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Prior studies with schizophrenia patients described a reduced ability to discriminate between correct
and false memories in terms of conଏdence compared to control groups. This metamemory bias has been
associated with the emergence and maintenance of delusions. The relation to neuropsychological
performance and other clinical dimensions is incompletely understood. In a cross-sectional study,
metamemory functioning was explored in 32 schizophrenia patients and 25 healthy controls. Metamemory was assessed using a verbal recognition task combined with retrospective conଏdence level
ratings. Associations of metamemory performance with six neuropsychological domains (executive
functioning/problem solving, speed of processing, working memory, verbal and visual learning, and
attention/vigilance) and psychopathological measures were analyzed. Results revealed a signiଏcantly
smaller discrepancy between conଏdence ratings for correct and incorrect recognitions in the patient
group. Furthermore, patients showed signiଏcantly lower recognition accuracy in the metamemory task
and marked deଏcits in all neuropsychological domains. Across all participants, metamemory performance signiଏcantly correlated with executive functioning and working memory. No associations with
delusions were found. This data conଏrms prior ଏndings of metamemory biases in schizophrenia.
Selective neuropsychological abilities seem to be modulating factors of metamemory functioning.
Longitudinal studies in at risk mental state and ଏrst-episode patients are needed to reveal causal
interrelations.

1. Introduction
In general, memory abilities are among the most severely
impaired cognitive functions in schizophrenia (Aleman et al.,
1999; Heinrichs and Zakzanis, 1998; Fioravanti et al., 2005).
Several aspects of memory are affected (Gras-Vincendon et al.,
1994; Lee and Park, 2005; Assaf et al., 2007; Leavitt and Goldberg,
2009). But in addition to the analysis of memory accuracy, more
qualitative examinations of memory processes have recently
concentrated on reଏection- and monitoring processes of one's
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own memory, so-called metamemory processes (Flavell, 1971). A
good strategy to gain insight into various aspects of these
monitoring abilities is to explore peoples' subjective judgments
of their memory performance (Shimamura, 2000). One way to
explore knowledge about memory abilities is to use self-rating
scales. For example, Bacon et al. (2011) found that schizophrenia
patients reported lower memory capacity, marginally lower mastery over their memory functions as well as less access to memory
strategies compared to healthy controls. Another way is to ask for
patients' introspective judgments of their actual performance in
memory tasks. This can be done at different temporal stages of the
memory process (Nelson and Narens, 1994). For example,
judgments-of-learning can be given at the time of encoding,
regarding upcoming memory retrieval. Second, feeling-ofknowing statements can be given about the likelihood that a
correct answer will be recognized in future, after some
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information has not been successfully retrieved. Third, conଏdence
level ratings about a given answer can be indicated retrospectively
at the time of retrieval. Using these methods, impaired metamemory abilities of schizophrenia patients were found compared to
healthy and psychiatric control participants (Bacon et al., 2001,
2007; Kircher et al., 2007; Moritz et al., 2006d, 2006e, 2008).
Retrospective conଏdence level ratings, measuring cognitive conଏdence, have been shown to be valid indicators of the subjective
accuracy of memory retrieval (Moritz et al., 2011). Prior studies found
support for a biased evaluation of memory performance in schizophrenia patients using these conଏdence level ratings (Danion et al.,
2001; Moritz and Woodward, 2006b; Moritz et al., 2003, 2005; Peters
et al., 2013). More recently, similar results have also been detected in
studies regarding source monitoring (Gaweda et al., 2012, 2013) and
social judgments (Köther et al., 2012; Moritz et al., 2012). A main bias
seems to be an increased conଏdence in incorrect memories in
addition to a decreased conଏdence in correct responses compared
to healthy people and psychiatric controls (Moritz and Woodward,
2006b; Moritz et al., 2008; Peters et al., 2013). This phenomenon has
been described as a decreased “conଏdence gap”, i.e. a discrepancy
between the certainty for correct and incorrect responses. Another
bias of metamemory ability has been termed “knowledge corruption”
(Moritz et al., 2006d). The research group found schizophrenia
patients to have an increased proportion of errors which they judged
with very high conଏdence to be correct. The knowledge corruption
index thus describes high-conଏdent subjective, but false knowledge
(Moritz et al., 2008).
Overconଏdence in memory errors may represent a risk factor for
delusions and hallucinations (Moritz and Woodward, 2006a; Gaweda
et al., 2013). It might be a consequence of a liability to accept false
hypotheses as true and evaluate them on the basis of too little
information–a liberal acceptance–which in turn results in wrong and
delusional interpretations of situations (Moritz et al., 2005, 2008),
comparable to the “jumping to conclusion” bias (Fine et al., 2007).
Some investigations suggested this bias to be schizophrenia-speciଏc
(Moritz and Woodward, 2004, 2006a, 2006b). Correlations between
overconଏdence in memory and delusions were not only found in
schizophrenia patients (Moritz and Woodward, 2002) but also in
healthy controls with schizotypic properties (Corlett et al., 2009).
