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Background: Metacognition is the set of reflexive processes that allows humans to evaluate the accuracy of their mental operations.
Metacognitive deficits have been described in people with schizophrenia using mostly narrative assessment, and they have been linked
to several key symptoms. Methods: We assessed metacognitive performance objectively by asking people with schizophrenia or
schizoaffective disorder (n = 20) and matched healthy participants (n = 21) to perform a visual discrimination task and report their confi-
dence in their performance. Metacognitive performance was defined as the adequacy between visual discrimination performance and
confidence. Results: Bayesian analyses revealed equivalent metacognitive performance in the 2 groups, despite a weaker association
between confidence and trajectory tracking during task execution among people with schizophrenia. We reproduced these results using
an evidence accumulation model, which showed similar decisional processes in the 2 groups. Limitations: These results from a rela-
tively small study sample cannot be generalized to other perceptual and nonperceptual tasks. To meet this purpose, ecological tasks are
needed. As well, the role of antipsychotic medication and design deserves greater attention in the future. Conclusion: We found similar
decisional and metacognitive capabilities between people with schizophrenia and healthy controls in a visual discrimination task.

Introduction

Metacognition refers to a spectrum of mental activities whose
objects are one’s own thoughts. Some of these mental activ-
ities can be described as discrete (recognition and monitoring
of ongoing thoughts or percepts), others as more transversal
and synthetic, integrating a person’s assumption of thoughts,
sensations, intentions or links between events to form more
complete and lasting representations.” Regarding the latter,
people with schizophrenia have persistent difficulties in con-
sidering thoughts as essentially subjective, in recognizing
complex mental states in others, in viewing events from per-
spectives other than their own, and in using their metacogni-
tive knowledge to manage their distress.’* These deficits
have been linked to core features of the illness, such as posi-
tive and negative symptoms,® disorganization,® functioning”
and quality of life® Synthetic metacognition is usually meas-
ured through structured interviews and self-reported ques-
tionnaires that evaluate multiple processes such as emotion

recognition, theory of mind and verbal abilities. In contrast,
discrete metacognition is measured by focusing on a specific
cognitive domain: participants are asked to perform a cogni-
tive or perceptual task (sometimes referred to as a first-order
task) and then assess how well they performed (i.e., a second-
order task consisting of a confidence judgment, error detec-
tion or postdecisional wagering). In this context, metacogni-
tive performance is defined as the capacity to adapt
second-order judgments to first-order performance.’

Studies relying on such combinations of first- and second-
order tasks have reported deficits in metacognitive
performance in people with schizophrenia across several
domains, including perception,’® agency!! and memory.*
Although these studies have provided valuable insights into
putative deficits in discrete metacognition, several biases
might interfere with the assessment of metacognitive
performance in people with schizophrenia. First,
metacognitive performance depends on first-order
performance: it is easier to provide confidence judgments or
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detect errors for easy tasks than for difficult ones. Thus, it is
crucial to control for first-order task performance, which is
usually lower in people with schizophrenia than in controls.
Other biases might influence metacognition in people with
schizophrenia, such as depression, which has been associated
with better metacognition' and cognitive deficits that are
associated with metacognitive impairments with a small to
moderate effect size.!* Considering the many stages of
processing leading from first- to second-order decisions, poor
metacognitive performance in a given task may be the result
of deficits at any of these levels.

Here, we first sought to test the existence of a metacogni-
tive deficit in people with schizophrenia while accounting for
possible differences in first-order performance. Then, we
aimed at pinpointing the putative origins of metacognitive
deficits in people with schizophrenia and describing how
first- and second-order cognitive processes unfold over time
by analyzing behavioural responses together with trajectory
tracking and by reproducing them using an evidence accu-
mulation model of decision-making. That is, we continuously
tracked the position and kinematics of the mouse that par-
ticipants used to indicate their first-order response during a
motion discrimination task.'>!® We also modelled first- and
second-order responses as derived from an evidence accu-
mulation process, starting when participants initiated a
mouse movement.'”? Together, these 2 approaches follow-
ing a preregistered plan allowed us to finely characterize
decision-making and metacognitive monitoring in people
with schizophrenia in relation to clinical traits while avoid-
ing the typical confounds that may have contaminated pre-
vious results in the field.

