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conceptual framework, we review empirical evidence supporting or challenging domaingeneral metacognition. We also review commonalities across domains, focusing notably on the influence of decisional processes on metacognitive judgements. We emphasize the challenges of isolating metacognitive from cognitive processes and how this affects our interpretation of the domain-generality of metacognition, including in clinical conditions that are hypothesized to have metacognitive impairments. Finally, we also give an overview of the literature on what we classify as 'adecisional' metacognition: evaluations made outside the context of a decisional process. Based on current knowledge, we find no evidence for a strong form of domain-generality, but we outline how we may identify such an architecture in future research.

Opening section

Metacognitive evaluations are commonplace in daily life for expressing the commitment to complex or contested ideas and decisions, such as reporting being 70% sure that you remembered to start the dishwasher before leaving the house. . They are also important in perceptual decisions which take the form, for instance, of being sufficiently confident to step out to cross the road having judged the speed of an approaching car. Such reflections on the quality of perceptual or memory representations, as examples, have been studied in various fields.

Initially a developmental concept [START_REF] Flavell | Metacognition and cognitive monitoring: A new area of cognitivedevelopmental inquiry[END_REF] , metacognition has been investigated in the context of education [START_REF] Fleur | Metacognition: ideas and insights from neuro-and educational sciences[END_REF] , eyewitness memory [START_REF] Evans | Eyewitness memory: Balancing the accuracy, precision and quantity of information through metacognitive monitoring and control[END_REF] , and in memory impairment [START_REF] Pannu | Metamemory experiments in neurological populations: a review[END_REF] . Metacognition has also been used as a tool to study mechanisms underlying perceptual consciousness [START_REF] Rosenthal | Consciousness, content, and metacognitive judgments[END_REF][START_REF] Brown | Understanding the Higher-Order Approach to Consciousness[END_REF] . These last 15 years have witnessed an expansion of metacognitive topics: metacognitive processes have been evaluated in episodic and semantic memory, visual and auditory perception, reasoning, and motor function. Considering such a variety of domains as well as the numerous fields in which metacognition is studied (i.e., educational psychology, developmental psychology, neuropsychology, cognitive neuroscience, philosophy, economics), a need for a common conceptual space emerges. In parallel, a recent scientific goal has been to compare metacognition across modalities and domains [START_REF] Ais | Individual consistency in the accuracy and distribution of confidence judgments[END_REF][START_REF] Faivre | Modeling, and Electrophysiological Evidence for Supramodality in Human Metacognition[END_REF][START_REF] Lee | Cross-Domain Association in Metacognitive Efficiency Depends on First-Order Task Types[END_REF][START_REF] Mazancieux | Is there a G factor for metacognition? Correlations in retrospective metacognitive sensitivity across tasks[END_REF][START_REF] Mazancieux | Metacognitive domain specificity in feeling-of-knowing but not retrospective confidence[END_REF][START_REF] Mcwilliams | Age-related decreases in global metacognition are independent of local metacognition and task performance[END_REF] , showing a growing interest in determining whether metacognition obeys domain-specific or domaingeneral rules [START_REF] Rouault | Human metacognition across domains: insights from individual differences and neuroimaging[END_REF] .

Several reviews exist in both healthy [START_REF] Mamassian | Visual Confidence[END_REF][START_REF] Grimaldi | There are things that we know that we know, and there are things that we do not know we do not know: Confidence in decision-making[END_REF] and pathological populations [START_REF] Hoven | Abnormalities of confidence in psychiatry: an overview and future perspectives[END_REF] , but none have directly reviewed empirical evidence for metacognition across different cognitive domains, particularly metamemory (metacognition for memory processes) and metaperception (metacognition for perceptual processes). Since these two fields have developed separately, a comprehensive understanding of the cognitive architecture of metacognition as broadly construed is lacking.

In this review, the domain-generality of metacognition will be mapped out. Starting from the distinction between 'metacognitive knowledge' and 'metacognitive experiences' [START_REF] Flavell | Metacognition and cognitive monitoring: A new area of cognitivedevelopmental inquiry[END_REF] , we first propose possible architectures of metacognition across domains. Behavioral evidence for and against domain-generality is then explored. We review relevant models and critical properties of metacognition in the perceptual and memory domains in healthy and clinical populations with the goal of creating a conceptual space in which domain-generality can be discussed across fields. starting from a process that is systematically used (strong domain-generality) to uniquely used (domain-specificity).

Crucially, because of the relationship between the two levels, variables that influence firstorder processes in a domain-general way can also influence second-order processes, creating a spurious domain-generality (Figure 1d). This points to the importance of separating first-order and second-order processes [START_REF] Fleming | How to measure metacognition[END_REF] . For instance, working memory, attention, motivation, arousal, or mood (discussed in Section 3.3) can affect in parallel both cognitive and metacognitive measures across domains, giving the impression of a shared architecture, but where there is actually no metacognitive component. For example, if mood gives rise to better cognitive function and also influences metacognitive measures to the same extent, the aspects of first and second-order processes that share this influence of mood will appear related across domains, whilst there are actually no shared processes in the metacognitive architecture.

In this review, we focus on the computational (the behaviour we want to explain) and algorithmic levels (how this behaviour is computed) of Marr's three levels of analysis [START_REF] Marr | Vision: A computational approach[END_REF] . Note that notions of strong or weak domain-generality can also be examined at the implementation level (see [START_REF] Vaccaro | Thinking about thinking: A coordinate-based metaanalysis of neuroimaging studies of metacognitive judgements[END_REF] for a review of the neural correlates of metacognition). For instance, having the same neurons or regions involved in the computation of metacognition for several domains suggests a strong domain-general architecture [START_REF] Fu | The geometry of domain-general performance monitoring in the human medial frontal cortex[END_REF] . It is possible, however, to have a strong domain-general process at the algorithmic level without having a strong domain-general implementation (e.g., several task-specific regions can perform similar computations). To investigate the architecture of metacognition, we focus on direct measures (Table 1 see Box 1 for a description of each direct measure) whereby participants have instructions to self-reflect about a first-order task (such as the encoding of information, the recall of information or a decision) and report it. In indirect measures, other behaviours are used to infer metacognitive processes during a given cognitive process (e.g., the encoding of information or a decision); participants are not directly asked to introspect and evaluate their performance (see Box 2 for a description of indirect measures).

The commonly used distinction in the metamemory literature between prospective and retrospective judgements [START_REF] Dunlosky | The Oxford handbook of metamemory[END_REF] does not help develop a shared conceptual space that functions across domains. For instance, a Judgment-of-Learning (JOL [START_REF] Arbuckle | Discrimination of item strength at time of presentation[END_REF] ) is classified as a prospective judgment, since it is a prediction of upcoming recall once a stimulus has been encoded.

Nonetheless, the JOL is based on the experience during the encoding stage, and as such it pertains to a second-order judgment about a (past) process. Furthermore, as has been shown by delaying the point at which a JOL is made [START_REF] Rhodes | The influence of delaying judgments of learning on metacognitive accuracy: a meta-analytic review[END_REF] , these judgements arguably rely on a retrieval attempt. Likewise, the Feeling-Of-Knowing (FOK) judgment is a prediction of future recognition [START_REF] Schacter | Feeling of knowing in episodic memory[END_REF][START_REF] Hart | Memory and the feeling-of-knowing experience[END_REF] . A retrieval attempt or evaluation of a presented cue is necessary to gauge the likelihood of future recognition. Indeed, partial knowledge available during recall has been shown to correlate with the accuracy of FOK judgements [START_REF] Koriat | How do we know that we know? The accessibility model of the feeling of knowing[END_REF][START_REF] Norman | The Relationship between Feelings-of-Knowing and Partial Knowledge for General Knowledge Questions[END_REF] . Describing FOKs as prospective because they are made for an upcoming test overlooks the fact that they result from a decision about the retrievability of information from memory. As we review below, this is subtly different from the judgements taken in metaperception designs [START_REF] Fleming | Metacognition about the past and future: quantifying common and distinct influences on prospective and retrospective judgments of self-performance[END_REF] where participants first give their confidence level and then perform the decisional task (but see [START_REF] Mei | Similar history biases for distinct prospective decisions of self-performance[END_REF] for prospective metaperceptual judgements performed before stimulus onset). In short, the prospective-retrospective distinction limits the classification of metacognitive evaluations to metamemory since it is a conceptual framework which is only pertinent to encoding-storageretrieval designs.

