 1). For the verbal fluency task, participants again had two
trials and had 45s (instead of 120s) to give words either from the category ‘animals’ or ‘fruits
and vegetables’. After the task was explained to the participants, they were asked to predict
the score they would achieve. For the fluency task, participants were asked ‘how many words
from the category do you think you will generate in 45s?” For the SDMT task, participants
were asked ‘how many numbers do you think you will read in 45s?” These predictions were
made once before the task was performed (prediction) and for a second time after completion
(postdiction). For the postdiction, participants were asked to estimate their prior performance
on the same basis (number of items achieved). There were two trials per task, which enables
the examination of the ability to integrate feedback from having completed the task into the
predictions for a second trial. Therefore, for each task, participants performed an initial
prediction of performance, then conducted the task, and following the task, made a
postdiction. Then, they had to make a second prediction, complete a different version of the
task, and make a second postdiction. Trial order (version 1 and 2 for the SDMT and animal
category or fruit and vegetable category for the verbal fluency task) was randomly assigned

for each participant.



INSERT FIGURE 1 HERE

FOK tasks. The material used for the eFOK and sFOK tasks was similar to those
used by Souchay, Moulin, Clarys, Taconnat and Isingrini (2007). These materials allow some
control of difficulty between the episodic memory task and the semantic memory task since
the same target word is used in both tasks. Each target has a definition used in the sSFOK task
and an associative cue used in the eFOK task. All the targets were divided into two lists so
that each participant would not have the same target word in both tasks. Half of the
participants had the first list for the episodic task and the second list for the semantic task,
with the other half having the reverse pattern.

The eFOK task included three stages: encoding, cued recall, and recognition.
Participants firstly attempted to learn 40 paired-words with the first word written in uppercase
and the second written in lowercase. Each word pair was presented for 5 seconds. During the
recall stage, only the cue (i.e., the word written in lowercase) was presented and the
participant was asked to retrieve the associated target word (i.e., the uppercase word) with 15
s to do so. After this time passed, they had to give a FOK judgment, reporting whether they
thought they would recognize the correct target amongst a 5-word list. As in Souchay and
colleagues (2007), the FOK decisions were in a ‘yes’ or ‘no’ format. No feedback about the
correctness of the recall was given to the participants, and FOK judgments were made for all
items. After the recall stage for all cues had been completed, participants performed a five-
alternative forced choice recognition task. The 40 cues were presented again and the
participants had to find the correct associated target with the presented cue. There was no

time limit for this stage.
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The sFOK task included recall and recognition phases. First of all, participants
attempted recall for 40 general-information questions. As in the eFOK task, they had 15 s to
respond and then made an FOK judgment win the same manner as the eFOK procedure.
After this, they performed a recognition task, where participants were again presented the 40
general-information questions with five-alternative responses. The two tasks were
constructed using E-prime software and were presented to the participants on a 15.6 inch
computer screen. Half of the participants started with eFOKs and half with sFOKs.

Emotional and fatigue assessment. Both patients and the comparison group
completed two questionnaires at the end of the testing session. The first one was the Beck
Depression Inventory Il (BDI-I1; Beck, Steer, & Brown, 1996) and the second was the
Fatigue Impact Scale (FIS; Fisk, Ritvo, Ross, Haase, Marrie, & Schlech, 1994). For
participants who reported being too tired by the experimental procedure, questionnaires were
sent by e-mail and were completed within one week.

Statistical analyses
Analyses were conducted using R software. Data and analysis scripts are available on

Open Science Framework (https://osf.io/fyshb/files/). The main interest in metacognition is

the accuracy of the judgments; that is the comparison between the judgment and the
performance. Regarding global predictions, we first focused on the magnitude of predictions
as simply the number of items participants predict. Then, we calculated accuracy scores in
terms of the relation between predicted and actual performance. This score is non-directional
meaning that it allows an estimate of how precise are participants without being influenced by
metacognitive bias (underestimation or overestimation of performance; see Moulin et al.,
2002). These two measures capture different aspects of metacognition: someone can
consistently overestimate their performance, but yet be relatively accurate with a small

discrepancy between their prediction and the score. Because we expect differences in terms of
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task performance, and because these differences might influence accuracy scores, the
prediction was transposed into a percentage of performance. More precisely, each prediction
was expressed in a proportion of performance for each trial using the following formula:
Prediction * 100 / Performance (e.g., a participant with task performance of 30 and prediction
of 10 would have predicted 1/3 of their performance having therefore a percentage of
performance of 33%. A participant with task performance of 20 and prediction of 40 would
have predicted 150% of his or her performance). To control for bias, the non-directional
difference between this score and performance (that refers to 100% in this context) was
computed. Therefore, an accuracy score of 0 suggests that the participant has a perfect
accuracy, and an accuracy score of 10 refers to a deviation of 10% from performance. Due to
recording issues, one patient did not have prediction and postdiction scores for the fluency
task.

To avoid effects of potential outliers which might be found in patients who have by
definition a non-normal behaviour, we used linear mixed-effect models computed using
‘ImerTest’ and ‘lme4” packages (Kuznetsova, Brockhoff, & Christensen, 2017). Therefore,
we estimated for each model an intercept per participant as a random effect. These effects are
not the main focus of this paper, therefore we only reported fixed-effects. As there is no
consensus regarding the calculation of effect size for mixed-effects models especially when
several variables are included in the model (Westfall, Kenny, & Judd, 2014), we decided to
calculate Cohen’s d from the t value as is done for regular t-tests (Lakens, 2013). When the
effect included the between-subject group comparison the ds value was calculated, and we
used the dz formula in cases where the effect included only within-subject variables (Lakens,
2013).

