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The human brain can infer one’s own and other individuals’ mental
states through metacognition and mentalizing, respectively. A new
study in PLOS Biology has implicated distinct brain regions of the
medial prefrontal cortex (PFC) in metacognition and mentalizing.

Are you confident about your decisions? In our daily lives, we often think about ourselves. The

ability to internally evaluate an individual’s own mental state, including confidence, is called

metacognition [1]. The development of confidence in one’s own decision is considered a cru-

cial function of metacognition. The computational view posits that subjective confidence

reflects the Bayesian posterior probability of the decision being correct [1]. Do you think your

friend is confident about her/his decisions? In a social milieu, we often infer another individu-

al’s confidence. Such inferences about others’ confidence are of particular importance in deci-

sion-making involving other individuals [2]. The ability to infer other individuals’ mental

states, including confidence, is known as mentalizing [3].

Converging evidence from human neuroimaging studies, using functional magnetic reso-

nance imaging (fMRI), implicate brain regions of the medial prefrontal cortex (PFC) in meta-

cognition and mentalizing. Subjective confidence in perceptual decision-making is encoded in

the medial PFC, decoupled from external cues about the environment pertaining to the deci-

sion (e.g., reliability of sensory evidence) [4]. A similar region in the medial PFC is also known

to be recruited in tasks that require inferences about others’ beliefs decoupled from reality

[5,6]. Despite the aforementioned findings, it remains unclear whether metacognition and

mentalizing are associated with the common or distinct brain regions. To date, no studies have

directly compared the neural mechanisms underlying these two cognitive processes.

The new work by Jiang and colleagues on this issue of PLOS Biology [7] is an important step

toward a direct comparison of the neural signatures between metacognition and mentalizing.

They devised a novel experimental paradigm to identify brain regions tracking “decision

uncertainty” attributed to self (i.e., metacognition) and others (i.e., mentalizing). Notably,

decision uncertainty in this study is referred to as the inverted version of confidence, reflecting

a subjective sense of the decision away from being correct. In the metacognition experiment,

participants performed a perceptual decision-making task [8] and rated the uncertainty sur-

rounding their preceding decision (Fig 1A, left) while being scanned using fMRI. In the men-

talizing experiment, they observed an unknown individual performing the same task andAU : Anabbreviationlisthasbeencompiledforthoseusedinthetext:Pleaseverifythatallentriesarecorrect:
estimated the person’s decision uncertainty (i.e., the other’s belief about whether her/his own

decisions were incorrect) (Fig 1A, right).
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How do we estimate the decision uncertainty of another individual? The authors reasoned that

the estimation relied on two external cues: task difficulty and reaction time (Fig 1B). In other

words, the higher the task difficulty and the longer the reaction time, the higher the decision

uncertainty of the individual (i.e., the lower the confidence). The behavioral data suggested that

these external cues indeed predicted participants’ ratings of the decision uncertainty to some

degree in the metacognition and mentalizing tasks; but at the same time, the prediction perfor-

mance was found to be not so good. The findings imply the contributions of external cues, as well

as unknown internal mental processes (i.e., the residuals that cannot be attributed to the effects of

external cues), to metacognition and mentalizing (Fig 1B).

Additionally, the authors aimed to identify brain regions that track external environmental

cues and internal mental processes for metacognition and mentalizing. Notably, in this study,

as a proxy for the internal process, they focused on the residuals after regressing out the exter-

nal cue information from the ratings of decision uncertainty (Fig 1B). This is based on the

assumption that the estimated residuals, at least in part, reflect an internal mental process that

cannot be attributed to external cues. They found that distinct regions in the medial PFC were

associated with metacognition and mentalizing (Fig 1C). Specifically, the dorsal anterior cin-

gulate cortex (dACC) encodes the internal mental process for inference of one’s own decision

uncertainty in the metacognition task, and the dorsomedial PFC (dmPFC) encodes the inter-

nal process for inference of others’ decision uncertainty in the mentalizing task. Conversely,

external cues such as task difficulty and reaction time were found to be represented in the infe-

rior parietal lobe.

Fig 1. AU : AbbreviationlisthavebeencompiledforthoseusedinFig1:Pleaseverifythatallentriesarecorrect:Summary of the experimental paradigm and main results. (A) In the metacognition experiment (left), participants themselves perform

perceptual decision-making and rate the decision uncertainty (i.e., the inverted confidence). In the mentalizing experiment (right), they observe an

unfamiliar individual performing the same perceptual decision-making and rate the other’s decision uncertainty. (B) In the data analysis, the authors

reason that the rating of decision uncertainty reflects two types of information: external cues (i.e., the task difficulty and the reaction time) and internal

mental process (i.e., the residuals that cannot be explained by effects of the external cues). Note that the exact content of the internal process remains

unclear. (C) Distinct regions in the medial PFC are associated with metacognition (dACC in blue) and mentalizing (dmPFC in red). dACC, dorsal

anterior cingulate cortex; dmPFC, dorsomedial PFC; PFC, prefrontal cortex.
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One of the most significant contributions of this study is the characterization of the role of

the medial PFC in metacognition and mentalizing. The medial PFC is purportedly involved in

representing one’s own decision confidence (i.e., metacognition) [4] and inferring others’

mental states (i.e., mentalizing) [5]. This study delineates the functional dissociation of the two

subregions in the medial PFC: The dACC represents the internal mental process for inference

of one’s own decision uncertainty, and the dmPFC represents the internal process for infer-

ence of anonymous others’ decision uncertainty.