However, ଏndings of overconଏdence and knowledge corruption in
patients with alcohol dependence and a history of hallucinations
rather point to more general associations with positive symptoms in
different illnesses (Gaweda et al., 2014). There are also studies with
schizophrenia patients which did not reveal any association (Kircher
et al., 2007; Peters et al., 2013).
So far, the literature lacks comprehensive examinations of associations between metamemory function and neuropsychological performance. The existing studies reported inconsistent results and only a
small number of studies included behavioral designs to test metamemory abilities. In healthy controls, correlations between items of
metacognitive rating scales and executive functions (updating, shifting
and inhibition) were described (Mäntylä et al., 2010). Furthermore,
divided attention at encoding in a verbal memory task resulted in
overconଏdence in memory prediction in healthy controls (Sacher et al.,
2009). In schizophrenia patients, some studies reported correlations
between metacognitive rating scales and cognitive performance, as
executive functions (Bacon et al., 2011; Lysaker et al., 2008; Souchay
et al., 2004), whereas others discussed independence between metamemory deଏcits and executive function as well as verbal memory
(Moritz et al., 2003), attention and immediate memory (Kircher et al.,
2007) and intelligence measures (Kircher et al., 2007; Moritz et al.,
2003, 2005). To shed light on associations between metamemory and
neurocognitive abilities and to understand possible modulating effects,
more detailed investigations seem necessary.
This study aimed at replicating ଏndings regarding metamemory
abilities in a well characterized sample of schizophrenia inpatients

compared to healthy control participants. First, in order to assess
retrospective conଏdence level ratings of memory, we used a variant of
the Deese–Roediger–McDermott (DRM) paradigm (Deese, 1959), a
verbal false memory task. Second, we aimed at evaluating correlations
between psychosis symptoms and cognitive conଏdence in memory.
Third, we intended to address the basic cognitive mechanisms of
retrospective cognitive conଏdence in memory using the comprehensive neuropsychological battery Measurement and Treatment
Research to Improve Cognition in Schizophrenia (MATRICS) Consensus Cognitive Battery (MCCB; Kern et al., 2011; Nuechterlein et al.,
2008) to extend the literature regarding mutual interrelations
between neurocognition and metacognitive biases in schizophrenia.
Referring to the previous literature, we hypothesized that patients
with schizophrenia show a decreased conଏdence gap and an
increased knowledge corruption index compared to healthy participants, indicating metamemory biases. In secondary analyses, we
addressed the following research questions: Is conଏdence in errors
associated with positive symptoms in schizophrenia? Are there
associations between the performance in neurocognitive domains
and overconଏdence in errors?

2. Methods
2.1. Study design and participants
The present study was designed as a cross-sectional parallel-group comparison
and was part of a comprehensive investigation of metacognition in schizophrenia.
It was approved by the ethical board of the Ruprecht-Karls-University Heidelberg
(accession number: 2009-296 N-MA). Analyses of endpoints beyond metamemory
included partially overlapping participants (Eiଏer et al., 2014; Rausch et al., 2014).
All participants were informed about aims and procedures of the study and
provided their written consent after a sufଏcient period of consideration and
resolving open questions. A number of 32 patients with schizophrenia were
recruited during their inpatient treatment at the Central Institute of Mental Health
(CIMH) in Mannheim, Germany. Seven patients fulଏlled symptomatic remission
according to Andreasen et al. (2005) with PANSS scores r 3 on remission criteria
items. All of them fulଏlled a set of predeଏned inclusion criteria: diagnosis of
schizophrenia according to the Diagnostic and Statistical Manual (DSM-IV-R; Saß et
al., 2000), age between 18 and 60 years, ability to provide informed consent,
sufଏcient German language skills and residence within a 50 km radius around
Mannheim. We did not include patients with substance dependence (excluding
nicotine), other disorders of the central nervous system requiring treatment and
patients receiving combined antipsychotic treatment or augmentation with antidepressants or mood stabilizers. Current antipsychotic treatment with second
generation antipsychotic agents was quantiଏed using chlorpromazine (CPZ)
equivalents (Andreasen et al., 2010). Twelve patients were treated with benzodiazepines (lorazepam: n¼12, mean dosage: 2.0 (S.D.: 1.57) mg/day) because of
anxiety, agitation, or sleep disorder. No patient was treated with anticholinergic
agents. 25 control subjects were matched on group level according to gender, age
and levels of education. They were carefully characterized regarding family and
previous medical history before study entry. Subjects with suicide, schizophrenia
and bipolar disorder in ଏrst-degree relatives, as well as subjects with disorders of
the central nervous system, inpatient treatment in psychiatric hospitals, current
treatment with psychotropic agents, substance dependence (excluding nicotine)
and abuse of illegal substances within the 4 weeks before investigation were
excluded. In addition, a screening regarding currently present psychopathological
syndromes according to DSM-IV-R was performed using the M.I.N.I. (Mini-International Neuropsychiatric Interview; Sheehan et al., 1998).

2.2. Psychopathology
Current psychopathology was assessed by trained raters (either by S.E. or F.R).