We propose to distinguish decisional metacognition as any type of evaluation made around the point at which a specific decision is made during a task qualified as first-order (or subtask, such as encoding a word for later recall). This is a proposal, unlike the prospective and retrospective distinction, that can apply across domains and decision types. The critical issue is that in a decisional metacognitive evaluation, a first-order decision is taken which leaves a trace from which we can extract some information in order to make a second-order evaluation. If no decision has been taken then we have no access to such decisional information on which to base our judgement, and the evaluation is of a different kind. We will see that referring to these as decisional judgments means that there are common methods and models that pertain to multiple cognitive domains. Of course, metacognition is not only limited to decisional judgements, and we offer some speculative comments on adecisional judgements in Section 4 (and it also features in Table 1). Decisional and adecisional metacognition are also different from Koriat's distinction as decisional judgements can be information-based (e.g. bias or starting point of evidence accumulation, see section 3.2) or experience-based (e.g. drift rate or sensitivity, see section 3.2). Likewise, adecisional judgements can be information-based (e.g., beliefs) or experience-based (e.g. emotional state).

The most frequently used second-order decisional measure pertains to confidence.

Retrospective confidence judgments refer to the level of confidence that a participant has in being correct on a given first-order decision. As they can be performed on any kind of firstorder decision, they have been the main measure used to investigate domain-general metacognition (see Section 3.1).

Table 1. Measures of metacognition. EOLs = Ease-of-learning; JOLs = Judgement-of-learning; FOKs = Feeling-of-knowing; RCJs = Retrospective confidence judgements. Star refers to measures that can be used across different domains (notably memory and perception). Note that all remaining measures pertain to the memory domain, thus there is no perceptual specific metacognitive measure.

Direct measures Indirect measures

Adecisional Decisional

Global predictions The relationship between metacognition and task performance is demonstrated in two different concepts: metacognitive bias and metacognitive sensitivity. Metacognitive bias refers to the magnitude of metacognitive evaluations relative to the level of performance, mainly quantified by averaging ratings over trials. For instance, overconfidence is defined as "the tendency to give high [metacognitive] ratings, all else being equal" (p.5, [START_REF] Fleming | How to measure metacognition[END_REF] ).

Metacognitive sensitivity refers to the ability to discriminate between correct and incorrect responses when performance is neither at ceiling nor at chance levels. The optimal calculation of metacognitive sensitivity has been already widely discussed (see Box 3) and reviewed [START_REF] Fleming | How to measure metacognition[END_REF][START_REF] Barrett | Measures of metacognition on signal-detection theoretic models[END_REF][START_REF] Benjamin | Measurement of relative metamnemonic accuracy[END_REF][START_REF] Masson | Sources of bias in the Goodman-Kruskal gamma coefficient measure of association: Implications for studies of metacognitive processes[END_REF][START_REF] Sherman | Inferences about consciousness using subjective reports of confidence[END_REF] .

We now review evidence for and against domain-general metacognition for metacognitive bias and metacognitive sensitivity in decisional judgments. Using models in the metaperception and metamemory field, we describe potential domain-general processes with reference to our proposed metacognitive architectures (Figure 1).

Decisional judgments across perception and memory

Evidence for and against domain-generality of decisional judgements

In behavioural studies, there are different methods for assessing the generality of a metacognitive process. The first and most common class of methods consists in assessing the correlation between metacognitive bias or metacognitive sensitivity across domains, typically at the level of a group of participants. Domain-generality implies that evaluations of decisional judgements should be correlated across different domains, so that individuals with high levels of metaperformance in one domain also have high metaperformance in another domain. A second method to assess the domain-specificity of a process is to use functional independence. From this perspective, processes are supposed to be independent if one variable has an effect on one process and no effect or the opposite effect on another process.

According to correlation studies, metacognitive bias is consistently found to be stable across many domains including perception and episodic and semantic memory [START_REF] Ais | Individual consistency in the accuracy and distribution of confidence judgments[END_REF][START_REF] Lee | Cross-Domain Association in Metacognitive Efficiency Depends on First-Order Task Types[END_REF][START_REF] Mazancieux | Is there a G factor for metacognition? Correlations in retrospective metacognitive sensitivity across tasks[END_REF][START_REF] Mazancieux | Metacognitive domain specificity in feeling-of-knowing but not retrospective confidence[END_REF][START_REF] Mcwilliams | Age-related decreases in global metacognition are independent of local metacognition and task performance[END_REF] . However, the pattern appears more complex for metacognitive sensitivity. A previous review [START_REF] Rouault | Human metacognition across domains: insights from individual differences and neuroimaging[END_REF] concluded that whilst domain-general metacognitive sensitivity can be identified for perception across different modalities, correlations across metamemory and metaperception are low, possibly due to variability in measures of metacognitive sensitivity that were used and the low sample size of the studies. Using more appropriate measures that isolate the confound between first-and second-order performance (e.g., metacognitive efficiency, see [START_REF] Fleming | How to measure metacognition[END_REF] and Box 3) as well as more appropriate sample size to test hypotheses, several studies have found positive correlations across memory and perception tasks [START_REF] Lee | Cross-Domain Association in Metacognitive Efficiency Depends on First-Order Task Types[END_REF][START_REF] Mazancieux | Is there a G factor for metacognition? Correlations in retrospective metacognitive sensitivity across tasks[END_REF][START_REF] Mazancieux | Metacognitive domain specificity in feeling-of-knowing but not retrospective confidence[END_REF][START_REF] Mcwilliams | Age-related decreases in global metacognition are independent of local metacognition and task performance[END_REF][START_REF] Morales | Domain-General and Domain-Specific Patterns of Activity Supporting Metacognition in Human Prefrontal Cortex[END_REF][START_REF] Benwell | Psychiatrically relevant signatures of domain-general decision-making and metacognition in the general population[END_REF] . Note that these correlations are restricted to two-alternative forced-choice tasks (2AFC, i.e., discrimination tasks) and that they appear to be absent for yes/no tasks (i.e., detection tasks 9 ), when the two have been compared. These kinds of results may point to different computations underlying confidence for detection and discrimination tasks [START_REF] Mazor | Distinct neural contributions to metacognition for detecting, but not discriminating visual stimuli[END_REF] .

Despite such between-subject correlations supporting domain-general metacognitive efficiency, a large variability is found in the magnitude of correlations. Most of the abovementioned studies reporting between-domain correlations at the group level used hierarchical estimations of metacognitive efficiency [START_REF] Fleming | HMeta-d: hierarchical Bayesian estimation of metacognitive efficiency from confidence ratings[END_REF] . These measures have the advantage of taking into account both within-and between-subject variability to directly estimate covariance in metacognitive efficiencies across domains but may also inflate correlation estimates [START_REF] Paulewicz | The bhsdtr package: a general-purpose method of Bayesian inference for signal detection theory models[END_REF] see [START_REF] Benwell | Psychiatrically relevant signatures of domain-general decision-making and metacognition in the general population[END_REF][START_REF] Hu | Are the contributions of processing experience and prior beliefs to confidence ratings domain-general or domain-specific?[END_REF] for recent evidence based on non-hierarchical estimates. Another main issue is that measures of metacognitive efficiency have low half-split reliability [START_REF] Guggenmos | Measuring metacognitive performance: type 1 performance dependence and test-retest reliability[END_REF] which may limit the strength of the correlation across tasks. Besides the problem of hierarchical estimates, yet another issue is that correlations across domains may actually reflect the influence of domain-general metacognitive bias. Indeed, even though these two quantifications of metacognition are supposed to be independent, correlations between metacognitive efficiency and bias are found in practice [START_REF] Xue | Examining the robustness of the relationship between metacognitive efficiency and metacognitive bias[END_REF] . In sum, most of the evidence supporting the domain-generality of confidence is relatively weak and based on betweensubject correlations, and future work should investigate what factors may underpin the domain-generality of metacognition.

