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ARTICLE INFO ABSTRACT

Keywords: Perceptual decision-making employs a range of higher order metacognitive processes. Two of the most important

Perceptual decision-making of these are perceptual awareness; or the clarity with which one reports seeing a perceptual stimulus, and response

Awareness confidence; or the certainty one has about the correctness of one’s own perceptual categorizations. We used a

Confidence novel false feedback paradigm to investigate the relationships between these two processes. We asked people to
perform a standard psychophysical detection task. We used feedback to selectively intervene either on our par-
ticipants’ trust in their own perceptual awareness of the stimulus, or on their confidence in their own responses.
We measured the effects of these interventions on response accuracy; on reports of perceptual awareness; and on
response confidence. We found that by undermining people’s trust in their awareness of the sensory stimulus, we
could reliably reduce their accuracy on the task. We suggest that the reason this occurred is that people came to
rely less on evidence from their senses when making perceptual decisions. We conclude by suggesting that there is
a not a one-to-one mapping between content in conscious experience and how that content is used in perceptual
decision making, and that one’s perception of the reliability of content also plays a role.

STATEMENT OF SIGNIFICANCE

This paper explores how different kinds of metacognitive state are related to one another and to perceptual decision
making. Our focus is on the states of metacognitive confidence and perceptual awareness. We examine how an
intervention on the reliability of these states influences performance in a perceptual detection task. We also examine
how the intervention influences reports of the states themselves. The intervention we use is false feedback. For one
group of participants, we tell them their perceptual judgement is wrong whenever they report they are uncertain in
their choice (confidence intervention). For another group, we tell them their judgement is wrong whenever they
report that their experience of the stimulus is unclear (awareness intervention). We find that both interventions
reduce the accuracy of people’s judgements, but that the awareness intervention is more effective. Also, we find that
only the awareness intervention reduces reports of both metacognitive confidence in the response, and awareness of
the stimuli. The confidence intervention does not influence either metacognitive state. These results suggest that we
should understand confidence and awareness as separate higher level cognitive states, and that we should under-
stand awareness as having a stronger causal role than confidence in perception and performance.

Introduction to measure subjective certainty in the correctness of one’s perceptual
choices [11], and the perceptual awareness scale (PAS), which is

It has become increasingly common to include measures of meta- designed to measure the clarity with which one experiences the sensory
cognition in studies of perceptual decision-making. The two most com- stimulus [16,19]. These measures are often treated as interchangeable.
mon measures are metacognitive confidence ratings, which are designed However, it has been shown that the two kinds of measures yield
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different results, even when they are included in the same task for the
same participants [13,15,17,18,23].

Metacognition is typically considered a "higher order state", in
contrast to "first order" cognitive states. Mental states of the first order
denote our perceptions, thoughts, and emotions that by most accounts
can be conscious or unconscious [7]. Mental states of a second order are
most often referred to as metacognitive, i.e. mental states that are about
first order mental states [5,10].

Here we present a simple experiment designed to further investigate
the relationship between the two measures. In this experiment, we asked
participants to perform a visual discrimination task. On each trial, we
also asked participants to report their sensory awareness of the stimulus
they had just seen, and their metacognitive confidence in their response.
As an experimental manipulation, we selectively intervened on partici-
pants’ perceived reliability of the two types of metacognition. In one
group (i.e. the false confidence rating group), whenever participants
reported that they were “slightly confident” of their response, we told
them it had been wrong, even if it was correct. In another group (i.e. the
false perceptual awareness scale group), whenever participants reported
that they only saw a “vague glimpse” of the stimulus, we told them their
response had been wrong, even if it was correct. We then compared how
these two interventions influenced participants’ confidence ratings,
perceptual awareness ratings, and choice accuracy in the task.

The results of the experiment suggest that such an intervention on
the reliability of perceptual awareness can reduce peoples’ awareness
ratings, their confidence ratings, and even their choice accuracy. Sur-
prisingly, we find that the same kind of intervention on metacognitive
confidence does not have the same effects. When people are consistently
told that any response about which they are only slightly confident is
also wrong, then we find that only their choice accuracy is reduced.
Moreover, the evidence for this effect is weaker than for the comparable
effect of false feedback about perceptual awareness.

