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Abstract 

Recent evidence shows that people have the meta-metacognitive ability to evaluate their metacognitive judgments of confidence. How-
ever, it is unclear whether meta-metacognitive judgments are made by a different system and rely on a separate set of computations 
compared to metacognitive judgments. To address this question, we asked participants (N= 36) to perform a perceptual decision-making 
task and provide (i) an object-level, Type-1 response about the identity of the stimulus; (ii) a metacognitive, Type-2 response (low/high) 
regarding their confidence in their Type-1 decision; and (iii) a meta-metacognitive, Type-3 response (low/high) regarding the quality of 
their Type-2 rating. We found strong evidence for the existence of Type-3, meta-metacognitive ability. In a separate condition, partici-
pants performed an identical task with only a Type-1 response followed by a Type-2 response given on a 4-point scale. We found that 
the two conditions produced equivalent results such that the combination of binary Type-2 and binary Type-3 responses acts similar to 
a 4-point Type-2 response. Critically, while Type-2 evaluations were subject to metacognitive noise, Type-3 judgments were made at no 
additional cost. These results suggest that it is unlikely that there is a distinction between Type-2 and Type-3 systems (metacognition 
and meta-metacognition) in perceptual decision-making and, instead, a single system can be flexibly adapted to produce both Type-2 
and Type-3 evaluations recursively.

Keywords: metacognition; meta-metacognition; confidence; perceptual decision-making

© The Author(s) 2023. Published by Oxford University Press.
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which 
permits unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited.

Introduction
The ability to reflect on one’s own cognitive processes is known 
as metacognition (Nelson and Narens 1990). Metacognition is sug-
gested as an evolutionary advantage of human beings (Shea et al. 
2014). In the context of perception, empirical evidence has indi-
cated that human metacognition is dependent on the activity of 
the prefrontal cortex (Fleming et al. 2010, Morales et al. 2018, 
Shekhar and Rahnev 2018, Zheng et al. 2021) and can guide learn-
ing (Guggenmos et al. 2016), cognitive offloading (Gilbert et al. 
2020), information seeking (Desender et al. 2018), and social inter-
actions (Bahrami et al. 2010, Pescetelli and Yeung 2021). Metacog-
nitive deficits have also been associated with a wide range of 
psychiatric symptoms (Zalla et al. 2015, Rouault et al. 2018, Seow 
et al. 2021, Zheng et al. 2022).

A recent paper demonstrated that humans have the capacity to 
perform repeated hierarchical evaluations of their judgments up 
to at least fourth-order judgments (Recht et al. 2022). This finding 
was recently replicated by a different group of researchers (Sher-
man and Seth 2023). Here, we follow up on this work to shed light 

on whether third-order judgments (meta-metacognition) are pro-

duced by a different system compared to second-order judgments 

(metacognition).

The possible distinction between metacognition and meta-

metacognition has parallels with a related distinction between 

cognition and metacognition. One dominant view postulates that 

there are different, though perhaps interrelated, first- and second-

order systems that produce object-level (Type-1) and metacog-

nitive (Type-2) decisions. This view was popularized by Nelson 

and Narens (1990) who postulated that cognitive processes are 
split into object-level and meta-level processes. While Nelson and 
Narens were theorizing in the context of memory, their conceptu-
alization has been very popular in the context of perception too. 
For example, one influential recent model of perceptual metacog-
nition postulates the existence of a higher-order metacognitive 
system that is distinct but interrelated to a lower-order decision-
making system (Fleming and Daw 2017). An alternative, and per-
haps equally popular, view postulates that a single system utilizes 
the exactly same underlying sensory evidence to compute both 
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Figure 1. Separate systems vs. a unified system for Type-2 and Type-3 judgments.

