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SUMMARY

Prior research has found inconsistent results regarding gender differences in confidence and metacognitive
ability. Different studies have shown that men are either more or less confident and have either higher or lower
metacognitive abilities than women. However, this research has generally not used well-controlled tasks or
used performance-independent measures of metacognitive ability. Here, we test for gender differences in
performance, confidence, and metacognitive ability using data from 10 studies from the Confidence Data-
base (total N = 1,887, total number of trials = 633,168). We find an absence of strong gender differences in
performance and no gender differences in either confidence or metacognitive ability. These results were
further confirmed by meta-analyses of the 10 datasets. These findings show that it is unlikely that gender
has a strong effect on metacognitive evaluation in low-level perceptual decision-making and suggest that
previously observed gender differences in confidence and metacognition are likely domain-specific.

INTRODUCTION

Metacognition refers to the ability to evaluate the accuracy of
one’s own decisions, and it can be measured via confidence rat-
ings. Accurate metacognition can guide learning,’ cognitive
offloading,” information seeking,® and social interactions.*®
Metacognitive ability has also been related to more applied do-
mains such as educational achievement.®'° Within the context
of education, there have been calls to carefully assess the poten-
tial differences in metacognitive skills between males and fe-
males to help educators and parents develop more targeted
interventions.”

Prior research on gender differences in confidence and
metacognitive skills has mostly been conducted in applied set-
tings and has resulted in mixed findings. For example, some
studies have shown that men are more confident in domains
including leadership behavior, math-related tasks, prediction
of future outcomes, fraction knowledge, general knowledge,
college exams, and reaction time assessment,""~'® but others
show that women are more confident in the domain of literacy
skills."® Similarly, different studies have found that metacogni-
tive ability—i.e., the degree to which confidence predicts one’s
performance on a task—is higher in women,”?>?" higher in
men,”” or not significantly different between men and
women.®?® Thus, the literature has been unable to reach a
consensus regarding the existence of gender differences in
confidence or metacognitive ability. In terms of gender differ-

ences in perceptual confidence, inconsistent patterns also
emerge. Specifically, Seow and Gillan'® and Hoogervorst
et al.>* found that males have higher confidence, but Rouault
et al.>® found that neither confidence level nor metacognitive ef-
ficiency was associated with gender.

To properly address the question of whether there are differ-
ences in metacognition between the genders, it is important to
use appropriate measures. One issue with most studies to
date is that they either did not use an objective task evaluating
subjects’ performance”'” or did not match subjects’ perfor-
mance when comparing their confidence.'® %" Thus, the re-
sults of much of the previous literature could be contaminated by
first-order performance (i.e., people’s ability on the task itself)
and first-order bias (i.e., people’s propensity to choose one
response more frequently than another).?®?” Therefore, it is crit-
ical to measure confidence and metacognitive ability in ways that
avoid confounding influences.?®*°

Here, we tested for the existence of gender difference in
confidence and metacognitive ability in 10 datasets featuring
perceptual decision-making tasks. All datasets came from the
Confidence Database, a large database of open data from ex-
periments that include confidence ratings.®’ The 10 datasets
analyzed here are the only ones that included gender informa-
tion. To anticipate, we found weak and inconsistent effects of
gender on performance and no gender differences in confidence
judgments or metacognitive ability, with these results holding
both for individual datasets and in meta-analyses combining all
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Figure 1. Males exhibit slightly (but inconsistently) higher task performance (d’) than females

(A) Mean d’ values of each gender. Expt 1 shows a significant gender difference even after correction for multiple comparisons, whereas Expt 4 showed a
statistically significant gender difference, which, however, disappears after correction for multiple comparisons. Dots represent individual subjects; error bars
represent SEM; n.s., not significant; t, Puncorrected < 0.05 but Pgonferroni-corrected > 0.05, **, Pgonferroni-corrected < 0.01.

(B) Meta-analysis results show the standard mean difference (SMD) of d’ for each experiment, as well as the meta-analytic average across experiments. The
squares on the right correspond to Experiments 1-10, arranged vertically from top to bottom. The x axis displays the standardized mean difference for meta-d’ in
each experiment. The two experiments circled in red squares are the ones that employed a staircase procedure. Overall, males showed slightly higher d’ than
females. A negative standard error of the mean (SEM) values indicates that the performance of males is higher than that of females. The size of the squares is

(legend continued on next page)
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datasets. Overall, these results suggest that gender does not
strongly influence performance, confidence, or metacognitive
ability in basic perceptual decision-making tasks.

