Supporting Information

Text A. Additional analysis on behavioral measure relative to first-order performance.

Complementary to the main relevant results regarding the motion psychometric threshold, we
performed also additional analyses on overall detection rate (HR), false alarm rate (FAR),
response times (RTs) and response criterion (c) to characterize first-order performance (see
TAB A for values across conditions). The ANOVA performed on baseline corrected HR values
highlighted only a main effect of Targeted Network (F24s = 4.85; p = .012; np?=.17) due to
the increase of correct detection in Expvs.v1 condition relative to Expies-vi (p = .005) and
relative to Ctrlips-v1 (p = .047). The ANOVA performed on baseline corrected FAR did not
revealed any significant outcome attributable to the stimulation protocols (Fs < .67; ps > .51)
but the main effect of the Session (F1.4s = 4.19; p = .046; np? = .08), consisting in a negligible
difference between TO and T30. The ANOVA performed on baseline corrected ‘c’ did not
showed any significant effect or interaction (Fs < 3.85; ps >.055). The ANOVA performed on

RTs of first order choice did not show any significant effect or interaction (Fs < 1.72; ps > .19).

Finally, the ANOVA performed on the baseline corrected mean slopes of the psychometric

curves (see Text D) did not return any significant effect (Fs < .87; ps >.42) (see TAB B).
Text B. Additional analysis on second-order performance.

In order to better describe the nature of the metacognitive improvement observed, we included
additional analyses on perceptual confidence. Specifically, we investigated confidence
variations by taking into account the trial validity and by considering the correctness of
response as a factor (estimating confidence ratings in error and correct trials). A clear

discrepancy emerged when looking at the impact of different stimulation groups for correct



and error responses in the post stimulus performance (avg T0+T30). Specifically, following
IPS-V1 ccPAS, confidence increased exclusively for correct trials (t=2.87 p=.04), with no
effect on incorrect trials (t=1.65 p=.12). Following V5-V1 ccPAS, confidence increased

irrespective of correct (t=3.62 p=.01) and incorrect trials (t=3.29 p=.02).

To further shed light on the nature of the metacognitive modulation observed we have
additionally tested metacognitive efficiency modulation was specific for near-threshold
perceptual values or similarly also for above threshold values. The analysis includes the
performance levels closest to the perceptual threshold (as for the main analysis) and the
performance at higher contrast (i.e., asymptotic range from 35% to 80% coherence). Results of
this analysis show a significant interaction Coherence*Network (F24s=3.2; p=.049; np? = .11)
indicating that metacognitive modulations were dependent on the perceptual level. This
resulted in a selective boost of metacognitive efficiency following IPS-V1 stimulation only at
the critical level of performance (i.e., peri-threshold range) relative to matched peri-threshold
levels of the Expvs-vi and Ctrlips.v1 conditions (ps < .048); on the other hand, we found an
absence of modulation in conditions of higher discriminability (i.e., asymptotic range) between

Expies-v1 and the reciprocal asymptotic levels of Expys-vi and Ctrlips-v1 (ps > .31).

Additionally, analysis performed on second-order RTs (i.e., following confidence rating) did

not returned any significant effect nor interaction (Fs < .51; ps > .59).
Text C. Supplementary Discussion

These supplementary results suggest that an improved efficiency in metacognitive judgement
found for IPS-V1 stimulation could be associated with a finer ability to correctly discriminate
situations in which to assign high confidence (correct trial), from ambiguous situations where

the sensory evidence available is not sufficient to provide adequate confidence (incorrect trial),



an effect attributable to decreasing noise in confidence generation by the activity of gating on

early visual cortex through parieto-occipital feedback pathways.

Regarding the outcome following V5-V1 stimulation, we argue that, following the increase of
sensory signal for making a perceptual decision (enhancing motion sensitivity), the unspecific
confidence gain might be induced by offsetting the overall impact of sensory noise leading to
altered certainty readouts, with sensory information being overall more intense (hence, leading
to higher confidence ratings). A potential explanation for these patterns of results may derive
from probability distortions which lead to increasing over-or underestimation of certainty.
Distortions are unlikely to cause variations in metacognitive efficiency because they are
typically associated with systematic biases in confidence [1], in fact here it consistently led to

overestimation.

Text D. Supplementary Methods

Additional behavioral measures of first-order choice were calculated by considering overall
performance (excluding extreme levels of 0% and 80% coherence in order to avoid floor e
ceiling effects), and were analyzed through ANOVAs on baseline-corrected values by
considering the Targeted Network (Expvs-.vi, EXpirs-va and Ctlr jps.v1) and the Time from
stimulation (TO, T30) as factors; Post-hoc analysis was performed using the Duncan test to
correct for multiple comparisons. Psychometric slopes were calculated by taking the derivative
of the logistic function [2] relative to the threshold level (75%) of performance, for each subject

at each session. The slope of the psychometric function describes the steepness of the curve.