(a) Depiction of distinct systems for Type-2 metacognition and Type-3 meta-metacognition. (b) Depiction of a single and unified system for Type-2 and 
Type-3 judgments. (c) A mapping between Type-2 metacognitive judgments given on a 4-point scale and a combination of binary Type-2 metacognitive 
judgment followed by a binary Type-3 meta-metacognitive judgment

cognitive and metacognitive judgments (Kiani and Shadlen 2009, 
Rahnev et al. 2012, Ratcliff and Starns 2013, Pouget et al. 2016). For 
example, in a standard signal detection theory framework, both 
the primary decision and the metacognitive judgment of confi-
dence are made using the same mechanisms and based on the 
same evidence (Green and Swets 1966, Macmillan and Creelman 
2004).

Similar to this debate, there are two broad possibilities 
about how metacognition and meta-metacognition judgments 
are made. On one account, we can expect a Type-3 meta-
metacognitive judgment to be produced by a different system than 
a Type-2 metacognitive judgment (Fig. 1a). This distinction would 
parallel the distinction between Type-2 metacognitive judgments 
and Type-1 object-level judgments. On a different account, how-
ever, the Type-3 and Type-2 judgments would be generated by the 
same system using the same evidence (Fig. 1b). This possibility 
would parallel the view that Type-2 and Type-1 judgments are also 
made by the same system.

In the current study, we explored whether Type-2 and Type-
3 judgments are likely to be produced by the same or different 
systems. Participants completed a simple perceptual decision-
making task, followed by either a single Type-2 confidence rating 
given on a 4-point scale (“Type-2-only” condition) or a combi-
nation of a binary (low/high) Type-2 metacognitive rating and 
a binary (low/high) Type-3 meta-metacognitive rating (“Type-
2/Type-3” condition). Critically, each combination of binary Type-2 
and binary Type-3 ratings corresponds to a unique Type-2 rating 
given on a 4-point scale (Fig. 1c). For instance, a confidence rating 
of 4 on a 4-point Type-2 scale represents that a participant has very 
high confidence in making a correct decision, which is equivalent 
to giving high confidence on a 2-point Type-2 scale first followed 
by a high certainty rating on a 2-point Type-3 scale. Similarly, a 
confidence rating of 1 on a 4-point Type-2 scale represents that a 
participant has very low confidence in making a correct decision, 
which is equivalent to giving low confidence on a 2-point Type-2 
scale first followed by a high certainty rating on a 2-point Type-3 
scale (i.e. the person is very sure in their low confidence response). 

Finally, confidence ratings of 2 and 3 correspond to a lack of cer-
tainty about whether confidence should be low or high and thus 
map onto a low Type-3 rating.

We reasoned that if the same system is making both the Type-2 
and Type-3 responses, the same behavioral effects would emerge 
for the corresponding responses in the Type-2-only and the Type-
2/Type-3 conditions. Conversely, if there are separate Type-2 and 
Type-3 systems, different behavioral effects would emerge for 
the corresponding responses in the two conditions. Our results 
revealed equivalent effects for corresponding responses between 
the two conditions across a number of measures, suggesting com-
mon computations for metacognition and meta-metacognition 
and a potentially unified system for Type-2 and Type-3 perceptual 
judgments.

Materials and Methods
Participants
Forty adult participants (age: 34.3 ± 11.3 years) were recruited 
from the Prolific online research platform and were compensated 
$8 US dollars. All participants reported normal or corrected-to-
normal vision, had English as the first language, and had obtained 
more than 95% approval rate at the Prolific website. Experimental 
procedures were approved by the Georgia Institute of Technol-
ogy Institutional Review Board, and written informed consent was 
provided at the beginning of the experiment to each participant.

To ensure data quality, we excluded participants who had over-
all decision accuracy below 55% (one participant excluded) or 
made the same Type-1, Type-2, or Type-3 rating in more than 90% 
of trials (three participants excluded). Therefore, the final analyses 
were conducted on data from 36 participants. For each remaining 
participant, we further excluded trials with response time longer 
than 3 s (0.5% of all trials were excluded).

Procedure
Participants completed a simple perceptual decision-making task 
where they indicated which of two black squares contained a 
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Figure 2. Task paradigm.