Method
Participants

96 Aarhus University students participated. Data from six partici-
pants were excluded because the experiment was not completed. All
participants provided written informed consent, and the experiment was
conducted in accordance with regional ethical guidelines. Because the
paradigm was designed to specifically test general perceptual processes,
to maximize anonymity at the point of data collection, no demographic
data were collected.

Stimuli

Participants were presented with Gabor patches composed of sine-
wave gratings with a spatial frequency of 0.63 cycles/mm, wrapped in
a Gaussian envelope of mean 0.5 mm and standard deviation 2.12 mm.

The stimulus image consisted of two Gabor patches presented on
opposite corners of an invisible square (Fig. 1). The square measured
63.5 mm x 63.5 mm, and was centred on a fixation cross at the middle of
the screen. For each stimulus image, there was always one Gabor patch
that was oriented vertically, and one patch that was tilted at an orien-
tation between 0 and 45°. In each trial, the tilted patch could appear on
either the left or the right side of fixation. The stimuli were post-masked
with plaids made of two overlapping Gabor patches oriented at 45 and
315°.

The trial structure is presented in Fig. 1. A fixation cross was pre-
sented for a random inter-trial interval of 200-500 ms, followed by the
stimulus image for 32 ms, followed by a fixation cross for a variable
stimulus onset asynchrony (SOA), followed by the post-mask for 600 ms.
Participants were then presented with a response screen prompting
them to indicate which side of fixation the tilted patch had been pre-
sented in the stimulus image.
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Stimuli were presented on a 22” LED display with a resolution of
1920 x 1080 pixels. Participants viewed the stimuli at about 500 mm,
and responded using the arrow keys on a standard keyboard. PAS and CR
responses were recorded using the 1-4 number keys.

Tasks and feedback conditions

Before the experiment, participants were instructed on the distinc-
tion between perceptual awareness and response confidence. Separate
rating scales were presented as measuring these two phenomena. To
measure perceptual awareness, participants were presented with the
perceptual awareness (PAS) scale [16], a four-point scale which quan-
tifies the clarity of awareness of a stimulus with the intervals “no
experience”, “a weak glimpse”, “an almost clear experience”, and “a
clear experience”. For response confidence, participants were presented
with the response confidence (CR) scale with the intervals “unsure”,
“slightly confident”, “almost certain”, and “certain”. Participants were
instructed to introspect on awareness and confidence as two distinct
states, and to use the two scales to report on these states independently
of one another.

Prior to starting the experiment, participants completed a thresh-
olding task, in which the orientation of the signal Gabor patch was
adapted online using a stochastic approximation algorithm [21] until
responses indicated that the participant was performing at an accuracy
level of about 65%. The procedure consisted of approximately 120-140
trials, depending on the rate of convergence. SOA was held constant at
64 ms throughout. This was done to ensure that the experimental task
was equally difficult for all participants. No feedback was presented
during this task.

In the experiment, participants performed the two-alternative forced
choice task, with the orientation of the tilted patch held constant at the
pre-determined 65% threshold level. SOA between the stimulus and the
mask images was freed to vary across trials, and could be 64 ms, 80 ms,
96 ms, or 112 ms. Following each trial, participants were asked to rate
their level of confidence in their response on that trial. Also following
each trial, participants were asked to use the PAS scale to rate their
degree of perceptual awareness of the tilt in the stimulus image. The
order of the two different ratings was randomised between trials.

After participants had made both ratings, feedback was given on

64-112ms

Fig. 1. Representation of the stimulus and timing used in the experiment.
Participants were asked to identify the side on which the tilted Gabor patch was
presented (i.e. red circle). Stimuli were presented for 32 ms, and post masked
with plaids, which were presented for 600 ms. Task difficulty was varied by
varying the inter-stimulus-interval, in which a blank screen was presented for
either 64 ms, 80 ms, 96 ms, or 112 ms. After giving their guess on each trial,
participants were asked to give separate ratings of their awareness of the
stimuli, and their confidence in their responses, using 4 point scales.