For the FOK tasks, we focused on both metacognitive bias and metacognitive

sensitivity. Metacognitive sensitivity was estimated by two different approaches. First we
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calculated the Type 2 d’ (Higham, 2007; Nelson, 1984) as follows: Type 2 d’ = z(H2)—
z(FA2) where z is the inverse of the cumulative normal distribution function. Here H2 refers
to Type 2 hits which are the proportion of reported ‘yes’ FOKSs for correct responses and FA2
refers to Type 2 false alarms which are the proportion of reported ‘yes’ FOKSs for incorrect
responses. When H2 and the FA2 rates were equal to either 1 or 0, we used standard
corrections (Green & Swets, 1966), using 1/(2NC) instead of a rate of 0 and 1-1/(2NI) instead
of a rate of 1 (where NC is the number of correct responses and NI the number of incorrect
responses). However, because Type 2 d’ is influenced by metacognitive bias (see Fleming
and Lau, 2014), we also computed mixed-effects logistic regressions between task
performance (correct and incorrect responses) and FOK (yes and no). The difference (i.e., the
slope) between yes and no FOK allows the estimation of the capacity to judge future
recognition according to task performance. Therefore, the larger the difference, the higher the
discrimination between correct and incorrect responses in the recognition task. Moreover,
this mixed-effect model effect allows the estimation of an intercept and a slope for FOK per
participant as a random effect controlling for cross-participants variability. Finally, we
calculated the percentage of correct answers for the ‘yes’ FOKSs for each participant in order
to estimate bias in metamemory judgments. Other analyses were standard t-tests.
Results

Global predictions

Task performance. Analyses of task performance for the SDMT task showed a main
effect of group, t(52) = 3.27, p =.002, ds = 0.89, with patients having a lower score. There
was neither an effect of trial, t(52) = 1.21, p =.232, nor an interaction between the two
factors, t(52) =-1.21, p =.232. Regarding the fluency task, we found no main effect of
group, t(52) = 0.94, p = .352, no effect of trial, t(52) = 1.59, p =.119, and no interaction, t(52)

=1.02, p =.313 (see Table 2).
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Magnitude of predictions. Magnitudes of raw predictions were compared according
to group, trial, and judgement type (prediction vs postdiction) for each task (Figure 2 and 3).
For the SDMT task, the analyses revealed a main effect of group, t(52) = 2.04, p =.047, ds =
0.56, with patients overall predicting completing fewer items compared to the comparison
group. There was a main effect of trial, t(156) = 3.29, p = .001, d, = 0.45, with a higher
prediction (i.e. more items) for the first trial compared to the second trial. We also found a
significant interaction between group and trial, t(156) = -2.33, p =.021, d; = 0.63.
Irrespective of judgement type, MS patients have lower predictions compared to the
comparison group for the second trial, t(64.15) = 2.67, p = .010, d, = 0.73, but not for the first
trial, t(64.15) = 1.19, p = .240. Finally, the analyses revealed an interaction between trial and
judgement type, t(156) = 3.25, p =.001, ds = 0.44. Irrespective of groups, participants have a
trend for lower postdictions compared to predictions in the first trial, t(156) = 1.91, p = .059,
and have the opposite pattern of results in the second trial, t(156) = -2.68, p = .008, d, = 0.37.
Regarding the fluency task, we found a main effect of trial, t(145.09) = 3.80, p <.001, d; =
0.52, with a larger prediction for the first trial compared to the second trial. No other effect

was significant.

INSERT TABLE 2 HERE

Metacognitive accuracy. We calculated accuracy scores as outlined above which
were compared according to group, trial, and judgement type (prediction vs postdiction) for
each task (Figure 2 and 3). For the SDMT task, the analyses revealed a main effect of
judgement type, t(156) = 3.90, p <.001, d, = 0.53, predictions being less accurate than
postdictions. No other main effects or interactions were significant, but we found a trend for

a three-way-interaction, t(156) = 1.92, p = .056, ds = 0.52. Therefore, we compared the
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interaction between group and trial for prediction on the one hand and postdiction on the
second hand. Although we found no effect for postdiction, t(156) = -0.15, p = .884,
predictions showed a significant interaction between group and trial, t(156) = 2.58, p = .011,
ds =0.70. Critically, patients were less accurate at predicting their performance than the
comparison group for the first trial, t(156) = 2.37, p = .019, ds = 0.64, which was not the case
for the second trial, t(156) = -0.79, p = .433. Regarding the fluency task’, the analyses
revealed only a main effect of judgement type, t(155.66) = 2.45, p =.015, d, = 0.33,

predictions being less accurate than postdictions.

INSERT FIGURE 2 HERE

INSERT FIGURE 3 HERE

FOK tasks

Recall and recognition. The percentage of correct recall and correct recognition were
calculated for each task and each participant. No difference between MS patients and the
comparison group was found for recall either in the episodic memory task or the semantic

memory task. The same result was found for the recognition performance (see Table 3).