Methods

This was a transversal monocentric study. The experimental
paradigm and analysis plan detailed below were registered be-
fore data collection (NCT03140475) and are available together
with anonymized data and analysis scripts (https://osf.
io/84wqp/).

Participants

Twenty-three healthy volunteers (15 males, 8 females) from
the general population and 20 patients with a schizophrenia
spectrum disorder (16 males, 4 females) took part in this study.
Two healthy volunteers were excluded from the analysis, 1 be-
cause of a convergence failure during the staircase procedure
and 1 because of an estimated IQ of less than 70. Patients with
schizophrenia spectrum disorders (schizophrenia or schizo-
affective disorder) were recruited from community mental
health centres and outpatient clinics in the Versailles area.
Control participants were recruited from the volunteers’ panel
at the Centre d’"Economie de la Sorbonne and Versailles Hospi-
tal (for details, see Appendix 1, available at jpn.ca/200022-a1).
Exclusion criteria for both groups were as follows: a moderate
to severe substance use disorder (according to DSM-5 cri-
teria®!) within the 12 months preceding the study; a current or
previous untreated medical illness, including neurologic ill-

ness; an IQ of less than 70 based on 3 subtests of the Wechsler
Adult Intelligence Scale? (see Appendix 1); and age older than
60 years. Schizophrenia and schizoaffective disorders were
diagnosed by a psychiatrist investigator based on the Struc-
tured Clinical Interview for assessing DSM-5 criteria.”® An-
other licensed psychiatrist (the participant’s treating psychia-
trist) confirmed the diagnosis for each participant according to
DSM-5 criteria.?! All participants were right-handed, had nor-
mal hearing, and had normal or corrected-to-normal vision.
They were naive to the purpose of the study and provided
informed consent. The investigators checked whether patients
were capable of providing fully informed consent through a
specific interview (focused on the ability to comprehend and
retain information about the research and to use and weigh
this information to make an appropriate decision). This inter-
view was done at the first appointment after the proposal to
participate in the research by the patient’s referring psychia-
trist. Information was provided orally and adapted to the
patient’s verbal comprehension skills, but also provided in
written form. The investigators answered any questions before
the participant signed the consent form and then obtained
written informed consent from each participant.

The study was approved by the ethical committee Sud
Meéditérannée II (217 R0O1). Our plan at preregistration was to
collect data until we reached a Bayes factor of either 0.3 or 3
with respect to the difference in metacognitive performance
between groups. We halted data collection when we obtained
evidence for the null hypothesis for a group difference in M-
ratio (see analyses below).

Neuropsychological and clinical evaluation

We evaluated participants with schizophrenia spectrum dis-
orders and healthy controls using several clinical and neuro-
psychological continuous measures, described in Appendix 1.

Experimental design

In each trial, participants were asked to indicate the mean
motion direction of a random-dot kinetogram by clicking
within a circular frame located on top, to the right or to the
left of the stimulus (first-order task). They were then asked to
report how confident they were in their response (second-
order task) by moving the mouse cursor on a visual analogue
scale with marks between 0% (certainty that the first-order
response was erroneous) and 100% (certainty that the first-
order response was correct) in 5% steps (Fig. 1). All details
are provided in Appendix 1.

Statistical analysis

All analyses were performed using R (2018).

The first objective was to establish the comparability of the
2 groups in terms of demographic and cognitive characteris-
tics. We compared groups’ characteristics using Welch's ¢ test
or the y? test as appropriate.