Beyond these between-subject correlations approach, more direct methods have been used

to support the view that metacognition involves domain-general mechanisms, notably by showing that confidence is encoded with a 'common currency' across different tasks. Using the confidence forced-choice paradigm, de Gardelle and colleagues [START_REF] De Gardelle | Confidence as a Common Currency between Vision and Audition[END_REF] showed that participants were able to compare confidence across visual and auditory decisions with the same precision as for the comparison of two trials within the same sensory modality. In the same vein, the computational models reproducing confidence estimates about audiovisual decisions use supramodal formats of confidence in which auditory and visual confidence signals are either integrated or compared to one another, also suggesting a common currency 8 . To our knowledge, research using this approach remains limited to comparisons between sensory modalities, and evidence supporting a common currency of confidence across cognitive domains including perception and memory is still lacking.

Another approach involves assessing the domain-generality of confidence in neuropsychological groups. Using three groups of participants (a control group, a group with lesions in the anterior prefrontal cortex (aPFC), and a group with temporal lobe lesions),

Fleming and colleagues [START_REF] Fleming | Domain-specific impairment in metacognitive accuracy following anterior prefrontal lesions[END_REF] showed a deficit in perceptual metacognitive efficiency (and not for memory) in the aPFC lesion group, while there was no difference in first-order performance or metacognitive bias. Sadeghi and colleagues [START_REF] Sadeghi | Metacognitive Deficiency in a Perceptual but Not a Memory Task in Methadone Maintenance Patients[END_REF] found the same pattern of results with substance-dependent individuals, supporting domain-specific impairments of metacognition. In contrast, metacognitive efficiency remained stable with age for both visual perception and recognition memory among healthy volunteers [START_REF] Mcwilliams | Age-related decreases in global metacognition are independent of local metacognition and task performance[END_REF] . Similarly, no specific differences were found for transdiagnostic subclinical symptom dimensions between visual perception and semantic memory metacognitive efficiency [START_REF] Benwell | Psychiatrically relevant signatures of domain-general decision-making and metacognition in the general population[END_REF] . Disruption of the precuneus has been shown to selectively alter metacognitive efficiency in a memory task but not a visual perception task [START_REF] Ye | Causal Evidence for Mnemonic Metacognition in Human Precuneus[END_REF][START_REF] Ye | Individual susceptibility to TMS affirms the precuneal role in meta-memory upon recollection[END_REF] . In the memory domain, neuropsychological studies have consistently shown inaccurate episodic FOKs with preserved semantic FOKs in several populations (e.g., [START_REF] Beatty | Metamemory in multiple sclerosis[END_REF][START_REF] Wojcik | Metamemory in children with autism: Exploring 'feeling-of-knowing' in episodic and semantic memory[END_REF] see Section 3.4) although this pattern might be driven by first-order performance differences and therefore uninformative regarding metacognition per se.

Overall, despite a growing interest in the neuropsychology of metacognition, the evidence supporting domain-general or domain-specific architecture is mixed, and systematic investigations of bias-free metacognitive performance indices across endophenotypes [START_REF] Gottesman | The endophenotype concept in psychiatry: etymology and strategic intentions[END_REF] and cognitive domains are needed.

As suggested in Section 2, the dissociation between first-order and second-order processes is critical for differentiating several architectures of metacognition. Models of decisional judgements have been developed which can account for processes driven by first-order or second-order evidence, and as such could point to domain-general mechanisms. We review these models in the next section.

Models of decisional judgements

Computational models attempt to explain how decisional judgments originate from sensory evidence. They mostly differ in the way that first-order evidence is reused (or not) by putative second-order metacognitive processes [START_REF] Maniscalco | Heuristic use of perceptual evidence leads to dissociation between performance and metacognitive sensitivity[END_REF] . Most models are hierarchical in the sense that they assume a common source of evidence for first-order decisions and second-order judgments, but with possibly different readouts (Figure 2). Other models assume either that evidence for decisions or recall and metacognition are not identical albeit correlated [START_REF] Jang | A stochastic detection and retrieval model for the study of metacognition[END_REF][START_REF] Fleming | Self-evaluation of decision-making: A general Bayesian framework for metacognitive computation[END_REF][START_REF] Mamassian | Modeling perceptual confidence and the confidence forced-choice paradigm[END_REF] or that evidence for metacognition is processed separately from the first-order process [START_REF] Balsdon | Confidence controls perceptual evidence accumulation[END_REF][START_REF] Balsdon | Separable neural signatures of confidence during perceptual decisions[END_REF] .

Hierarchical models define confidence as a readout of the first-order decisional process, which is modeled either as a snapshot (based on signal detection theory or an extension thereof), or as a dynamical process that accounts for the way first-order decisions unfold over time. For perceptual decision-making, the latter models assume that noisy sensory evidence is accrued over time up to a decision boundary [START_REF] Shadlen | Decision Making as a Window on Cognition[END_REF] . Similar models have been developed for recognition memory, assuming that the match between a test item and memory produces evidence that is also accrued over time [START_REF] Van Zandt | ROC curves and confidence judgments in recognition memory[END_REF][START_REF] Ratcliff | Modeling confidence and response time in recognition memory[END_REF] . Notably, these dynamical models can also be extended to be closer to a neural implementation using neuronal networks [START_REF] Insabato | Confidence-related decision making[END_REF][START_REF] Wei | Confidence estimation as a stochastic process in a neurodynamical system of decision making[END_REF][START_REF] Maniscalco | Tuned inhibition in perceptual decision-making circuits can explain seemingly suboptimal confidence behavior[END_REF][START_REF] Atiya | Explaining distortions in metacognition with an attractor network model of decision uncertainty[END_REF] that arguably rely on very similar readouts. Dynamical models can be further categorized into drift-diffusion models with one single accumulator encoding the relative evidence for a choice [START_REF] Ratcliff | Diffusion Decision Model: Current Issues and History[END_REF] and models with one accumulator per choice that can account for multiple choice decisions [START_REF] Churchland | Decision-making with multiple alternatives[END_REF] . There are similarities between the static and dynamical models in the use of first-order evidence to make second-order judgments [START_REF] Mamassian | Visual Confidence[END_REF] , but there are also differences especially when response times are considered to be important. The heterogeneity in hierarchical models of confidence formation lies mainly in the definition of the confidence readout, which varies largely depending on the underlying first-order model and whether it considers post-decisional evidence or not (Figure 2).

The simplest hierarchical models of confidence formation are solely based on the strength of first-order evidence and assume a readout of the distance between noisy sensory information and a decision boundary. These models are found both in recognition memory [START_REF] Yonelinas | The nature of recollection and familiarity: A review of 30 years of research[END_REF][START_REF] Wixted | Dual-process theory and signal-detection theory of recognition memory[END_REF] and perception [START_REF] Treisman | The setting and maintenance of criteria representing levels of confidence[END_REF][START_REF] Kepecs | Neural correlates, computation and behavioural impact of decision confidence[END_REF] , with decisional judgments possibly degraded by an additional source of (metacognitive) noise [START_REF] Maniscalco | A signal detection theoretic approach for estimating metacognitive sensitivity from confidence ratings[END_REF][START_REF] Maniscalco | The signal processing architecture underlying subjective reports of sensory awareness[END_REF][START_REF] Shekhar | The nature of metacognitive inefficiency in perceptual decision making[END_REF] . Rather than simply mapping a readout of the level of evidence to a confidence scale, other confidence readouts have also been developed within a probabilistic framework. Examples include defining confidence as the probability of a choice being correct knowing the sensory evidence [START_REF] Pouget | Confidence and certainty: distinct probabilistic quantities for different goals[END_REF] , as a log-probability ratio of two possible choices [START_REF] Kiani | Representation of confidence associated with a decision by neurons in the parietal cortex[END_REF] , or as the precision (inverse variance) of the underlying sensory distribution [START_REF] Meyniel | Confidence as Bayesian Probability: From Neural Origins to Behavior[END_REF] .

Recent models have formalized the idea that decisional judgements are based on both prior beliefs about memory (information-based metacognition) and processing experience during the memory process (experience-based metacognition) [START_REF] Koriat | Metacognition and consciousness[END_REF] . Such Bayesian inference models of confidence are found in both perception [START_REF] Sherman | Prior expectations facilitate metacognition for perceptual decision[END_REF][START_REF] Constant | Judgments of agency are affected by sensory noise without recruiting metacognitive processing[END_REF] and memory 82 .

