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A B S T R A C T

Background: Self-monitoring biases and overconfidence in incorrect judgments have been suggested as

playing a role in schizophrenia spectrum disorders. Little is known about whether self-monitoring biases

may contribute to early risk factors for psychosis. In this study, action self-monitoring (i.e., discrimination

between imagined and performed actions) was investigated, along with confidence in judgments among

ultra-high risk (UHR) for psychosis individuals and first-episode psychosis (FEP) patients.

Methods: Thirty-six UHR for psychosis individuals, 25 FEP patients and 33 healthy controls (CON)

participated in the study. Participants were assessed with the Action memory task. Simple actions were

presented to participants verbally or non-verbally. Some actions were required to be physically performed

and others were imagined. Participants were asked whether the action was presented verbally or non-

verbally (action presentation type discrimination), and whether the action was performed or imagined

(self-monitoring). Confidence self-ratings related to self-monitoring responses were obtained.

Results: The analysis of self-monitoring revealed that both UHR and FEP groups misattributed imagined

actions as being performed (i.e., self-monitoring errors) significantly more often than the CON group. There

were no differences regarding performed actions as being imagined. UHR and FEP groups made their false

responses with higher confidence in their judgments than the CON group. There were no group differences

regarding discrimination between the types of actions presented (verbal vs non-verbal).

Conclusions: A specific type of self-monitoring bias (i.e., misattributing imagined actions with performed

actions), accompanied by high confidence in this judgment, may be a risk factor for the subsequent

development of a psychotic disorder.
�C 2017 Elsevier Masson SAS. All rights reserved.
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1. Introduction

From the very beginnings of modern psychiatry the disturban-
ces of self that lead to loss of ego boundaries (i.e. a sense of
awareness that there is a distinction between self and world, and
self and others) were considered a core characteristic of psychosis
and of schizophrenia spectrum disorders in particular (SSD)
[1]. Recently, there has been a renaissance of the idea that self-
disorders (i.e., alterations in the ‘‘minimal’’ experiential self
associated with a variety of anomalous subjective experiences),
including weak ego boundaries, are the core of psychotic disorders
[2], and are observed from the very early phase of psychosis
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[3–6]. Loss of, or weakened, ego boundaries is hypothesized to
underlie severe reality- and self-disturbances. Based on the source
monitoring framework [7] that provided a theoretical background
on the process of discrimination between different source of
information, it was hypothesized that severe reality distortions
observed in psychosis, such as hallucinations, may be explained by
failures in reality monitoring (i.e., discrimination between internal
and external sources; deficits result in inner/outer confusions)
[8,9]. This hypothesis has become an influential cognitive model of
psychotic symptoms [10,11]. Recently, Nelson et al. linked the
cognitive model with the phenomenological analysis by hypothe-
sizing that source monitoring [12], along with aberrant salience
[13], may underlie self-disorders observed from very early phases
of psychotic symptoms. The authors suggest that source monitor-
ing, along with self-disorders, may precede the development of
psychotic symptoms.

http://crossmark.crossref.org/dialog/?doi=10.1016/j.eurpsy.2017.09.003&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1016/j.eurpsy.2017.09.003&domain=pdf
http://dx.doi.org/10.1016/j.eurpsy.2017.09.003
mailto:lgaweda@wum.edu.pl
http://www.sciencedirect.com/science/journal/09249338
http://www.europsy-journal.com
http://dx.doi.org/10.1016/j.eurpsy.2017.09.003
https://doi.org/10.1016/j.eurpsy.2017.09.003
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Numerous source-monitoring studies have reported a higher
tendency to confuse sources of information in patients with
psychosis. For instance, a consistent body of research has shown a
tendency to misattribute internally-generated stimuli to external
sources, which has been linked to auditory hallucinations
[11,14,15] and delusions [16,17]. Independent meta-analyses
confirmed the role of source monitoring deficits, especially a
tendency to misattribute internally generated events as being
generated by external agents, in auditory hallucinations [10,11].