The second objective was to test for differences in metacog-
nitive performance between patients and controls, using
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Fig. 1: Experimental paradigm and behavioural performance. (A) Experimental paradigm. Participants were presented with a random-dot
kinetogram stimulus moving rightward or leftward and asked to report motion direction by moving the mouse cursor toward a circle presented
at the top left or top right of the screen (first-order response). Then, participants reported the confidence they had in their response by moving
a cursor on a visual analogue scale (second-order response). Exemplar mouse trajectory and confidence ratings are shown in red. (B) Pos-
terior distribution density of the M-Ratio for the control (green) and schizophrenia groups (orange). The coloured lines at the bottom of the plot
represent the 95% highest posterior density intervals. (C) Mixed-effects logistic regression between first-order accuracy and standardized con-
fidence. (D) Mixed-effects linear regression between standardized reaction times and confidence. In panels C and D, regression lines and
95% confidence intervals around them represent the model fit. Although the model took continuous variables as input, for illustrative purposes
we plotted dots and error bars that represent mean + 95% confidence interval over participants after rounding standardized confidence (C)

and reaction times (D). The size of each dot is proportional to the number of represented trials.

2 complementary measures. We quantified metacognitive
sensitivity using mixed-effects logistic regression between
first-order accuracy (binary categorical variable) and confi-
dence (continuous variable), including a fixed effect of group
(binary categorical variable: controls v. patients), random
intercepts by participants and a full random-effects structure.
We quantified metacognitive efficiency in a Bayesian frame-
work as the ratio between meta-d’ (continuous variable) and
d” (M-ratio, continuous variable).?*%

The third objective was to compare bias in metacognition
between patients and controls. Confidence bias quantified
differences in the tendency to use high or low confidence
ratings, based on the second-order receiver operating charac-
teristic curve (B-ROC?).

The fourth objective was to compare the strength of the re-
lationships between confidence and response motion kine-
matics in patients and controls. Mouse spatial trajectories (x,
y; continuous variables) were preprocessed (see Appendix 1)
and fitted using a model II linear regression with the major
axis method.” Kinematics (velocity, acceleration; continuous
variables) were standardized across participants (z score) and
analyzed as a function of confidence using mixed-effects lin-
ear regressions.

Results
Cognitive and clinical variables

The 2 groups did not differ in terms of sex (x> = 0.45, p =
0.50), age, education, premorbid intelligence level or neuro-
psychological performance, except for total score in the Six
Elements Test,®® which was marginally lower for patients
(mean * 95% confidence interval [CI] 801.0 + 101.3) than for
controls (920.8 + 86.4; t,,,; = 1.76, p = 0.09; Table 1).

Two other variables differed between patients and con-
trols: depressive symptoms, which were higher in patients
(mean + 95% CI 4.5 + 1.8) than in controls (0.5 + 0.4; t,, =
—4.3, p = 0.001); and cognitive insight scores, which were also
higher in patients (mean + 95% CI 5.8 + 3.2) than in controls
(-0.6 +1.7; ty5,, = =3.4, p = 0.002). Of note, the latter difference
was no longer significant when taking into account depres-
sion as a covariate: a linear model of insight as a function of
group and depression scores revealed a main effect of de-
pression (B = 0.75 = 0.30, t,, = 2.52, p = 0.02, Bayes factor
[BF] = 102.86), but no effect of group (t,, =1.55, p =0.13, BF =
1.21), suggesting that the difference in insight between
groups was explained by depression. Depression scores
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Table 1: Clinical, neuropsychological and behavioural characteristics of patients and controls