INSERT TABLE 3 HERE

Metacognitive sensitivity. A Type 2 d’ was calculated for each participant and each

task (Figure 4). For the episodic memory task, four participants had a performance rate of 1

so they were excluded from the following analysis. Overall, participants had a Type 2 d’

! For this analysis, we excluded one prediction of a comparison participant in the second trial which was
extremely inaccurate (deviation of 328%). Running the same analysis but leaving in this participant did not
change the pattern of significant results.
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significantly different from 0 for both the sFOK task, t(52) = 4.15, p <.001, and the episodic
FOK task, t(52) = 5.35, p <.001. There were no differences between metacognitive
sensitivity between MS patients and non-MS participants for both the sFOK task, t(52) = -

1.31, p =.195, and the eFOK task, t(52) = -1.78, p = .082.

INSERT FIGURE 4 HERE

Moreover, we fitted two mixed effects logistic regressions on sensitivity, with FOKs
and group as fixed effects (Figure 5). We estimated an intercept and a slope for FOKs by
participants as random effects. For the episodic memory task, the model showed a significant
relationship between task accuracy and FOKSs (estimate = 0.48, Z = 2.85, p = .004) revealing
that participants were able to predict correctly their memory performance. This relationship
was not different according to group (estimate = -0.51, Z =-1.66, p = .097), MS patients being
as accurate as comparison group participants. For the semantic memory task, the model only
showed a trend between task performance and FOKs (estimate = 0.33, Z = 1.83, p = .067).
This relationship was not different according to group (estimate = -0.45, Z =-1.32, p =.188),

MS patients being as accurate as non-MS participants.

INSERT FIGURE 5 HERE

Metacognitive bias. Metacognitive bias was estimated by calculating the percentage
correct responses in the recognition task for the ‘yes” FOKSs for each participants and each
task (Figure 6). For the episodic memory task, the analysis showed no effect of group, t(52) =
-0.56, p =.578, as well as for the semantic memory task, t(52) = 0.51, p =.614. MS patients
and the comparison group have therefore the same tendency to report ‘yes’ FOK for correct

responses in the recognition task.
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INSERT FIGURE 6 HERE

Relationship between metacognition and others variables

We compared scores to the FIS and the BDI between MS patients and comparison
group participants. MS patients had a higher score than the comparison group on the BDI
(Mpatients = 13.63, SDpatients = 9.63; Mcomparison = 6.70, SDcomparison = 5.02), t(52) =3.32, p =
.002, ds = 0.90, and on the FIS (Mpatients = 75.33, SDpatients = 27.57; Mcomparison = 54.22,
SDcomparison = 33.22), 1(52) = 2.54, p = .014, d; = 0.69. To investigate the relationship between
metacognitive sensitivity and emotional and fatigue variables, we performed correlational
analyses with patients. No type 2 d’ values correlated with the BDI scale, the FIS scale, or
the EDSS. Recall did not correlate with any of these individual difference variables either.
Finally, as the first prediction for the SDMT was impaired in patients, we explored the
relationship between this score and depression, fatigue, and disease duration. No correlation
reached significance.

Discussion

The current study proposes a multidimensional assessment of metacognition in RR-
MS patients. We used global predictions and item-by-tem predictions to measure both
metacognitive knowledge and metacognitive monitoring. The novelty of this experiment was
to measure metacognition on tasks which are relevant in MS (the SDMT and the verbal
fluency) as well as typical metacognitive tasks (FOKSs). Patients showed only significant
impairment for the SDMT task which is consistent with the fact that processing speed is one
of the main cognitive impairments in MS (Planche et al., 2015).

Regarding global predictions, predictions before the tasks were less accurate than
postdictions in both groups and for the two tasks therefore replicating previous results in

memory (e.g. Moulin, Perfect, & Jones, 2000). For the fluency task, there was no group
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difference in terms of performance: MS patients predicted their performance at the same
magnitude as our comparison group, and were therefore as accurate. For the SDMT task, MS
patients had a lower task performance. However, patients overall predicted the same number
of items as our comparison group therefore being less accurate. This was the case for the
prediction of the first trial only. Thus, MS patients were able to have accurate predictions
when having experienced the task (i.e., for postdictions and second-trial predictions). Across
all tasks, MS patients can update their self-evaluation even though they have dysfunctional
beliefs at first.

Patients’ metacognitive knowledge was inaccurate, as gauged by the initial global
predictions, for tasks before completing the task. As proposed in Mazancieux et al. (2019),
such predictions are more associated with mood variables (depression, anxiety, etc.), fatigue,
and self-esteem than with executive functions (that are more involved in monitoring
processes). Although our sample of patients were more depressed and reported more fatigue
than comparison group participants, these variables were not correlated with the accuracy on
the first prediction for the SDMT task. As we have previously suggested (Mazancieux, et al.
2019), depression and fatigue in MS could lead to an underestimation of performance.
However, in the present study, patients on average predict the same number of items as
comparison group participants. Therefore, we looked at the signed difference between this
initial prediction and performance. The number of overestimators (16 patients) and
underestimators (11 patients) was almost the same, however there were no difference between
these groups in terms of depression, t(25) =-0.04, p =.971, fatigue, t(25) = 1.37, p =.181, or
disease duration, t(25) = -0.20, p = .844. There was thus no systematic under or
overestimation in the MS group, and no relation to other measures.