J. Skewes et al.

whether their initial response had been correct. Feedback was given
visually. For one group of participants (True Feedback group, n = 30),
feedback truthfully reflected accuracy. For a second group of partici-
pants (False PAS feedback, n = 29), whenever participants provided a
PAS rating of 2 (corresponding to the response “weak glimpse™), feed-
back indicated that their response had been incorrect even if it was
accurate. For a third group of participants (False CR feedback, n = 31),
whenever participants provided a CR rating of 2 (corresponding to the
response “slightly confident”), feedback indicated that their response
had been incorrect, even if it was accurate. In this way, we sought to use
false feedback to directly manipulate participants’ perception of the
reliability of their awareness or confidence.

A block consisted of one trial for each target side (left or right) x
rating order (CR first or PAS first) x ISI (48 ms, 64 ms, 80 ms, or 96 ms)
combination, for a total of 16 trials per block. Order of presentation was
randomised within blocks, and 40 blocks were presented, for a total of
640 trials per participant (approximately 760 trials including thresh-
olding). The entire experiment took about 1 — 1% h per participant to
complete.

Results

For all analyses, statistical modeling was conducted using Gibbs
sampling with JAGS software [14], implemented through R using the
R2jags package [22]. For models investigating the main experimental
results, three chains of 5000 samples each were generated, with the first
1000 samples discarded as burn-in. All chains used random initializa-
tion. For all experimental effects, we report R metrics for convergence
diagnostics, mean posterior parameter estimates, Bayesian credible in-
tervals, and Bayes Factors calculated as the Savage-Dickey density ratio
at parameter value 0. All data, model files, and analysis code are
available on the Open Science Framework (https://osf.io/cfk43/).

To evaluate the thresholding procedure, we applied Bayesian linear
regression to infer the effect of individual stimulus orientation on choice
accuracy. This was measured as the overall hit-rate across the experi-
ment, for all trials on which the stimulus was presented with an SOA of
64 ms. This comparison was only for the 64 ms trials, because this was
the stimulus duration during the thresholding task. If thresholding was
successful, then the model should support the inference that there was
no relationship between threshold orientation and accuracy, and that all
participants were performing the task at comparable levels of difficulty.
This is important because from this, we could conclude that any dif-
ferences in choice accuracy or metacognitive reports between groups
were not the result of intrinsic differences in skill on the task.

To model the effect of orientation on hit-rates, we used beta
regression, a commonly used method for inference with rates [4]. In-
dividual participant hit-rates were modeled using a re-parameterised
beta distribution with a probit link function. The regression model
(including priors) was specified as follows:

a ~ Normal(0,0.1)

B ~ Normal(0,0.1)

o, ~ Uniform(0, 100)
pmbit(yim) = a + p.Orientation
Shapel; = ,ufR.aS

Shape2; = (1 —ﬂfk).(x\

HR, ~ Beta(Shapel,, Shape2,)

where HR; is the measured hit-rate or percent correct for a participant s,
Shapel; and Shape2; are the subject level parameters for the Beta model,

Brain Multiphysics 2 (2021) 100030
ufR and o, are the mean and precision of the (re-parameterised) Beta
distribution, « is the linear model intercept, and f is the effect of (un-
standardized) orientation on hit-rate.

R for all parameters was < 1.02. The mean of the posterior for the
model intercept (representing the probit transformed hit rate) was 0.43
(95% Credible Intervals = 0.30 to 0.58, BF > 100). The mean of the
posterior for the effect of orientation was 0.004 (95% Credible Intervals
= —0.001 to 0.009, BF = 0.002).

These parameter estimates suggest that although participants had
higher choice accuracy during the experiment (70% correct on average,
compared to the 65% thresholding target) there was no effect of indi-
vidually thresholded orientation level on task performance. Thus we
may conclude that thresholding was effective, and that any differences
in choice accuracy between participants or groups in the experiment
were not the result of individual differences in detection abilities.

To check whether participants correctly interpreted the instructions,
and whether they could provide separable perceptual awareness and
response confidence reports, we measured the proportion of trials in
which participants gave the same PAS and CR ratings. If participants
interpreted or experienced awareness to be the same as confidence, then
this proportion should be close to or equal to one. The average pro-
portion of responses for which participants gave identical PAS and CR
responses was much lower (mean =0.66, sd = 0.19), suggesting that
participants did interpret and use the scales distinguishably.