(a) Type-2-only condition. Participants judged which of two squares contained more dots. On each trial, participants indicated their decision 
confidence (metacognitive rating) using a 4-point scale. (b) Type-2/Type-3 condition. Participants completed the same dot task. However, instead of 
giving confidence on a 4-point scale, they provided a confidence rating (Type-2 judgment) on a 2-point scale and then a meta-metacognitive rating 
(Type-3 judgments) again on a 2-point scale (low/high)

higher number of white dots (Fig. 2). The two squares were pre-
sented on the left and right side of the screen for 300 ms, after a 
200 ms fixation and a 500 ms blank screen. One square contained 
100 dots, and the other contained 85 dots. The location of white 
dots in each square was randomly chosen on each trial from an 
imaginary 15 × 15 grid. The position (left or right) of the square 
containing more dots was also randomized on each trial.

Each participant completed trials from two different condi-
tions. In the “Type-2-only” condition, participants indicated their 
perceptual decision (Type-1 judgment) and then rated their deci-
sion confidence (Type-2 judgment) on a scale from 1 (“very low 
confidence”) to 4 (“very high confidence”; Fig. 2a). In the “Type-
2/Type-3” condition, participants indicated their perceptual deci-
sion (Type-1 judgment) followed by binary Type-2 and Type-3 judg-
ments (Fig. 2b). The Type-3 question was dependent on the Type-2 
response. On the one hand, if a participant reported high confi-
dence, the Type-3 question was phrased as follows: “You reported 
high confidence. Are you absolutely confident, i.e. knowing the 
correct answer for certain, or do you just have a strong feeling 
that you are correct this time?” On the other hand, if a partici-
pant reported low confidence, the Type-3 question was phrased 
as follows: “You reported low confidence. Are you absolutely not 
confident, i.e. no idea which answer is correct, or do you have at 
least an inkling about the correct answer?” In both cases, partic-
ipants reported their Type-3 judgment as low (i.e. low certainty 
in the appropriateness of the Type-2 confidence rating) vs. high 
(i.e. high certainty in the appropriateness of the Type-2 confidence 
rating). This wording may have been slightly confusing in situa-
tions where a participant made an impulsive response and was 
very sure in making a mistake. Nevertheless, it was made clear 
to participants that their Type-3 response is conditional on both 

the Type-1 and Type-2 responses, so they should select high Type-
3 certainty in their low confidence when they think that they have 
made a wrong decision. In any case, such situations were likely to 
be rare and we also removed all trials with extremely short Type-
1 decision reaction time (RT), which should have removed most 
impulsive responses. Participants had unlimited time to give the 
Type-1, Type-2, and Type-3 responses.

Participants completed 400 trials from one condition, followed 
by 400 trials of the other condition. The order of the two condi-
tions was pseudo-randomly assigned such that 20 participants 
completed the Type-2/Type-3 condition first and the remaining 
20 participants completed the Type-2-only condition first. We 
chose not to interleave the two conditions on a trial-by-trial basis 
to avoid the high cognitive demand associated with constantly 
switching between two modes of responding. In the analyses, we 
combined both groups together, but in addition also confirmed 
that all results remain the same when each group is analyzed 
separately. Each condition was organized in 10 blocks of 40 tri-
als, with participants allowed to take breaks at the end of each 
block. To ensure the quality of online data, we included an atten-
tion check at the end of each block. The attention checks were 
normal trials, but participants were instructed to choose always 
right. No participant failed at more than two of the five attention
checks.

The experiment was programmed using jsPsych library (Ver-
sion 5.0.3; de Leeuw 2015). To ensure that the stimulus size was 
similar across all participants, we adopted an established calibra-
tion procedure in our laboratory (Bang et al. 2019) where we asked 
participants to position the screen at an arm’s distance (∼60 cm) 
and adjust the size of a credit card displayed on the computer 
screen to match the dimensions to the actual object in real life.