The processes involved in under- and overestimation are not the same. The

underestimation of performance might be associated with low self-beliefs and concern about
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function. On the contrary, overestimation of performance can occur when patients have more
cognitive impairment and therefore do not have enough cognitive resources perform accurate
predictions and to update their metacognitive knowledge when faced with changes in their
function. In previous studies in MS, overestimation was also associated with more cognitive
impairments (Carone et al., 2005; Rosti-Otajarvi et al., 2014; but see Smith & Arnett, 2010).
Moreover, these impairments were more related to tasks measuring executive functioning,
however we did not measure these abilities, so we do not know if our two subsets of patients
differ with this respect. In conclusion, in our sample of MS patients we have a pattern which
is consistent not with over or underestimation but a lack of accuracy in estimating an
upcoming task for which they have not experienced. They are less accurate than the
comparison group in this regard only on a task where they are impaired (SDMT). If anything,
future research could consider beliefs prior to conducting tasks, but in all other regards we did
not find deficits in MS patients in metacognitive awareness per se with global measures, even
when there is a significant deficit in performance. Once they have had the opportunity to
experience a task, people with MS make an appropriate evaluation of their performance.
Metacognition and disease awareness are complex multidimensional constructs, and it is clear
that mood and knowledge impinge on people’s evaluations. We proposed a multi-
dimensional consideration of metacognition in a previous review (Mazancieux et al., 2019)
but less is known about how these factors relate in MS than in other pathologies such as
Alzheiemer’s disease (Mograbi & Morris, 2014).

Likewise, regarding FOKs, MS patients have the same metacognitive sensitivity as the
comparison group participants which does not reproduce previous findings (Beatty &
Monson, 1991). The main difference between our work and the previous study is that we
exclusively focused on RR-MS. Primary progressive (PP-MS) and secondary progressive

(SP-MS) are the forms of MS with the most cognitive impairment (e.g., Planche et al., 2015).
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In an awareness interview, Sherman et al. (2008) showed that 51.5% of SP-MS patients have
an unawareness of deficit compared to only 14.7% for RR-MS patients. Similarly, in Beatty
and Monson’s (1991), groups with impairment in episodic memory monitoring included at
least half of PP-MS and SP-MS. It is therefore very likely that their patients are both more
impaired and heterogenous than our sample (note that they had a lower score than controls on
a verbal fluency test which was not the case in the present study). It remains a priority to
consider disease type, severity and duration to produce a full picture of metacognitive
function in MS.

The present study suggests that RR-MS patients with slight cognitive impairments can
adequately update their evaluations, therefore showing intact metacognitive monitoring. In
our sample of MS patients, cognitive impairment results in lower performance on our version
of the SDMT task only. If there is any evidence of metacognitive impairment, it is in
inaccurate self-knowledge on a task where the MS group showed impairment, namely
processing speed. On this initial prediction, consistent with the large variability in MS, half
of the patients overestimated their performance whereas the other half underestimated it. The
difference between under and over estimation was not captured by depression, fatigue, or
disease duration measures in this study, perhaps due to our sample size. On a clinical note, it
suggests that these patients are likely able to have adaptive strategies in daily living activities
and will benefit from cognitive rehabilitation techniques more efficiently (Prigatano, 1999). A
priority is now to verify this pattern in relatively homogenous groups of MS patients as used
here but with more pronounced cognitive impairment to observe whether monitoring
dysfunction occurs with more cognitive impairment (such as executive functions) rather than
a MS-trait. It will also be of clinical and theoretical relevance to take the metacognitive
approach into domains which are perhaps more sensitive to the cognitive changes in MS, such

as autobiographical memory (e.g. Ernst et al., 2013).
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Tables

Table 1. Means and standard deviation for demographic and clinical data for the MS patients

and the comparison group. EDSS: the Expanded Disability Status Scale.

MS patients Comparison Group Cohen’s d
N = 27 27
Age in years 39.48 (9.93) 39.03 (10.80) 0.04
Education in years 14.04 (2.08) 14.56 (2.03) 0.25
EDSS 2.56 (1.93) n.a
Disease duration in years 6.96 (3.23) n.a

Table 2. Means and standard deviations for predictions, performance, and postdictions (in

number of items) according to groups, trials, and tasks.

SDMT task Fluency task

MS patients Cogfsl:;)son MS patients Cogrpoal::)son
Trial 1
Prediction 30.07 (12.81)  30.48 (12.16) 21.70 (8.50) 22.15 (6.67)
Performance 28.78 (7.76) 33.74 (6.62) 21.04 (5.04) 23.04 (3.69)
Postdiction 25.41 (9.00) 30.89 (10.74) 20.65 (7.29) 22.56 (6.64)
Trial 2
Prediction 21.81 (6.20) 28.41 (11.33) 18.22 (6.25) 19.96 (6.03)
Performance 27.41 (6.39) 33.74 (5.80) 20.59 (5.83) 21.00 (6.97)
Postdiction 24.78 (6.47) 31.44 (9.08) 18.88 (7.09) 20.44 (7.96)
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Table 3. Means and standard deviations for proportion of correct recall and recognition
according to group and memory task.

MS patients  Comparison Group t(52) value p value

Episodic memory
Recall 0.37 (0.19) 0.38 (0.20) 0.28 0.784
Recognition 0.85(0.11) 0.86 (0.10) 0.23 0.816