Control, mean + 95% CI

Schizophrenia, mean + 95% Cl

(n=21) (n=20) t statistic p value Bayes factor
Age, yr 42.6 +4.8 38.8+5.1 tie, = 1.09 0.29 0.50
Beck Cognitive Insight Scale, score -0.6+1.7 58+3.2 s = —3.39 0.002 20.96
Calgary Depression Scale, score 05+04 45+1.8 tyo = —4.26 0.001 171.20
Education level, yr 12504 13.6+1.3 tr70=—-1.56 0.13 0.80
Premorbid 1Q, score 104.0 £+ 3.6 102.3 £ 3.9 ti;24 = 0.65 0.52 0.37
Six Elements Test, errors 92+14 8.0+21 ti0, = 0.93 0.36 0.44
Six Elements Test, points 920.8 + 86.4 801.0 + 101.3 tyr=1.76 0.09 1.04
WAIS matrix subtest, score 102+ 1.1 9.0+1.3 tis=1.33 0.19 0.62
WAIS letter—-number sequencing subtest, score 9112 7.7+1A1 t0e = 1.69 0.10 0.94
WAIS vocabulary subtest, score 10.0+x1.2 11.1+£15 tiss = —1.06 0.30 0.48
Criterion 0.00 + 0.21 -0.32+0.15 t;,, =2.50 0.020 3.24
Sensitivity, d' 1.38 + 0.11 1.29 + 0.08 t,=0.85 0.40 0.41
Motion variance 2.01+0.20 1.59 +0.17 o = 3.09 0.004 10.60

Cl = confidence interval; IQ = intelligence quotient; WAIS = Wechsler Adult Intelligence Scale.

were 6 or greater for 45% of patients, indicating possible
major depressive disorder in these participants.?” The Cal-
gary Depression Scale® total score was less than 6 for all par-
ticipants in the control group. In the patients” sample, we
measured the intensity of schizophrenia using the Positive
and Negative Syndrome Scale:* the mean total score was
78.5 + 6.8; the mean positive symptom score was 17.2 + 2.2;
the mean negative symptom score was 20.5 + 2.3; and the
mean general psychopathology score was 40.9 + 3.8. The
mean illness duration was 14.7 + 3.7 years, and the mean
chlorpromazine equivalent was 439.7 + 118.4 mg/24 h. The
mean score on the Personal and Social Performance Scale®
was 55.7 + 5.4, and the mean total score on the Birchwood In-
sight Scale® was 10.8 + 1.1. The group of patients included
13 participants with schizophrenia and 7 with schizoaffective
disorders.

First- and second-order performance

Participants indicated the direction of a random-dot kineto-
gram (first-order task) and then reported their confidence in
their decision (second-order task, see Methods and Appendix 1).
Analysis of participant performance on the first-order task is
reported in Table 1 and Appendix 1.

At the second-order level, average confidence ratings were
similar between groups (patients: 0.71 = 0.05, controls: 0.70 +
0.06; ty, = 0.12, p = 0.91, BF = 0.31), as was confidence bias de-
fined as B-ROC (patients: —1.93 + 0.26, controls: —2.06 + 0.21;
tys = 0.54, p = 0.59, BF = 0.35). Behavioural results (confidence,
B-ROC) remained unchanged when the Calgary Depression
Scale total score was entered as a covariate. We then esti-
mated metacognitive efficiency (i.e., the ratio between meta-d’
and d’) to capture the amount of perceptual evidence used by
participants when computing confidence estimates. We made
the prior assumption that controls had higher metacognitive
efficiency (i.e., prior with Gaussian distribution of mean +
standard deviation = 0.2 + 1 for the difference in metacogni-
tive efficiency between groups), based on the difference in

metacognitive accuracy between first-episode psychosis and
healthy controls recently reported by Davies and colleagues.®
Results showed that the 2 groups had similar metacognitive
efficiency (patients: 0.52, 95% highest posterior density inter-
val = 0.40 to 0.65; controls: 0.49, highest posterior density in-
terval = 0.37 to 0.64), with a BF of 0.18 supporting the absence
of difference between groups (Fig. 2B). We also computed an-
other metric of metacognitive performance — metacognitive
sensitivity — which corresponds to the slope of the logistic re-
gression between first-order accuracy and confidence. We
made a similar prior assumption for higher metacognitive ef-
ficiency in the control group, represented by a steeper slope
(i.e., Gaussian distribution with mean + standard deviation =
1 + 5). We chose a weakly informative prior in the absence of
published evidence. We found no interaction between group
and confidence (estimate = 0.06, highest posterior density
interval = -0.15 to 0.27; BF = 0.02; Fig. 2C). Importantly, BFs
less than 0.3 for both metacognitive efficiency and sensitivity
supported the null hypothesis: that people with schizophrenia
would have no impairment while adjusting confidence to
their performance.