To test the effects of the main feedback manipulations on hit-rate,
PAS ratings, and CR ratings, we applied separate beta regression
models to each of these measures. We used separate models to infer the
effects of false PAS feedback and false CR feedback compared to con-
trols, and we compared the effects of the two kinds of false feedback
directly to one another.

Hit-rate was modeled using a re-parameterised beta distribution with
a probit link function [4]. The model included the effect of feedback (i.e.
group), individual slopes for the (standardized) SOA, mean slope for
SOA, and the interaction. The model (including priors) was specified as
follows:

a ~ Normal(0,0.1)
O~ Normal(0,0.1)
ooy ~ Normal(0,0.1)
prereion . Normal(0,0.1)
o, ~ Uniform(0, 100)

%% ~ Gamma(0.01,0.01)

A ~ Normal(ﬂgm,zrsm)

probit (ﬂf_f ) = a + " .Group, + 3% SOA,; + ™" Group,.SOA;,
Shapel,; = ul'f .o,

Shape2,; = (l —ﬂfIR) .0y

HR,;, ~ Beta (Shapelw7 ShapeZ\_/)

where HRy; is the measured hit-rate for participant s in SOA level [,
Shapel,; and Shape2;; are the subject level parameters for the Beta
distribution, xR and o, are the mean and precision of the (re-para-
meterised) Beta distribution, a is the linear model intercept, S is the
effect of feedback group, 54 is the subject level effect of SOA, 654 is

the precision of the subject level effect of SOA, l‘/s)o 4is the mean effect of
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SOA, and ginteraction js the interaction effect.

For the ratings, mean rating scores were calculated within each SOA
condition for each participant, giving an average rating score for each
level of the SOA. These averages were then rescaled from 0 to 1. The
rescaled mean ratings were then modeled using a re-parameterised beta
distribution with a probit link function. The group level model included
the same effects as the model for hit-rate. The model was specified as
follows:

a ~ Normal(0,0.1)

9 ~ Normal(0,0.1)

Hoos ~ Normal(0,0.1)

Haeracion ~ Normal(0,0.1)

3% ~ Gamma(0.01,0.01)

glmeraction . Gamma(0.01,0.01)

B ~ Normal (ﬂgm, 0')

BrerEon  Normal . gheraction)

o, ~ Uniform(0, 100)

probit(ﬂRatingx> —a +/}Gmup.Gr0upl‘ +ﬁfOA-S0AA,I +ﬁlnlemc/[(m.GroupS.SOAl‘J

5.0
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Shapel,; = pf"™ o,

Shape2;; = (1 — ﬂi?'i"g) 0

Rating,; ~ Beta (Shapelxyl, ShapeZSvl)

where Rating;; is the average (rescaled) rating for participant s in SOA

level 1, Shapels; and Shape2;; are the subject/SOA level parameters for
Rating
sl

parameterised) Beta distribution, « is the linear model intercept, #°°% is

the Beta distribution, y and o, are the mean and precision of the (re-

the effect of group, #5°4 is the participant level effect of SOA, 4,is the
mean effect of SOA, AMeraion js subject level interaction effect, y,, .
is the mean interaction effect, and 63%4 and gretion gre the precisions
for the subject level linear model parameters. Individual interaction
effects were included in this model to improve convergence.

The main empirical trends for the feedback manipulations are pre-
sented in Fig. 2, and the main effect of SOA on each of the measures is
presented in Fig. 3. Fig. 2 indicates that mean response accuracy, mean
confidence ratings, and mean perceptual awareness ratings were all
lower in both false feedback conditions, compared to the true feedback
control. The figure also indicates that false PAS feedback was particu-
larly effective at reducing all three measures.