Semantic memory
Recall 0.43 (0.17) 0.45 (0.23) 0.29 0.775
Recognition 0.75(0.11) 0.77 (0.14) -0.56 0.581
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Figure 1. The two trials of our version of the SMDT tasks. Participants have to read aloud
digits that correspond to the presented symbols as rapidly as possible. They have 45 seconds
to read as many digits as they can.
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Figure 2. Means and standard errors for predictions and postdiction metacognitive accuracy
scores according to groups and trials for the SDMT task.
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Figure 4. Individual values, means, and standard errors for metacognitive sensitivity
measured by Type 2 d” according to group for the episodic memory task (A) and semantic
memory task (B).
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Figure 5. Boxplots for the mixed logistic regressions between task accuracy in the
recognition tasks and confidence in MS patients and comparison group participants for the
episodic memory task (A) and semantic memory task (B).
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Figure 6. Individual values, means, and standard errors for metacognitive bias (proportion of
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tasks.
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According to neuropsychological models of anosognosia, there is a failure to transfer on-
line awareness of dysfunction into a more generalised long term belief about memory
function in Alzheimer's disease. This failure results in specific metamemory deficits for
global predictions: patients overestimate their performance before the task but are able to
monitor their memory performance after having experienced the task. However, after a
delay, they are still not able to make accurate predictions. As previous work has mainly
focused on long-term memory, the present study investigates this issue in short-term and
working memory. Using both global and item-by-item metacognitive judgements in a digit
span task, we showed that Alzheimer's disease patients are as accurate as older adults in
monitoring their performance despite impaired memory. When they have the opportunity
to test themselves, or when they have already performed the task, patients are able to use
feedback to adjust their metacognitive judgements. Overall, these results show that even
for a relatively complex task, patients with Alzheimer's disease are aware of their diffi-
culties in the here-and-now.

© 2019 Elsevier Ltd. All rights reserved.

Metamemory, defined as the ability to monitor, regulate and
predict one's memory performance (Flavell, Miller & Miller,
2002) has often been explored in Alzheimer's disease (e.g.,
Souchay, 2007; Sunderaraman & Cosentino, 2017). The
literature has focused on patients' ability to predict their
memory performance on an upcoming test. Such pre-
dictions can occur at an item level (i.e., how people expect
to perform for each specific item) or a global level (i.e.,

participants' expectations for their overall test perfor-
mance). At the item level, metacognitive tasks with episodic
and semantic materials have showed a diversity of spared
and impaired performance (e.g., Bickman & Lipinska, 1993;
Souchay, Isingrini, & Gil, 2002), supporting the idea that the
metamemory impairment in Alzheimer's disease is a
consequence of the memory deficit (for a review see Ernst,
Moulin, Souchay, Mograbi, & Morris, 2016). Critically,
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experimental metamemory tasks are known to be related to
clinical classifications of awareness (e.g., Consentino, et al.,
2016).

Fewer studies have explored metamemory in Alz-
heimer's patients using global judgments but all have
shown that patients overestimate their performance
initially (Ansell & Bucks, 2006; Barrett, Eslinger, Ballentine,
& Heilman, 2005; Moulin, Perfect, & Jones, 2000a; 2000b).
These studies also compared predictions made before
(prospective judgements) and after the task (retrospective
judgements), finding that Alzheimer's patients revise their
predictions to accurate levels after having experienced the
task (Ansell & Bucks, 2006; Moulin, Perfect, & Jones, 20004,
2000b; Stewart, McGeown, Shanks, & Venneri, 2010). Thus
patients are poorly calibrated but they show intact
awareness of their memory performance after having
experienced the task. Interestingly, after a delay, people
with Alzheimer's disease continue to overestimate their
function even after having made accurate evaluations
during a task (Silva, Pinho, Macedo, Souchay, & Moulin,
2017): there is a failure to transfer the on-line awareness
of dysfunction into a more generalised long-term belief
about memory function. Several models have been pro-
posed to explain awareness deficits in Alzheimer's disease
such as the Levels of Awareness framework (Clare,
Markova, Roth, & Morris, 2011) or the Cognitive Aware-
ness Model (CAM, Morris & Mograbi, 2013). Such models
converge on a failure to consolidate their knowledge
regarding their memory abilities over a long period; mne-
monic anosognosia.

To date, the bias in such research has overwhelmingly
been towards examining the ability to monitor long term
memory. Clearly, however, the global judgements literature
reviewed above points to an ability to make accurate
judgements in the short term which are not maintained in
the long term. Here we sought to directly assess the ability
to monitor short term memory, hitherto unexamined in
Alzheimer's disease. Short-term memory underpins many
activities of daily living, and evaluation this domain is
critical. Our experimental design is based on Flavell's orig-
inal design (Flavell, Friedrichs, & Hoyt, 1970; see also;
Murphy, Sanders, Gabriesheski, & Schmitt, 1981) and
adapted by Bertrand, Moulin, and Souchay (2017) in a recent
study. A novelty of our protocol is that it allows the mea-
sure of both global predictions and item-by-item judge-
ments. As it has been suggested by previous work in
episodic memory, we hypothesised that Alzheimer's disease
patients would be impaired on initial global predictions
(made before the task). However, according to the idea that
on-line metacognitive processes are intact, they should be
preserved for item-by-item judgements and global post-
diction because these are based on access to short term
representations of task performance. Following standard
practice in neuropsychological assessment, we examined
both forward and backward span, although we made no
specific predictions about differences between the two
tasks, although the fact that backwards span is more
demanding than forward span may be of interest (although
this difference between the two tasks is far from clear-cut,
e.g., Hester, Kinsella, & Ong, 2004).

1. Method
1.1. Participants

Twenty-three older adults (Mgge = 73.09, SDyge = 6.04; 17 fe-
males) and eighteen Alzheimer's patients (Mg = 76.44,
SDgge = 5.89; 6 females) participated in the study. The healthy
older adults were recruited from in the local community.
Participants were defined as cognitively healthy if they had a
mini-mental state exam (MMSE; Folstein, Folstein, & McHugh,
1975) score of 28—30.

