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Abstract
Emotion recognition difficulties are considered to contribute to social-communicative
problems for autistic individuals and awareness of such difficulties may be critical for
the identification and pursuit of strategies that will mitigate their adverse effects. We
examined metacognitive awareness of face emotion recognition responses in autistic
(N = 63) and non-autistic (N = 67) adults across (a) static, dynamic and social face
emotion stimuli, (b) free- and forced-report response formats, and (c) four different sets
of the six “basic” and six “complex” emotions. Within-individual relationships between
recognition accuracy and post-recognition confidence provided no indication that autis-
tic individuals were poorer at discriminating correct from incorrect recognition responses
than non-autistic individuals, although both groups exhibited marked inter-individual
variability. Although the autistic group was less accurate and slower to recognize emo-
tions, confidence-accuracy calibration analyses provided no evidence of reduced sensitiv-
ity on their part to fluctuations in their emotion recognition performance. Across
variations in stimulus type, response format and emotion, increases in accuracy were
associated with progressively higher confidence, with similar calibration curves for both
groups. Calibration curves for both groups were, however, characterized by overconfi-
dence at the higher confidence levels (i.e., overall accuracy less than the average confi-
dence level), with the non-autistic group contributing more decisions with 90%–100%
confidence. Comparisons of slow and fast responders provided no evidence of a “hard-
easy” effect—the tendency to exhibit overconfidence during hard tasks and underconfi-
dence during easy tasks—suggesting that autistic individuals’ slower recognition
responding may reflect a strategic difference rather than a processing speed limitation.

Lay Summary
It is generally considered that autistic individuals may have difficulty recognizing other
people’s facial emotions. However, little is known about their awareness of any emo-
tion recognition difficulties they may experience. This study indicates that, although
there is considerable individual variability, autistic adults were as sensitive to variations
in the accuracy of their recognition of others’ emotions as their non-autistic peers.
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INTRODUCTION

The possibility that difficulties with social communication
and interaction that are diagnostic features of autism
(DSM-5; American Psychiatric Association, 2013) might be

underpinned by problems recognizing facial expressions of
others’ emotions has attracted considerable research interest
(e.g., Harms et al., 2010; Lozier et al., 2014; Nuske
et al., 2013; Uljarevi�c & Hamilton, 2013). It seems inevita-
ble that difficulty recognizing others’ emotions, or tardiness
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in doing so, will constrain understanding of how social
interactions are unfolding and the capacity to respond
appropriately. But other aspects of emotion processing may
also have significant implications for the smoothness of
social interactions. Awareness of one’s limitations in recog-
nizing others’ emotions—metacognitive awareness—is also
likely to be critical for the implementation of strategies that
will mitigate any adverse impacts of emotion recognition
difficulties. Yet surprisingly, researchers have paid scant
attention to autistic individuals’ awareness of any emotion
recognition difficulties they may experience. The current
research addresses this shortcoming.

In a recent study we examined speed and accuracy of
recognition of face emotion expressions in autistic and non-
autistic adults, incorporating (a) static photographs,
dynamic moving images and social stimuli varying in the
degree of contextual information, (b) free-report and
multiple-choice response formats, and (c) 12 different emo-
tions from the categories often referred to as “basic” or
“complex” emotions (Georgopoulos et al., 2022). Emotion
recognition accuracy—indicated by the level of agreement
with the recognition responses of a normative sample
(cf. Barrett et al., 2019)—and response latency data
reported by Georgopoulos et al. (2022) indicate that task
difficulty decreased progressively from static to dynamic to
social stimulus presentations, and increased from multiple-
choice to free-report responding and from basic to complex
emotions. However, group differences remained robust
across these conditions. Although there was considerable
inter-individual variability in each group, for autistic indi-
viduals, recognition accuracy was lower (a relatively weak
effect), response latencies were longer, and confidence in
recognition responses was lower.

The emotion recognition data reported by Georgo-
poulos et al. (2022) derived from a larger project that also
assessed metacognitive monitoring of emotion recogni-
tion responses and whether individuals could identify
appropriate empathic responses to emotions displayed by
others. This article focuses on the metacognitive monitor-
ing component.

METACOGNITIVE AWARENESS OF
EMOTION RECOGNITION

Studies of metacognitive awareness in autistic individuals in
different task domains have produced mixed findings.
Research with child and adolescent samples has reported
lower metacognitive awareness in autistic than non-autistic
individuals for general knowledge (Grainger et al., 2016;
Williams et al., 2018) and mathematics tasks (Brosnan,
Johnson, et al., 2016; but see Maras et al., 2019). Studies
with adults have reported no group differences for a general
knowledge task (Grainger et al., 2014a), episodic memory
recall (Maras et al., 2020) or on post-decision wagering on
the accuracy of perceptual discrimination judgments
(Carpenter et al., 2019). However, poorer metacognitive
awareness has been reported for autistic adults asked to

provide “feeling of knowing” judgments (i.e., judgments of
subsequent memory for previously unrecalled items) about
cued recall and recognition of previously studied word pairs
(Grainger et al., 2014b) or to interpret a range of mindread-
ing, or Theory of Mind (ToM), scenarios (Brewer
et al., 2022). Poor metacognition has also been implicated
as a factor underlying autistic adults’ longer latencies for
post-decision wagering judgments about perceptual discrim-
ination accuracy (Carpenter et al., 2019).

Studies of metacognitive awareness of emotion recogni-
tion in autistic individuals are rare and limited in scope.
Several approaches can be used to evaluate metacognitive
awareness. One is to examine whether “global” metacogni-
tion measures that probe individuals’ perceptions of their
awareness of or sensitivity to others’ emotions using self-
report questionnaires are related to objective performance
on emotion recognition tasks. However, such measures gen-
erally fail to predict objective emotion recognition perfor-
mance (e.g., Kelly & Metcalfe, 2011), potentially leading to
the incorrect conclusion that people lack awareness of their
discrimination of others’ emotions.