Figure 2. Confidence readouts for hierarchical models in a typical left-right discrimination task. Confidence can be read out from evidence (vertical axis) at the time of the decision ("Decisional" column), or later ("Post-decisional"). "Static" models assume that only snapshots of evidence are available, and "Dynamical" ones capture how evidence evolves over time (horizontal axis). Perceptual evidence can be either relative (left minus right; a-b), or absolute, encoding evidence for left and right separately (c-f). a. Confidence is read out from the distance between (static) relative evidence (green full circle) and the decision bound (horizontal dashed line

) at the time of the decision. D [START_REF] Treisman | The setting and maintenance of criteria representing levels of confidence[END_REF][START_REF] Kepecs | Neural correlates, computation and behavioural impact of decision confidence[END_REF] . Note that this readout cannot be generalized to a dynamical model as accumulated relative evidence is constant at the time of the decision, unless a collapsing bound is assumed and confidence would then be equivalent to response time. b. The static model in (a) can integrate decisional (D) and post-decisional (postD) evidence either as a weighted sum, or through a second-order mechanism [START_REF] Fleming | Self-evaluation of decision-making: A general Bayesian framework for metacognitive computation[END_REF] . In dynamical models, relative evidence accumulated post-decisionally can be read out at a fixed timing 𝛕 [START_REF] Pleskac | Two-stage dynamic signal detection: A theory of choice, decision time, and confidence[END_REF][START_REF] Desender | Dynamic expressions of confidence within an evidence accumulation framework[END_REF] , when it reaches a collapsing (second-order) boundary (B2; upper inset; [START_REF] Moran | Post choice information integration as a causal determinant of confidence: Novel data and a computational account[END_REF], or what maximal value it reaches (lower inset; [START_REF] Pereira | Evidence accumulation relates to perceptual consciousness and monitoring[END_REF][START_REF] Pereira | A leaky evidence accumulation process for perceptual experience[END_REF]. c. Models of absolute evidence can read out confidence as the balance-of-evidence for left and right choices at the time of decision D ( 88 for static models). In dynamical models, this is equivalent to reading out the state of the losing accumulator (i.e. right -incongruent with the choice; [START_REF] Van Zandt | ROC curves and confidence judgments in recognition memory[END_REF][START_REF] Kiani | Representation of confidence associated with a decision by neurons in the parietal cortex[END_REF]. d. Dynamical models in (c) can easily be extended to integrate post-decisional evidence by delaying the readout by a fixed timing 𝛕 [START_REF] Vickers | Uncertainty, Choice, and the Marginal Efficiencies[END_REF][START_REF] Van Den Berg | A common mechanism underlies changes of mind about decisions and confidence[END_REF] . e.

Other models of confidence only read it out from the positive evidence (i.e. left -congruent with the choice; [START_REF] Maniscalco | Heuristic use of perceptual evidence leads to dissociation between performance and metacognitive sensitivity[END_REF] for static models). Note that this readout cannot be generalized to a dynamical model as accumulated relative evidence congruent with the choice is constant at the time of the decision. f. Models in (e) can easily be extended to integrate post-decisional evidence by delaying the readout by a fixed timing ( 𝛕 [START_REF] Zylberberg | The construction of confidence in a perceptual decision[END_REF][START_REF] Rahnev | Causal evidence for frontal cortex organization for perceptual decision making[END_REF][START_REF] Pereira | Disentangling the origins of confidence in speeded perceptual judgments through multimodal imaging[END_REF] for dynamic models).

In sum, the aforementioned models describe how the strength of first-order evidence (possibly augmented by post-decisional evidence) relates to confidence. Although commonalities have been found across domains in the way that this evidence is readout to build confidence it will be necessary to conduct cross-domain modelling studies to better isolate a common mechanism. As first-order evidence is arguably mainly domain-specific, the domain-generality of metacognition could either arise from a common source of metacognitive noise [START_REF] Faivre | Modeling, and Electrophysiological Evidence for Supramodality in Human Metacognition[END_REF][START_REF] De Gardelle | Confidence as a Common Currency between Vision and Audition[END_REF] , or by (possibly domain-general) factors that differentially affect second-order metacognitive processes, which we review in the next subsection.

Dissociations between first-order and second-order processes

The aforementioned models assume some commonalities between cognitive and metacognitive processes. This partial overlap implies that although any factor affecting firstorder processes will partially be reflected in decisional confidence judgements, this does not imply that it directly affects metacognition. For example, different types of visuo-spatial attention affect discrimination performance at the first-order level but not metacognitive sensitivity when controlling for first-order performance [START_REF] Landry | Investigating how the modularity of visuospatial attention shapes conscious perception using type I and type II signal detection theory[END_REF] . Similarly, visual information improves first-order performance in motor tasks but not metacognition per se [START_REF] Arbuzova | Measuring metacognition of direct and indirect parameters of voluntary movement[END_REF] . Therefore, to isolate a second-order process, one needs to find differences in confidence that cannot be explained by differences in first-order processes, either by titrating task difficulty [START_REF] Fleming | Relating introspective accuracy to individual differences in brain structure[END_REF] , or by comparing them to the ideal confidence observer [START_REF] Maniscalco | A signal detection theoretic approach for estimating metacognitive sensitivity from confidence ratings[END_REF] . Consequently, it is crucial to account for first-order performance to be able to test for the domain-generality of metacognition (Figure 1a-b), or else one risks being fooled by spurious domain-generality (Figure 1d) that is driven by factors that commonly affect first-order performance, such as attention.

One procedure to find dissociations at the second-order level is to manipulate the level of positive evidence for a perceptual decision while maintaining the same signal-to-noise ratio [START_REF] Koizumi | Does perceptual confidence facilitate cognitive control?[END_REF][START_REF] Samaha | Dissociating Perceptual Confidence from Discrimination Accuracy Reveals No Influence of Metacognitive Awareness on Working Memory[END_REF] . When one assumes that first-order performance is driven by the signal-to-noise ratio and second-order performance by the level of positive evidence, this procedure can be used to dissociate first and second-order processes behaviorally 91 and neurally [START_REF] Peters | Perceptual confidence neglects decision-incongruent evidence in the brain[END_REF] . Similarly, increasing the volatility of sensory evidence through time-varying noise leads to similar firstorder performance but increased confidence ratings 100 , suggesting that this volatility affects metacognition specifically. Various other factors have been found to affect second-order processes specifically. Metacognitive sensitivity is higher for perceptual decisions congruent with prior expectations [START_REF] Sherman | Prior expectations facilitate metacognition for perceptual decision[END_REF] or for unexpected action outcomes 101 and participants make better use of priors at the metacognitive level than for first-order decisions [START_REF] Constant | Judgments of agency are affected by sensory noise without recruiting metacognitive processing[END_REF] . Likewise, it is now clear that confidence is modulated by the motor actions that take place when providing a first-order response. Confidence, but not first-order performance, is modulated by subthreshold motor activity 102 , the electrophysiological signature of motor preparation preceding first-order responses [START_REF] Faivre | Modeling, and Electrophysiological Evidence for Supramodality in Human Metacognition[END_REF] , as well as sensorimotor activity leading to the first-order response [103][104][105] . Conversely, metacognitive performance is known to decrease when firstorder responses occur after confidence ratings 106 , when they are perturbed using transcranial magnetic stimulation 107 and sensorimotor conflicts 104 , or when they are made by an external agent (although it is debated whether the same mechanisms are at play) [START_REF] Pereira | Disentangling the origins of confidence in speeded perceptual judgments through multimodal imaging[END_REF]108,109 .

Studies in the memory domain have used manipulations which differentially affect first-order performance and confidence, for instance, changing the magnitude of confidence judgements without changing memory performance 110 . So far, the same manipulations have not been studied across domains, and as such, metacognitive illusions within a domain do not provide direct evidence for domain generality, although it may point to spurious domain generality, in so far as identifying factors which are specific to second order judgements, which may or may or not be shared between domains.