The results of the models testing this interpretation for choice ac-
curacy (i.e. hit rate) are presented in Table 1. R for all model parameters
was < 1.02. The mean of the posterior distribution for the effect of the
comparison between the control group and the false PAS feedback group
suggests that hit-rate dropped when people were consistently told that

a) b) c)
1.00 1 4 4
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Fig. 2. Hit-rates (a), confidence ratings (b), and ratings on the Perceptual Awareness Scale (c), under conditions of true feedback, false feedback that all responses
were wrong whenever participants reported that they were “uncertain” of their response, and false feedback that all responses were wrong whenever participants
reported only seeing a “short-glimpse” of the stimulus. Error bars represent interquartile range, and points represent outliers.
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Fig. 3. Hit-rates (a), confidence ratings (b), and ratings on the Perceptual Awareness Scale (c) for different stimulus onset timings used in the experiment. Error bars

represent interquartile range, and points represent outliers.

Table 1

Results of the models for the effect of false PAS feedback and false CR feedback
on (probit transformed) hit-rate (compared to true feedback controls and to one
another).

Parameter Estimate (Mean of ~ 95% Credible Bayes
Posterior) Interval Factor
False PAS vs
Control
Intercept 0.81 0.73 to 0.88 >100
Group —0.50 —0.59 to —0.38 >100
SOA 0.04 0.01 to 0.90 0.02
Interaction —0.01 —0.08 to 0.06 0.01
False CR vs
Control
Intercept 0.82 0.74 to 0.88 >100
Group -0.21 —0.30 to —0.10 65.19
SOA 0.04 —0.01 to 0.09 0.03
Interaction 0.02 —0.05 to 0.09 0.01
False CR vs
False PAS
Intercept 0.61 0.55 to 0.68 >100
Group —0.29 —0.39 to —0.20 >100
SOA —0.04 0.01 to 0.11 0.15
Interaction 0.06 —0.10 to 0.03 0.02

all choices made on the basis of a “weak glimpse” were incorrect. The
Bayesian hypothesis test provides strong evidence for this inference (BF
> 100). The mean of the posterior distribution for the effect of the
comparison between the control and the false CR feedback group sug-
gests that people’s perceptual choice accuracy also dropped when they
were consistently told that all choices about which they were “slightly

confident” were incorrect. The hypothesis test provides evidence for this
inference (BF = 65.19). The mean of the posterior distribution for the
effect of the comparison between the false CR and false PAS feedback
groups suggests that people’s perceptual choice accuracy dropped more
when they received false PAS feedback. The hypothesis test provides
strong evidence for this inference (BF > 100). Tests for all other effects
provided evidence for no effect (BF < 0.3).

Table 2

Results of the models for the effect of false PAS feedback and false CR feedback
on (probit transformed) PAS ratings (compared to true feedback controls and to
one another).

Parameter Estimate (Mean of ~ 95% Credible Bayes
Posterior) Interval Factor
False PAS vs
Control
Intercept 0.19 0.13 to 0.25 >100
Group —0.14 —0.21 to —0.07 10.27
SOA 0.02 —0.02 to 0.07 0.01
Interaction —0.01 —0.07 to 0.06 0.01
False CR vs
Control
Intercept 0.16 0.09 to 0.23 >100
Group -0.07 —0.15 to 0.008 0.06
SOA —0.03 —0.02 to 0.07 0.01
Interaction 0.01 —0.07 to 0.05 0.01
False CR vs
False PAS
Intercept 0.06 0.02 to 0.10 0.46
Group 0.14 0.06 to 0.21 6.92
SOA 0.02 —0.02 to 0.06 0.001
Interaction 0.01 —0.06 to 0.07 0.01
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The results of the models testing the effect of false feedback on PAS

ratings are presented in Table 2. R for all model parameters was < 1.03.
The mean of the posterior distribution for the effect of the comparison
between the control group and the false PAS feedback group suggests
that people’s perceptual awareness dropped when they were consis-
tently told that all choices made on the basis of a “weak glimpse” were
incorrect. The Bayesian hypothesis test provides evidence for this
inference (BF = 10.27). The mean of the posterior distribution for the
effect of the comparison between the false PAS and false CR feedback
groups suggests that people’s perceptual awareness also dropped rela-
tive to the false CR group. The Bayesian hypothesis test provides evi-
dence for this inference (BF = 6.92). Tests for all other effects provide
evidence for no effect (BF < 0.3).