However, less is known about the role of discrimination
between imagination and reality, i.e., self-monitoring, in psychosis.
It has been shown that patients with schizophrenia make
significantly more errors in discriminating between performed
and imagined events [18,19]. Patients with schizophrenia confuse
imagination with reality and vice versa, and they exhibit some
difficulty in discriminating between two types of action presenta-
tion (e.g., verbal vs non-verbal instructions) [20]. Further studies
have revealed that a specific misattribution pattern, i.e., imagined
actions recognized as performed, is related to auditory hallucina-
tions in SSD [21] and in a group of alcohol dependent patients with
a history of hallucinations [22].

It is estimated that about 80–90% [23] SSD and other psychotic
disorders cases are preceded by warning signs of imminent onset
of disorder (i.e., the prodromal phase). The ‘‘ultra-high risk’’ (UHR)
for psychosis criteria, introduced about two decades ago [24],
attempt to prospectively identify this pre-onset stage of the illness.
The criteria include [25] attenuated positive symptoms, states of
brief frank psychosis that resolve within a week without
treatment, or trait vulnerability (i.e., schizotypal personality
disorder or first-degree relatives with psychosis), in combination
with a significant decrease or chronic low social functioning as
assessed with Social and Occupational Functioning Assessment
Scale (SOFAS) [26]. The UHR concept has attracted clinicians’ and
researchers’ attention mostly due to the fact that investigation of
the markers that underlie this phase might provide knowledge
about mechanisms that drive the onset of full-blown psychotic
episodes.

Source monitoring deficits have been observed among UHR
individuals [27] and first episode psychosis (FEP) patients [28], as
well as among first-degree relatives [29] and individuals with
schizotypal traits [30]. This has led to the hypothesis that source-
monitoring deficits may be an early risk factor for psychosis
[31,32]. Most of the studies that have investigated source
monitoring in UHR or FEP have focused on discrimination between
internally and externally generated events, i.e., reality monitoring.
The question about the role of self-monitoring, i.e., discrimination
between two internal sources of information (imagination and
reality) in early risk for psychosis remains unanswered. Some
preliminary results showing confusion between imagination and
reality were observed in non-clinical individuals with high
schizotypal traits [30]. However, to the best of our knowledge,
deficits in discrimination between imagination and reality have
not been investigated in UHR or FEP groups.

Furthermore, in psychotic disorders, incorrect decisions made
during various cognitive tasks are accompanied by higher
confidence when compared to healthy controls [33]. Similarly, it
has been shown that patients with schizophrenia usually make
incorrect self-monitoring responses with significantly higher
confidence than healthy controls [20,21]. Recently, it was
suggested that confidence disruptions may be related to the risk
of psychosis based on results showing a high knowledge
corruption index (KCI), i.e. a high proportion of failure decisions
made with high confidence in relation to the total number of
failure responses, in UHR and FEP patients [34].

In the present study, we investigated both the role of self-
monitoring and response confidence in the UHR and FEP groups.
oi.org/10.1016/j.eurpsy.2017.09.003 Published online by Cambridge University Press
We utilized the Action Memory Task [35] that allows for
investigating two types of source monitoring (self-monitoring –
discrimination between imagined and performed actions; external
source monitoring – discrimination between verbally and non-
verbally presented actions). We hypothesized that patients with
UHR and FEP will make more self-monitoring biases compared to
healthy controls, and that both clinical groups will express a higher
degree of confidence in their inaccurate judgments compared to
healthy controls. Given that both patients with UHR and FEP
experience reality distortions that are related to self-monitoring in
particular [11], based on a previous study [21], we expected no
group differences on verbal vs. non-verbal actions discrimination.
Finally, we hypothesized that self-monitoring biases will be
related to hallucinations in particular.

2. Methods

2.1. Participants

Participants included 36 individuals at ultra-high risk (UHR) for
psychosis, 25 patients with first episode psychosis (FEP) and
33 healthy controls (CON). Participants were aged between 15 and
24 years. Participants with neurological diseases or IQ < 70 as
determined using the WASI-II [36] were excluded, as well
as participants with lack of proficiency in English. The study
was approved by the local ethic committee.