All patients were recruited from the Memory Clinic at the
Dijon university hospital. Diagnosis was determined by a
group of neurologists at the memory clinic. Patients had a
MMSE score ranging from 14 to 28 (M = 21.67, SD = 4.38).
Participants were excluded if they had a history of clinical
stroke, traumatic brain injury, alcohol or drug abuse or med-
ical/psychiatric condition. The study was approved by the
Institutional Review Board of the Dijon Hospital.

1.2.  Materials and procedure

For the two tasks (i.e., forward digit span and backward digit
span), there were three phases (for a summary of the entire
procedure see Fig. 1). The first phase was a global prospective
judgement task, where participants had to report how many
digits they thought they would be able to remember (from 0 to 9).
The second phase was an online task where participants gave
item-by-item metacognitive judgements for the short-term
memory task (either forward digit span or backward digit
span). Here, there were two types of judgements: the prospective
judgements (made before a trial) and the retrospective judge-
ments (made after the trial). Item-by-item judgements were
made after being presented a set of digits of a certain length: they
were based on the participant's recent experience of the to-be-

1 Global prospective  ‘how many numbers do you think you can remember?’

ftem-by-item prospective Performance Item-by-item retrospective
2,4 ve| 7,9 VAR ER! yes
1396 | |g31 V| |7485
4,872 /| 4591 V| |8569 i

1,5,8,6,3 | |3,7,6,42%| |1,56,3,24"

Score: 3 Score: 4 Score: 4

3 Global retrospective  ‘how many numbers do you think you can remember?’

Fig. 1 — Summary of the procedure. The first phase is a
global prospective judgement. The second includes
prospective judgements, the actual task (either forward
span or backward span) and retrospective judgements. The
third phase is a global retrospective judgement.
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remembered digits. Participants were presented with first one
series of digits and then asked whether they would be able to
recall the number by giving a Yes/No answer. The number of
digits increased sequentially (to a maximum of 9), until the
participants said ‘No’. For example, if after the presentation of 4
items a participant decided to say ‘No’, the item-by-item
judgement stopped, with the participants therefore predicting
having a span of 3. Note that in this paradigm, performance and
predictions are not taken for the same trial. Rather, there is
blocked presentation, such that a first set of digit spans are used
to make the item-by-item prospective judgements, then there is
the block of digit spans where recall is measured in the standard
fashion, and finally a third block where the retrospective item-
by-item predictions are made (see Fig. 1). For the span tasks
where recall was measured, the digit forward and backward
span tasks from the Wechsler AdultIntelligence Scale-IV (WAIS-
IV, Wechsler, 2011) were used. For the item-by-item judgements,
lists of numbers matched in length with the span task were
created and these differed for the two judgements. Lists were
counterbalanced across judgements and participants. The third
phase was a global retrospective judgement task. As in the first
phase, participants had to say how many digits they thought
they would be able to remember.

1.3.  Data analyses

Analyses were conducted in R and included linear regressions
(vieldingt statistics which can be interpreted exactly as factorial
ANOVAs) and Pearson's correlations. We use a standard analysis
protocol, starting by examining the mean recall (span perfor-
mance) and the mean prediction values (prediction magnitude).
Then, we focus on metacognitive accuracy in a standard fashion,
considering the non-directional discrepancy between predic-
tion and performance (e.g., Moulin et al., 2000a). This procedure
allows the estimation of metacognitive accuracy independently
from the bias (underestimation or overestimation of perfor-
mance). A score of zero reflects perfect accuracy and the higher
the score, the bigger the discrepancy between the metacognitive
judgement and the performance (see Table 1). [Following pub-
lication we will make the dataset and analysis script available
on-line. Data and script are part of the submission.|

2. Results
2.1. Span performance

The mean span performance for each group is found in Table
1. We conducted linear regressions with group as a between-

subjects factor and task as a within-subjects factor. As ex-
pected, we found a main effect of group, revealing that Alz-
heimer's patients have a lower performance than older adult
controls, t(39) = 3.28, p = .002, d = 1.03. We also found a main
effect of task. Performance on the forward span was higher
than performance on the backward span, t(39) = 6.20, p < .001,
d, = .97, i.e,, spans were significantly longer for forwards
rather backwards recall. There was no interaction between
the two factors, t(39) = 1.36, p = .180, d = .43.

2.2. Magnitude of metacognitive judgements

Forward span. The mean values of predictions are given in
Table 1. We conducted linear regressions with, group, pre-
diction time (prospective vs retrospective), and judgement
type (global vs item-by-item) as factors. Analyses revealed a
significant effect of group, t(39) = 2.61, p = .013,d = .82, and a
non-significant trend of judgement type, t(39) = 1.82, p = .077,
d, = .28. Patients made lower judgements overall than controls
therefore predict having a lower span, which is appropriate
given the differences in performance reported above. The
analysis showed neither a significant effect of prediction time,
t(39) = 1.12, p = .269, d, = .17, and we found no significant
interactions [all t(39) < 1.43, and all p > .05].