The results of the models testing the effect of false feedback on CR

ratings are presented in Table 3. R for all model parameters was < 1.03.
The mean of the posterior distribution for the effect of the comparison
between the control group and the false PAS feedback group suggests
that people’s confidence ratings dropped when they were told that all
choices made on the basis of a “weak glimpse” were incorrect. The
Bayesian hypothesis test provides strong evidence for this inference (BF
> 100). The mean of the posterior distribution for the effect of the
comparison between the control and the false CR feedback group sug-
gests that people’s confidence ratings did not change when they were
told that all choices about which they were “slightly confident” were
incorrect. The hypothesis test provides evidence for this inference (BF =
0.03). The mean of the posterior distribution for the effect of the com-
parison between the false PAS and false CR feedback groups suggests
that people’s confidence ratings were lower the false PAS group. The
Bayesian hypothesis test provides strong evidence for this inference (BF
> 100). Tests for all other effects provided evidence for no effect (BF <
0.3).

Fig. 3 suggests small effects of increasing SOA on hit rate and on the
two kinds of metacognitive report. However, this inference is not sup-
ported in the statistical models, and there is evidence of no interaction
between the effects of feedback and SOA (all BFs > 0.3). This suggests
that feedback effects are not dependent on task difficulty (across the
ranges measured).

To determine whether the effect on performance was an effect of the
feedback manipulation, we analyzed the change in response accuracy
over time during the task. If the decline in accuracy was due to false
feedback, accuracy should not simply be an effect of group allocation,
but should rather decline over trials in the false feedback groups, as the
effect of feedback exerts its influence on people’s behavior.

Table 3

Results of the models for the effect of false PAS feedback and false CR feedback
on (probit transformed) CR Ratings (compared to true feedback controls and to
one another).

Brain Multiphysics 2 (2021) 100030

For the analysis, we ignored SOA. We grouped all trials into 64 ten-
trial bins, and calculated the hit rate within each bin for each subject. Hit
rates were modeled using a re-parameterised beta distribution with a
probit link function. We modeled the interaction between feedback
group and trial-bin. As for the other analyses, we applied separate
models contrasting the false PAS group and the false CR group to the true
feedback controls, and to one another. The model was specified as fol-
lows:

a ~ Normal(0,0.1)

9" ~ Normal(0,0.1)
T~ Normal(0,0.1)
prieraction . Normal(0,0.1)

o, ~ Uniform(0, 100)
probit (ﬂf’,k) = a + 9 Group, + 7 Bin, 4+ ™" Group,.Bin,
Shapel,, = ,u:',R.as

Shape2,, = (l 7;45,"’) .0
HR,, ~ Beta (Shapelx.,7 ShapeZs_,)

where HR;; is the hit-rate for subject s in a ten-trial bin t, Shapel;; and
Shape2;, are the subject/trial bin level parameters for the Beta distri-

R

bution, u} and o are the mean and precision of the (re-parameterised)

Beta distribution, « is the intercept for the linear model, and g%,
plridls - glnteraction are the effects of false feedback condition or group, trial

bin, and the interaction between the two.

The results of the models are presented in Table 4. R for all model
parameters was < 1.01. The mean of the posterior distribution for the
effect of trial bins suggests that hit-rate increased over trials in the
control conditions, but that this improvement was reduced or reversed
in the false PAS and false CR groups. This interpretation is supported by
Fig. 4, which plots the average hit-rate for each trial bin within each
feedback condition. The figure suggests hit-rate improved slightly
throughout the experiment for the control group, remained approxi-
mately constant for the false CR group, and decreased slightly for the
false PAS group. This interpretation is mostly supported statistically.

Table 4
Results of the models for the effect of false PAS feedback and false CR feedback
on (probit transformed) hit-rate over (binned) trials.