A second approach is to elicit confidence judgments
after each emotion recognition response and examine
whether within-individual Goodman-Kruskal gamma (G)
confidence-accuracy correlations indicate an ability to dis-
criminate accurate from inaccurate responses (cf. Kelly &
Metcalfe, 2011). This statistic, referred to as an index of res-
olution, identifies how well the confidence judgments dis-
criminate correct from incorrect decisions and can range
from +1.0 (perfect discrimination) to 0 (no association) and
to �1.0 (perfect negative association).

Using this method, Sawyer et al. (2014) tested autistic
and non-autistic adults using static images and a multiple-
choice response format, with participants making confi-
dence judgments after every response. Although emotion
recognition performance was poorer for the autistic sample,
individuals in both groups showed similar patterns of dis-
crimination between accurate and inaccurate responses:
G coefficients were 0.53 and 0.57 for autistic and non-
autistic groups, respectively. In contrast, with participants
aged 9–17 years, McMahon et al. (2016) reported poorer
discrimination of accurate from inaccurate recognition
responses of six basic emotions (static stimulus presentation)
by the autistic than the non-autistic group (G = 0.19
vs. G = 0.45). It is impossible to determine whether the dif-
ferent findings reflect participants’ developmental levels and
whether the patterns will generalize across stimulus presen-
tation types, response formats and emotions.

The emotion recognition database reported by Georgo-
poulos et al. (2022)—encompassing 340 observations per
individual and more than 21,000 observations per group
from samples of 63 autistic (21,420 trials) and 67 non-
autistic (22,780 trials) adults—provides an excellent oppor-
tunity for examining metacognitive awareness within and
between autistic and non-autistic groups. Although, given
the potential contribution of co-occurring conditions, any
differences between groups would not necessarily implicate
autism-specific aspects of metacognitive awareness of
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emotion recognition, the data provide an opportunity to
supplement the limited knowledge base on metacognitive
awareness of emotion processing in autistic individuals.

Consistent with previous research on autistic individ-
uals’ metacognitive awareness, here we first examined
within-individual confidence-accuracy G coefficients for
autistic and non-autistic adults’ emotion recognition
responses for different types of stimulus presentation
(static, dynamic, social), response format (free-report,
multiple-choice), and sets of basic (afraid, angry, dis-
gusted, happy, sad, surprised) and complex (ashamed,
disappointed, frustrated, hurt, jealous, worried) emo-
tions. These data inform understanding of group-level
differences in the discrimination of accurate from inaccu-
rate recognition responses (i.e., resolution) and of vari-
ability across individuals.

Although knowing that confidence levels are, on aver-
age, higher for accurate than inaccurate responses reflects
one component of metacognitive awareness, it is not infor-
mative about whether confidence judgments are well cali-
brated with the probability that the response is accurate.
For example, similar sized correlation coefficients may
obtain when an individual provides (a) similar and very low
confidence estimates for inaccurate responses and slightly
higher but still relatively low estimates for accurate
responses, (b) similar and relatively low confidence esti-
mates for inaccurate responses and relatively high estimates
for accurate responses, or (c) similar and moderately high
confidence estimates for inaccurate responses and even
higher estimates for accurate responses. More nuanced
information about metacognitive awareness is provided by
a third approach, confidence-accuracy calibration, that has
been widely used across various decision-making domains
(e.g., Baranski & Petrusic, 1994; Brewer & Wells, 2006;
Cooke, 1906; Maras et al., 2020).

The calibration approach gives rise to a calibration
curve plotting accuracy variations across the full range of
confidence judgments (i.e., proportion correct for decisions
made with 100% confidence, 90% confidence, etc.). It
requires a sufficiently large number of observations per con-
dition or group to provide stable estimates of accuracy at
each confidence level, thereby indicating the sensitivity of
adjustments in confidence to the range of variations in accu-
racy. Perfect calibration is indicated if 100% of decisions
made with 100% confidence are accurate, 90% of decisions
made with 90% confidence are accurate, and so
on. However, if for example only 75% of decisions made
with 100% confidence are accurate, 60% of decisions made
with 80% confidence are accurate, and so on, it would indi-
cate decision-making characterized by overconfidence. Con-
versely, underconfident decision-making would be
suggested by the probability of an accurate response at each
confidence level exceeding the confidence level (e.g., 80% of
decisions made with 60% confidence are accurate). In con-
trast, the G coefficient indicates resolution: whether confi-
dence is reliably higher for correct than incorrect responses.

Previously we summarized a limited body of evidence
suggesting that, at least in some domains, autistic adults’

metacognitive judgments may match those of non-autistic
adults with respect to resolution. Robust evidence on the
sensitivity of adults’ metacognitive judgments, as provided
by calibration analyses, is non-existent. To provide a com-
prehensive picture of metacognitive awareness of emotion
recognition in autistic and non-autistic individuals, we
focused on two issues. First, we used confidence judgments
obtained after each recognition response to compute indi-
vidual G correlations, focusing both on variability within
groups and differences between groups to examine whether
autistic and non-autistic individuals discriminated accurate
from inaccurate recognition judgments.

Second, we derived confidence-accuracy calibration
curves for the autistic and non-autistic groups across dif-
ferent types of stimulus presentation, response formats
and emotion types. A robust finding across decision mak-
ing domains is that calibration curves are characterized
by increasing overconfidence as task difficulty
increases—referred to as the hard-easy effect (e.g., Juslin
et al., 2000). These patterns have been consistently
reported in domains such as eyewitness identification
(Palmer et al., 2013; Sauer et al., 2010), face recognition
(Weber & Brewer, 2004), general knowledge (Baranski &
Petrusic, 1995; Gigerenzer et al., 1991; Lichtenstein &
Fischhoff, 1977), perceptual judgments (Baranski &
Petrusic, 1994, 1995, 1998) and perspective taking
(Brewer et al., 2022). The recognition accuracy and
latency data reported by Georgopoulos et al. (2022) indi-
cate that task difficulty decreased progressively from
static to dynamic to social stimulus presentation, and
increased from multiple-choice to free-report responding,
and from basic to complex emotions. Calibration curves
characterized by increasing overconfidence would, there-
fore, be expected to track the increasing difficulty levels
indicated by the accuracy and latency data. Further,
given Georgopoulos et al. (2022) reported lower accuracy
for the autistic than the non-autistic group regardless of
stimulus type, response format and emotion, the calibra-
tion patterns for the former group might be expected to
be characterized by greater overconfidence.