Backward span. The mean values of predictions are given
in Table 1. As for forward span task, we conducted linear re-
gressions with, group, prediction time (prospective vs retro-
spective), and judgement type (global vs item-by-item) as
factors. Analyses revealed only that patients have a non-
significant trend for lower judgements than older adults,
t(39) = 1.85, p = .072, d = .58. The analysis again showed
neither a significant effect of prediction time, t(39) = 1.33,
p = .192, d, = .21, nor a significant effect of judgement type,
t(39) = 1.30, p = .203, d, = .20. There were no significant in-
teractions [all t(39) < 1.29, and all p > .05]. Whereas we found
significant differences in magnitude of predictions for forward
spans, no such pattern was observed for the backwards span.
2.3.  Metacognitive accuracy
Forward span. We conducted linear regressions with, group,
prediction time (prospective us retrospective), and judgement
type (global vs item-by-item) as factors. These analyses
showed neither a significant effect of group, t(39) = 1.09,
p = .284, d = .34, nor a significant effect of prediction time,
t(39) = 1.76, p = .086, d, = .27. We did however, find a main
effect of judgement type, t(39) = 2.18, p = .036, d, = .34. Global
judgements were less accurate that item-by-item judgments.
There was also a significant interaction between judgement

Table 1 — Mean and standard errors for global judgements, item-by-item judgements, and performance for AD patients and

older adults.

Forward span

Backward span

Older adults AD patients Older adults AD patients
Global prospective 5.17 (1.03) 4.78 (2.02) 4.35 (.78) 3.89 (1.81)
Item-by-item prospective 5.96 (1.26) 4.67 (1.88) 4.48 (.95) 3.83 (2.04)
Performance 6.00 (1.09) 4.67 (1.14) 4.61 (1.31) 3.78 (.94)
Item-by-item retrospective 6.26 (1.60) 4.89 (2.03) 4.96 (1.11) 4.00 (1.50)
Global retrospective 5.61 (1.26) 4.61 (2.00) 4.39 (.84) 3.83 (1.62)
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type and judgement time, t(39) = 2.17, p = .036, d, = .34.
Retrospective judgements are more accurate for global pre-
dictions, t(39) = 2.41, p = .021, d, = .38, which is not the case for
item-by-item judgements, t(39) = —.56, p = .582, d, = —.08. No
other interaction was significant [all t(39) < 1.59, and all
p > .05]. As there was no group difference, these results show
that patients are as accurate as controls at predicting their
short-term memory performance (Fig. 2A).

Backward span. As for forward span task, we conducted
linear regressions with, group, prediction time (prospective vs
retrospective), and judgement type (global vs item-by-item) as
factors. The analysis showed neither a significant effect of
group, t(39) = 1.47, p = .149, d = .46, nor a significant effect of
judgement time, t(39) = .51, p = .614, d, = .08, nor a significant
effect of judgement type, t(39) = 1.45, p = .156, d, = .23. No
interaction was significant [all t(39) < 1.23, and all p > .05]. For
the backward span task, these results show that patients are as
accurate as controls at predicting their performance (Fig. 2B).

2.4.  Correlational analyses

In order to examine the accuracy at the group level, we
analyzed the correlations between the metacognitive

A) Global i Item-by-~item |
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Fig. 2 — (A) Mean and confidence intervals for
metacognitive accuracy according to judgement type,
judgement time, and group for the forward span task. (B)
Mean and confidence intervals for metacognitive accuracy
according to judgement type, judgement time, and group
for the backward span task.

judgements and digit span tasks. In these analyses, in-
dividuals' predictions are correlated with individuals' perfor-
mance, such that as a group, we can see if those people with
lower predictions actually have a worse performance (see
Connor, Dunlosky & Hertzog, 1997). Table 2 shows that this
relationship is always positive except for the global prospec-
tive judgements in both tasks where correlations are not sig-
nificant. The same analysis can be carried out for each group
individually, to compare these correlations for AD patients
and older adults. Tables 3 and 4 show that this relationship is
overall positive between judgement and performance
(although not always significant) except for the global pro-
spective judgements in the forward span where correlations
coefficients are near 0. Moreover, there was no difference in
the magnitude of correlation across AD patients and older
adults (all z value < |1.96]).

3. Discussion

Previous studies of metacognition in Alzheimer's disease have
focused on long term memory. Here we investigated the
awareness of short term memory and working memory. We
replicated the documented deficits in both digit span forward
and digit span backward in Alzheimer's disease (e.g., Morris &
Baddeley, 1988). In addition, we showed that people with
Alzheimer's disease are as accurate as controls at assessing
this function, despite the deficit in performance. To consider
the importance of this finding for our understanding of
metacognition and anosognosia in Alzheimer's disease, we
must consider how participants are able to make accurate
judgements on these tasks.

Regarding item-by-item predictions, we propose that when
given the digits to memorise, even in the ‘dry-run’ prediction
phase, participants test themselves. People with Alzheimer's
disease run through the digits presented, as do controls, and
have access to whether or not they will be able to complete the
task. Because there are no dual demands of performance and
prediction, participants are able to directly report this infor-
mation: in the here-and-now they can accurately gauge
whether they can retain (or retain and manipulate, in the case
of digits backward) the information. For retrospective judge-
ments, where there is a preservation in Alzheimer's disease in
long term memory (e.g., Gallo, Cramer, Wong, & Bennett, 2012;
Moulin, James, Perfect, & Jones, 2003), patients are able to use
correctly the feedback arising from this self-test to make ac-
curate predictions.