These findings clearly show that some factors generate dissociations at the metacognitive level, independent from first-order performance. These dissociations are further supported by stimulation studies showing that metacognitive efficiency is specifically affected when disrupting brain activity in the occipital 111 , premotor 107 or dorsolateral prefrontal cortices 112,113 but see 114 ) in perceptual tasks, as well as when disrupting the dorsolateral prefrontal cortex for temporal working memory 115 or the precuneus for episodic memory [START_REF] Ye | Causal Evidence for Mnemonic Metacognition in Human Precuneus[END_REF] . It is unclear, however, how these different factors are integrated into decisional judgments. For example, reaction time affects confidence judgments 116,117 but this effect can be explained by a metacognitive process integrating reaction times into confidence ratings (e.g. Fleming 2018 Nat.Neuro.). In other computational modelling works, the same effect is solely explained by first-order processes such as the level of correlated noise between two accumulators 118 . Likewise, a recent study showed that response caution -or how participants balance response speed and accuracy -affects decisional judgments by changing the amount of post-decisional information available 119 . It is therefore unclear whether post-decisional evidence accumulation is a first-or second-order process. These considerations are important as they could imply spurious domain-generality; domainspecific first-order processes could inform metacognitive processes differently than for firstorder decisions and common metacognitive measures would fail to diagnose such cases 119 .

Another possibility is that people may have access to cues to specifically inform their decisional judgments beyond first-order processes 120 . In the metamemory field, people might not use the strength of their memory trace but infer it using different cues. Cues are diagnostic when they are also pertinent to the memory retrieval itself, or non-diagnostic when they have no influence on the memory test per se. Mnemonic cues include the experience of internal indicators or signals that can be used to evaluate their level of memory performance. Several mnemonic cues are identified to influence a variety of decisional judgements such as the familiarity of the cue 121 or its fluency 122 . Fluency refers to the subjective experience of processing information easily 123 . Among different types of fluency, answer fluency (i.e., the ease with which information comes to mind 124 ) has been shown to affect confidence judgments across multiple domains. Responses easily retrieved (both correct and incorrect) are judged with higher confidence in semantic memory tasks 125 .

Within this framework, response times could also be used as a cue to inform confidence 126 .

In sum, there is now strong evidence supporting a dissociation between the information available to first-and second-order processes. This has important implications for domaingenerality, as some factors such as sensorimotor activity when reporting a decision might affect metacognition similarly for different domains and thus result in domain-generality. The fact that other factors are inherently specific to a domain such as sensory noise in metaperception 100 or familiarity in metamemory 121 could argue for a rather weak form of domain-generality. Alternatively, one could posit that a common metacognitive process adaptively weighs these different factors according to the task at hand, thereby still consistent with strong domain-generality. For instance, Shekhar and Rahnev 127 proposed that cross-task correlations for metacognitive sensitivity may be driven by common sources of metacognitive inefficiency (i.e., different types of noise) for these different tasks. As a result, cross-task correlations can be observed under a strong domain-general architecture where a common metacognitive module is altered by different types of metacognitive noise, but also in case first-order factors impact distinct metacognitive modules. Future work is required to understand the underlying mechanisms of these dissociations better. Even when accounting for first-order performance, it is not always straightforward to ascribe the influence of a factor to first-or second-order processes, which could lead to spurious domain-generality being overlooked.

Clinical dissociations and developmental studies

Dissociations between first-and second-order processes have also been observed in clinical populations. Patients with frontal lobe lesions are impaired on an episodic but not on a semantic memory FOK task, but only when their memory performance was impaired 128 .

Interestingly, however, patients with frontal and temporal lobe lesions show preserved episodic FOK, JOL or confidence judgments, although their memory is impaired [129][130][131] .

Likewise, decisional judgments have also been explored in Alzheimer's disease. Findings reveal that judgments such as JOLs and semantic FOKs are accurate [132][133][134] , as well as confidence judgments 135,136 , again despite impaired memory performance. Episodic FOKs, however, were found to be inaccurate 137 . A dissociation between episodic and semantic FOK was also found in multiple sclerosis, with episodic FOK deficits more prevalent in the patients with low memory performance [START_REF] Beatty | Metamemory in multiple sclerosis[END_REF] but no FOK difference with controls when firstorder performance was the same across groups 138 . FOK judgments have also been explored in Parkinson's disease and findings show that first-order impairment is associated with second-order deficits 139,140 . Recent work showed no impairment in metamemory or metaperception for functional cognitive disorder when controlling for first-order performance, but differences were found in global reports of subjective performance 141 .

Decisional judgments have also been explored in psychiatric disorders such as bipolar disorders, most studies reporting limited correspondence between memory performance and metacognitive judgments 142 mainly resulting as underestimation of performance rather than a metacognitive sensitivity deficit per se. Underconfidence in both memory and perception was also observed in obsessive-compulsive disorder [START_REF] Hoven | Abnormalities of confidence in psychiatry: an overview and future perspectives[END_REF] , but metacognitive sensitivity deficits were only found in a subclinical 143,144 and not in a clinical sample 145 . Finally, deficits in decisional judgments have been observed in patients with schizophrenia in vision 146,147 , audition 148 and memory 149,150 , but a recent meta-analysis found no evidence for a metacognitive deficit when isolating studies that controlled for first-order performances 151 .

In sum, most research with clinical populations points to a specific metacognitive impairment that may be simply a consequence of a first-order deficit. The majority of studies, and particularly in metamemory, use measures of metacognitive sensitivity that do not control for differences in first-order performance (e.g. the gamma correlation). Ideally, a convincing datum would be a population with impaired second-order performance in the context of preserved first-order performance. The case of blindsight may correspond to such a dissociation between perception and metaperception, although the specific level at which vision is impaired remains debated 152,153 . In metamemory, a similar dissociation was reported by Wojcik and colleagues [START_REF] Wojcik | Metamemory in children with autism: Exploring 'feeling-of-knowing' in episodic and semantic memory[END_REF] , who found inaccurate episodic FOK (but not semantic FOK) for children with Autism Spectrum Disorder (ASD) with no deficit in either recognition or recall. There are equivocal findings in this regard in the ASD literature, with studies showing impaired episodic FOK sensitivity in the context of impaired memory performance 154 and others showing no difference in first-order performance alongside impaired metacognitive sensitivity in confidence judgements 155 . A meta-analytic review 156 found a reduction in metacognitive accuracy across tasks, where performance was not 'universally diminished'. It has been proposed that this specific impairment may result from an inability to cast the self in the past, related to autonoetic consciousness 157 . This points to dysfunction related to self-representation. Future research should consider the access to metacognitive information in cases such as autism spectrum disorder where there is apparently not a firstorder deficit.

Global judgements, with their simplicity and low attentional demands, are particularly suited to patient studies. In samples too small to carry out between-subject correlations, these studies operationalise accuracy as the unsigned difference in predictions and performance.

In Alzheimer's disease, when comparisons between control groups and patients' groups have been made, patients overestimate their performance for word lists 158,159 or flashbulb memories 160 and visuospatial tasks 161 . Critically, however, accuracy improves when predictions are made after participants have experienced the task 158,162,163 . These findings, according to the Cognitive Awareness Model 164 , a model of anosognosia (see Box 5) suggest that patients fail to transfer their online awareness to a lasting belief about memory performance. Due to their memory problems Alzheimer's patients do not consolidate the information concerning their cognitive performance in their metaknowledge. A similar interpretation can be found in the motor domain, where anosognosia of hemiplegia has been postulated to be explained by a deficit in monitoring processes allowing abnormal perceptions to become abnormal beliefs 165 .

Finally, metacognition has also been explored in development. The results of studies in special populations point to patterns of dissociations across tasks and domains which on face value point to a lack of domain-generality, and in some cases, such as with the episodic FOK suggest a domain specificity architecture. However, where metacognitive measures and meta-analyses have taken into consideration first-order performance, the results are less compelling: the pattern of second-order deficits is somewhat a function of the first-order deficits in these groups. Of note, developmental studies and patient studies use paradigms that are more suitable for these specific populations. These measures can be seen as mainly underpinned by information-based metacognition and can be described as adecisional judgements (see Section 2). Such judgements are discussed in more detail in the next section.