Moreover, as Georgopoulos et al. (2022) argued,
autistic individuals’ longer recognition latencies might
reflect either a fundamental difficulty processing emo-
tions or perhaps a qualitatively different strategic
approach—for example, exercising greater caution before
finalizing decisions (cf. Pachella, 1974) or perhaps a dis-
position toward deliberative or effortful processing rather
than the intuitive processing that some argue is more
likely to be seen in non-autistic individuals (see Brosnan
et al., 2017; Brosnan, Lewton, 2016—see, however, Tay-
lor et al.’s (2022) compelling evidence against the latter
position). Calibration curves characterized by greater
overconfidence for the autistic than the non-autistic
group would be expected if their longer latencies reflect a
specific processing difficulty, but not if they reflect a dif-
ferent strategic approach. Similarly, if autistic individ-
uals’ longer latencies reflect greater processing difficulty,
we might expect curves for slower autistic individuals to
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be characterized by greater overconfidence than those for
faster individuals, consistent with the hard-easy effect.

We also conducted an exploratory examination of
two issues: (1) Prior to commencing each trial-block for
the different types of stimulus presentation, participants
indicated how confident they were about recognizing
others’ emotions, thereby enabling a rudimentary group
comparison of prospective awareness of emotion recogni-
tion ability (cf. Grainger et al., 2014b). (2) The availabil-
ity of a ToM measure for the autistic participants from
our database permitted a preliminary exploration of the
relationship between metacognitive awareness and ToM.
We present a brief discussion of the issue and the relevant
data in Supplementary Materials (pp.13–15).

To summarize, we examined autistic and non-autistic
individuals’ metacognitive awareness of their emotion rec-
ognition performance under a variety of emotion stimulus
and response conditions: free-report and multiple-choice
recognition responses of emotions displayed in static,
dynamic and social stimuli across multiple trials for 12 dif-
ferent emotions. Each response was followed by the partici-
pant indicating their confidence in the accuracy of that
response. Given the limited prior research, the predictions
we have foreshadowed thus far were, with one exception,
tentative at best. For example, we made no directional pre-
dictions regarding how effectively autistic adults would dis-
criminate correct from incorrect recognition responses
(i.e., resolution), especially across the different stimulus pre-
sentation types, response formats and emotions. With
respect to the calibration analyses, we rather confidently
expected calibration curves for both groups to be character-
ized by (a) reduced overconfidence in parallel with the clear
reductions in task difficulty from static to dynamic to social
stimulus presentation, and (b) increased overconfidence par-
alleling the increases in difficulty from multiple-choice to
free-report responding, and from basic to complex emo-
tions. In contrast, we have outlined two possibilities for the
calibration patterns for autistic and non-autistic groups. To
the extent that autistic individuals’ longer recognition laten-
cies reflect a processing deficit, greater overconfidence
would be expected, with this pattern even more marked for
slower than faster responses. If, however, longer latencies
simply reflect a different strategic approach such as more
cautious responding, greater overconfidence for the autistic
group would not be expected.

METHOD

We provide an abbreviated version of the Method
section of Georgopoulos et al. (2022).

Participants

The autistic sample comprised 63 participants (17 female),
aged 18–66 years (M = 31.1 SD = 13), with a diagnosis

of autism spectrum disorder based on the Diagnostic and
Statistical Manual of Mental Disorders (DSM-IV-TR
[APA, 2000] or DSM-5 [APA, 2013]). Wechsler Abbrevi-
ated Scale of Intelligence-Second Edition (WASI-II;
Wechsler, 2011) Verbal Comprehension Index (VCI)
scores spanned 85–143 (M = 104.44, SD = 12.71, 95%
CI [101.30, 107.58]). The non-autistic sample included
67 individuals (47 female), aged 18–65 years (M = 23.8
SD = 8.9) with VCI scores ranging from 85 to
136 (M = 106.57, SD = 11.44, 95% CI [103.83, 109.31]).
The groups did not differ significantly in VCI,
t (128) = 1.00, p = 0.318, d = 0.18, d 95% CI (�0.17,
0.52), but the non-autistic group was significantly youn-
ger, t (109.26) = 3.73, p < 0.001, d = 0.66, d 95% CI
(0.31, 1.01).

Design

The design was a 2 (Group: autistic, non-autistic) � 2
(Response Format: free-report, multiple-choice) � 3
(Stimulus Type: static, dynamic, social) � 12 (Emotion:
afraid, angry, ashamed, disappointed, disgusted, frus-
trated, happy, hurt, jealous, sad, surprised, worried)
mixed design, with stimulus type, response format and
emotion as within-subjects’ factors.

Materials

Stimuli were obtained from the EU-Emotion Stimulus
Set database (O’Reilly et al., 2012, 2016)1; we used the
high intensity versions of 12 emotions, displayed as static
images, dynamic video clips (a video of the person mak-
ing the facial expression), and contextual social scenes,
without vocalizations. Stimuli were delivered on a
15-inch Apple Macbook Pro; participants used a
USB/wireless mouse to indicate their responses.