RESULTS

To investigate the existence of gender differences in confi-
dence or metacognitive ability, we examined all 10 available
datasets from the Confidence Database that include gender in-
formation for each subject (Table 1). For each dataset, we
computed d’, confidence, and M-Ratio scores for each subject
and compared whether any of these measures is different be-
tween the two genders.

Weak and inconsistent differences in task performance
(d’) between females and males

In line with previous research,®? we found that performance (d’)
was slightly higher for males than females (Figure 1). Indepen-
dent samples t tests showed no significant difference between
d’ for female vs. male subjects in 8 of the 10 experiments
[Expt2: t(495) = 1.69, p = 0.093, BFyy = 2.52; Expt 3: t(419) =
0.57, p = 0.568, BFo; = 7.81; Expt 5: t(43) = —1.08, p = 0.288,
BFgoy = 2.08; Expt 6: 1(35) = 0.87, p = 0.389, BFy; = 2.23; Expt
7: 1(33) = —0.31, p = 0.757, BFyy = 2.53; Expt 8: t(19) = 1.03,
p =0.318, BFpy = 1.74; Expt 9: 1(18) = —1.72, p = 0.102, BFp4 =
0.93; Expt 10: t(16) = 1.73, p = 0.103, BFy1 = 0.90]. However,
both of the remaining two experiments exhibited higher d’ for
males than females, though the second of these effects could
not survive a correction for multiple comparisons [Expt1:
1(496) = 3.29, p = 0.001, BFp4 = 0.06; Expt 4: 1(293) = 1.99, p =
0.047, BFgy = 1.17]. To increase the power of these analyses,
we performed a meta-analysis across these 10 datasets that
examined the standard mean difference in d’ across the two gen-
ders. The heterogeneity assumption was not violated (x3 = 12.39,
12 = 27%), suggesting that there is no evidence of significant het-
erogeneity among all the studies. The meta-analysis showed that
males have slightly higher d’ than females, but the size of this ef-
fect was small (g = —0.17, p = 0.021; Figure 1B). Crucially, when
we repeated the meta-analysis excluding the two experiments
that employed staircase procedures (Expt 2 and Expt 8 where
one would not expect any systematic difference in performance
because even true differences in ability should be removed by
the staircase), the small gender effect on task performance dis-
appeared entirely (g = —0.15, p = 0.134). Thus, removing the two
experiments that employed a staircase procedure turned the
originally weak-but-just-significant effect into a slightly weaker
and no longer significant effect. These results highlight that the
gender effects on performance were small and fragile and thus
should be interpreted with caution, as noise in each dataset
may push them above or below the threshold for statistical sig-
nificance. Overall, these results indicate an absence of strong
gender differences in basic task performance.
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No gender effect on confidence

Having established the existence of a slight difference in task
performance, our primary analysis delved into examining the
gender effect in confidence across experiments. We found no
effect of gender on confidence (Figure 2A). Specifically, indepen-
dent samples t tests showed no significant difference in
confidence for female vs. male subjects in any of the 10 experi-
ments, with the first four experiments exhibiting Bayes factors
above three [Expt 1: 1(496) = 1.04, p = 0.300, BFy; = 5.94; Expt
2: 1(495) = 0.42, p = 0.671, BFpy = 9.19; Expt 3: t(419) = 1.34,
p = 0.180, BFy; = 3.83; Expt 4: t(293) = 0.37, p = 0.715, BFp1 =
7.23; Expt 5: t(43) = —0.45, p = 0.655, BFoy = 2.95; Expt 6:
t(35) = —1.93, p = 0.062, BFy; = 0.74; Expt 7: t(33) = 0.58,
p = 0.563, BFpy = 2.32; Expt 8: 1(19) = —0.39, p = 0.670, BFg4 =
2.38; Expt 9: t(18) = 0.11, p = 0.915, BFoy = 2.50; Expt 10:
t(16) = —1.05, p = 0.308, BFy; = 1.62]. To increase the power
of these analyses, we again performed a meta-analysis across
the 10 datasets that examined the standard mean difference in
confidence across the two genders. The heterogeneity assump-
tion was not violated (x3 = 0.66, 12 = 0%), suggesting that there is
no evidence of significant heterogeneity among all the studies.
The results showed that females were slightly less confident
than males, but the gender difference in confidence was not sig-
nificant and the effect size was very small (g = —0.06, p = 0.209;
Figure 2B). Note that even this very small effect of higher confi-
dence for males may simply reflect the fact that males also
had slightly higher d’ values, showing that there is no evidence
for males exhibiting overconfidence compared to females in
these studies.