Some issues should be addressed in future studies. One may wonder what is the exact con-

tent of the internal mental process. This question could not be explicitly answered in this work

as the internal process was characterized by the “residuals” after regressing out the external

cue information from the ratings of decision uncertainty (Fig 1B). An interesting avenue for

future research is to open a black box. Moreover, higher-order cognitions such as metacogni-

tion and mentalizing are unlikely to be implemented in a single brain region. It would there-

fore be interesting to uncover how networks of brain regions causally underlie metacognition

and mentalizing. This can be accomplished by combining functional neuroimaging and brain

stimulation [9].

Are inferences about oneself and others similar to each other? This has been a long-stand-

ing question in psychology and philosophy [10]. This study provides an essential scaffold for

addressing this issue from the perspective of the underlying neural mechanisms.

References
1. Kepecs A, Mainen ZF. A computational framework for the study of confidence in humans and animals.

Philos Trans R Soc Lond B Biol Sci. 2012; 367:1322–37. https://doi.org/10.1098/rstb.2012.0037 PMID:

22492750

2. Bang D, Aitchison L, Moran R, Castanon SH, Rafiee B, Mahmoodi A, et al. Confidence matching in

group decision-making. Nat Hum Behav. 2017; 1:0117. https://doi.org/10.1038/s41562-017-0117

3. Frith CD, Frith U. The Neural Basis of Mentalizing. Neuron. 2006; 50:531–4. https://doi.org/10.1016/j.

neuron.2006.05.001 PMID: 16701204

4. Bang D, Fleming SM. Distinct encoding of decision confidence in human medial prefrontal cortex. Proc

Natl Acad Sci U S A. 2018; 115:6082–7. https://doi.org/10.1073/pnas.1800795115 PMID: 29784814

5. Apps MAJ, Rushworth MFS, Chang SWC. The Anterior Cingulate Gyrus and Social Cognition: Tracking

the Motivation of Others. Neuron. 2016; 90:692–707. https://doi.org/10.1016/j.neuron.2016.04.018

PMID: 27196973

6. Suzuki S, O’Doherty JP. Breaking human social decision making into multiple components and then

putting them together again. Cortex. 2020; 127:221–30. https://doi.org/10.1016/j.cortex.2020.02.014

PMID: 32224320

7. Jiang S, Wang S, Wan X. Metacognition and mentalizing are associated with distinct neural representa-

tions of decision uncertainty. PLoS Biol. 2022; 20(5): e3001301. https://doi.org/10.1371/journal.pbio.

3001301 PMID: 35559898

8. Gold JI, Shadlen MN. The Neural Basis of Decision Making. Annu Rev Neurosci. 2007; 30:535–74.

https://doi.org/10.1146/annurev.neuro.29.051605.113038 PMID: 17600525

9. Hill CA, Suzuki S, Polania R, Moisa M, O’Doherty JP, Ruff CC. A causal account of the brain network

computations underlying strategic social behavior. Nat Neurosci. 2017; 20:1142–9. https://doi.org/10.

1038/nn.4602 PMID: 28692061

10. Carruthers P. How we know our own minds: The relationship between mindreading and metacognition.

Behav Brain Sci. 2009; 32:121–38. https://doi.org/10.1017/S0140525X09000545 PMID: 19386144

PLOS BIOLOGY

PLOS Biology | https://doi.org/10.1371/journal.pbio.3001662 May 23, 2022 3 / 3

https://doi.org/10.1098/rstb.2012.0037
http://www.ncbi.nlm.nih.gov/pubmed/22492750
https://doi.org/10.1038/s41562-017-0117
https://doi.org/10.1016/j.neuron.2006.05.001
https://doi.org/10.1016/j.neuron.2006.05.001
http://www.ncbi.nlm.nih.gov/pubmed/16701204
https://doi.org/10.1073/pnas.1800795115
http://www.ncbi.nlm.nih.gov/pubmed/29784814
https://doi.org/10.1016/j.neuron.2016.04.018
http://www.ncbi.nlm.nih.gov/pubmed/27196973
https://doi.org/10.1016/j.cortex.2020.02.014
http://www.ncbi.nlm.nih.gov/pubmed/32224320
https://doi.org/10.1371/journal.pbio.3001301
https://doi.org/10.1371/journal.pbio.3001301
http://www.ncbi.nlm.nih.gov/pubmed/35559898
https://doi.org/10.1146/annurev.neuro.29.051605.113038
http://www.ncbi.nlm.nih.gov/pubmed/17600525
https://doi.org/10.1038/nn.4602
https://doi.org/10.1038/nn.4602
http://www.ncbi.nlm.nih.gov/pubmed/28692061
https://doi.org/10.1017/S0140525X09000545
http://www.ncbi.nlm.nih.gov/pubmed/19386144
https://doi.org/10.1371/journal.pbio.3001662