Following our preregistered plan, we then sought to as-
sess how motor behaviour related to first-order responses
modulated confidence ratings. We quantified the relation-
ship between confidence, first-order accuracy and standard-
ized reaction times for both groups using mixed-effects lin-
ear regression, including perceptual evidence as a regressor
of no interest. We found a negative relationship between
confidence and standardized reaction times (estimate =
—0.05 [-0.07 to —0.04]; evidence ratio > 4000), indicating that
confidence was high following fast first-order responses.
This relationship was modulated by first-order accuracy
(interaction accuracy x reaction times: estimate = —0.01
[-0.02 to —0.01]; evidence ratio = 221.22) and group (interac-
tion group x reaction times: estimate = 0.02 [0.00 to 0.04];
evidence ratio = 22.26), indicating that the slope between
confidence and standardized reaction times was steeper for
correct responses and for the control group. Together, these
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Fig. 2: Trajectory tracking. (A) Single-trial mouse trajectories leading to the first-order response in case of a change of mind (red) or no
change of mind (black) in the control (left panel) and patient groups (right panel). (B) Average first-order accuracy and confidence in the pres-
ence (red) and absence (black) of a change of mind in the control (left panels) and patient groups (right panels). (C) Goodness of fit (R?) and
slope (B) of the linear fit between vertical and horizontal mouse positions as a function of confidence quantile (low: red, medium: orange, high:
green). Large dots represent average estimates, error bars represent the 95% confidence intervals. Small dots represent individual estimates.
(D) Average velocity (upper panel) and acceleration (lower panel) from first mouse movement onset as a function of confidence quantile (low:
red, medium: orange, high: green). Of note, velocity may be non-null before movement onset as it was defined as a function of the maximal
velocity in a given trial (see Appendix 1). Shaded areas represent the 95% confidence intervals. Grey bars represent samples for which confi-
dence covaried significantly with kinematics (p < 0.05, corrected for false discovery rate).

results indicate that reaction times covary with confidence to
a lesser extent in people with schizophrenia, suggesting that
this group may have relied less on this input to form confi-
dence estimates.

Trajectory tracking

Beyond reaction times, we quantified how mouse trajectories
leading to first-order responses predicted subsequent confi-
dence judgments (see Fig. 2A for raw trajectories). First, we
isolated trials in which a change of mind occurred; that is,
when participants started moving toward one response circle
and later changed direction toward the other (see Appendix 1).
Changes of mind corresponded to 7.9 + 2.7% and 7.3 + 2.9% of
total trials in the patient and control groups, respectively (t,, =
0.32, p =0.75, BF = 0.32). Interestingly, mixed-effects logistic re-
gression revealed that changes of mind were associated with

lower first-order accuracy in both groups (main effect: estimate =
-0.32, z = =2.07, p = 0.040; see Fig. 2B), without significant
interaction between group and accuracy (estimate = 0.18, z =
0.84, p = 0.40). Conversely, mixed-effects linear regression
revealed that changes of mind were associated with lower con-
fidence (F, 5; = 32.05, p < 0.001), and that this decrease in confi-
dence was more pronounced in controls than in patients (inter-
action term: F,;; = 5.03, p = 0.03), indicating that patients
revised their confidence level less following changes of mind.
Next, we assessed how the slopes of individual trajectories co-
varied with confidence. We found a negative relationship be-
tween slopes and confidence (F, s = 5.7, p = 0.02), independent
of group and first-order accuracy (Fig. 2C). This finding sug-
gests that both patients and controls moved the mouse more
laterally for responses associated with high confidence,
whether correct or not. We also fitted a linear model to indi-
vidual trajectories and found a positive relationship between
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goodness of fit (R?) and confidence (F,,, = 17.5, p < 0.001) that
was independent of group and first-order accuracy, revealing
that confidence ratings were higher after responses following
more linear trajectories. Of note, a trend suggested a lower R?
in the patient group (F,, = 3.73, p = 0.06).