To further confirm these results, we performed regression an-
alyses for each dataset where we sought to predict confidence
from gender while controlling for accuracy and age. We again
found that gender had no significant effect on confidence in
any of the 10 datasets (Table S1). In addition, age did not emerge
as a significant predictor of confidence levels, except for Expt 3
where the result was only significant without multiple compari-
son correction (t = —2.36, p = 0.02). This suggests that the
observed effects of gender on confidence cannot be attributed
to age differences between gender groups. Finally, examination
of the age distributions for each dataset revealed only one
instance (Expt 2) of a significant age difference between genders
(Figure S3).

It is important to note that the interpretation of average confi-
dence should be approached with caution. Although average
confidence is often used and reported in the literature, its inter-
pretation can be complex. Theoretically, average confidence
might increase with higher accuracy or better metacognitive
insight.>° In our study, we addressed this complexity by first
comparing task performance (d’) between the two genders,
which allowed us to confirm that the performance of both gen-
ders was near equivalent. This comparison provided a solid
foundation for interpreting the confidence results. Furthermore,

determined by the weight of the effect size: studies with a larger weight (larger sample size) are represented by larger squares. Error bars show 95% confidence
intervals (Cl). The diamond at the top represents the average effect for all 10 experiments, and the diamond at the bottom represents the average effect after
excluding two experiments that employed a staircase procedure. The length of the diamond symbolizes the 95% confidence interval of the pooled effect size. The
last line shows the meta-analysis results for d’, excluding two experiments that employed a staircase procedure. After the exclusion, the gender effect for d’ was

no longer significant.
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Figure 2. No gender difference in confidence
(A) Mean confidence values of each gender. None of the experiments showed a significant gender difference in confidence. Dots represent individual subjects;

error bars represent SEM; n.s., not significant.
(B) Meta-analysis results show the standard mean difference (SMD) of confidence for each experiment, as well as the meta-analytic average across experiments.

The squares on the right correspond to Experiments 1-10, arranged vertically from top to bottom. The x axis displays the standardized mean difference for meta-
d’ in each experiment. Overall, there were no significant effects of gender on confidence. A negative standard error of the mean (SEM) values indicates that the

confidence of males is higher than that of females.
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we also introduced M-Ratio as a measure of metacognitive effi-
ciency, which controls for performance differences and provides
a more nuanced understanding of how confidence relates to
accuracy.

No gender effect on metacognitive efficiency or
metacognitive sensitivity

Finally, we examined whether there was a gender effect on
metacognitive efficiency, M-Ratio. This measure allows us to
compare subjects’ metacognitive ability controlling for the first-
order task performance. Independent samples t tests showed
no significant difference between M-Ratio for female vs. male
subjects in 8 of the 10 experiments, with three of the experiments
having Bayes factors in support of the null hypothesis greater
than three [Expt 1: 1(496) = —1.00, p = 0.318, BFy; = 6.18; Expt
2:1(495) = —1.30, p = 0.194, BFy1 = 4.41; Expt 4: 1(293) = 0.53,
p = 0.599, BFy = 6.75; Expt 5: 1(43) = 1.42, p = 0.161, BFoq =
1.44; Expt 6: t(35) = —1.40, p = 0.171, BFyy = 1.42; Expt 7:
t(33) = —0.58, p = 0.567, BFoy = 2.32; Expt 9: {(18) = 0.71, p =
0.485, BFgy = 2.10; Expt 10: t(16) = —0.29, p = 0.792, BFgy =
2.28] (Figure 3A). Only 2 of the 10 experiments showed a statis-
tically significant difference in M-Ratio. In one study, males had
higher M-Ratio [Expt 3: t(419) =2.85, p = 0.005, BFy¢ = 0.19], and
the results remained statistically significant even after Bonferroni
correction. However, the other study showed the opposite
pattern such that females had higher M-Ratio [Expt 8: t(19) =
—2.18, p = 0.042, BFy; = 0.52], though these results were no
longer significant after Bonferroni correction.