The UHR patients were recruited from a specialist early
intervention service for UHR patients, the PACE clinic in Melbourne
[37]. The UHR criteria were assessed using the Comprehensive
assessment of at risk mental states (CAARMS) [38] and consisted of
three help-seeking groups:

� Attenuated Psychotic Symptoms (APS): young people who have
experienced attenuated positive psychotic symptoms during the
past year;

� Brief Limited Intermittent Psychotic Symptoms Group (BLIPS):
young people who have experienced episodes of frank psychotic
symptoms that have not lasted longer than a week and have
spontaneously abated;

� Trait risk factor group: young people who have a schizotypal
personality disorder or who have a first-degree relative with a
psychotic disorder.

All groups must have experienced a decline of 30% in social
functioning, as assessed with Social and Occupational Functioning
Assessment Scale (SOFAS) [26] or have had chronic low social
functioning (scores of 50 or below in SOFAS) over the year prior to
referral.

The FEP group was defined as having daily positive psychotic
symptoms for longer than one week and was recruited from the
first episode psychosis clinical service (EPPIC) at Orygen, Mel-
bourne. Only FEP patients that were stabilized from acute
psychotic symptoms (based on clinical impression) and with
schizophrenia spectrum diagnoses (schizophrenia, schizophreni-
form disorder, schizoaffective disorder, delusional disorders) were
recruited. This was determined based on the diagnosis provided by
the clinical team and confirmed via a SCID research interview.
Diagnoses of patients according to the DSM-IV were as follow:

� three patients were diagnosed with schizoaffective disorder;
� two patients had a diagnosis of paranoid schizophrenia;
� one patient had delusional disorder;
� one patient had a diagnosis of major depressive disorder with

psychotic features;
� eighteen patients had a diagnosis of psychotic disorder not-

otherwise specified.

https://doi.org/10.1016/j.eurpsy.2017.09.003
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The CON group consisted of participants who had not been
treated or diagnosed for psychiatric disorders in the past. The CON
group was recruited through advertising in the local geographical
area of Orygen, Melbourne (eg. community centers, universities,
colleges, online, local newspaper). All participants were screened
with a short screening questionnaire based on the Structured
clinical interview for DSM-IV (SCID-I) – Screening Questions over
the phone. Participants having relatives with psychosis were
excluded from the study.

Psychopathology was assessed in all groups with the structured
clinical interview – Brief Psychiatric Rating Scale (BPRS)
[39]. Symptoms were calculated according to the five-factor
solution [40] with following factors: positive symptoms, negative
symptoms, affect, resistance and activation.

2.2. Source monitoring assessment

Source monitoring was assessed with the Action Memory Task
[35]. Participants are presented with either verbal instructions or
nonverbal pictograms cuing actions. Instructions set in a green
frame have to be performed (see stimuli examples in supplemen-
tary materials), whereas action instructions set in a red frame have
to be imagined but not performed.

Eighteen verbal and 18 nonverbal action instructions were
presented, with each part (9 items each) requiring the participant
to either perform or imagine each item. Before the recognition
phase, a filler task was administered that took 10 minutes. Then,
participants were required to indicate whether the corresponding
instruction had appeared either as text (verbal), pictogram
(nonverbal), or was new (presentation type differentiation) and
whether or not the action was performed or imagined (self-
monitoring) and graded for confidence (binary scale – unsure vs.
sure). All items were randomized both in the learning and
recognition phase. The experiment was programmed in MATLAB
(MathWorks, Natick, MA).

2.3. Data analysis

Data analysis was performed using SPSS 24. All groups were
contrasted with one-way ANOVA. Post-hoc comparisons were
calculated using Bonferroni correction. At the first step, correct and
incorrect recognitions of new and old actions were calculated.
Percentage of hits (old actions identified as old) and false alarms
(new actions identified as performed or imagined) were consid-
ered throughout the analyses. Further, sensitivity d’ index and
response bias c index were calculated according to signal detection
theory [41]. D’ index was calculated as follow: z(H)- z(F); higher d’
values denote higher sensitivity to discriminate old actions from
new actions. C index was calculated with the following formula:
c = –[z(H) + z(F)]/2 (z(F) refers to standardized z-score for false
alarms and z(H) refers to standardized z-score for hits); higher
(positive) values of the c index refer to a tendency to respond ‘‘new
action’’.