Besides spatial trajectories, we quantified how velocity and
acceleration profiles related to confidence by fitting mixed-
effects linear regressions for each time sample across individ-
ual trials, with confidence and group as fixed effects. Of note,
we centred data to 0 to account for potential motor impair-
ment in patients with schizophrenia.® For velocity, we found a
main effect of confidence, indicating that velocity reached
higher peaks in high-confidence trials, and an interaction be-
tween confidence and groups indicating that the positive cor-
relation between velocity and confidence was significant in the
2 groups, but stronger in the control group than in the patient
group (p< 0.05, corrected for false discovery rate). We explored
this interaction by fitting velocity models for each group,
which showed a sustained correlation between confidence and
velocity at movement onset and offset among the control
group, and a short-lived correlation at movement onset in the
patient group (Fig. 2D). For acceleration, we found a main ef-
fect of confidence, by which acceleration at movement onset
reached higher values in high-confidence trials, and an interac-
tion between confidence and group close to movement offset,
by which movement acceleration reached more negative val-
ues for healthy controls in high-confidence trials (p < 0.05, cor-
rected for false discovery rate). As for velocity, we explored
this interaction by fitting acceleration models for each group,
which showed that the correlation between confidence and ac-
celeration was significant at both movement onset and offset in
the control group (Fig. 2D). Among patients, we found only a
weaker correlation following movement offset. Together, these
results confirm the existence of kinematics correlates of confi-
dence at the motor execution stage, and suggest that they may
be stronger predictors of confidence in healthy controls com-
pared with patients with schizophrenia.

Finally, we examined the relationship between second-order
behavioural measures (confidence, M-ratio) and these cogni-
tive and clinical variables using Bayesian robust regressions
(see Appendix 1). Regarding cognitive variables, we found
that M-ratio covaried positively with the Wechsler Adult Intel-
ligence Scale matrix subtest* (r = 0.46, highest posterior den-
sity interval = 0.20 to 0.70, BF = 13.88) on the whole group of
participants, indicating that participants with good perceptual
reasoning also had high metacognitive performance. No other
correlation was found to be significant (see Appendix 1, Table
S1). No significant correlation was found between second-
order behavioural measures and clinical variables specific to
the patient population (see Appendix 1, Tables S2).

Discussion

The current study assessed the quality of metacognitive mon-
itoring in perceptual decision-making in people with schizo-
phrenia using bias-free measures of metacognitive perfor-
mance combined with trajectory tracking and evidence
accumulation models.