To address the potential concerns that the empirical false-
positive rate is below 5% when significance testing was per-
formed using t tests,* we conducted additional analyses using
the Mann-Whitney U-test across all 10 experiments. The results
of these analyses were consistent with our original findings. Only
two experiments showed statistically significant differences in
M-Ratio between genders: Experiment 3, where males had
higher M-Ratio (W = 5.65 X 10, p = 4.7 X 107%; this result re-
mained significant after Bonferroni correction), and Experiment
8, where females had higher M-Ratio (W = 113.5, p = 0.036;
this result was no longer significant after Bonferroni correction).
These additional analyses corroborate our initial conclusions and
show that the small and inconsistent effects on M-Ratio are not
due to an overly low false-positive rate in the statistical test
we used.

To increase the power of these analyses, we again performed
a meta-analysis across the 10 datasets that examined the stan-
dard mean difference in M-Ratio across the two genders. The
heterogeneity assumption was not violated (x2 = 19.41, 1?2 =
54%), suggesting that there is no evidence of significant hetero-
geneity among all the studies. The results showed that females
had slightly lower M-Ratio than males, but the gender difference
in M-Ratio was not significant and the effect size was close to
zero (g = —0.004, p = 0.97; Figure 3B). We also repeated these
analyses using two alternative measures of metacognition:
meta-d’ and the difference in confidence between correct and
incorrect trials (Figures S1 and S2). In both cases, the results
mirrored the effects for M-Ratio, such that there was no overall
significant difference in either measure between the two
genders.
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DISCUSSION

Previous research has found strong gender differences in confi-
dence and metacognition, but the results of different studies
have sometimes been in different directions. However, most
prior research did not use well-controlled tasks or perfor-
mance-independent measures of metacognitive ability. Here,
we test for gender differences using data from 10 studies from
the Confidence Database that featured low-level perceptual
decision-making tasks. Our analysis involved a comprehensive
examination of task performance, confidence levels, and
M-Ratio for each dataset. Additionally, to provide a more holistic
perspective, we conducted random-effects meta-analyses
across all datasets. Overall, the results failed to reveal consistent
gender differences in either confidence or M-Ratio, suggesting
that previous examples of metacognitive differences between
the genders are likely only domain-specific.

Although gender disparities have been demonstrated in
various contexts such as math and literacy skills, #5719
research on gender differences in confidence and metacognition
has yielded mixed results across different domains. Meta-ana-
lyses have shown that males and females can differ in general
self-esteem and self-confidence across various domains such
as physical appearance, athletics, and self-satisfaction.>*°
However, these findings are counterbalanced by*® gender simi-
larities hypothesis that males and females are similar on most
psychological variables, with a majority of gender differences
being small or negligible.

Our study marks one of the first systematic attempts to
explore gender differences in basic perceptual decision-making
tasks (but see®*?>*"). Contrary to findings in some other do-
mains, our results failed to reveal consistent gender differences
in either confidence or M-Ratio. These findings suggest that
males and females assess the accuracy of their perceptual deci-
sions in a similar manner, providing support for*® gender similar-
ities hypothesis in the domain of basic perception. On the other
hand, the contrast between our findings and those from other
domains suggests that prior findings of gender differences in
confidence or metacognition may be due to domain-specific
mechanisms, such as domain-specific priors or sociocultural
factors,®”-*® rather than stemming from a domain-general differ-
ence in confidence or metacognitive ability. This underscores
the importance of considering domain specificity when studying
gender differences in cognitive processes and highlights the
need for further research to understand how and why gender dif-
ferences may emerge in some domains but not others.

Our findings align with the results of the recent study that re-
vealed variations of gender differences in metacognition across
domains.”* Hoogervorst®* and colleagues examined confidence
in four different tasks that involved visual perception, memory,
judging countries’ GDP, and judging the calorie content of dishes.
Males exhibited higher trial-by-trial confidence, with this effect be-
ing largest for the GDP task, suggesting possible cultural influ-
ences, given that economics is currently a male-dominated field.
In contrast with the findings here, males exhibited slightly higher
confidence in the vision task. However, this small difference
may reflect leakage from the higher self-confidence that males ex-
hibited in the GDP task,>° given that subjects were introduced to
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Figure 3. No gender difference in M-Ratio

Standard Mean Error

(A) Mean M-Ratio values of each gender. Eight of the 10 experiments showed no significant gender difference in M-Ratio. The other two experiments showed the
opposite pattern of results, with females having lower M-Ratio in Expt 3 but higher M-Ratio in Expt 8 compared to males. Dots represent individual subjects; error
bars represem SEM; n.s., not Signiﬁcant; T, Puncorrected < 0.05 but PBonferroni-corrected > 0-05; *v PBonferroni-corrected < 0.05.