Correct self-monitoring attributions for performed and imag-
ined actions were then divided and responses were analyzed
separately. Two separate self-monitoring biases were computed
and analyzed, namely performed actions misattributed as being
imagined and imagined actions recognized as being performed.
The second type of source monitoring was analyzed with the same
rationale, i.e., general correct and incorrect responses for
discrimination between verbal and non-verbally presented actions
were calculated. Each type of response was then analyzed
separately. Two types of correct (i.e., verbal recognized as verbal
and non-verbal recognized as non-verbal) and two types of
incorrect source monitoring biases (i.e., verbal recognized as non-
verbal and non-verbal recognized as verbal) were considered when
rg/10.1016/j.eurpsy.2017.09.003 Published online by Cambridge University Press
analyzing the response pattern for discrimination between the
types of actions’ presentation (verbal and non-verbal).

Confidence ratings provided for self-monitoring responses were
analyzed. ‘‘Sure’’ and ‘‘unsure’’ confidence ratings that proceeded
correct and incorrect self-monitoring responses were calculated
and analyzed. Mixed ANOVA was performed with two types of
responses (correct and incorrect), two types of confidence (sure
and unsure) and three groups. Further, according to previous
studies [20,34], we calculated the knowledge corruption index (KCI
[42]), which is the proportion of failure self-monitoring responses
that were followed by a high degree of confidence (‘‘sure’’) to all
other responses given with high confidence. Confidence gap [43]
was referred to as the difference score between correct high
confidence responses and incorrect high confidence responses.
Group differences in the KCI and knowledge corruption were
calculated with one-way ANOVA.

Finally, the relationship between the calculated variables and
symptom severity was calculated for the combined sample of UHR
and FEP patients with Pearson’s correlational coefficient.

3. Results

3.1. Sociodemographic and clinical characteristics

Characteristics of groups are presented in Table 1. There were
no differences with regards to age, sex and years of education.

3.2. Old/new actions recognition

No group differences were found regarding to the percentage of
false alarms (new actions recognized as old) and signal detection
parameters d’ and c. Results are presented in Table 2. There was a
statistical tendency (P = 0.06) in group differences for percentage
of hits, Bonferroni post-hoc revealed a tendency (P = 0.09) for less
percentage of hits in the FEP group when comparing to CON group.

All three groups performed similarly regarding correct recog-
nition of new actions and incorrect recognition of new actions as
being performed. More detailed analysis showed that there were
no group differences in recognising old actions that were
performed, but groups differed in recognising old actions that
were imagined.

3.3. Self-monitoring: performed vs imagined action discrimination

Group differences regarding correct self-monitoring responses
bordered significance, F(2, 91) = 3.02, P = 0.05, h2

partial = 0.06. Fig. 1
shows that controls gave correct attribution of only imagined
actions more often than UHR and FEP participants, F(2, 91) = 5.03,
P = 0.008, h2

partial = 0.10.
We found a specific misattribution self-monitoring response

pattern: there were only significant group differences for imagined
actions attributed as being performed, F(2, 91) = 6.99, P = 0.001,
h2

partial = 0.13 (Fig. 1). Importantly, after controlling for false
positive responses (new actions recognized as performed) in the
ANCOVA analysis, as recommended by some authors [44], the
results did not change, F(1, 91) = 5.85, P = 0.004, h2

partial = 0.12.

3.4. Source monitoring: verbal vs non-verbal action discrimination

With regard to correct action’s presentation discrimination
there were group differences at the level of statistical tendency,
F(2, 91) = 3.09, P = 0.05, h2

partial = 0.06. Detailed analysis showed
that the group differences were significant only for correct
recognition of actions presented verbally F(2, 91) = 5.20,
P = 0.007, h2

partial = 0.10 (Fig. 2).

https://doi.org/10.1016/j.eurpsy.2017.09.003


Table 1
Demographic and clinical characteristics of groups.