Response format

Participants viewed each image or short clip and typed a
single-word free-report response to indicate the emotion
the target stimulus was feeling. After providing a confi-
dence rating for the free-report response, they selected
the emotion the target was feeling from four multiple-
choice options, followed again by a confidence rating.
Multiple-choice options for each item included the target
emotion and three foils randomly selected from a pool of
60 options that included the other 11 target emotions and
49 other emotions that were not too similar to the target
emotions

1Bona fide researchers may access the stimuli via the database manager,
H. O’Reilly of the ASC- Inclusion Project: Autism Research Centre, University of
Cambridge, UK. Email: heo24@medschl.cam.ac.uk
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Stimulus type

Trials for each stimulus type were completed in randomized
order within a block, with presentation order of the blocks
counterbalanced. The static task presented static photos of
a facial configuration (from the shoulders up) whereas the
dynamic task presented short video clips of a person (shoul-
ders up) moving their face into configurations depicting the
target emotions. For the static and dynamic stimulus types
there were four trials for each emotion (i.e., 48 trials for
each stimulus type). In the social stimulus task, there were
4–7 (Mdn = 7)2 trials for each emotion; participants were
presented with video clips of an interaction between two
people that provided important contextual visual informa-
tion, with participants providing a free-report and then a
multiple-choice response indicating the emotion of the per-
son in the interaction specified as the target individual.

The following URLs provide two examples of
each task:

• Static: https://qualtrics.flinders.edu.au/jfe/form/SV_
9pqp0YDttUmdts1

• Dynamic: https://qualtrics.flinders.edu.au/jfe/form/SV_
8vafpqESU40Iyu9

• Social: https://qualtrics.flinders.edu.au/jfe/form/SV_
9oad9qroRmS3yrr

Emotion

The 12 emotions used were the six ‘basic’ emotions
(afraid, angry, disgusted, happy, sad, surprised) and six
emotions (ashamed, disappointed, frustrated, hurt, jeal-
ous, worried) typically classified as “complex” emotions.

Measures

Recognition accuracy

Assessments of recognition accuracy relied on independent
observers’ subjective judgments to index normative interpre-
tations of the emotional expressions rather than on some
objective index. The procedures used for classifying the
“accurate” multiple-choice response for each face emotion
stimulus are described in O’Reilly et al. (2016).

Free-report accuracy: Coding of agreement
with normative responses to emotions

Free-report responses that matched the appropriate emo-
tion term or a synonym obtained from online thesaurus

or dictionary platforms were coded as matching the nor-
mative response (i.e., accurate). Three judges scored non-
synonym responses as 3 (strict: meaning the same as nor-
mative response), 2 (lax: similar meaning, but not exactly
the same), 1 (boundary: plausible alternative but not
really a synonym) or 0 (incorrect: not at all like the emo-
tion). All coding classifications are available at https://
osf.io/ndbfs/. For example, scores of 1, 3, 0, and 2 on the
4 trials for the static presentations of “angry” summed to
6 of a possible 12, producing an accuracy score of 50%.
Inter-rater reliability indexed by Cohen’s kappa was 0.89
and 0.83 for two independent raters’ coding of two large
subsets of free report responses (see Georgopoulos
et al., 2022).

To calculate G coefficients for strict coding of free-
report responses, responses scored as 3 were recoded as
1 (correct) and all other scores were recoded as 0 (incor-
rect). For lax coding, responses scored as 3 or 2 were
recoded as 1 (correct) and scores of 1 and 0 were recoded
as 0 (incorrect).

For multiple-choice responses, selection of the target
emotion (the normative or accurate recognition response)
on each trial = 1, and a foil selection = 0. For example,
selecting the target response on 3 of the 4 trials for the
static presentation of “angry” resulted in an accuracy
score of 75%.

Latency and confidence

Recognition response latency was recorded to the nearest
0.01 s and confidence was indicated on an 11-point scale
ranging from 0% to 100% confident that the response
was accurate.

Procedure

At the beginning of the static, dynamic and social tasks,
the experimenter read aloud the instructions on the lap-
top screen and ensured participants understood task
requirements. After providing demographic information,
participants rated their confidence in their ability to accu-
rately recognize others’ emotions, completed two practice
trials for that task and were instructed to respond as
quickly and accurately as possible, with the latter instruc-
tion appearing on the screen prior to each trial.

RESULTS

Within-individual confidence-accuracy
relationships

Confidence-accuracy G coefficients were calculated for
each participant, across all trials and for response format,
stimulus type and emotion subsets using both strict and

2More trials were used in the social stimulus task where possible to provide a
larger database for the phase of the broader project concerned with empathic
reactions to others’ emotions.
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lax accuracy coding for free-report responses. Table S1
shows the range, mean and median G coefficients for all
conditions and inferential group comparisons. For these
analyses, the 12 emotions were collapsed into two catego-
ries: basic and complex. For both groups, coefficients
were generally of similar magnitude across conditions.3

For example, for free-report trials (strict coding),
G ranged from �0.04 to 0.84 (M = 0.43, SD = 0.16,
Mdn = 0.43) within the autistic group and from �0.05 to
0.72 (M = 0.40, SD = 0.16, Mdn = 0.40) in the non-
autistic group, t (123) = 1.01, p = 0.315, d = 0.18, d 95%
CI (�0.17, 0.52).

Figure 1 highlights the similar G distributions calcu-
lated from all trials for both groups under free-report
strict (upper panel) and lax (lower panel) coding. These
indicate that both groups were, at least to some degree,
aware of when they had recognized the displayed emo-
tions. There was, however, marked inter-individual vari-
ability within each group, with some individuals good at
discriminating correct from incorrect responses whereas
others were not.

We also investigated whether individuals’ awareness of
their ability to discriminate others’ emotions was associated
with their recognition of emotions. Table S2 shows the corre-
lations between accuracy and confidence-accuracy
G correlation coefficients (overall and by condition). For
free-report (strict coding), for example, rs = 0.32, p = 0.014,
and rs = �0.05, p = 0.717, for autistic and non-autistic indi-
viduals, respectively, z = 2.08, p = 0.019. This pattern—
moderate and significant correlations for autistic individuals
versus often weaker and non-significant correlations for non-
autistic individuals—was observed across many of the condi-
tions (see Table S2).