Beliefs and adecisional judgements

So far we have focused on metacognition that is at play in decisional judgements. However, it is clear that metacognitive processes also extend to more generalised beliefs and evaluations, and extend across items within a task, and across tasks with domains. Here we review works that are based on such measures of metacognition that belong to beliefs, expertise and more to information-based metacognition. These adecisional judgements are based on metaknowledge rather than experiences because participants have not experienced the task at the moment of the judgment (see Table 1). This is notably the case with global predictions, especially when an evaluation is made before performing a task. In a typical paradigm, participants judge how many items from an entire study list they will subsequently recall 162,173,174 . However, these judgements have also been extended to other first-order tasks such as short-term memory 175 , processing speed and verbal fluency 138 or perceptual tasks 144 .

Most studies have used between-subject correlations to examine population-level accuracy of global predictions in different groups 176 . If global predictions are made before and after a study phase, the between-subject correlation between prediction and performance was found to be higher after studying the items, indicating an effect of monitoring 173,176 . However, it has been shown that the modal value of individual-level predictions is tethered to the midpoint of the scale (e.g. predicting recall of 6 items for a list of 12 177 ), suggesting that to a large extent these judgements are based on generalized beliefs and rules of thumb. Of course, such values may represent a Gaussian distribution around a central point, but the extent to which these estimations are rule-based and not distribution-based comes from the fact that the same participants predict recall of 5 items from a 10-item list but 10 items from a 20-item list 178 .

Where item-by-item and global predictions have been carried out in the same task, mean values of item-by-item judgements (i.e., metacognitive bias) have mostly correlated with the global predictions 173 . Similarly, to examine between-subject patterns of accuracy, some authors have used the mean value of item-by-item judgements, with the finding that, for instance, mean retrospective confidence correlates with their performance but seemingly more so for general knowledge than episodic memory 179,180 . Some researchers have considered global metacognition as a 'self-rated ability' scale (e.g. 0-9% of people would be worse than me), where participants rate their performance in comparison with their peers 181 .

This yields similar findings with correlations between self-rated ability and mean levels of retrospective confidence on general knowledge (sport) questions but not for an episodic task (face recognition) 181 . In applied fields, there was much enthusiasm for the idea that metacognitive accuracy (and self-rated ability) in one domain might help interpret evaluations in another domain, such as the comparison between global evaluations of general knowledge and eyewitness testimony, but recent interest in this approach has been lacking, probably because early research did not find robust relationships across domains.

The above examples of global evaluations consider applied questions such as differences in age, educational settings and neuropsychology, and perhaps unsurprisingly, global metacognition, defined as constructs such as self-efficacy and self-beliefs, has also received attention as a theoretical entity, since it 'may be more closely related to daily functioning…' (p.436 182 ). As such, the idea is that in daily life the individual draws on a set of beliefs and evaluations which may, for example, influence their mental health 182 or learning 174 That is, if a participant finds one task easy, this may spill over into their belief about other tasks, or as argued above, a general arousal level (for example) may produce a spurious form of domain-generality. As we argue for decisional judgements, the extent to which there is transfer from one global evaluation of a task to another may rest upon how related the two first-order tasks are.

In sum, if the generalized global metacognitive evaluation is appropriate and not simply a factor which influences both first and second-order performance, we would conclude that it is domain-general. Moreover, if there is a cue or second-order output from one domain that can be systematically transferred to a global metacognition across tasks, that would argue for a strong form of domain-generality.

For adecisional global evaluations, the idea that a predisposition or a rule of thumb guides judgements would imply a form of domain specificity based on the knowledge of the task: a prediction based on recalling about half the items from a list of words, for example. However, for statements such as our example above, of being better at detecting your brother at the airport than remembering his birthday, it is hard to see how such a cross-domain comparison could be made without some form of domain-general comparison common currency, but this is again something that needs more empirical investigation. A further point of interest is to consider the process of aggregation which in our conceptualisation leads to accumulation of decisional metacognitive evaluations into a global evaluation which does not pertain to any one decision (and hence is 'adecisional'). Whether we can extrapolate across different tasks in different domains to form one generalised belief or sense of expertise which is aggregated across different domains is an interesting question.

Concluding section

The domain-generality of metacognition is of importance to understand its architecture and to establish how metacognition extends across different types of processes in real-world decision-making and in different pathologies. If metacognition were domain-general, it would mean that training of metacognition on one domain might mitigate difficulties in metacognition in another cognitive domain.

In order to create a common conceptual space in which to consider metacognitive processes, we offer a number of possible configurations of the metacognitive architecture and emphasize the division into decisional and adecisional forms. Our conceptualisation of decisional metacognition is critical for constraining the types of cues and experiences that are defined as metacognitive, and means that we can better consider perceptual and memory tasks in parallel. Adecisional metacognition groups together beliefs, knowledge about functioning and strategic regulation in a way which is not strictly second-order: the evaluation is not derivative of any process in hand, but an estimation of task factors. Thus, the extent to which metacognition is domain-general in the real world rests upon the balance of decisional and adecisional factors, and this will change according to context and task demands, meaning that isolating specific domain-general metacognitive processes requires narrowing the conceptual space.

Because adecisional metacognition considers processes that could be dissociated across domains, perhaps the clearest evidence in this review for domain-generality comes from decisional metacognition (Section 3). We report cross-domain correlations for both metacognitive bias and metacognitive efficiency for such decisional processes, even though the magnitude of the latter seems low. Neuropsychological studies, in contrast, posit that domain-specific processes are at play in decisional metacognition, pointing toward a weakdomain-generality (Figure 1b). When metacognitive measures do not control for first-order performance their correlation across tasks may reflect shared first-order components across domains (e.g., task difficulty), leading to spurious domain-generality. However, even when accounting for first-order performance, it is not always straightforward to ascribe the influence of a factor to first-or second-order processes.

What therefore should we assess if we wish to establish a strong domain-generality of metacognition? Thus far, with a few exceptions, the main approach has been to index second-order processes by using retrospective confidence judgements: cross-task correlations yield between-subject correlations for confidence judgements. This is an appropriate first step in accessing domain-generality, but conclusions from this approach are limited by the fact that first-order and adecisional factors can produce spurious correlations across tasks with extremely similar structures and task demands. The use of betweensubject correlations can confirm domain-general patterns, but is not suitable for hypothesis testing about the architecture of metacognition. Our conclusion is that if a strong version of a domain-general metacognition is to be found, it will be in mechanisms which apply across tasks of diverse types and structures, such as when reaction times are estimated to build confidence. Because reaction times are present in any decision-making across a variety of tasks, finding that confidence is estimated from reaction times is evidence for domaingenerality (although again first-order strategies influencing reaction time can also result in spurious domain-generality, 119 ). Described like this, a domain-general architecture would involve a 'final common pathway' for all types of decisional metacognitive evaluations, and the possibility of a common process computed from processing times is an exciting development for the field.

To go beyond correlations between domains, we need to tackle more complex experimental paradigms. A first step would be to consider richer tasks that include multiple experimental conditions. If participants behave similarly not just across domains but also for all the conditions, this would be converging evidence for domain-generality. For instance, 186

showed that the sense of confidence is shaped by the behavioural goal that participants are set to achieve similarly in a visual perception and value-based decisions. Another approach is what we can call metacognitive transfer, in analogy to Bayesian transfer that has been proposed as a test of Bayesian decision theory to be a good model of human visual perception 187 . Testing metacognitive transfer would consist in identifying some key metacognitive features in two domains (say, domain 'A' for perception and 'B' for memory).

We argue that if this metacognitive feature generalizes across domains, then this is good evidence in favor of domain-generality. For instance, the metacognitive feature can be the change in efficiency in evaluating global confidence judgments for two different set sizes, labeled '1' and '2'. If there is domain-generality, measuring metacognitive performance in one modality (i.e. for combinations 'A-1' and 'A-2') should allow us to predict metacognitive performance for the other modality (for combinations 'B-1' and 'B-2'). In these last two examples (richer tasks and metacognitive transfer), it is clear that disposing of better metacognitive models that work across domains would be highly beneficial.

Because neuropsychological data have contributed to the studies reviewed above, a final concrete suggestion for future research in special populations would be two-fold: firstly to test metacognition systematically across domains and not just for the impaired first order function. Secondly, in a related manner, for groups with a metacognitive deficit we should ensure that metacognition is tested on tasks which do not show a first order deficit (either through manipulating difficulty or by extending the scope of the study to other domains).