D
ow

nloaded from
 https://academ

ic.oup.com
/nc/article/2023/1/niad023/7457863 by G

eorgia Institute of Technology user on 07 February 2024



4 Zheng et al.

Data analysis
To determine each participant’s Type-1 task performance and 
degree of response bias on each condition, we computed the sig-
nal detection theory parameter decision sensitivity (d’) (Green and 
Swets 1966, Macmillan and Creelman 2004) for each decision and 
confidence criterion as follows: 

d′ = 𝜙−1 (hitrate) − 𝜙−1 (false alarm rate) ,

where 𝜙−1 is the inverse of the cumulative standard normal dis-
tribution that transforms hit rate and false-alarm rate into z
scores.

To quantify participants’ metacognitive ability when they 
reported high and low Type-3 certainties, we applied the method 
developed by Maniscalco and Lau (2012). The method first com-
putes each participant’s metacognitive sensitivity (meta-d’) that 
quantifies how well confidence ratings discriminate between 
Type-1 correct and incorrect responses. To further control for 
the influence of Type-1 task performance, we finally computed 
metacognitive efficiency, meta-d’/d’ or Mratio, to represent the 
participant’s metacognitive ability for a given Type-3 rating.

We also computed average Type-1 accuracy and decision RT for 
each Type-2 confidence level and compared them across Type-2 
levels and across the two task conditions. Note that we also cal-
culated the trial frequency (i.e. the number of trials) for each of 
the eight possible responses (e.g. left decision with confidence 4 
or right decision with confidence 1; see the Supplementary Mate-
rial). We did not examine the response times associated with the 
Type-2 and Type-3 decisions because they are not commensurate 
between the two conditions. Specifically, the Type-2-only condition 
involves two button presses (i.e. the Type-1 and Type-2 judgments), 
while the Type-2/Type-3 condition involves three button presses, 
making it difficult to compare the RTs for anything other than the 
first button press.

To control for the correlated participants’ error within the 
repeated conditions, we used linear mixed-effect models (LLMs) 
with the participant as a random effect to investigate the between-
task similarity or difference in terms of Mratio, Type-1 accuracy, 
Type-1 decision RT, and the d’ dependence on the decision/confi-
dence criterion used for its computation.

Results
We investigated whether there are different systems for comput-
ing Type-2 metacognitive and Type-3 meta-metacognitive judg-
ments. We first looked for the evidence of “meta-metacognitive 
ability” by examining the difference in metacognitive efficiency 
between trials with high and low Type-3 ratings. Then, we inves-
tigated whether similar behavioral results emerge between a 
condition where a binary Type-2 rating is followed by a binary 
Type-3 rating (Type-2/Type-3 condition) and a condition where a 
single Type-2 rating is provided on a 4-point scale (Type-2-only 
condition).

Equivalent meta-metacognitive performance in 
Type-2/Type-3 and Type-2-only conditions
We first investigated whether participants demonstrated positive 
meta-metacognitive (Type-3) ability in the Type-2/Type-3 condi-
tion. To do so, we compared the Mratio values based on the Type-1 
and Type-2 responses separately for trials in which the Type-3 rat-
ing was high vs. low. To control for the influence of outliers, for this 
analysis, we excluded two participants who had extreme Mratio 
values (5.43 and −11.74) in the Type-2-only condition.

We found that high Type-3 ratings were associated with sig-
nificantly higher Mratio values (mean = 0.96) than low Type-3 rat-
ings [mean = 0.46; t(35) = 4.39, P < .001; Fig. 3a, right panel]. This 
result indicates that Type-3 ratings were meaningful and could 
be used to determine whether the Type-2 rating was more or less 
appropriate.