Confidence-accuracy calibration

Confidence data were collapsed into five categories
(i.e., 0%–20%, 30%–40%, 50%–60%, 70%–80%, 90%–

100%) to maximize stability of estimates in each confi-
dence category. The proportion of accurate recognition
responses in each category was then plotted against the
weighted mean confidence for that category. For the free-
report condition, we applied the strict criterion for accu-
racy scores. The resultant calibration curves for autistic
and non-autistic groups in the different conditions are
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F I GURE 1 Distributions of the
confidence-accuracy gamma
(G) coefficients calculated from all
responses (i.e., multiple choice and free-
report) with strict (upper panel) and lax
(lower panel) free-report coding

3As shown in Table S1, the non-parametric contrasts for the dynamic stimulus
condition revealed significantly higher coefficients for autistic than non-autistic
individuals but the effects were weak.
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displayed in Figure 2 (response format), Figure 3 (stimu-
lus type), and Figure 4 (emotion).

We also examined two statistics that assist interpreta-
tion of the calibration curves: the C (calibration) statistic
and the O/U (over/underconfidence) statistic (see
Baranski & Petrusic, 1994; Lichtenstein et al., 1982). The
C statistic can vary from 0 to 1, with zero indicating perfect
calibration. The O/U statistic varies from +1 to �1, with
more marked over- and underconfidence indicated by larger
positive and negative scores, respectively. The O/U statistic
denotes whether participants’ average confidence is greater
than (indicating overconfidence) or less than (underconfi-
dence) overall accuracy. To calculate C, (1) each confidence
rating is assigned to a class interval; (2) the difference
between the mean confidence level and the proportion of
correct responses for each class interval is obtained; (3) the
squared differences are multiplied by the number of obser-
vations in the interval; and (4) the step (3) outcomes are
summed across class intervals and divided by the total num-
ber of observations. The O/U statistic is calculated in the
same way as the C statistic, except that the differences are
not squared, and thus it is equivalent to mean confidence
minus overall proportion correct. Two calibration curves
could run parallel to the ideal calibration curve and yield
similar C statistics, but with one lying below the ideal

(yielding a positive O/U statistic) and the other above it
(negative O/U statistic). The former would indicate over-
confidence and the latter underconfidence. The C and O/U
statistics were derived for each individual by each condition,
and overall, and then analyzed with parametric tests
(cf. Weber & Brewer, 2004, for an application with a face
recognition paradigm).

We highlight six features of the calibration curves.
First, in all conditions, recognition accuracy increased
with increases in confidence, indicating that partici-
pants were monitoring fluctuations in the accuracy of
their responses with some degree of sensitivity. Second,
none of the calibration curves tracked the dotted line
indicating perfect calibration. Third, in the upper sec-
tions of the scale, in all conditions, the curves were
characterized by overconfidence (i.e., accuracy was
lower than the corresponding confidence level), indi-
cating participants’ failure to lower confidence esti-
mates sufficiently to align with accuracy. As expected,
the degree of overconfidence was more pronounced in
those conditions where accuracy reflected greater task
difficulty. For example, accuracy at confidence levels
of 90–100% was (a) lower for free-report than multiple-
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choice responses (Figure 2), (b) lowest for static, fol-
lowed by dynamic and then social stimuli (Figure 3),
and (c) lower for complex than basic emotions
(Figure 4). Fourth, in the lower sections of the scale,
the curves were characterized by underconfidence
(except for the clearly more difficult free-report condi-
tion), indicating participants lowered their confidence
estimates more than was necessary to align with the
associated accuracy levels. Fifth, apart from the non-
autistic group being characterized (under some condi-
tions) by more underconfidence when using the lower
section of the scale—although the associated number
of observations was relatively small—the calibration
curves for the two groups were virtually overlapping.
Sixth, note, however, that at the 90%–100% confidence
levels, non-autistic individuals contributed many more
observations than autistic individuals.

This descriptive overview of the calibration curves is
supported by formal analyses of the C and O/U statistics
for each participant. These statistics, by group and condi-
tion, are presented in Table 1. Three separate 2 (Group:
autistic, non-autistic) � 3 (Stimulus Type: static, dynamic,
social scenes), 2 (Group: autistic, non-autistic) � 2
(Response Format: multiple-choice, free-report) and
2 (Group: autistic, non-autistic) � 2 (Emotion: basic, com-
plex) ANOVAs were run on the C and O/U statistics, with
stimulus type, response format and emotion as within-

subjects factors.4 As the data violated one or more assump-
tions of parametric ANOVA, non-parametric versions of
each analysis were also conducted using the WRS2 package
in R (version 1.1–3; Mair &Wilcox, 2019). Given the paral-
lels between the results of the parametric (Table 2) and non-
parametric analyses (Table S3), we focus on the parametric
results but note some minor discrepancies below, with refer-
ence to (Table S3).

There were effects of response format, stimulus type and
emotion on both C (Fs ≥ 19.34, ps <0.001) and O/U
(Fs ≥3.34, ps ≤0.040), with strong effects of response format
and emotion on both C (ηG2 = 0.411 and 0.239, respectively)
andO/U (ηG2 = 0.622 and 0.287, respectively) but only weak
effects of stimulus type on C (ηG2 = 0.048) and O/U
(ηG2 = 0.007). Consistent with the calibration curves, the
descriptive statistics indicate poorer calibration and greater
overconfidence for free-report than multiple-choice
responses, C = 0.11 (SD = 0.07) and O/U = 0.29
(SD = 0.12) versus C = 0.03 (SD = 0.02) and O/U = �0.00
(SD = 0.11), and for complex than basic emotions, C = 0.08
(SD = 0.06) and O/U = 0.22 (SD = 0.12) versus, C = 0.03
(SD= 0.02),O/U= 0.07 (SD= 0.11). Calibration was better
and overconfidence was less in the dynamic, C = 0.05
(SD = 0.04) and O/U = 0.13 (SD = 0.13), and social condi-
tions, C = 0.04 (SD = 0.04) and O/U = 0.14 (SD = 0.11)
when compared with the static trials, C = 0.07 (SD = 0.06)
andO/U = 0.16 (SD = 0.15).