(B) Meta-analysis results show the standard mean difference (SMD) of M-Ratio for each experiment, as well as the meta-analytic average across experiments.
The squares on the right correspond to Experiments 1-10, arranged vertically from top to bottom. The x axis displays the standardized mean difference for meta-
d’ in each experiment. Overall, there were no significant effects of gender on M-Ratio. A negative standard error of the mean (SEM) values indicates that the

M-Ratio of males is higher than that of females.
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Table 1. Dataset information

Dataset N Number of trials/subject Confidence scale Task Number of difficulty levels
Experiment 1 498 210 11 Dot number discrimination 70

Experiment 2 487 210 6 Dot number discrimination Continuous staircase
Experiment 3 443 480 4 Letter or color discrimination 1

Experiment 4 315 100 2 Dot number discrimination 1

Experiment 5 45 1600 4 Dot number discrimination 8

Experiment 6 37 1600 4 Dot number discrimination 8

Experiment 7 37 400 4 Tilt direction judgment 1

Experiment 8 22 600 4 Figure location detection Continuous staircase
Experiment 9 22 699 4 Tilt direction judgment 1

Experiment 10 19 400 4 Change Detection 1

Note. The number of subjects (N), number of trials per subject, confidence scale, task, and number of difficulty levels for each experiment are listed in

the table. Order arranged by decreasing the number of subjects.

all tasks in the very beginning of the experiment and rated their
self-belief in their performance abilities on all tasks before pro-
ceeding to the individual tasks. Importantly, Hoogervorst** and
colleagues observed a strong global confidence effect: both
before and after completing the task, males indicated higher con-
fidence in their abilities to perform all four tasks.

It is likely that confidence and metacognition in the real world
are influenced by domain-specific factors and cultural expecta-
tions.”® We argue that perceptual decision-making tasks may
serve as a platform for probing intrinsic gender differences in
confidence and metacognition. Unlike domains such as mathe-
matics or language, perceptual tasks lack significant cultural ex-
pectations or gender-based stereotypes. The lack of gender dif-
ference in such tasks might indicate that the previously reported
gender difference was not biological. Nevertheless, it is impor-
tant to note that we did not empirically test whether gender-
related cultural stereotypes about visual perception abilities
exist, and there is no direct evidence of the existence of such
stereotypes in either Western or non-Western cultures. Indeed,
phenomena such as ‘refrigerator blindness” suggest that
some level of cultural influence on visual perception cannot be
fully ruled out.*" This limitation highlights an essential area for
future research. Subsequent studies should aim to quantify the
strength of gender-related cultural stereotypes across different
domains. To systematically investigate the potential cultural ori-
gins of gender differences in confidence and metacognition, re-
searchers could quantify the degree to which gender stereo-
types exist in different domains. Such analyses should directly
compare gender differences across fields that have been empir-
ically verified as either strongly embodying cultural stereotypes
about gender abilities versus fields lacking such stereotypes.
Additionally, to investigate biological differences in metacogni-
tion, future research should examine neural correlates of meta-
cognition in each gender, with a special focus on regions in the
prefrontal cortex previously identified as important for metacog-
nition.*?~*% Overall, a comprehensive understanding of gender
differences in confidence and metacognition should consider
the interplay between domain-specific influences, cultural ex-
pectations, and biological differences.

One limitation of the current study is that six of the 10
datasets had relatively small sample sizes, potentially limiting

the statistical power and generalizability of our results.
Thus, our conclusions here should be seen as preliminary
and should be replicated in additional large datasets.
Another important question is whether our results may show
variability across different countries or cultures. The current
datasets were collected in five different countries (the US,
Australia, France, Poland, and Taiwan) but because of the dif-
ferences in sample size between studies, we cannot make
conclusions about the cross-cultural generalizability of our
results. Future studies should examine how confidence and
metacognition in perceptual decision-making may vary across
cultures.

In conclusion, our study found no difference between males
and females in confidence or metacognitive ability in the context
of perceptual decision-making tasks. This finding suggests that
there may be no or limited inherent metacognitive disparities be-
tween the genders.