Critically, we examined whether a similar effect would emerge 
in the Type-2-only condition. To perform the equivalent analysis in 
that condition, we first converted participants’ Type-2 confidence 
ratings given on a 4-point scale into binary Type-2 and binary 
pseudo-Type-3 ratings (Fig. 1c). Specifically, the Type-2 ratings 1, 
2, 3, and 4 were converted into {low, high}, {low, low}, {high, low}, 
and {high, high} where the first variable indicates the Type-2 and 
the second variable indicates the pseudo-Type-3 rating after the 
conversion. We then performed the equivalent analysis as ear-
lier. We found virtually identical results with what we observed 
in the Type-2/Type-3 condition. Specifically, for the converted 
ratings, high Type-3 ratings were again associated with signifi-
cantly higher Mratio values (mean = 0.98) than low Type-3 ratings 
[mean = 0.45; t(33) = 4.90, P < .001; Fig. 3a, Fig. 3a, left panel] and 
there was no interaction between the results for the Type-2/Type-3 
and the Type-2-only conditions [F(1132) = 0.001, P = .976]. Further-
more, a Bayesian paired-sample t-test revealed that the Mratio 
difference between high and low pseudo-Type-3 ratings in the 
Type-2-only condition (mean = 0.527) did not differ from the same 
difference in the Type-2/Type-3 condition (mean = 0.532; Bayes 
Factor (BF)01 = 5.439). Moreover, we additionally conducted linear 
LLM analysis with participant as the random effect and found a 
main effect of Type-3 certainty on Mratio (P < .001), but no effect 
of task condition (P = .755) and no interaction between the task 
condition and Type-3 certainty (P = .976). Together, these results 
demonstrate that the Type-2/Type-3 and Type-2-only conditions 
produced equivalent “meta-metacognitive” effects.

Equivalent accuracy and RT in Type-2/Type-3 and 
Type-2-only conditions
To further assess the similarity between the two conditions, we 
examined the Type-1 accuracy and Type-1 decision RT associated 
with each rating in each condition. For ease of comparison, we 
performed the opposite conversion compared to the aforemen-
tioned analysis. Specifically, we converted the ratings from the 
Type-2/Type-3 condition into the 4-point scale used in the Type-
2-only condition (Fig. 1c). We then computed the Type-1 accuracy 
and average Type-1 decision RT for each confidence rating and 
compared these across the two conditions.

We found that Type-1 accuracy increased for higher confi-
dence ratings and that this effect was similar across the two 
conditions (Fig. 3b). Indeed, results from a linear LLM with par-
ticipant as a random effect demonstrated a significant main 
effect of the Type-2 confidence level on Type-1 decision accu-
racy (P < .001), but no main effect of the task condition (P = .139) 
and no interaction between Type-2 confidence and task condition 
(P = .317). Post hoc t-tests further confirmed that there was no dif-
ference in Type-1 accuracy between the two conditions for each of 
the four Type-2 confidence levels [confidence = 1: t(55.655) = 1.460, 
P = .150, BF01 = 1.586; confidence = 2: t(55.226) = 0.328, P = .744, 
BF01 = 3.903; confidence = 3: t(68.494) = −0.202, P = .841, BF01 = 4.043; 
confidence = 4: t(68.926) = 0.734, P = .465, BF01 = 3.246].

Similar to Type-1 accuracy, we found that Type-1 decision 
RT decreased for higher confidence ratings with this effect 
again being similar across the two conditions (Fig. 3c). Again, 
results from a linear LLM with participant as a random effect 

D
ow

nloaded from
 https://academ

ic.oup.com
/nc/article/2023/1/niad023/7457863 by G

eorgia Institute of Technology user on 07 February 2024



Common computations for metacognition and meta-metacognition  5

Figure 3. Equivalent results in Type-2/Type-3 and Type-2-only conditions.

(a) We found higher metacognitive efficiency (Mratio) in trials with high vs. low Type-3 responses. Critically, equivalent results were obtained in both 
the Type-2/Type-3 condition and the Type-2-only condition (after rating conversion where the 4-point Type-2 ratings are turned into a type-3 rating 
combination). (b) Accuracy associated with each confidence rating in the Type-2-only condition and the converted ratings in the Type-2/Type-3 
condition. Accuracy increased with confidence to the same extent in both conditions. (c) RT associated with each confidence rating in the Type-2-only 
condition and the converted ratings in the Type-2/Type-3 condition. RT decreased with confidence to the same extent in both conditions. (d) Sensitivity 
(d’) associated with each decision and confidence criterion. Sensitivity decreases for criteria further away from the decision criterion, as expected from 
the existence of signal-dependent metacognitive noise (Shekhar and Rahnev 2021b). Critically, the decrease is equivalent for the Type-2-only and the 
Type-2/Type-3 conditions, indicating the absence of additional “meta-metacognitive noise” that may be expected from a separate Type-3 system. Here, 
“confidence criterion n /n + 1” indicates the confidence criterion that separates the ratings n and n + 1. n.s., not significant; ***, P < .001