None of the analyses showed an effect of group on
C (Fs ≤0.53, ps ≥0.468) and the effect sizes were trivial
(ηG2 ≤ 0.003). There were no significant parametric anal-
ysis interaction effects involving group on C (Fs ≤3.93,
ps ≥0.050, ηG2 ≤ 0.009), and in each case the effect sizes
were tiny. The nonparametric analysis produced signifi-
cant group � response format and group � emotion
interactions, both reflecting larger, but still relatively
small, differences in C for the non-autistic than the non-
autistic group (see Table S3).

Conversely, as shown in Table 2, a relatively weak
effect (ηG2 ranged from 0.03 to 0.04) of group on O/U
was observed in all analyses (Fs ≥5.53, ps ≤0.020), with
non-autistic participants (O/U = 0.17, SDs = 0.12–0.13)
exhibiting greater overconfidence than autistic partici-
pants (O/U = 0.12, SDs = 0.09–0.10) overall. There were
no significant interaction effects on O/U (Fs ≤2.46,
ps ≥0.091), with effect sizes ranging from weak
(ηG2 = 0.037) to very weak (ηG2 ≤ 0.005).

Although the effects of group on C (i.e., across sub-
sets) and many interaction effects involving group on
both C and O/U were non-significant and characterized
by very small effect sizes, we conducted Bayesian ana-
lyses which confirmed the extent to which these reflected
evidence in favor of the null. For each analysis, the best-
fitting model did not include the predictor(s) associated
with non-significant frequentist results. Evidence for the
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4Separate ANOVAs, with data collapsed across the other conditions, were
conducted to ensure stable estimates of C and O/U for each individual.
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inclusion of these predictors ranged from anecdotal evi-
dence for inclusion to strong evidence for non-inclusion
(i.e., BFincl values between 1.44 and 0.07). The full Bayes-
ian results are summarized in Tables S4–S6.

In sum, despite lower recognition accuracy, longer
latencies and lower confidence suggesting greater proces-
sing difficulty for autistic than non-autistic individuals
(see Georgopoulos et al., 2022), the calibration curves for
the autistic group did not indicate the poorer calibration
or more marked overconfidence typically associated with
greater task difficulty. Indeed, the non-autistic group

contributed many more (though obviously a similar pro-
portion of) highly confident incorrect responses. More-
over, when we created calibration curves comparing the
fastest and slowest free-report trials (a median split) for
autistic and non-autistic participants (see Figure S1),
there was no suggestion that the calibration curve for the
slower autistic individuals—those who might be pre-
sumed to have experienced greater processing difficulty—
was characterized by greater overconfidence than that of
the faster autistic individuals. Rather, overconfidence
was less pronounced, and calibration closer to zero, for

TABLE 2 Results of parametric ANOVAs examining the effects of group and response format, stimulus type, and emotion on C and O/U
statistics

Predictor

C O/U

df
Mean
square F p ηp2 ηG2 df

Mean
square F p ηp2 ηG2

Group 1 <0.001 0.01 0.944 <0.001 <0.001 1 0.135 5.70 0.018 0.043 0.038

Error 128 0.003 128 0.024

Response format 1 0.486 184.72 <0.001 0.591 0.411 1 5.62 1932.33 <0.001 0.938 0.622

Group � response
format

1 0.006 2.30 0.132 0.018 0.009 1 <0.001 0.29 0.589 0.002 <0.001

Error 128 0.003 128 0.003

Group 1 0.001 0.28 0.598 0.002 0.001 1 0.225 6.03 0.015 0.045 0.034

Error 128 0.004 128 0.037

Stimulus typea 1.68 0.024 19.34 <0.001 0.131 0.048 1.88 0.024 3.34 0.040 0.025 0.007

Group � stimulus
type

1.68 0.001 0.59 0.524 0.005 0.002 0.188 0.017 2.46 0.091 0.019 0.005

Error 214.41 0.001 240.84 0.007

Group 1 0.002 0.53 0.468 0.004 0.003 1 0.131 5.53 0.020 0.041 0.037

Error 128 0.003 128 0.024

Emotion 1 0.170 131.07 <0.001 0.506 0.239 1 1.37 482.83 <0.001 0.790 0.287

Group � emotion 1 0.005 3.93 0.050 0.030 0.009 1 0.005 1.83 0.179 0.041 0.037

Error 128 0.001 128 0.003

aPost-hoc tests indicated significant differences in C between the static condition and both the dynamic and social conditions and a significant difference in O/U between
the static and dynamic conditions.

TABLE 1 Mean (and SD) C and O/U statistics for autistic and non-autistic individuals by condition

Group

Condition Autistic Non-autistic

Response format C O/U C O/U

Free-report 0.11 (0.08) 0.27 (0.14) 0.12 (0.06) 0.31 (0.10)

Multiple-choice 0.03 (0.03) �0.03 (0.12) 0.02 (0.02) 0.02 (0.10)

Stimulus type

Static 0.07 (0.06) 0.12 (0.17) 0.07 (0.06) 0.19 (0.13)

Dynamic 0.05 (0.04) 0.11 (0.14) 0.05 (0.04) 0.15 (0.11)

Social 0.05 (0.04) 0.13 (0.13) 0.04 (0.02) 0.16 (0.09)

Emotion

Basic 0.03 (0.03) 0.06 (0.12) 0.03 (0.02) 0.09 (0.10)

Complex 0.07 (0.07) 0.19 (0.14) 0.09 (0.06) 0.25 (0.11)
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the slower (C = 0.067 and O/U = 0.237) than the faster
(C = 0.102 and O/U = 0.304) autistic individuals.