Limitations of the study

One limitation of the current study is that 6 of the 10 datasets had
relatively small sample sizes, potentially limiting the statistical
power and generalizability of our results. Thus, our conclusions
here should be seen as preliminary and should be replicated in
additional large datasets. Another important question is whether
our results may show variability across different countries or cul-
tures. The current datasets were collected in five different coun-
tries (the US, Australia, France, Poland, and Taiwan) but because
of the differences in sample size between studies, we cannot
make conclusions about the cross-cultural generalizability of
our results. Future studies should examine how confidence
and metacognition in perceptual decision-making may vary
across cultures.
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Data and code availability

o All data used in this study are available on OSF (http://ost.io/s46pr/). The
datasets were obtained from the Confidence Database (https://osf.io/
s46pr/) and include Rouault_2018_Expt1, Rouault_2018_Expt2, Haddara_
2022_Expt1, Zheng_2023, VanBoxtel_2019_Expt1, VanBoxtel_2019_
Expt2, Siedlecka_2019, Martin_unpub, Gajdos_2019, and Skora_2016.

e All analysis code used in this study is available on OSF (http://ost.io/
7agj6/).

® The code includes all scripts used for data analysis and generation of
figures presented in this paper.
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KEY RESOURCES TABLE

REAGENT or RESOURCE SOURCE IDENTIFIER
Deposited data

Confidence data https://osf.io/s46pr/ NA

Software and algorithms

Analysis code https://osf.io/7agj6/ NA

EXPERIMENTAL MODEL AND STUDY PARTICIPANT DETAILS

To assess the gender difference in confidence or metacognitive ability, we explored the datasets available in the Confidence Data-
base.®' The Confidence Database is a large repository of open data from experiments that include confidence ratings (171 datasets
were included as of July 2023). We examined all available datasets and found that only eight of them included information about the
gender of each individual subject. After submitting an initial preprint with eight datasets, Dr. Marion Rouault shared gender informa-
tion for two more datasets already shared on the Confidence Database, thus bringing the total count to 10 datasets. We call these
datasets “Experiments 1-10” and arrange them in decreasing order of their sample size. In all experiments, confidence was elicited
without any incentive schemes in place (e.g., payoffs) that could differentially affect confidence ratings between genders. We con-
tacted all authors to obtain detailed information about how gender was determined in each of the 10 experiments. We obtained rele-
vant information for all experiments, except for Experiment 8. Gender was self-reported in eight out of the nine remaining experi-
ments. The only exception was Experiment 9 where gender was identified by the researchers based on name and appearance
(we repeated all analyses excluding Experiment 9 and all conclusions remained unchanged). Seven of the nine experiments only
used two options (male/female), whereas Experiments 4 and 7 included a third option for “other”, although no subject selected
that option. Information about other aspects of each experiment including sample size, number of trials per subject, confidence scale
granularity, task, and number of difficulty levels is provided in Table 1. Detailed information about all experiments can be found in the
original publications as well as the accompanying files on the Confidence Database (https://osf.io/s46pr/). Below, we give a brief
summary of each experiment.

Experiment 1

Experiment 1 is referred to as Rouault_2018_Expt1 in the Confidence Database and reports the data from Experiment 1 in Rouault
et al. (2018). Subjects (N = 498; 237 males and 261 females) made perceptual judgments concerning which of the two boxes con-
tained a higher number of dots. One box was always half-filled with 313 out of 625 dots, while the other box contained between 1 and
70 more dots compared to the half-filled box, leading to a total of 70 difficulty levels. The stimuli were presented for 300 ms. Con-
fidence was indicated with a separate button press using an 11-point scale. There were 210 trials per subject.

Experiment 2

Experiment 2 is referred to as Rouault_2018_Expt2 in the Confidence Database and reports the data from Experiment 2 in Rouault
et al. (2018). Subjects (N = 487; 240 males and 247 females) underwent the same experiment procedure and design as in Experiment
1, except for a continuous 2-down-1-up staircase procedure to maintain a constant level of performance both during the experiment.
Confidence was indicated with a separate button press using a 6-point scale.

Experiment 3

Experiment 3 is referred to as Haddara_2022_Expt1 in the Confidence Database and reports the data from Experiment 1 in.*” Sub-
jects (N = 443; 244 males and 199 females) made perceptual judgments concerning whether the letter X or O (Task 1) or the color red
or blue (Task 2) occurred more frequently in a 7x7 grid. The number of the more frequently presented letters was fixed to 30/49,
whereas the number of the more frequently presented colors was fixed to 27/49. The stimuli were presented for 500 ms. Confidence
was indicated with a separate button press using a 4-point scale. Each subject completed 330 trials from Task 1 and 150 trials from
Task 2. Here we combine the data from the two tasks.