Parameter Estimate (Mean of ~ 95% Credible Bayes Parameter Estimate (Mean of ~ 95% Credible Bayes
Posterior) Interval Factor Posterior) Interval Factor
False PAS vs False PAS vs
Controls Controls
Intercept 0.27 0.19 to 0.35 >100 Intercept 0.62 0.59 to 0.66 >100
Group —0.22 —0.31to —0.12 >100 Group —0.37 —0.41 to —0.31 >100
SOA 0.03 —0.01 to 0.07 0.02 Trials 0.07 0.04 to 0.10 82.40
Interaction 0.00 —0.07 to 0.07 0.02 Interaction —0.13 —0.16 to —0.08 >100
False CR vs False CR vs
Controls Controls
Intercept 0.18 0.08 to 0.29 62.84 Intercept 0.62 0.59 to 0.66 >100
Group —0.05 —0.17 to 0.05 0.03 Group -0.07 —0.11 to —0.02 0.23
SOA —0.03 —0.02 to 0.08 0.02 Trials 0.07 0.04 to 0.1 203.29
Interaction —0.01 —0.08 to 0.07 0.01 Interaction —0.01 —0.13 to —0.05 78.52
False CR vs False CR vs
False PAS False PAS
Intercept 0.35 0.27 to 0.44 >100 Intercept 0.56 0.52 to 0.59 >100
Group —0.30 —0.39 to —0.21 >100 Group —0.30 —0.35to —0.26 >100
SOA 0.04 —0.01 to 0.08 0.02 Trials —0.02 —0.05 to 0.003 0.02
Interaction ~ —0.01 —0.08 to 0.06 0.01 Interaction  —0.03 —0.07 to 0.01 0.02
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Fig. 4. Average hit-rates across trial bins for each of the feedback groups.

The Bayesian hypothesis test provides strong evidence for the inference
that the false PAS feedback group’s hit rate decreased over trials relative
to controls (BF > 100 for the interaction), and for the inference that the
false CR feedback group’s hit rate decreased over trials (BF = 78.52 for
the interaction), however, the same interaction was not observed in the
comparison between false PAS and false CR groups (BF < 0.3).

To ensure that the differences observed between the false feedback
groups is a specific effect of false feedback in the PAS condition, and not
just some effect of differences in amount of feedback per se between
groups, we analysed the effect of the number of instances of false
feedback given during the experiment. This analysis is important,
because there was a difference in the average number of false feedback
events experienced by the false PAS (M = 177.94, SD =100.01) and false
CR (M = 133.13, SD = 60.69) groups. In this analysis, we directly
compared the effects of false feedback on hit-rate between the two false
feedback groups. The model for this analysis was specified as follows:

a ~ Normal(0,0.1)
B~ Normal(0,0.1)
Breetback - Normal(0,0.1)
Brereion . Normal(0,0.1)
o, ~ Uniform(0, 100)

probit (ﬂfm) = a + B Group, + pr®** Feedback,
-+ plireraction Group,.Feedback,

Shapel, = p™ o,
Shape2, = (1 —u™) .o,

HR, ~ Beta(Shapel,, Shape2,)
where HR; is the average hit-rate for subject s, uf® and o are the pa-

rameters of the posterior distribution for the modeled subject level hit-

rate, a is the intercept for the linear model, and pérow, pgreedback

pinteraction are the effects on hit-rate of group, number of feedback events,

and the interaction between the two.

Table 5
Results of the models for the effect of the number of false feedback events on
(probit transformed) hit-rate.

Parameter Estimate (Mean of 95% Credible Bayes

Posterior) Interval Factor
Intercept —0.67 —1.11 to —0.24 85.22
Group 0.72 0.41 to 1.05 >100
Feedback <0.01 0.001 to 0.006 0.03

Interaction <0.01 —0.004 to —0.001 <0.01

The results of the model are presented in Table 5. R for all model
parameters was < 1.1. The model provides strong evidence against a
hypothesis that differences in the quantity of false feedback are
responsible for the effects of false PAS and false HR feedback on hit-rate.

Discussion

The results of the experiment support the view that reports on
perceptual awareness and reports on response confidence are different,
and that participants understood their instructions on how to use the
two scales distinctly.

As all interpretations of experimental findings, some limitations
apply. The difficulty of the experiment was naturally determined in part
by our choice of SOA range - and a different range might theoretically
have yielded different results. Furthermore, our contrast between PAS
and CR indicate categorically different metacognitive processes, yet
using more types of report might have revealed a gradually changing
pattern with PAS and CR as end poles.