Given the age difference between groups, we exam-
ined metacognitive awareness of younger and older autis-
tic participants to check whether the absence of group
differences might be due to the greater proportion of
older individuals in the autistic group. Three lines of ana-
lyses ruled out this possibility. First, the correlations
between age and the G, C and O/U statistics were all neg-
ligible. The respective coefficients were (i) r
(59) = �0.095, p = 0.465, rs(59) = �0.026, p = 0.483,
G = �0.017, p = 0.843, for G (G calculated across all tri-
als with strict FR coding), (ii) r(61) = 0.033, p = 0.795,
rs(61) = 0.085, p = 0.505, G = 0.064, p = 0.475, for C,
and (iii) r(61) = �0.063, p = 0.624, rs(61) = �0.063,
p = 0.625, G = �0.041, p = 0.649, for O/U. Second, nei-
ther G coefficients, C statistics nor O/U statistics differed
significantly for participants in the younger and older
sub-groups based on a median split at 26 years (see
Table S7). Third, the C and O/U statistics were consistent
with the younger and older groups’ almost overlapping
calibration curves (see Figure S2). Together, these pat-
terns fail to highlight any noteworthy effect of age on the
patterns of metacognitive awareness for the two groups.

Exploratory analyses

Pre-task confidence

Autistic individuals were significantly less confident pre-
task than non-autistic individuals (overall M = 68.47,
SD = 15.02 vs. M = 75.67, SD = 12.30),
t (119.98) = �2.98, p = 0.003, d = 0.53, 95% CI (0.18,
0.88). Lower pre-task confidence was associated with lon-
ger response latencies in autistic, rs (61) = �0.30,
p = 0.019, but not non-autistic individuals, rs
(65) = �0.15, p = 0.234 (although the difference between
these coefficients was not significant, z = 0.88,
p = 0.189). However, there was no suggestion that lower
pre-task confidence was associated with lower overconfi-
dence in either autistic rs (61) = 0.13, p = 0.307, or non-
autistic individuals, rs (65) = 0.01, p = 0.926.

DISCUSSION

Our examination of metacognitive awareness of emotion
recognition performance in autistic and non-autistic
adults across various stimulus and response conditions
incorporated (a) confidence-accuracy G coefficients,
reflecting the ability to discriminate accurate from inac-
curate responses, (b) C and O/U calibration statistics for
individual participants and group level calibration data,
indicating the sensitivity of post-decision adjustments in
confidence to fluctuations in recognition accuracy—with
all measures based on large numbers of observations.

Within-individual relationships between confidence
and accuracy provided no indication that, at the group
level, the autistic individuals were any less able to dis-
criminate correct from incorrect recognition responses
than non-autistic individuals, although inter-individual
variability was marked within each group. Further, the
confidence-accuracy calibration curves and statistics
(supported by the Bayesian analyses) demonstrate quite
similar degrees of sensitivity to performance fluctuations
from both groups. Across variations in response format,
stimulus type and emotion, higher accuracy was associ-
ated with greater confidence, with virtually identical cali-
bration curves for both groups. Although both groups
were characterized by overconfidence at the highest con-
fidence levels, this pattern was more pronounced for non-
autistic individuals.

As indicated previously, calibration curves are typi-
cally characterized by greater overconfidence as task dif-
ficulty increases. The calibration data—where the autistic
group showed less overconfidence than the non-autistic
group—suggest, therefore, that autistic individuals’ lon-
ger response latencies may not have reflected greater task
difficulty, but rather a difference of a strategic nature
such as exercising greater caution before responding.
Two data patterns are consistent with this possibility.
First, the negative correlation between pre-task confi-
dence and latency in the autistic group suggests the possi-
bility that lower pre-task confidence translated into more
cautious responding. Second, when we compared calibra-
tion curves for the slowest and fastest autistic individuals,
the former curve was characterized by less overconfi-
dence, a pattern that is inconsistent with an interpretation
that their slowness reflecting greater task difficulty.

Nevertheless, further research is needed to provide
direct confirmation of that conclusion. One approach
might be to examine the effect on latency of providing
post-trial (and possibly false positive) feedback designed
to boost self-efficacy. If autistic individuals’ longer laten-
cies simply reflect caution, boosting belief in their social–
emotional competence might lead to them adopting a less
conservative approach. Another approach, outlined by
Georgopoulos et al. (2022), could involve using limited
exposure durations or response time deadlines to con-
strain more cautious processing (cf. Brewer &
Smith, 1990; Tracy et al., 2011). If autistic-nonautistic
differences in emotion recognition accuracy increased
with progressively shorter exposure durations or response
deadlines, it would suggest that decoding of face emo-
tions is more difficult for autistic individuals. But if simi-
lar and asymptotic accuracy levels were maintained by
both groups, the exercise of greater caution (or maybe
the adoption of some form of more effortful strategic
approach) on the part of autistic individuals would be
suggested.

Should future research confirm that the lower over-
confidence of autistic individuals does indeed reflect a
particularly cautious approach, perhaps indicating an
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autism-related strength, what might be some of the impli-
cations? The answer would likely depend on whether
greater caution is confined to the emotion recognition
paradigm or also characterizes ‘real world’ emotion pro-
cessing. If the latter, there may be negative consequences:
for example, delayed decoding of others’ emotions, fol-
lowed by delayed reactions, might be interpreted as a sign
of disinterest or lack of empathy. Moreover, although a
cautious approach may ultimately prove to be unneces-
sary for autistic individuals to achieve optimum accu-
racy, it may be one with which they are most
comfortable. Accordingly, examination of individual’s
affective reactions when processing or response times are
constrained would be a worthwhile component of such
investigations.

When reviewing previous studies in the Introduction,
we noted that evidence for autistic-nonautistic group dif-
ferences in metacognitive awareness appears largely
(e.g., Grainger et al., 2016; Williams et al., 2018)—
although not exclusively (e.g., Brewer et al., 2022;
Grainger et al., 2014b)—confined to child and adolescent
samples. Perhaps sustained exposure to face emotion
stimuli over many years provides whatever critical experi-
ences are necessary for the development of metacognitive
awareness in this domain, even if the individual’s autistic
characteristics may have led to diminished engagement
with social stimuli. Answers to such questions will mini-
mally require cross-sectional studies of child, adolescent,
and adult samples and, ideally, longitudinal analysis.