Experiment 4

Experiment 4 is referred to as Zheng_2023 in the Confidence Database and reports the data from Zheng et al. (2024). Subjects (N =
315; 123 males and 192 females) judged which of two black squares contained more white dots. This experiment features multiple
conditions, and we only analyzed the condition in which subjects gave confidence ratings. The difficulty level was fixed by having the
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number of white dots in each black square fixed (100 in one and 85 in the other), and the stimulus was presented for 300 ms. Con-
fidence was indicated with a separate button press using a 2-point scale. There were 100 trials per subject.

Experiment 5

Experiment 5 is referred to as VanBoxtel_2019_Expt1 in the Confidence Database and reports the data from Experiment 1 in.*® Sub-
jects (N = 45; 31 males and 14 females) judged the direction of dot motion. The difficulty level was manipulated by altering the coher-
ence of the dot motion. There are eight coherence levels. The stimulus was presented for 750 ms. Confidence was indicated together
with the decision on a 4-point scale. There were 1600 trials per subject.

Experiment 6

Experiment 6 is referred to as VanBoxtel_2019_Expt2 in the Confidence Database and reports the data from Experiment 2 in.*® Sub-
jects (N = 37; 25 males and 12 females) judged the direction of the dot motion. The difficulty level was manipulated by the coherence
of the dot motion, and there were eight levels of difficulty. The stimulus was presented for 750 ms. Confidence was indicated together
with the decision on a 4-point scale. There were 1600 trials per subject.

Experiment 7

Experiment 7 is referred to as Siedlecka_2019 in the Confidence Database and reports the data from.*® Subjects (N = 37; 7 males and
30 females) judged whether the Gabor gratings were tilted toward left or right. The difficulty level was fixed and was determined by a
staircase procedure targeting 71% of accuracy. The stimulus was presented for 500 ms. Two within-subject conditions were
included in the experiment: with and without accuracy feedback. We analyzed the data across both conditions. In the feedback con-
dition, the feedback was provided after the confidence rating. Confidence was indicated with a separate button press on a 4-point
scale. There were 400 trials per subject.

Experiment 8

Experiment 8 is referred to as Martin_unpub in Confidence Database and the manuscript associated with this dataset is still unpub-
lished. In this experiment, two figures (square or diamond) were presented on each side of the screen. Subjects (N = 22; 13 males and
9 females) discriminated whether the square was presented in the left or the right. A staircase procedure was employed to keep per-
formance around 70% correct. Confidence was indicated with a separate button press on a 4-point scale. There were 600 trials per
subject.

Experiment 9

Experiment 9 is referred to as Gajdos_2019 in the Confidence Database and reports the data from.° Subjects (N = 22; 9 males and 13
females) judged whether the Gabor patch presented was whether vertical or horizontal. The difficulty level was fixed for each subject
and was determined by a staircase procedure targeting a 79.4% accuracy. The stimulus was presented for 33 ms. Confidence was
indicated with a separate button press on a 4-point scale. There were 699 trials per subject.

Experiment 10

Experiment 10 is referred to as Skora_2016 in the Confidence Database and reports the data from.®" Subjects (N = 19; 6 males and 13
females) first memorized the displayed items (memory display) and then performed a change detection task (task display). The dif-
ficulty level was fixed for each subject and is determined by a staircase procedure targeting 71% accuracy. The memory display was
presented for 250 ms. A within-subject manipulation changed the time between the disappearance of the original stimulus and the
appearance of the cue. There were three different delay conditions (50 ms, 100 ms, and 1000 ms). The three conditions were com-
bined for analysis purposes. Confidence was indicated with a separate button press on a 4-point scale. There were 400 trials per
subject.

METHOD DETAILS

For all 10 datasets, following standard practice in our lab,***>*%52 we excluded subjects with accuracy lower than 55% or higher
than 95% (because floor or ceiling effects on task performance result in noisy estimates of metacognition) and subjects who only
used one confidence rating (which makes it impossible to estimate metacognitive ability). Note that no subject used only one
confidence rating, so nobody was excluded based on that criterion. These criteria led to the exclusion of 0, 0, 22, 20, 0, 0, 3, 0, 2,
and 1 subjects in the 10 experiments, respectively (corresponding to exclusion rates of 0%, 0%, 6.35%, 4.97%, 0%, 0%, 8.11%,
0%, 9.09%, and 5.26%). Note that Experiments 1 and 2 only include subjects that passed somewhat overlapping exclusion criteria
used in Rouault et al. (2018).