confirmed that there was a main effect of the Type-2 con-

fidence level on Type-1 decision RT (P < .001), but no main 

effect of task condition (P = .106) and no interaction between 

Type-2 confidence and task condition (P = .368). Post hoc t-tests 

revealed that there was no difference in Type-1 decision RT 
between two conditions for each of the four Type-2 confidence 
levels [confidence = 1: t(66.707) = −1.081, P = .284, BF01 = 2.470; 
confidence = 2: t(68.758) = −0.370, P = .713, BF01 = 3.856; confi-
dence = 3: t(69.974) = −0.576, P = .566, BF01 = 3.567; confidence = 4: 
t(68.253) = −0.784, P = .437, BF01 = 3.145]. Thus, equivalent results 
emerged for both accuracy and RT in the Type-2/Type-3 and 
Type-2-only conditions.

Equivalent levels of noise in Type-2/Type-3 and 
Type-2-only conditions
One of the foundational properties of Type-2 metacognitive ratings 
of confidence is that they are noisier than Type-1 object-level deci-
sions, a phenomenon termed metacognitive inefficiency (Shekhar 
and Rahnev 2021a). Computationally, such inefficiency has often 
been modeled as metacognitive noise, i.e. noise that affects Type-
2 but not Type-1 ratings (Barrett et al. 2013, Maniscalco and Lau 
2016, Fleming and Daw 2017, Bang et al. 2019, Xue et al. 2021, 
Shekhar and Rahnev 2021b). As demonstrated by Shekhar and 
Rahnev (2021a), metacognitive noise expresses itself in the phe-
nomenon where perceptual sensitivity (d’) is lower when it is 
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computed based on one of the confidence criteria rather than 
based on the decision criterion. If the Type-3 judgments are pro-
duced by a separate system compared to Type-2 judgments, that 
may be reflected in the existence of “meta-metacognitive noise” 
associated with Type-3 ratings. Such meta-metacognitive noise 
would result in an additional drop in the sensitivity (d’) estimated 
based on confidence criteria in the Type-2/Type-3 compared to the 
Type-2-only condition.

To check for such an effect, we computed d’ separately based 
on (i) the decision criterion, (ii) the criterion separating confidence 
Levels 1 and 2, (iii) the criterion separating confidence Levels 2 
and 3, and (iv) the criterion separating confidence Levels 3 and 4. 
We did that separately for the Type-2-only condition and for the 
converted ratings from the Type-2/Type-3 condition. We found no 
difference in d’ for any of the criteria (Fig. 3d). Indeed, there was no 
significant difference in d’ levels between the two conditions for 
the decision criterion [t(69.887) = 0.197, P = .844, BF01 = 5.001], the 
confidence criterion separating ratings 1 and 2 [t(69.382) = 0.226, 
P = .822, BF01 = 4.782], the confidence criterion separating ratings 
2 and 3 [t(68.62) = −0.137, P = .891, BF01 = 5.331], or the confidence 
criterion separating ratings 3 and 4 [t(69.986) = 0.142, P = .887, 
BF01 = 5.394]. The d’ decreased monotonically for confidence crite-
ria further separated from the decision criterion in both the Type-
2-only (Pearson’s r = -0.363, P < .001) and Type-2/Type-3 conditions 
(Pearson’s r = −0.341, P < .001). Critically, a Bayesian correlation 
equality test revealed that the degree of d’ decrease was equivalent 
between the two conditions (BF01 = 10.084). We also confirmed the 
aforementioned results using a linear LLM, which demonstrated 
a significant main effect of the distance between the confidence 
criterion and the decision criterion on d’ (P < .001), but no effect of 
task condition (P = .692) and no interaction between the location 
of the confidence criterion and the task condition (P = .822). Thus, 
these results replicate previous findings that metacognitive noise 
is signal-dependent (i.e. it increases away from the decision cri-
terion; Shekhar and Rahnev 2021a) and suggest that there is no 
extra noise in the Type-3 computation compared to an equivalent 
Type-2 computation.