UHR

(n = 36)

FEP

(n = 25)

CON

(n = 33)

Statistics

Gender (male/female) 17/19 15/10 11/22 x2(2) = 4.13, P = 0.13

Age 19.17 (2.76) 20.36 (2.16) 20.27 (2.11) F(2, 91) = 2.54, P = 0.08

The highest education level (years of formal education) 11.72

(0.56)

11.96

(0.19)

11.78

(0.42)

F(2, 91) = 2.42, P = 0.09

Antipsychotics 2 patients

(2nd generation)

13 patients

(2nd generation)

– –

Chlorpromazine equivalents (mg/day) 133.33

(0.00)

405.98

(175.04)

– –

Number of patients taking antidepressants 23 12 – –

BPRSa

Positive symptoms 10.47 (2.41) 11.50 (4.30) 4.42 (0.86) F(2, 77) = 52.43, P = 0.000

Negative symptoms 4.02 (1.76) 3.72 (1.18) 3.0 (0.00) F(2, 77) = 4.69, P = 0.01

Affect 14.36 (3.78) 14.27 (4.42) 5.26 (1.28) F(2, 77) = 63.30, P = 0.000

Resistance 7.22 (2.02) 7.17 (3.15) 3.08 (0.39) F(2, 77) = 36.35, p = 0.000

Activation 3.41 (0.93) 3.83 (1.75) 3.04 (0.20) F(2, 77) = 3.10, P = 0.05

BPRS total rating 49.00 (8.05) 50.94 (14.58) 26.00 (2.68) F(2, 77) = 62.63, P = 0.000

Number of patients with hallucinations/perceptual abnormalities 34 22 – –

Number of patients with delusions/unusual thought content 32 22 – –

The CAARMS

Unusual thought content 3.42 (1.88) 4.5 (1.79) 0.11 (0.42) F(2, 82) = 55.34, P = 0.000

Non-bizarre ideas 3.25 (1.50) 5.20 (1.05) 0.15 (0.46) F(2, 82) = 118.34, P = 0.000

Perceptual abnormalities 4.11 (1.01) 4.90 (0.5) 1.67 (1.75) F(2, 82) = 47.26, P = 0.000

Disorganized speech 1.81 (1.43) 2.45 (1.50) 0.26 (0.71) F(2, 82) = 19.66, P = 0.000

CAARMS total scores 12.58 (3.62) 17.05 (2.96) 2.12 (2.52) F(2, 82) = 144.97, P = 0.000

UHR status

APS 25 – – –

APS + TR 8 – – –

APS + BLIPS 2 – – –

TR 1 – – –

SOFAS 54.42 (8.51) 55.3 (11.88) 79 (7.47) F(2, 82) = 64.3, P = 0.000

BPRS35: the Brief Psychiatric Rating Scale; the CAARMS: Comprehensive Assessment of at Risk Mental States; APS: Attenuated Psychotic Symptoms; TR: Trait risk factor

group; BLIPS: Brief Limited Intermittent Psychotic Symptoms group; SOFAS: Social and Occupational Functioning Assessment Scale.
a Please note that data for BPRS were available for all UHR individuals, 18 FEP patients and 26 CON. For seven patients from FEP group were assessed with PANSS (subscales

scores are not presented, but numbers of patients with hallucinations and delusions are derived from P1 and P3 items).

Table 2
Group differences in old/new recognition for self-monitoring.

UHR

(n = 36)

FEP

(n = 25)

CON

(n = 33)

Statistics df = (2, 91)

Correctly recognized new actions 13.42

(4.15)

14.04

(5.36)

14.24

(3.74)

F = 0.33, P = 0.72, h2
partial = 0.01

New recognized as performed 2.55

(2.06)

2.20

(2.38)

1.81

(1.64)

F = 1.14, P = 0.32, h2
partial = 0.02

New recognized as imagined 3.69

(3.53)

3.44

(4.10)

3.30

(2.67)

F = 0.12, P = 0.89, h2
partial = 0.00

Performed actions recognized as new 3.55

(1.61)

4.12

(2.49)

3.54

(2.37)

F = 0.64, P = 0.52, h2
partial = 0.01

Imagined actions recognized as new 5.52

(2.93)

5.72

(3.07)

3.42

(2.13)

F = 6.91, P = 0.002, h2
partial = 0.13

% of hits 48.08

(6.91)

47.10

(7.89)

51.54

(7.98)

F = 2.92, P = 0.06, h2
partial = 0.06

% of false alarms 11.18

(7.49)

10.35

(9.55)

9.39

(6.51)

F = 0.46, P = 0.63, h2
partial = 0.01

d’ 1.22

(0.40)

1.30

(0.45)

1.41

(0.38)

F = 1.74, P = 0.18, h2
partial = 0.03.