We found that false feedback about PAS ratings reduced choice ac-
curacy on the task. When participants were consistently told that their
responses were wrong whenever they made a judgement about a stim-
ulus that they had only glimpsed, they came to produce more errors. We
found similar effects of this intervention on PAS ratings and CR ratings.
The pattern of results was different for false CR feedback. When par-
ticipants were consistently told that their responses were wrong when-
ever they reported that they were “slightly confident” about a response,
they also produced more errors. However, the effect was weaker than for
the effect of false PAS feedback, and there was evidence for no effects of
false CR feedback on PAS or CR ratings.
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From the experiment we may conclude that false feedback on PAS
ratings — being told that one is incorrect for whatever choice one makes
on the basis of a brief glimpse of the stimuli — leads to more strongly
reduced choice accuracy on the task. The same intervention also leads to
reduced perceptual awareness measured in PAS ratings, and reduced
confidence measured in CR ratings. These results suggest that perceptual
decision-making is more malleable to interventions on conscious
awareness than similar interventions on metacognitive confidence. This,
again, suggests that the two types of reports represent different kinds of
metacognitive states. This proposal is in and of itself of relevance to a
broad range of current neuroscientific research including research in
psychiatry (e.g. [2,20]) and neurorehabilitation (e.g. [8]) where meta-
cognition is typically considered as one unified type of mental states.

The finding is in line with some previous studies showing that con-
fidence ratings are influenced by other factors than the underlying
correctness itself as shown in e.g. working memory research [3]. Such
frequently found weak correlations between confidence and perfor-
mance are in contrast with very strong contrasts between PAS and
performance as reported in many experiments (e.g. [9]). In a few pre-
vious experiments, PAS and confidence ratings have been compared
directly, and those studies have all indicated that the two types of scales
are used differently (e.g. Rausch & Zehetleiner, 2016; [18]). Using
feedback manipulations, however, this experiment presents more direct
evidence that the scales relate to different types of metacognition.

Two alternative explanations may be provided for this pattern of
results. The first is that the result is not an effect of the false feedback,
but is rather due to serendipitous differences in sensitivity between the
different groups of participants. Importantly, participants completed an
adaptive thresholding procedure prior to the main experiment.
Although performance during the test was slightly higher than at
thresholding (indicating some overall learning during the task), we
found no relationship between individual orientation thresholds and
task performance. Thus we conclude that the groups were comparable
prior to the test. In addition, our result also suggest that the difference
between the false PAS and control groups increases across trials during
the experiment, suggesting a causal effect of the feedback manipulation.

The second alternative explanation is that the difference in perfor-
mance between groups may be a causal effect of the feedback manipu-
lation, but that this effect is not an effect of the false feedback
intervention on conscious processing, and that it is rather an effect of
amount of false feedback per se. This explanation might be motivated by
a concern that participants in the false PAS group simply received more
false negative feedback than participants in the CR group. Such a
concern is reasonable, because we did find that people incidentally used
PAS 2 more frequently than the equivalent CR rating, and so the false
PAS group did receive more false feedback than the false PAS group.
However, we also found evidence that differences in accuracy were not
dependent on differences in the amount of false feedback given. Thus we
may conclude that the effects reported here are specific to the qualitative
effects of feedback on processes related to the rating scales used to make
the metacognitive reports.

A dominant account of perceptual confidence is that it is directly
determined by signal strength (e.g. [1]). However, if an intervention
based on false feedback modifies both the report for the higher-order and
the first-order state, this view may need to be revised. In support of a
more complex view, Fleming et al. [6] found that TMS used to manip-
ulate premotor cortex influenced confidence ratings, suggesting that at
least this particular type of higher-order report relates to motor pro-
cesses, as well as perceptual processes.

We are at present unable to specify the exact nature of the relation
between first and higher order states. However, our results point in
certain directions. Our results go against linear processing models,
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suggesting the idea that metacognitive states do not penetrate first order
states. The results thus suggest some kind of reciprocal or a parallel
relationship between first and higher order states [12], with changes in
higher order states influencing how sensory evidence is used in
perceptual decision-making.
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