Supplementary materials
S1. Complementary Analysis in Experiment 1
As a complementary analysis, we estimated d´, meta-d´, and the m-ratio at all three levels of control using conventional signal detection theory (SDT) and maximum likelihood estimation (MLE), to confirm whether the results at the 50% level of control were consistent with the hierarchical Bayesian estimates, and to characterize the 60% and 70% levels of control, where hierarchical Bayesian modeling was not feasible (Figures S2–S4). After applying the exclusion criteria for this analysis, 33 participants remained for d´ and 31 participants remained for meta-d´ and the m-ratio. At the 50% level of control, the results agreed with the hierarchical Bayesian analysis. The d´ was higher in the voluntary than in the involuntary condition (meanvol = 1.89; meaninvol = 1.49), as in the credible difference found in the main analysis, whereas neither meta-d´ (meanvol = 1.35; meaninvol = 1.42) nor the m-ratio differed credibly between conditions, again consistent with the main analysis.
	For each measure, we conducted a two-way repeated-measures ANOVA with movement condition (voluntary, involuntary) and level of control (50%, 60%, 70%) as within-participant factors. For all three measures, the interaction between movement condition and control level was not significant (d´: p = .848; meta-d´: p = .177; m-ratio: p = .118), indicating that the difference between the voluntary and involuntary conditions did not depend on the control level. The main effect of movement condition was significant for both d´ (F(1, 32) = 12.63, p = .001, η² = .063) and meta-d´ (F(1, 30) = 6.98, p = .013, η² = .024), with higher values in the voluntary than in the involuntary condition, whereas it was not significant for the m-ratio (F(1, 30) = 1.00, p = .326). Thus, the voluntary advantage in perceptual and metacognitive sensitivity was consistent across levels of control rather than driven by a particular level.
	Regarding the main effect of control level, there was a strong main effect on d´ (F(1.49, 47.61) = 251.82, p < .001, η² = .622) and meta-d´ (F(1.52, 45.68) = 53.11, p < .001, η² = .227). Both measures increased markedly from the 50% to the higher control levels. For d´, the means rose across all levels of control in both the voluntary (1.89, 3.70, 4.01 at 50%, 60%, 70%) and involuntary (1.49, 3.37, 3.60 at 50%, 60%, 70%) conditions. For the m-ratio, the main effect of control level was significant but small (F(1.13, 33.91) = 4.77, p = .032, η² = .045). This near-ceiling performance in d´ and meta-d´ at the 60% and 70% levels, together with the high hit rates and low false-alarm rates shown in Figure S1, is consistent with the unstable hierarchical Bayesian estimation at these levels.
We then compared the voluntary and involuntary conditions at each level of control. Because the interaction was not significant, these comparisons are reported as descriptive follow-ups to characterize the direction of the effect at each level. For d´, the voluntary condition showed higher sensitivity than the involuntary condition at the 60% (t(32) = 2.12, p = .042) and 70% (t(32) = 3.07, p = .004) control levels, with the same direction at the 50% level not reaching significance (t(32) = 1.74, p = .091). For meta-d´, the voluntary advantage was significant at the 70% level (t(30) = 2.58, p = .015), but not at the 50% (t(30) = 0.01, p = .991) or 60% (t(30) = 1.49, p = .147) levels. For the m-ratio, no comparison reached significance at any control level (all p > .12). Thus, the voluntary advantage in d´ was evident at the higher levels of control and consistent in direction across all levels, whereas the metacognitive measures showed a comparable advantage only in meta-d´ at the 70% level.
	Finally, we examined the across-participant correlations between the voluntary and involuntary conditions in the SDT and MLE estimates. The between-condition consistency tended to increase with level of control. Correlations in d´ remained weak at all levels (r = -0.01, 0.16, 0.10 at 50%, 60%, 70%), whereas correlations in meta-d´ (r = 0.30, 0.31, 0.47 at 50%, 60%, 70%) and the m-ratio (r = -0.03, 0.05, 0.45 at 50%, 60%, 70%) increased with control level, becoming strongest at the 70% level. These correlations based on SDT and MLE were generally weaker than the corresponding hierarchical Bayesian estimates for two reasons. First, each SDT and MLE estimate was computed independently and carries trial-level noise that attenuates the correlation, whereas the hierarchical model pools information across participants and estimates the correlation after this noise is reduced. Second, the SDT and MLE analysis excluded participants with non-positive d´ or non-converging meta-d´, whereas the main analysis retained all participants except for one who was excluded based on accuracy.