We computed task performance (d’) using the formula:

d = ¢ '(HR) - ¢~ (FAR)
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where HR and FAR are the hit and false alarm rates associated with the decision criterion. We computed M-Ratio using the codes
provided by Maniscalco & Lau (2012). In specific, we first calculate meta-d’ which is the value of stimulus sensitivity (d’) that best
describes the observed pattern of confidence responses given the assumptions of signal detection theory. Then, the M-Ratio is
computed by dividing the meta-d’ by d’, and this measure quantifies the extent to which confidence ratings discriminate between
correct and incorrect responses while controlling for the first-order task performance. It is worth noting that prior research has found
that including multiple difficulty levels can lead to inflated estimates of metacognitive ability compared to using a single difficulty
level.”® To address this potential issue, we conducted analyses on the two experiments in our study that employed an online staircase
to examine whether the stimulus variability experienced by each gender differed significantly. We found no significant difference in
the degree of stimulus variability experienced by males and females (Expt 2: F(239, 256) = 1.16, p = 0.25; Expt8: F(12, 7) =0.57,p =
0.37). This finding confirms that the use of an online staircase does not contaminate the interpretation of the M-Ratio in our study, as it
does not introduce uneven inflation to the M-Ratio for each gender.

Additionally, it is important to acknowledge recent discussions in the field regarding potential bias in M-Ratio estimates due to vi-
olations of the normality assumption in experiential distributions®* or because of either explicit or implicit difference response
caution.?® While such distortions may occur, they are expected to affect both genders equally in our study, thus preserving the validity
of our comparative results. Accordingly, we confirmed that there are no significant differences in reaction times between genders
(p > 0.05 for all 10 experiments), supporting the conclusion that there are no systematic differences in response strategies between
males and females in our study.

Furthermore, while some experiments included more than one difficulty level, we did not compute separate M-Ratio values for
each difficulty condition. This was due to feasibility issues, as the number of difficulty levels could be as high as 70 in some cases
(and the number of trials per difficulty level as low as three). As all participants experienced the full range of difficulty levels in the
relevant experiments, we reason that this methodological choice would not affect the overall conclusion. However, mixing difficulty
levels could increase the overall noise in M-ratio estimation, potentially reducing the chance of detecting significant differences be-
tween the two genders.

QUANTIFICATION AND STATISTICAL ANALYSIS

To investigate the gender difference in the measure scores (d’, confidence, and M-Ratio in the main paper, as well as meta-d’ and
confidence for correct versus incorrect trials in Figures S1 and S2), we performed independent samples t-tests for the measure
scores of males and females across each experiment. Further, in order to compare the effect size of gender across experiments,
we conducted random-effect meta-analyses. Studies were weighted by their inverse variance which reflects the study sample
size. We used Hedge’s g as the bias-corrected effect size of mean group difference. We used the R package, meta, to estimate
the random-effect inverse-variance weighted mean and standard error of performance within groups. To quantify the heterogeneity
in effect sizes across studies, we computed 12, which is the percentage of variance across studies that is due to heterogeneity rather
than chance.

In order to ensure the robustness of our meta-analysis, we conducted power analysis using the R package, dmetar, to ascertain
whether our sample size was adequate to detect even small effect sizes. Specifically, we examined the power needed to detect an
effect where the standard mean difference (SMD), a measure equivalent to Cohen’s d, equals 0.2, which is considered a small effect
size in a meta-analysis.”® We set the alpha level at 0.05 and aimed for a power level of 0.80, which follows recommendations for
psychological research.”® The power analysis revealed that with our current sample size of 10 studies with a total number of
1,887 subjects, we achieved a power of 0.99. This indicates that our meta-analysis is sufficiently powered to detect a small effect
size of SMD = 0.2 with a probability of 99%, surpassing the conventional threshold of 80%.

Additionally, since age may influence perceptual performance, we conducted multiple regression analyses to predict confidence
from accuracy, age, response time, difficulty level, and gender (Table S1). This allowed us to rule out the possibility that any observed
gender effects on confidence were confounded by age or accuracy differences.
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