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Effects of behavioral variability and biases on
confidence in perceptual estimation®

Jongmin Moon', Oh-Sang Kwon'"

'Department of Biomedical Engineering, Ulsan National Institute of Science and Technology

It is generally believed that humans can detect errors in their estimates and maintain a sense of confidence that corresponds to

objective performance. Meanwhile, human perceptual estimations tend to commit two types of errors: bias and variability. It

remains unclear whether humans can monitor these two distinct kinds of error in their own estimates and adjust levels of

confidence accordingly. Using a well-established empirical regularity called the central tendency effect, we examined how

behavioral bias and variability are reflected in the self-evaluation of perceptual estimations. Subjects estimated the location of a

hidden target from a briefly presented dot-cloud centered on the target location and reported levels of confidence in their

estimations. As expected, subjects' perceptual reports were not only variable across trials but also biased toward the mean of the

distribution of target locations. Crucially, subjects' confidence reports remained constant regardless of the target location, which is

in stark contrast to the fact that the perceptual performance was worse when the target location was farther from the mean of

the target location distribution. Our findings indicate that the metacognitive evaluations of perceptual estimations reflect the

behavioral variability, but not biases.

Keywords: perception, metacognition, confidence, error monitoring, bias and variability
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(A) Experimental procedure. Fach trial began with the presentation of a dark cross. Subjects received noisy sensory

information about the location of a hidden target in the form of a dot—cloud. After a visual mask, subjects displaced a vertical

response bar to report the perceived location of the target. Lastly, subjects rated confidence in their perceptual report using a

continuous scale. (B) Stimulus generative model. The location of the target was sampled from a Gaussian distribution centered on the

center of the screen. The location of the dots were sampled from a Gaussian distribution centered on the target location. Uncertainty

in sensory information was manipulated by varying the standard deviation of this distribution.
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Figure 2. Perceptual reports by a representative subject. Circles represent mean perceptual reports, error bars represent standard error
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