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[bookmark: _Ref216083196]Figure S1. Confidence frequency, hit and false-alarm-rate frequency, and ROC space for hit and false-alarm rates in Experiment 1. Panel (A) shows the distribution of confidence ratings at each level of control. At the 60% and 70% levels of control, participants were able to detect the target (a visual stimulus containing a self-motion component) under both voluntary and involuntary movement conditions, resulting in a bias toward high confidence. In contrast, at the 50% level of control, discrimination became difficult in both conditions, resulting in no bias in confidence and a broader dispersion of responses. Panel (B) shows the frequency of hits and false alarms for the voluntary and involuntary conditions at each level of control. While participants were able to distinguish the target almost perfectly at the 60% and 70% levels of control, the false alarm rate increased at the 50% level of control. Panel (C) is a ROC space plot showing the relationship between hits and false alarms for each participant, condition, and level of control, along with their averages. At the 60% and 70% levels of control, the data were biased toward hits, indicating that targets were detected with high accuracy. In contrast, at the 50% level of control, target detection became more difficult and the proportion of false alarms increased. These results indicate that under the 60% and 70% control-level conditions, there are many empty cells when estimating metacognitive sensitivity and metacognitive efficiency. Therefore, in Experiment 1, hierarchical Bayesian modeling was used to estimate metacognitive indices only under the 50% control-level condition.
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[bookmark: _Ref216040099]Figure S2. Post-hoc comparisons (voluntary vs. involuntary) for d´, meta-d´, and m-ratio at the 50% level of control in Experiment 1. Estimates were obtained using signal detection theory (SDT) and maximum likelihood estimation (MLE). There was no significant difference in d´ (t(32) = 1.74, p = .091), meta-d´ (t(30) = 0.01, p = .991), and m-ratio (t(30) = -1.60, p = .120). Regarding the correlations between the two conditions for each metric, no significant correlations were observed in d´ (r = -0.01, p = .946), meta-d´ (r = 0.30, p = .097), and m-ratio (r = -0.03, p = .890). 
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[bookmark: _Ref216087370]Figure S3. Post-hoc comparisons (voluntary vs. involuntary) for d´, meta-d´, and the m-ratio at the 60% level of control in Experiment 1. At this control level, d´ was significantly higher in the voluntary than in the involuntary condition (t(32) = 2.12, p = .042), whereas meta-d´ (t(30) = 1.49, p = .147) and the m-ratio (t(30) = 0.53, p = .599) did not differ significantly between conditions. We also examined the across-participant correlations between the voluntary and involuntary conditions for each measure. The voluntary and involuntary conditions were not significantly correlated for d´ (r = 0.16, p = .379), meta-d´ (r = 0.31, p = .061), or the m-ratio (r = 0.05, p = .767).
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[bookmark: _Ref216087373]Figure S4. Post-hoc comparisons (voluntary vs. involuntary) for d´, meta-d´, and the m-ratio at the 70% level of control in Experiment 1. The voluntary condition showed significantly higher values than the involuntary condition for d´ (t(32) = 3.07, p = .004) and meta-d´ (t(30) = 2.58, p = .015), whereas the m-ratio did not differ significantly between conditions (t(30) = 1.22, p = .232). Regarding the across-participant correlations, significant correlations were observed for meta-d´ (r = 0.47, p = .006) and the m-ratio (r = 0.45, p = .010), but not for d´ (r = 0.10, p = .578).


S2. Complementary Analysis in Experiment 2
As a complementary analysis, we estimated d´, meta-d´, and the m-ratio using conventional SDT and MLE. The result showed that the d´ was significantly higher in the voluntary than in the involuntary condition (meanvol = 1.51, meaninvol = 1.39; t(37) = 4.17, p < .001, Cohen’s d = 0.68). In contrast, neither meta-d´ (meanvol = 1.40, meaninvol = 1.36; t(37) = 0.36, p = .721, Cohen’s d = 0.06) nor the m-ratio (meanvol = 0.93, meaninvol = 0.98; t(37) = −0.75, p = .457, Cohen’s d = -0.12), differed significantly between conditions. These results were consistent with those obtained from the hierarchical Bayesian modeling.


[image: ]Figure S5. The results estimated using SDT and MLE in Experiment 2. A paired t-test showed that a significant difference in d´ (t(37) = 4.17, p < .001, Cohen’s d = 0.68) with higher sensitivity in the voluntary condition. In contrast, neither meta-d´ (t(37) = 0.36, p = .721, Cohen’s d = 0.06) nor m-ratio (t(37) = -0.75, p = .457, Cohen’s d = -0.12) differed between the conditions. Regarding the across-participant correlations between the two conditions for each measure, the correlation was significant for the m-ratio (r = 0.32, p = .047), whereas it was not significant for d´ (r = 0.29, p = .074) or meta-d´ (meta-d´: r = 0.18, p = .290).
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Task performance at the 60% level of control estimated using SDT and MLE
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Task performance at the 70% level of control estimated usmg SDT and MLE
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Task performance estimated using SDT and MLE
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Task performance at the 50% level of control estimated using SDT and MLE
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