Ideally, if metacognitive proficiency relies on a final common pathway, it should be possible to find a patient or a group of patients with impaired metacognitive access across all domains.

In conclusion, our common conceptual space for metacognition proposes a decisional process based on the outputs of first-order processing, a view of metacognitive function that can be common across tasks and domains. Thus far, the evidence for a domain-general metacognition favours a weak version of domain-generality, with some processes shared between tasks across different domains. Whilst it is necessary to constrain the problem space to decisional metacognition, in contrast, it is now necessary to test the architectures proposed in this review across a set of more diverse metacognitive tasks and also at mechanistic, implementational and neural levels.

Box 1: Direct measures of metacognition

Global judgements of metacognition are perhaps the easiest to conceptualise, and involve making estimations of performance at a task level, e.g. how many words will be correctly recalled from a list 162 , how many words from a particular category were generated in a given period 138 or even a prediction of percentage grade achieved in a university exam 188 . A critical factor in these methods is the point at which the prediction is made; typically before and after completing the task. This means that predictions of future performance can be made for example having completed the university course and before the exam, but also once the exam is completed. Moreover, an initial prediction before the task starts (or before the university course has been taught) acts as a reference point for interpreting the global prediction made after experiencing the task, with any shift between an initial and informed prediction being based on the capacity to monitor the task and with the initial -pre-task prediction being based on expectancies, beliefs and metacognitive knowledge 176 . Global judgements do not refer to any one decision, and as such reveal processes used in generalised evaluations of function, rather than pinpointing metacognitive mechanisms and processes.

Ease of Learning (EOL) Judgments 189 are predictions about what will be easy or difficult to learn and pertain to items that have not yet been learned. Participants are therefore not asked to learn the items for an upcoming memory test when making their judgment. On the presentation of each item, the common question asked to the participants is: "How likely is it that you will learn this word for the test?". After the EOL judgments participants are asked to study the items and recall them. Despite the importance of this initial assessment of how difficult a material is and its potential impact on learning, most studies suggest that EOL judgments poorly or moderately predict the actual learnability of to-be-learned material [190][191][192] but increase when items vary enough in difficulty 193 .

Judgement of Learning (JOL) takes the same form as an EOL judgement, with the exception that it is made once the item has been processed in the encoding phase of a memory task, i.e. after having attempted to learn the item. Typically, the JOL is made for cue-target word pairs, with the metacognitive judgement being made for the likelihood of retrieving a target when prompted by the cue word. It is, like the EOL, a judgment of the likelihood of subsequent recall and has likewise been used to explore the cues which are used to make metacognitive judgements of memory, but equally factors which influence recall (for metaanalytic reviews see 194 ). Of note, JOLs can be made immediately after the encoding of the item, or after a delay (either in a second phase after the initial block of encoding of word pairs, or more typically, after several intervening cue-target pairs). The delayed JOL effect is a robust phenomenon whereby metacognitive sensitivity is higher for judgements made after a delay than immediately 195 . Another well-established JOL phenomenon is the font-size effect, whereby JOL magnitude is increased by font-size: words written in a large font at encoding are judged more likely to be recalled than words in a smaller font, even though this factor influences recall to a lesser extent (for an explanatory meta-analysis see 196 ).

Feeling-of-knowing (FOK) judgments (FOK, [START_REF] Hart | Memory and the feeling-of-knowing experience[END_REF] ) are predictions about the likelihood of subsequent recognition of currently non-recalled information [START_REF] Schacter | Feeling of knowing in episodic memory[END_REF]197 . In a FOK experiment participants are presented either with new information to learn such as word pairs (episodic memory task) or are presented with general knowledge questions such as 'what is the capital of France?' (semantic memory task). When presented with the question or the first word of the pair participants are asked to recall the corresponding information. If they cannot recall the information, the FOK judgment consists in asking participants to predict whether they will be able to recognize the missing information if presented to them later. Thus, FOK judgements are predictions about material that participants failed to retrieve and, although not perfect, these judgements have been found to be relatively accurate in young adults [START_REF] Schacter | Feeling of knowing in episodic memory[END_REF]198,199 .

Retrospective confidence judgements (RCJs) are the main measure of metacognition used in the field. They refer to the level of confidence that a participant has in a given answer using a multiple-point scale. They have been extensively used in decision-making (Grimaldi et al., 2015) notably to investigate cross-domain comparisons [START_REF] Lee | Cross-Domain Association in Metacognitive Efficiency Depends on First-Order Task Types[END_REF][START_REF] Mazancieux | Is there a G factor for metacognition? Correlations in retrospective metacognitive sensitivity across tasks[END_REF][START_REF] Morales | Domain-General and Domain-Specific Patterns of Activity Supporting Metacognition in Human Prefrontal Cortex[END_REF] but also in other tasks such as statistical learning 200 .

The confidence forced-choice paradigm 201 requires participants to choose which of two decisions made about two different stimuli is more likely to be correct. By varying the difficulty levels within pairs of stimuli, one can estimate a psychometric function for chosen vs. declined decisions. The difference in slopes between these two curves serves as a proxy for metacognitive performance, irrespective of confidence bias. By asking participants to choose between decisions that pertain to different cognitive domains, this method is instrumental to characterize the domain-generality of metacognition 202 .

Box 2: Indirect of measures metacognition

In indirect measures of metacognition, participants are not directly asked for a selfevaluation but evaluate other behaviours that are used to infer metacognition. For instance in post-decision wagering, participants have to place bets on the correctness of their decisions. Early versions of this paradigm were used as an objective measure of subjective visibility 203 , assuming that participants would place higher bets following seen vs. unseen stimuli. Concerns were raised that this measure was affected by loss aversion 204 and pertained more to metacognitive access than to subjective visibility 205 . As a result, more recent developments are now used to incentivise optimal metacognitive judgements irrespective of loss aversion 206,207 . Opt-out paradigms consist in allowing participants to opt out of a decision if their putative confidence in the choice is low, providing a proxy for low confidence. This procedure has the advantage of being applicable to non-verbal species such as non-human primates [START_REF] Kiani | Representation of confidence associated with a decision by neurons in the parietal cortex[END_REF] , rodents [START_REF] Kepecs | Neural correlates, computation and behavioural impact of decision confidence[END_REF] or preverbal infants 208 . In some versions of the paradigm, an opt-out response option is provided [START_REF] Kiani | Representation of confidence associated with a decision by neurons in the parietal cortex[END_REF] while in others, a delay is imposed between the response and the reward, during which participants can opt out and restart a new trial without reward [START_REF] Kepecs | Neural correlates, computation and behavioural impact of decision confidence[END_REF]208 . In the latter case, the waiting time can be used as a continuous proxy to confidence. Evidence for domain-specific metacognition has been recently found using this task with non-human primates 209 . The main criticism is that participants could achieve such behavior by simple reinforcement learning without relying on a second-order monitoring mechanism 210 , see 211,212 for a more general overview of animal metacognition. In memory, specific indirect measures have been developed. When two tests using the same material are performed, one can either measure the time a participant would re-study an item (study-time allocation, 213 ) or the decision of re-studying an item or not (re-study choice, 214 ). In this context, it has been shown that participants allocate more time to re-study an item that they did not previously recall compared to recalled items, leading to the idea that they have accurate knowledge about previous failures 192 .

Box 3: How to quantify metacognition

Metacognitive sensitivity relates to the ability of an individual to adjust a decisional judgment (Table 1; typically confidence) to the performance of the first-order task. Therefore, measures of metacognition are not directly informative of metacognitive sensitivity.

Confidence gaps compare average confidence judgments after correct versus incorrect firstorder responses but overlook the variance of the two distributions. One workaround is to assess the relationship between confidence judgments and first-order performance, using

Pearson's or Goodman-Kruskall gamma correlations 215 . Unfortunately, these methods cannot isolate metacognitive sensitivity from metacognitive bias [START_REF] Fleming | How to measure metacognition[END_REF][START_REF] Masson | Sources of bias in the Goodman-Kruskal gamma coefficient measure of association: Implications for studies of metacognitive processes[END_REF] . This issue can be avoided by computing the area under the receiving operating characteristic (AUROC) curve.