Limited influence of task order on the observed 
behavioral similarities
The aforementioned results show that the Type-2-only and Type-
2/Type-3 conditions produced equivalent results, suggesting the 
existence of common computations for metacognition and meta-
metacognition. One possible concern with this conclusion is that 
participants may have used the binary Type-2 and Type-3 scales 
to express their confidence in a single 4-point scale. If this is the 
case, the observed similarity between Type-2 and Type-3 processes 
should be stronger among participants who first completed the 
Type-2-only condition and were thus already familiar with the 4-
point scale by the time they saw the Type-2/Type-3 condition.

To check for this possibility, we investigated how task order 
affected the behavioral indexes of interests. Specifically, we exam-
ined how task order modulated the effects we observed on Mra-
tio (Fig. 3a), Type-1 accuracy (Fig. 3b), Type-1 decision RT (Fig. 3c), 
and estimated d’ using different confidence criteria (Fig. 3d). First, 
a linear LLM revealed that task order did not moderate the effect of 
Type-3 certainty on Mratio [F(1,34) = 0.183, P = .672]. Second, a sim-
ilar LLM showed that task order did not influence the relationship 
between the Type-2 confidence level and Type-1 decision accu-
racy [F(1, 247.56) = 0.037, P = .848]. Third, another LLM revealed a 
significant but small 3-way interaction between task order × task 
condition × Type-2 level on Type-1 decision RT [F(1, 247.56) = 4.361, 
P = .039]. However, this three-way interaction reflects the fact that 

Type-1 decision RTs generally decrease over time, so the Type-2-
only condition produces overall slower RTs when it comes first 
and overall faster RTs when it comes second. Finally, another LLM 
revealed no effect of task order on the relationship between the 
distance of each confidence criterion to the decision criterion and 
the sensitivity (d’) associated with that confidence criterion [F(1, 
252) = 1.520, P = .210]. Taken together, these results indicate that 
having experienced Type-2 confidence in the 4-point scale first 
did not evoke higher similarities between the Type-2/Type-3 and 
the Type-2-only conditions, suggesting that our participants were 
unlikely to use the binary Type-2 and Type-3 scales to express 
their confidence in a single 4-point scale in the Type-2/Type-3
condition.

Discussion
We examined whether humans are likely to have different sys-
tems for metacognition and meta-metacognition in the context of 
perception. We asked participants to perform a simple perceptual 
decision-making task where they gave either a Type-2 metacogni-
tive judgment on a 4-point scale or a combination of binary Type-2 
metacognitive judgment and a binary Type-3 meta-metacognitive 
judgment. We found equivalent performance between the two 
conditions in terms of metacognitive efficiency, Type-1 accuracy, 
Type-1 decision RT, and metacognitive noise. These results suggest 
that there might be no fundamental difference between percep-
tual metacognition and meta-metacognition such that the two 
types of judgments may be made by the same unified system.

Human meta-metacognitive ability seems intuitive. For
instance, Händel and Fritzsche (2016) reported that low-
performing students not only overestimated their performance 
but also knew that they had low ability to estimate their perfor-
mance. Recht et al. (2022) recently empirically demonstrated the 
existence of meta-metacognition. The researchers asked partic-
ipants to compare two consecutive Type-2 ratings at the Type-3 
level and even rate the certainty in the Type-3 rating at the Type-
4 level. They found evidence for up to fourth-level metacognitive 
ability, although they could not demonstrate Mratio differences 
for low vs. high Type-3 ratings. Using a similar paradigm, Sher-
man and Seth (2023) also observed evidence for Type-3 meta-
metacognitive ability, but again did not find an Mratio difference 
between low and high Type-3 ratings. By using a slightly different 
task, we confirmed these recent findings of meta-metacognitive 
ability and further extended them by demonstrating a significant 
Mratio difference between high and low Type-3 judgments.