Metacognitive performance

We found no significant difference in metacognitive perfor-
mance between groups, and Bayesian analyses favoured the
null hypothesis rather than inconclusive results. In addition,
an evidence accumulation model suggested that both groups
relied on equivalent first and second-order decisional mech-
anisms when compensating for first-order perceptual deficits
in patients. These results were compatible with a recent ac-
count suggesting that people with schizophrenia may not be
affected to form confidence estimates per se, but rather to
interpret their saliency.” In this perspective, the lack of differ-
ences found in metacognition between patients and controls
in our study might be explained by the use of a continuous
scale rather than a binary choice. The absence of a difference
between groups was unlikely to be a result of abnormally
poor metacognitive performance in our control population,
because healthy controls performed similarly to participants
from previous studies involving a coherent motion discrimi-
nation paradigm (e.g., mean M-ratio = 0.66 in a recent
study®). As well, the unexpected better cognitive insight
found in patients compared with controls could not explain
the lack of difference in metacognitive performance between
groups, because cognitive insight was related to neither
metacognitive efficiency nor metacognitive sensitivity. (One
could argue that including patients with schizoaffective dis-
orders might have compensated for a potential deficit in
metacognition in patients with schizophrenia by increasing
depressive symptomatology, which has been associated
with better metacognitive efficiency.’” However, the preva-
lence of possible depression [based on the Calgary Depres-
sion Scale cut-off] in this sample of patients with schizo-
phrenia spectrum disorders was close to the 40% value
reported in another study investigating outpatients with
schizophrenia only.* In addition, a post hoc comparison of
M-ratio with cognitive insight as a covariate confirmed the
absence of difference between groups (t;; = 0.61, p = 0.54). It is
worth noting that a critical difference between our 2 groups
was that the patients with schizophrenia were medicated
with antipsychotics acting as dopaminergic antagonists. Al-
though there is evidence that confidence may be modulated
by dopamine,®* we found evidence for the null hypothesis
using Bayesian correlations between confidence and chlor-
promazine equivalents in our sample.

Recent studies have reported lower visual metacognitive per-
formance in people with a first episode of psychosis relative to
age-matched controls.*#! In the present study, we tested people
with a chronic disorder and found no deterioration of metacog-
nition relative to controls, but we did find a negative relation-
ship between metacognitive efficiency and illness duration
(Appendix 1, Table S2). This finding suggests that metacogni-
tive performance in patients may evolve nonlinearly over time,
with prevalent deficits at the early and late stages of schizo-
phrenia. Longitudinal studies with large sample sizes and
varying ages of onset will be needed to assess this possibility.

Regarding chronic schizophrenia, a study reported lower
metacognitive performance in a source memory task* and
perceptual categorization task** compared with psychiatric

6 J Psychiatry Neurosci



Confidence in visual motion discrimination in schizophrenia

control groups with similar type 1 accuracy. However, our
results were in line with those of previous studies investigat-
ing metacognitive performance controlling for first-order ac-
curacy in chronic schizophrenia, which reported equivalent
metacognitive sensitivity (area under the type 2 receiver op-
erating characteristic curve) between patients and controls
for facial emotion recognition,* comparable metacognitive
sensitivity (strength of the association between first-order ac-
curacy and confidence) for episodic memory* and compara-
ble metacognitive efficiency (M-ratio) during a detection
task.* In contrast, many studies have reported a metacogni-
tive deficit in chronic schizophrenia without controlling for
concomitant lower first-order performance.!*!2474 Therefore,
an important aspect of future studies quantifying confidence
and metacognitive performance in people with schizophrenia
will be to systematically control for potential confounds in
terms of first-order performance.

Relationships between action execution and metacognitive
performance

Reaction times were not longer in patients with schizophre-
nia spectrum disorders, nor were mouse movement onsets,
possibly as a consequence of the artifactual matching of task
difficulty and accuracy between the 2 groups. Both groups
featured a negative relationship between reaction times and
confidence, but this was significantly stronger in the control
group. This result was in line with the findings of a previous
report showing a lack of correlation between reaction times
and confidence in emotion recognition for people with
schizophrenia, whereas reaction times were negatively asso-
ciated with confidence in controls.*” Together, these results
suggest that decisional parameters such as reaction times
have less influence on subsequent confidence ratings in peo-
ple with schizophrenia spectrum disorders.