A two-dimensional curve is constructed by computing the percentage of correct responses classified as such (true-positive rate; vertical axis) and the percentage of incorrect responses classified as correct (false-negative rate; horizontal axis) by setting different thresholds on the confidence. The area under this curve ranges from 0.5 (chance level) and 1.0 when there is a threshold that perfectly classifies correct and incorrect responses. AUROC curves can dissociate metacognitive sensitivity from bias. Metacognitive efficiency refers to the metacognitive sensitivity given the information available to the first-order decision. To compare metacognitive efficiency using AROCs, task performance should be titrated across conditions and participants. Another possibility that does not require titration is to use a model-based approach and compare first-order sensitivity (d') and an estimated (meta-)d'

given an "ideal observer" model of confidence (i.e. without metacognitive noise) [START_REF] Maniscalco | A signal detection theoretic approach for estimating metacognitive sensitivity from confidence ratings[END_REF] . Most recent studies use the ratio between meta-d' and d' termed the M-ratio [START_REF] Fleming | HMeta-d: hierarchical Bayesian estimation of metacognitive efficiency from confidence ratings[END_REF] 

Box 4: Motor metacognition

Although most studies on metacognition have focused on the perceptual and memory domains, the motor domain has seen a recent surge of interest. An early attempt to characterize motor metacognition found that participants largely misjudged the effects of distorting visual feedback of their hand trajectories although they appropriately them 217 , suggesting that we have a limited access to the details of our movements as the goal is achieved 218,219 . Similar metacognitive inefficiencies are found when participants are asked to manually track a dynamic noisy visual stimulus 220 . Other studies showed that participants judiciously adjust their confidence about detecting distortions, which seems to contradict the notion of a limited access to motor performance discussed above 221 . This contradiction may be resolved by considering that participants optimally calibrate their confidence, even when they fail to report distorsions, based on a summary statistic of the visual feedback 222 . In other words, one can automatically correct distortions that remain undetected, and still have a subjective feeling for performance informing confidence. Although this heuristic may be useful for automatically monitoring motor actions, one can ask if we can explicitly monitor low-level movement parameters when prompted to do so. When throwing a virtual ball, participants can monitor their performance based both on the position of the arm as well as the resulting trajectory of the ball thrown [START_REF] Arbuzova | Measuring metacognition of direct and indirect parameters of voluntary movement[END_REF] . It is also important to keep in mind that participants may be better at monitoring some aspects of their motor actions (e.g. the movement duration) than others (e.g. when they initiated the movement; 223 ). Finally, studying motor metacognition is also of interest regarding the distinction between the monitoring of internal (e.g., mnesic) and external (e.g., sensory) signals, as both efferent and reafferent signals might serve as objects for meta-representations. However, there was only an effect of confidence bias for active versus passive finger movement when distinguishing the contribution of efferent and reafferent signals on confidence, suggesting that efferent signals increase confidence but do not improve the quality of metacognitive monitoring 224 . In the same vein, actions paired to visual stimuli were found to lead to higher confidence ratings, but to leave metacognitive performance unchanged 105 . These results suggest that confidence ratings do not improve based on efferent information.

Box 5: Anosognosia

Metacognition has long been studied in neurological disorders for motor, sensory, and cognitive deficits, through the lens of self-awareness. For example, motor awareness has been explored since Babinski's proposal of the term anosognosia 225 initially suggested to describe patients unaware of the existence of paralysis. The picture is however complex with some patients failing to acknowledge one deficit but recognize another (e.g. upper but not lower limb paralysis, 226 ), or patients failing to adapt their behavior according to their knowledge (e.g. admitting their deficits but yet attempting to walk, or denying deficits whilst remaining in bed; 227,228 ).

In the sensory domain, despite being amongst one the rarest neurological conditions, the Anton-Babinski Syndrome (ABS) merits to be cited here. Indeed, patients with ABS, also Neuropsychological studies and models, therefore, seem to predict a general awareness system or central supervisory system, which once disconnected would lead to anosognosia across domains. On the other hand, an impairment of the comparator (CMM) would lead to specific anosognosia. Interestingly, in the motor domain, Blakemore, Wolpert & Firth 218 also predicted the existence of a comparator system in their Comparator Model of motor control in which it is predicted that for each movement, an individual implicitly monitors their intentions and predicted outcome in relation to sensory and perceptual feedback about the actual outcome. This comparison forges the detection of a discordance that would occur in the context of a movement error. In the anosognosia literature, unawareness of hemiplegia would therefore be explained by a discrepancy in monitoring between one's intentions (i.e., motor plan) and one's actual motor performance 226,239,240 . To conclude, neuropsychological studies posit that domain-specific processes are at play in decisional metacognition, pointing toward a weak domain-generality.

Figure 1 .

 1 Figure 1. Theoretical architectures for domain-general metacognition showing configurations of first-order (below) and second-order (above) processes. a) 'Strong' domain-generality where the same metacognitive mechanisms are involved in the monitoring and control of all cognitive domains. b) 'Weak' domain-generality where representations are specific to each domain but can share mechanisms in specific first-order contexts. c) Domain-specificity where a separate

  called visual anosognosia present with binocular visual loss with denial of this blindness and a relatively well-preserved cognition. Since Babinski's initial work, hundreds of scientific papers have been published229 and the concept has also been used to describe unawareness of cognitive functions or lack of cognitive insight in neurological and psychiatric disorders such as frontal lobe lesions 128 , Alzheimer's disease (see 230 for a review) Parkinson's disease231,232 , or schizophrenia233 . Those studies have revealed a multifaceted view of anosognosia with many examples of patients showing that unawareness can affect different cognitive domains. For example, patients with frontal lobe lesions often demonstrate what is called 'utilization behavior'234 . In this peculiar situation, patients will engage in a stereotypical action in the sight of an object, despite not being explicitly asked to (e.g., starting to use a stapler put on a desk). According toBlakemore and al. 218 this behavior would be explained by a lack of awareness of goals and intentions. Domaingenerality or domain-specificity of anosognosia has been explored in several models across domains. Agnew and Morris 235 and later Morris and Hannesdottir 236 proposed a model of anosognosia for memory disorders: the Cognitive Awareness Model (CAM). Similarly, to the DICE model 237 , this model posits the existence of a separate awareness system, the Metacognitive Awareness System, which provides conscious awareness of ability or error. In a more recent version of this model, Clare et al. 238 proposed that domain-specific monitoring processes are situated at a lower level and refer to the Cognitive Comparator mechanisms (CCMs). The CMMs' role would be to compare recent errors to previous experiences in each domain, leading to a more global self-representation of one's own abilities.

  

  the role of external feedback (see also184 ). In return, global estimates before task completion may also influence metacognitive bias in local confidence as both are correlated[START_REF] Mcwilliams | Age-related decreases in global metacognition are independent of local metacognition and task performance[END_REF] . Recent models of self-esteem 185 have indeed proposed a two-way relationship between multiple levels of beliefs. The field would benefit more from experiments that test the idea that local judgements for one task are extrapolated up into a form of metacognitive awareness at a global level for a different kind of task. Here, however, it seems reasonable to propose that metacognitive bias, and indeed self-efficacy may produce a spurious domain-generality.

	Global metacognition draws upon generalised beliefs and rules of thumb as well as
	experience-based judgements, and taken at face value, this issue should help us address
	the notion of domain-generality. On a theoretical level, the notion of a generalized belief

, as examples. The issue of how self-beliefs -which may span several trials of a task, or even several tasks within the day -are built from local metacognitive evaluations has received interest. Rouault, Dayan and Fleming 183 described global metacognition as self-performance estimates and proposed that global metacognition is 'aggregated' over time from local confidence, emphasizing about function based on an agglomeration of local judgements seems like it should operate at a superordinate level in metacognition. However, there are too few studies to date to support this view.

  model of confidence judgments 216 , including in situations where the model includes other parameters that can be easily confounded with metacognitive noise[START_REF] Mamassian | Modeling perceptual confidence and the confidence forced-choice paradigm[END_REF] .
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. Finally, new approaches are being proposed that attempt to fit metacognitive noise with a generative
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