An unexpected finding was that metacognitive aware-
ness appeared to be more strongly related to emotion recog-
nition performance in autistic than non-autistic individuals.
Perhaps there are individuals who are aware that they are
performing well because they have learned through expo-
sure to intervention to identify, and focus their attention on,
those critical perceptual cues used to facilitate recognition.
Alternatively, perhaps “good recognizers” have become sen-
sitive to cues such as perceived ease of processing or feelings
of automaticity that help them infer whether their individ-
ual responses are likely to be accurate (cf. Koriat &
Ackerman, 2010; Semmler et al., 2004). However, such
explanations beg the question as to why a similar
metacognition–performance relationship was not apparent
in non-autistic individuals, especially given the similar distri-
butions of within-individual G correlations. As these data
patterns are only correlational, we can only speculate. It
seems unlikely that only autistic individuals would be sensi-
tive to cues that might lead to inferences of accurate recog-
nition. But it has been proposed that autistic and non-
autistic individuals differ in terms of perceptual processing,
with the former more likely to be characterized by a local
(cf. a global) processing style that is advantageous for cer-
tain perceptual discriminations—a view captured in weak
central coherence and enhanced perceptual functioning the-
ories of autism (e.g., Frith & Happé, 1994; Mottron
et al., 2006). Thus, perhaps autistic individuals who effec-
tively combine a local processing style with accurate

inferences about when they are performing well are better
suited than non-autistic individuals to analyze and exploit
whatever fine perceptual details they have been using for
recognition.

We highlight four broader questions that merit exami-
nation in future research. First, for those autistic and
non-autistic individuals who were relatively poor at dis-
criminating accurate from inaccurate recognition
responses, the implications for the effectiveness of their
interpersonal interactions warrant investigation.
Although it may be tempting to infer that a lack of
awareness of one’s capacity to decode others’ expressions
will undermine the effectiveness of social exchanges,
explicit investigation of such relationships is required.

Second, would the patterns observed for autistic and
non-autistic individuals be replicated in the more com-
plex and often multi-person, interpersonal interactions
encountered in daily life? And, in such interactions, how
might the involvement of other cues such as those pro-
vided by an interaction partner’s tone of voice and body
gestures shape the individual’s evaluations of their inter-
pretations of others’ emotions?

Third, our data provide no indication regarding whether
either autistic or non-autistic individuals are likely to be
responsive to any difficulties in emotion recognition of
which they become aware and nor do they signal how they
might respond. Knowing one’s limitations does not neces-
sarily translate into adaptive steps to address those limita-
tions. In other words, metacognitive limitations may exist
at a superordinate level with, for example, some individuals
not being aware of the potential importance of adjusting to
any limitations in order to increase the effectiveness of
future interactions. Radically different research paradigms
will be required to address such questions.

Fourth, there has been considerable recent interest in
the respective contributions of autism and alexithymia
(i.e., a difficulty identifying and describing one’s own emo-
tions) to the processing of emotions, with alexithymia some-
times identified as the more important predictor of emotion
recognition difficulties (e.g., Cook et al., 2013). Note, how-
ever, Keating et al.’s (2022) finding that when non-static
emotion stimuli were used, alexithymia did not predict emo-
tion recognition accuracy. The contribution of alexithymia
to the metacognitive awareness of participants in our study
is obviously unknown and further research into this issue is
warranted. However, we offer here some brief speculation
about potentially important considerations in such research.

Although a recent meta-analysis (Huggins, Donnan,
et al., 2021) clearly demonstrated poorer emotional self-
awareness in autistic individuals, and especially in adults,
Huggins et al. note the heavy reliance on self-report mea-
sures such as the Toronto Alexithymia Scale (Bagby
et al., 1994). They suggest that such self-reports may sim-
ply reflect autistic individuals’ underestimation of their
own competencies in this domain. Indeed, when emo-
tional self-awareness was measured with a behavioral
rather than a self-report measure, individuals with high
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autistics traits underestimated their emotional self-
awareness whereas those with low autistic traits did the
opposite (Huggins et al., 2021). Huggins et al., (2021)
suggest that autistic individuals’ poorer emotional self-
awareness as measured with self-report instruments may
simply reflect a lack of confidence in their own abilities.

Against this background, several of our findings are
noteworthy. First, the autistic group showed lower prospec-
tive confidence than the non-autistic group on the emotion
recognition task. Second, prospective confidence and
response latency were negatively correlated in the autistic
group, consistent with the possibility that lower prospective
confidence translated into cautious responding. And third,
when we compared the calibration curves for the slowest
and fastest autistic individuals, the former curve was char-
acterized by less overconfidence, a pattern that is inconsis-
tent with an interpretation that their slowness reflected
greater task difficulty. The convergence between our find-
ings and those of Huggins and colleagues begs the question
as to whether there might be considerable shared variance
between measures of prospective confidence and self-report
alexithymia measures that contain many items probing indi-
viduals about their perceptions of their own social–
emotional competencies. Moreover, although global mea-
sures of metacognitive awareness may correlate negatively
with measures of alexithymia (e.g., Babaei et al., 2016), they
will not necessarily predict explicit measures of metacogni-
tive awareness (such as used in our study), as has been
highlighted by Kelly and Metcalfe (2011). In other words,
investigations of the contributions of alexithymia to meta-
cognitive awareness in processing emotion stimuli should
incorporate specific tests of individuals’ awareness of their
processing, such as those provided by G coefficients and cal-
ibration approaches.

CONCLUSION

Our examination of metacognitive awareness of facial emo-
tion recognition using different response formats, stimulus
presentation types and an array of different emotions, pro-
vided no evidence of autism-related deficits. Autistic individ-
uals were no poorer at discriminating correct from incorrect
recognition responses than non-autistic individuals, although
both groups exhibited marked inter-individual variability in
discrimination performance. Further, confidence-accuracy
calibration analyses revealed no autism–specific deficit in the
sensitivity of monitoring of fluctuations in emotion recogni-
tion performance. The latter analyses also provided prelimi-
nary evidence that the slower recognition responding that
characterized autistic individuals may reflect a difference of a
strategic nature (e.g., greater caution) rather than a proces-
sing speed limitation.
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