C 0.66

(0.20)

0.70

(0.28)

0.66

(0.22)

F = 0.34, P = 0.71, h2
partial = 0.01

d’ and C indexes are calculated according to signal detection theory. Higher values of d’ denote higher sensitivity to recognize old actions. Higher (positive) values of the C

index refer to a tendency to respond ‘‘new action’’. Significant group differences are bolded.

Ł. Gawęda et al. / European Psychiatry 47 (2018) 67–7570

https://d
There were no group differences with regard to incorrect
discrimination between two types of action presentation (verbal v
non-verbal), F(2, 91) = 2.26, P = 0.11, h2

partial = 0.05.

3.5. Confidence

Mixed ANOVAs were performed with group as between subject
factors, as well as Accuracy (correct and incorrect) and confidence
(sure and unsure) as within subject factors. Results are presented
in Fig. 3. The main effect of the group was insignificant, F(2,
oi.org/10.1016/j.eurpsy.2017.09.003 Published online by Cambridge University Press
91) = 0.20, P = 0.82, h2
partial = 0.01. However, a two-way interac-

tion group � response was significant, F(2, 91) = 5.09, P = 0.008,
h2

partial = 0.12. Further, the three way interaction was significant,
F(2, 91) = 7.01, P = 0.001, h2

partial = 0.13, because controls dis-
played high confidence in correct and lower confidence in incorrect
responses relative to the two clinical groups. Subsequent one-way
ANOVA revealed significant group differences in correct, F(2,
91) = 3.97, P = 0.02, h2

partial = 0.08 and incorrect, F(2, 91) = 5.96,
P = 0.004, h2

partial = 0.12, self-monitoring responses given with
high confidence (Fig. 3). Bonferroni post-hoc comparisons revealed

https://doi.org/10.1016/j.eurpsy.2017.09.003


Fig. 1. Self-monitoring. Number of correctly recognized imagined or performed actions, as well as the number of imagined actions recognized as performed and performed

actions recognized as imagined for the control, UHR and FEP groups.

Fig. 2. External source monitoring. Correctly recognized verbal and non-verbal actions, as well as verbally presented actions recognized as non-verbal and vice-versa for the

control, UHR and FEP groups.
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that UHR group made significantly less correct responses with high
confidence than CON (P = 0.003). UHR group made significantly
more incorrect responses with high confidence than CON
(P = 0.03); FEP patients made more errors with high confidence
than CON at the level of statistical tendency (P = 0.09). Both UHR
and FEP groups had significantly lower confidence gap than CON,
F = 6.69, P = 0.002, h2

partial = 0.13, suggesting that patients had
more difficulties in discriminating correct from incorrect decisions
with an accurate confidence. Bonferroni post-hoc comparison
revealed that both UHR and FEP groups had lower confidence gap
as compared to CON (Fig. 3).

Our analysis revealed significant group differences with regard
to the KCI, F = 7.50, P = 0.001, h2

partial = 0.14. Bonferroni post-hoc
comparisons suggested that both UHR and FEP groups had
significantly higher KCI indexes than the CON group, suggesting
that both clinical groups made their incorrect self-monitoring
responses with less doubt.

3.6. Relation with symptom severity

No significant relations were found between symptom severity
as measured with the BPRS, old/new recognition, self-monitoring
rg/10.1016/j.eurpsy.2017.09.003 Published online by Cambridge University Press
or confidence. All correlation coefficients with symptom severity
are presented in the Supplementary materials.