The analysis of reaction times with an evidence accumula-
tion model revealed no difference in parameters between
groups (see Appendix 1). Beyond mere reaction times, we
also analyzed the mouse trajectories leading to first-order re-
sponses, considered as a relevant time-resolved proxy to
parse the processing steps underlying confidence judg-
ments.’>!¢ We found that velocity and acceleration during the
decision movement were more closely linked to confidence
in the control group than in the patient group. The link be-
tween confidence and trajectories in the control group cor-
roborates the view that sensorimotor signals shape confi-
dence estimates. Indeed, previous studies showed that
electromyographics® and o power over somatosensory scalp
regions® covary with confidence, and that altering sensori-
motor signalling by increasing movement speed™ or by in-
ducing sensorimotor conflicts® disrupt metacognitive accu-
racy. The weaker link between trajectories and confidence in
patients with schizophrenia may be related to slower and
noisier motor behaviour, or to the tendency of people with
schizophrenia to neglect relevant internal cues to control
motor actions.> The fact that metacognitive performance was
preserved in patients with schizophrenia despite a decreased
link between confidence and trajectories suggests that senso-

rimotor signals may globally up- or downregulate confidence
estimates, with no influence on the calibration between confi-
dence and first-order performance as reported recently.>*

Relationships between behavioural and neuropsychological
outcomes

We found no difference between patients and controls accord-
ing to premorbid IQ, perceptual and verbal reasoning, and
working memory. Executive functions were marginally lower
in the patient group. In contrast, coherent motion discrimina-
tion was significantly worse in patients compared with con-
trols, in line with previous studies,” suggesting a deficient inte-
gration of spatially distributed motion signals in patients. In the
patient group, schizophrenic symptomatology was moderate®
and the level of depression was slightly higher than what is
usually reported in a sample of stabilized outpatients.’”?® De-
pressive symptomatology was also higher in patients than in
controls in the current study. Patients reported mean clinical®”
and cognitive®* insights that were comparable to those re-
ported in previous studies including stabilized outpatients. In
contrast, cognitive insight — measured as the difference be-
tween self-reflectiveness and self-certainty — was markedly
lower in the controls we had recruited compared with previous
studies.®%* These studies included much younger and more
educated nonclinical participants than those included in the
current sample. Because age was reported to be negatively cor-
related with composite index scores and education was nega-
tively correlated with self-reflectiveness in a nonclinical sam-
ple,* we believe the low cognitive insight found in the control
group in the present study was explained by demographic
characteristics, which were deliberately matched with the de-
mographic characteristics of the patient group. The higher level
of depression found in patients compared with controls and the
low cognitive insight found in controls related to the level usu-
ally reported both converged to explain that cognitive insight
was unexpectedly better in the patient group than in the control
group. This difference was no longer significant when depres-
sion was entered as a covariate. The absence of metacognitive
deficit found in patients with schizophrenia recruited for this
study may be explained by their preserved cognitive insight.

We found a significant correlation between metacognitive
efficiency and visual reasoning for the whole group of partici-
pants, which suggests that metacognition and reasoning abil-
ities depend on partially overlapping cognitive mechanisms.®
Previous studies have reported that metamemory is correl-
ated with executive function, visual recognition memory® and
working memory.* Contrary to a previous study reporting a
significant association between poor insight and metacogni-
tive deficits in people with schizophrenia,”” we found no cor-
relation between illness insight and metacognitive perform-
ance or confidence bias. As well, metacognitive performance
did not correlate with psychosocial functioning in our patient
group. Therefore, our study did not confirm the significant as-
sociation between synthetic metacognition (drawing upon a
broad range of social, executive, linguistic and metacognitive
processes, such as the Metacognitive Assessment Scale®) and
functioning previously reported.?
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Limitations

We note that these results should be interpreted with caution,
considering the relatively small sample size on which they
are based.

Conclusion

This study emphasizes the importance of running future
studies that control for first-order accuracy and reasoning be-
fore concluding that people with schizophrenia have a spe-
cific metacognitive deficit. Although our results indicate that
performance monitoring during a visual discrimination task
may not be impaired, future work is needed to assess how
such monitoring generalizes to the capacity to evaluate the
veridicality of complex representations such as hallucina-
tions, delusional ideation or the emotional states and inten-
tions of others in people with schizophrenia.
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