Despite being able to recursively evaluate lower-order Type-1 
decisions, it is still unclear how people computationally imple-
ment these higher-order metacognitive processes. There is still 
controversy about whether Type-1 cognition and Type-2 metacog-
nition are produced by a unified system or two distinct sys-
tems (Nelson and Narens 1990, Pleskac and Busemeyer 2010, 
Fleming and Daw 2017, Mamassian 2020, Desender et al. 2021). 
Although the current study cannot clearly resolve this contro-
versy, our results point toward a common computation between 
metacognition and meta-metacognition and thereby highlight 
two hypotheses on the human cognitive architecture. First, 
it is possible that there are two separate cognitive systems: 
a lower-level system specialized for Type-1 judgments and a 
higher-level system that is responsible for self-evaluations of 
these Type-1 judgments, encompassing both metacognitive and 
meta-metacognitive aspects. Alternatively, a more parsimonious 
hypothesis is that there is a unified system governing both lower-
level Type-1 decisions and all higher-level self-evaluations. Future 
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research is needed to examine the similarities between cognition 
and metacognition and thereby provide a more precise picture of 
human cognitive architecture.

Although here we argued that there is a single system pro-
ducing Type-2 and Type-3 judgments, there could be at least two 
counter-arguments against this conclusion. First, it is possible 
that there are separate Type-2 and Type-3 systems, but partic-
ipants simply did not engage the Type-3 system in the current 
experiment. In that interpretation, participants simply used the 
combination of binary Type-2 and binary Type-3 scales as a sin-
gle 4-point Type-2 scale. Our task order analyses showed that 
this interpretation is unlikely because all effects were observed 
equally for participants who first experience the Type-2/Type-
3 condition and participants who first experienced the Type-2-
only condition. Second, it could be argued that separate Type-2 
and Type-3 systems exist (and that participants actively engaged 
the Type-3 system), but that the two systems happened to per-
form the same computations in the current task. This possibility 
appears unlikely but is hard to disprove. Ultimately, our data 
cannot completely falsify either possibility. Indeed, it is difficult 
to prove that something (e.g. a separate Type-3 system) does 
not exist since this would be akin to proving the null hypothe-
sis. The final conclusion on this issue would require convergent 
evidence across many tasks and laboratories over time. Never-
theless, given the current evidence, we argue that a common 
system for Type-2 and Type-3 judgments is the most parsimonious
hypothesis.

It should be noted that our conclusions are specific to the per-
ceptual domain and it remains an open question to what extent 
they generalize to other domains. For example, it may be that 
in the context of more complex judgments such as theory of 
mind (Proust 2007, Carruthers 2009), at least partially separable 
systems exist for progressively higher-level metacognitive judg-
ments. Given current controversies regarding whether metacog-
nition is domain-general or domain-specific (McCurdy et al. 2013, 
Lee et al. 2018, Morales et al. 2018, Mazancieux et al. 2020, 
Zheng et al. 2021), it remains possible that our conclusions in 
the context of perception not fully apply to other domains. Future 
research should examine to what extent that current results on 
the perceptual meta-metacognition generalize to other domains 
like memory or theory of mind.

Conclusion
In summary, the current study confirmed that people have 
the meta-metacognitive ability to evaluate the appropriateness 
of their metacognitive judgments. Critically, our findings sug-
gest that a single system produces perceptual metacognitive 
and meta-metacognition decisions. These results cast doubts on 
whether there are different systems for cognition and metacogni-
tion in the context of perception.

Supplementary data
Supplementary data is available at Neuroscience of Consciousness
online.
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