4. Discussion

To the best of our knowledge, this is the first study showing that
UHR and FEP patients tend to misattribute imagined actions as
being performed, but not vice versa, when compared to healthy
controls. The findings are consistent with previous studies of
action self-monitoring in patients with schizophrenia with
auditory hallucinations [21]. Furthermore, in accordance with
previous studies in schizophrenia [20,21,33,45] and UHR [34]
populations, our UHR and FEP groups tended to be over-confident
in their self-monitoring judgments compared with healthy
controls. Hence, the specific self-monitoring deficits and disrup-
tions in confidence appear to be an early cognitive marker for the
risk of psychosis. No differences between UHR and FEP patients in
terms of self-monitoring and cognitive confidence suggest that
these cognitive processes may be involved in psychotic symptoms
development at the pre-onset phase and may not decline during
the first phase of psychosis.

https://doi.org/10.1016/j.eurpsy.2017.09.003


Fig. 3. Confidence ratings for self-monitoring responses. Correctly and incorrectly recognized actions with high and low confidence for the control, UHR and FEP groups (A).

Knowledge Corruption Index (KCI) and confidence gap in the control, UHR and FEP groups (B).
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Our results on self-monitoring are consistent with phenome-
nological and empirical studies showing the confusion between
imagination and reality [18–20]. Contrary to a previous study
among schizophrenia patients [20], we did not observe a
significant decline in the sensitivity of discriminating between
old and new actions in the UHR and FEP groups. Patients with UHR
have more difficulties than the CON group in correctly remember-
ing verbal actions. However, we did not observe exaggerated
patterns of misattribution when discriminating between action
presentation type (verbal vs non-verbal). This suggests that the
results we obtained with regard to self-monitoring are unlikely to
be related to general difficulties in the performance in the Action
memory task. Both clinical groups not only misattributed imagined
actions as being performed more often than controls, but at the
same time they exhibited a higher tendency to forget imagined
actions. This may suggest general difficulties in consolidating
memory for imagined actions, but not for performed actions. This
explanation is in line with a previous study [46] showing preserved
‘‘enactment effect’’ among schizophrenia patients; that is, actions
that were performed were remembered better compared to those
oi.org/10.1016/j.eurpsy.2017.09.003 Published online by Cambridge University Press
that were observed or imagined. There is still a lack of research on
the relationship between self-monitoring and cognitive impair-
ments in schizophrenia, with some studies suggesting that decline
in organizational sequencing may be related to more self-
monitoring errors [47]. However, the meta-analysis revealed that
cognitive deficits have no significant impact on source monitoring
biases observed in patients with hallucinations [11]. Furthermore,
we did not observe group differences in false positive responses
(i.e., new actions recognized as performed and new actions
identified as imagined), and controlling for false positive responses
in the analysis of covariance, as suggested by some authors [44],
did not change the results. Moreover, although our UHR and FEP
sample were considerably younger than schizophrenia patients
included in the prior studies on action self-monitoring [19,20], the
differences in the results are unlikely to be attributable to age, as
we have recently demonstrated that age does not impact
significantly action self-monitoring [48].

In line with our hypotheses, UHR and FEP patients made more
over-confident responses in their incorrect self-monitoring com-
pared to healthy controls (more than double). According to
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previous work [33,49], patients with schizophrenia tend to
liberally accept decisions with a high degree of confidence,
precluding corrective experiences; discomfirmatory evidence is
overlooked so that reality distortion is maintained (e.g., delusions).
Recently, it was shown [34] that people at risk for psychosis and
FEP patients tended to make their false decision with higher
confidence in their judgments, even when the accuracy of memory
recognition in the false memory task was preserved in both groups.
A combination of misattributing imagined actions as performed
and an overconfidence in these misattributions might be early risk
factor for psychosis, especially delusions and hallucinations.

Although our results on the relationship between the risk of
psychosis and early psychosis and self-monitoring are in line with
previous results on reality monitoring [27], these two source
monitoring types may represent phenomenologically distinct
processes. On the one hand, inner/inner confusion resulting from
self-monitoring deficits may lead to self-disturbances described as
‘‘perceptualization’’ [50]. Two processes may be involved here.
First, abnormal brain activity [51,52] may lead to ‘‘over-per-
ceptualization’’, which is then experienced as an enhanced
vividness of imagination as shown by studies on schizophrenia
[53,54]. Second, the process of discrimination between imagined
and performed events may engage more cognitive resources, as
suggested by a study showing hyper-activity in frontoparietal
brain regions among healthy people with high imagery abilities
during self-monitoring task [55]. Interestingly, greater activity of
frontoparietal regions is also related to over-confident false
responses as suggested by fMRI study on healthy subjects
[56]. It is also related to increased risk of psychosis [57–60]. Hence,
dysfunctions of frontoparietal networks may be involved in the
cognitive mechanisms underlying risk of psychosis. However,
given the fact that we used only behavioral measures, future
neuroimaging studies are required to verify the neuronal
correlates of self-monitoring and disrupted confidence in UHR
and FEP patients. Furthermore, neuroimaging studies may address
the question about the specific neural correlates for different types
of source monitoring, as our results suggest different results for
self-monitoring (impaired) and discrimination between verbal and
non-verbal events (preserved).