Perceptual confidence was computed by taking the average values across all ratings (i.e., 1-2-
3-4), representing the overall tendency to be underconfident or overconfident. Analyses were

conducted on baseline-corrected values and focused on performance level closest to the



participants’ threshold, in order to characterize the main results of metacognitive efficiency.

The mean confidence was evaluated first by considering all trials, and further splitting the trials

according to their validity (correct vs incorrect).

Supplementary Tables and Figures

Table A
Condition HR HR HR FAR FAR FAR
(BSL) (TO) (T30) (BSL) (TO) (T30)
Exp_V5-V1 | 83%1 86+1 86+1 Exp_V5-V1 | 18+2 16+1 19 +2
Exp_IPS-V1 | 861 85+1 851 Exp_IPS- 17+£2 18+3 19+2
V1
Ctrl_IPS-V1 | 861 86+1 861 Ctrl_IPS- 172 15+2 162
V1
Condition C C C RTs RTs RTs
(BSL) (TO) (T30) (BSL) (TO) (T30)
Exp_V5-V1 | -05+.07 |-08+.06 |-18+.06 | Exp V5-V1 | 547+.06 |367+.04 | 349+.05
Exp_IPS-V1 | -12+.08 |-15+.09 |-15+.06 | Exp_IPS- 412+ .05 |321+.04 |310+.05
V1
Ctrl_IPS-V1 | -.08 £.06 .00£.07 | -.08%x.07 | Ctrl_IPS- 400 = .05 273 .03 251 +.03
V1

Mean values £ s.e.m for hit rate (%), false alarm rate (%), criterion and reaction times (ms) at
each session, separately for condition.

Table B
Condition R? R? R? Slope Slope Slope
(BSL) (TO) (T30) (BSL) (TO) (T30)
Exp_V5-V1 | 94+ .01 | .96+.01 |.95+.01 | Exp_V5- | .009 +£.001 | .011+.001 |.011+.001
V1
Exp_IPS- 95+.01 |.95+.01 |.96+.01 | Exp_IPS | .011+.002 | .011+.001 |.011+.001
Vi -V1
Ctrl_IPS- 95+.01 |.94+.01 |.94+.01 | Ctrl_IPS | 012 +.001 | .011 £.001 | .013 +.001
Vil V1

Mean R?and Slope * s.e.m. for each session, separately for condition.
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Figure Al. EXpvs.vi
Individual psychometric
curves across BSL (Black
dotted line), TO (Red dashed
line) and T30 (Red line).
Perceptual thresholds (grey
dots) shifts on the abscissa
represent lower (right-shift) or
higher (left-shift) motion
sensitivity.
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Figure A2. EXpips-vi
Individual psychometric
curves across BSL (Black
dotted line), TO (Blue dashed
line) and T30 (Blue line).
Perceptual thresholds (grey
dots) shifts on the abscissa
represent lower (right-shift) or
higher (left-shift) motion
sensitivity.
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Figure A3. Ctrlipsvz
Individual psychometric
curves across BSL (Black
dotted line), TO (yellow

dashed line) and T30 (yellow

line). Perceptual thresholds
(grey dots) shifts on the
abscissa represent lower
(right-shift) or higher (left-
shift) motion sensitivity.
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Figure B1. Raw psychometric threshold across sessions. Perceptual threshold values for each
condition. Filled bars and dots represent mean and individual subject performances, respectively. Lower
values indicate higher motion sensitivity.
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Figure B2. Raw metacognitive efficiency across sessions. Negative values of efficiency represent
suboptimal metacognition (meta-d’<d’), positive values indicate ‘hyper’ metacognition (meta-d’>d’)
whereas null values (meta-d’=d’) means ‘ideal” metacognition. Filled bars and dots represent mean and
individual subject performances, respectively.
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Figure C. Perceptual confidence as a function of performance. Average post-ccPAS confidence
level as a function of correct (left side) and incorrect (right side) first-order performance. Filled bars
represent mean (T0+T30) post stimulation values and dots show individual subject performances.

Asterisks point to significant p < .05 corrected one-sample t-test.
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Figure D. Cortical projections of TMS sites. Single subjects’ coordinates of stimulation site for a.
V5/MT+ (red) and V1/V2 (black) and b. IPS/LIP (blue) and V1/V2 (black), projected on a rendered

brain surface from geometrical and EEG scalp positions.
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