Turning to global predictions, we found that for the for-
ward span the first prediction is less accurate than the retro-
spective one and item-by-item judgements (for both patients
and older adults). This effect is also typically observed in long
term memory tasks for Alzheimer patients (e.g., Silva et al,,
2017). Moreover, correlational analyses at the group level
bring additional evidence to this. It has been shown in both
Alzheimer's disease (Silva et al., 2017) and with older adults
(Connor, Dunlosky, & Hertzog, 1997) very low correlations
between initial global predictions and performance. This was
not the case for later retrospective predictions. Thus, when
they can experience the task, both older adults and Alz-
heimer's disease patients update their knowledge about the
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task and make accurate judgements. Although results are
clear for the forward span task (i.e., significant difference and
very low correlation, r = .06), this is less the case for the
backward digit span. We did not find a significant difference in
terms of accuracy for this task, and correlational analyses
showed no significant relationship between global prospec-
tive judgement and performance. However, this low correla-
tion was not different from the other three (Fisher's z, all
p > .05). The backwards digit span data do not therefore follow
exactly the pattern of overestimation and initial inaccuracy
found in the Alzheimer's group on previous long term memory
tasks and here in our own experiment. Critically, we find no
evidence for any group differences in accuracy or magnitude
of predictions on this task either. We might hypothesise in
general that people anticipate the backwards digit span is a
difficult task.

It is important to discuss the large variability for accuracy
in patients. It is possible that more patients overestimate their
performance (see supplementary results). We counted the
number of participants who overestimated and indeed found
that patients overestimate more than controls for the pro-
spective global prediction. For the forward span, 33% of pa-
tients overestimate their performance compared to 17% for
controls. The same is observed for backward span, 56% of
patients overestimate their performance compared to 26% for
controls.

Overall, patients and controls have the same judgement
accuracy distributions (see supplementary results). This result
has implications for metacognition and anosognosia more
generally in Alzheimer's disease. Despite having a deficit in
short-term and working memory, the patients with Alz-
heimer's are nonetheless able to reliably report their diffi-
culties with this task: the magnitude of judgements is
different from controls (although a trend for the backward

Table 2 — Bonferroni corrected correlations between
metacognitive judgements and performance for both
forward digit span and backward digit span. As there are 4
correlations per tasks the significance threshold is equal to
.05/4 = .013.

Forward span Backward span

Global prospective
Item-by-item prospective
Item-by-item retrospective
Global retrospective

r=.06,p =.727
r=.66,p <.001
r=.72,p <.001
r=.47,p =.002

r=.30,p =.057
r =.45,p =.003
r=.49,p =.001
r=.43,p =.005

Significant correlations are in bold.

Table 4 — Bonferroni corrected correlations between
metacognitive judgements and performance for the
backward digit span. As there are 4 correlations for each
group the significance threshold is equal to .05/4 = .013.

Backward span
Older adults
r=.26,p=.297 r=.37,p=.087 -.37

AD patients z value

Global prospective

Item-by-item r=.28,p=.256 r=.60,p=.003 -1.22
prospective

Item-by-item r=.56,p=.015 r=.36,p=.098 77
retrospective

Global retrospective r=.17,p=.508 r=.65p<.001 —1.82

Significant correlations are in bold.

span). This is in direct contrast with tasks which require
memory retrieval. On (long term) episodic memory feeling of
knowing tasks (e.g., Souchay et al., 2002), patients are unable
to reliably gauge whether a previously studied word is avail-
able or not when tested by recognition. This is proposed to be
due to the impoverished information available to the person
with Alzheimer's disease: they cannot evaluate their memory
accurately, because they cannot retrieve from memory
enough pertinent information on which to base their judge-
ment. In contrast, even for a relatively complex task, such as
reversing and repeating a series of digits as tested here, in the
here-and-now patients with Alzheimer's disease are aware of
their difficulties.

Taken together, these results support the idea of a pres-
ervation of online monitoring in Alzheimer's disease. When
they can test themselves or when they have already per-
formed the task, both older adults and patients are able to use
the performance feedback to adjust their metacognitive
judgements. Naturally, this has major clinical implications.
On-line, whilst struggling with a task, a patient with Alz-
heimer's disease will be aware of their difficulties, even if
when asked later they are not aware of how difficult the task
was, or indeed, when encountering the same task again, they
will not beforehand know how difficult they will find it. It
would be important to replicate the likely deficit for patients in
initial global prediction and to add a second trial after a delay.
If this impairment is also found for a second trial, this would
be in line with the failure to transfer information from online
evaluations into long-term representations (Morris & Mograbi,
2013). Interestingly, Stewart et al. (2010) show that whilst
global judgements may be accurate for long term memory
tasks, the accuracy that is acquired is forgotten as soon as one

Table 3 — Bonferroni corrected correlations between metacognitive judgements and performance for the forward digit span.
As there are 4 correlations for each group the significance threshold is equal to .05/4 = .013.

Forward span

AD patients Older adults z value
Global prospective r=-.03,p=.914 r=.04,p=.854 -.21
Item-by-item prospective r = .60, p = .009 r =.56, p =.005 .18
Item-by-item retrospective r=.47,p =.049 r=.20,p = .362 .93
Global retrospective r=.77,p < .001 r =.55, p =.007 1.21

Significant correlations are in bold.
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hour later. We add another task to the literature for which
people with Alzheimer's can accurately gauge their perfor-
mance. The impact of this work is that people with Alz-
heimer's are able to reflect upon their performance in a task
which is critical for daily function: short term memory.
Anosognosia, however, is likely to remain a multifaceted
construct, with varying causes and manifestations. Whilst it is
clear memory mechanisms are pertinent to tasks which
involve memory, different domains should be compared
(Chapman et al., 2018) and the involvement of other process
such as executive function (Scherling, Wilkins, Zakrezewski,
et al., 2016) perspective taking (Serino & Riva, 2017), and
emotion [need to be examined in detail (Bertrand et al., 2016].
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