On the other hand, inner/outer confusions that are caused by
deficits in the reality monitoring may explain why these
perceptual abnormalities are experienced by some patients as
external (e.g., alien voices). It has been shown that inner/outer
confusions in schizophrenia is related to aberrant connectivity
between the medial prefrontal cortex and left superior temporal
gyrus [61], which is different to the regions typically associated
with self-monitoring deficits. However, some similarities in brain
functioning have been found and the findings suggest that the
prefrontal lobe is engaged in different types of source monitoring.
Hence, research on different types of source monitoring and
interrelations between them is required for a better understanding
of cognitive markers of the risk for psychosis. The hypothesis that
deficits in self-monitoring (inner/inner confusion) may be involved
in the development of perceptual anomalies, whereas reality
monitoring may underlie an external attribution of these to
external sources [11] is worth considering for future studies.

Some of the limitations of our study should be noted. Most of
our patients in both UHR and FEP groups had hallucinations or
delusions with little variance in terms of their severity which
might have led to non-significant association between self-
monitoring, confidence and psychotic symptoms. Furthermore,
this might be also a cause of no differences between UHR and FEP
group in self-monitoring deficits as these deficits have been linked
to the presence of clinical symptoms rather than to the diagnosis
per se (FEP vs UHR) [11]. Future studies may benefit from
comparing patients with and without psychotic symptoms on self-
rg/10.1016/j.eurpsy.2017.09.003 Published online by Cambridge University Press
monitoring and cognitive confidence. Although self-monitoring
deficits as assessed with the Action memory task may be described
as a behavioral expression of self-disturbances or anomalous self-
experiences [62], future studies may also benefit from directly
linking self-monitoring or reality monitoring deficits as well as
cognitive confidence with self-disturbances, which are observed
from the very early manifestation of SSD [3,6] and may be
operationalized with structured interviews [63] or self-report
scales [64]. Recently, a theoretical basis has been proposed as to
the link between source monitoring [12,13] (and other cognitive
processes [65,66]) and self-disturbances related to the risk of
psychosis. Future studies may benefit from controlling for
neurocognitive performance when investigating self-monitoring
and confidence in UHR and FEP patients. We observed preserved
old/new recognition as well as discrimination between verbal and
non-verbal action’s presentation, which suggests that our findings
of specific self-monitoring misattributions patterns is unlikely
to be due to a decline in general performance in the task.
Furthermore, it should be noted that the analyses of ‘‘high-
confidence’’ vs. ‘‘low-confidence’’ responses were based on a
binary scale (sure vs. unsure) that was used in the Action memory
task. Future studies may benefit from an extension of the
confidence scale to the wider Likert-scale responses. The cross-
sectional design of our study does not allow for causal inferences.
Importantly, the rationale to investigate early markers of psychosis
is to elucidate early mechanisms that may be used in early
detection and intervention. Hence, reliable factors should not only
be related to UHR state, but should also predict a transition to
psychosis or persistent attenuated psychotic symptoms. Some
longitudinal studies have reported that self-disturbances predict
transition to psychosis in UHR [3,67]. Our result of no differences in
self-monitoring deficits between UHR and FEP patients is in line
with the studies showing that cognitive deficits are relatively
stable from early development of psychosis [68,69]. However,
future longitudinal studies are required to investigate whether
early self-monitoring and cognitive confidence deficits predict
transition to psychosis or persistent attenuated psychotic symp-
toms among UHR patients, and whether improvements in
psychotic symptoms among FEP are related to improvements in
self-monitoring and cognitive confidence disturbances.
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