Training was established by standardized video-based sessions. No psychopathological scales were rated by both raters for the same patient and no inter-rater reliability
data was collected. The Positive and Negative Syndrome Scale (PANSS; Kay et al.,
1987) was used to assess positive and negative symptoms as well as the general
psychopathology. Besides these scale-sumscores, we were interested in single PANSS
items representing delusions (P1) and hallucinations (P3). Furthermore, the delusion
part of the Psychotic Symptom Rating Scales (PSYRATS; Haddock et al., 1999) was
used to measure qualitative aspects of delusions in six domains (preoccupation with
delusions, duration of preoccupation, delusional conviction, amount of distress,
intensity of distress and disruption of life). The PSYRATS is a semi-structured
interview. Every item can be rated on a ଏve-point scale ranging from 0 to 4. A
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composite score is expressed by the sum of all items. Each level is explained by an
anchor point which facilitates a direct translation of the patient's answer into
numbered ratings. Good inter-rater reliability, test–retest reliability, internal consistency and validity have been reported (Haddock et al., 1999; Drake et al., 2007). The
authorized German version of the PSYRATS was translated and back-translated with
satisfactory psychometric properties (Schneider et al., 2011). The Scale for the
Assessment of Negative Symptoms (SANS; Andreasen, 1989) and the Calgary
Depression Scale for Schizophrenia (CDSS; Addington et al., 1993) were, in addition
to the PANSS, applied to assess negative and depressive symptoms. Social and global
functioning were rated using the scale for the General Assessment of Functioning
(GAF; Jones et al., 1995) and the Personal and Social Performance Scale (PSP; Patrick et
al., 2009). Severity of illness was assessed with the Clinical Global Impression Scale
(CGI; National Institute of Mental Health [NIMH], 1970).
2.3. Metamemory task
Metamemory performance was assessed using a computerized variant of the
Deese–Roediger–McDermott paradigm (Deese, 1959; Roediger and McDermott, 1995),
programmed on Presentation Version 14.4 (Neurobehavioral Systems Inc., Albany, CA).
Stimuli for the paradigm had been validated prior to our study with 55 healthy
participants. A detailed description of the stimuli generation and standardization
processes can be found in a prior publication (Moritz et al., 2006c). Participants were
asked to spontaneously give 10 associations for a set of 114 theme words. Subsequently,
lists were compiled which included 16 association words (including the theme word) in
descending order with respect to their response frequency. In our study, we extracted
six of the generated wordlists which were associated with the following themes:
holiday, street, betrayal, love, to look and garbage. One word with high frequency (drawn
from the ଏve words with highest associative strength regarding the theme word), one
word with medium frequency (drawn from the words on location
6–10 on the association list), one word with low frequency (drawn from the ଏve words
with lowest associative strength) as well as the theme word itself were extracted from
the 16 words generated per lists to serve as lures in the recognition phase.
The task design was blocked (encoding–recognition–encoding–recognition). Three
wordlists were provided per block. Encoding blocks started with following instructions:
“You will see different words. Try to memorize these words. Afterwards, you will be
asked if you have seen the words before”. Instructions were variable in duration and
ended by a key-press of the participant. During encoding, the remaining 12 words per
list were presented sequentially one second each with intermediate intervals of two
seconds. They were presented in descending semantic association with the theme
word. A 10-second-interval was included before the presentation of a new word list.
Each encoding phase thus lasted 2:18 min in total. Lists were presented in the above
depicted order (starting with the association list of holiday). The recognition block was
introduced by instructions of variable duration, which disappeared after a key-press.
Instructions were read as follows: “You will now see different words. Try to remember
if you have seen the word before. Please indicate how certain you are about your
decision”. During the recognition phase, 12 words per list were presented. The
recognition list contained six words that had actually been presented, two new words
that were not related to the theme word, and another four words that had not been
presented but were semantically related to the studied words (the lure words,
including the theme word as critical lure). Conଏdence was rated on a Likert scale.
Patients had to indicate if they were 100% certain, rather certain or uncertain about
seeing a word or not, respectively. Each word remained on the screen until the
participant made a decision by a key-press.
Variables of interest were the amount of hits (correctly recognized studied
words), correct lure rejections (correct rejections of new words which were
semantically related), misses (not recognized but studied words) and false positive
lures (new words, semantically related and incorrectly judged as studied). Consistent with work from Moritz and Woodward (2006b), we computed two
metamemory parameters. First, the conଏdence gap was calculated by subtracting
the mean conଏdence in incorrect answers from the mean conଏdence in correct
answers. This index includes all conଏdences in any type of answer. The conଏdence
gap is an index of the participants' ability to discriminate false and true memories
in terms of conଏdence. Second, the knowledge corruption index was calculated by
generating the percentage of very high-conଏdent answers (only answers with 100%
certainty) which are errors (sum of high-conଏdent errors/sum of total highconଏdent responses (correctþ errors) # 100). The knowledge corruption index
speciଏcally relates to subjective, but false, knowledge.
2.4. Neurocognitive abilities
Twelve tests were applied in order to assess six neuropsychological domains:
executive functioning/problem solving, speed of processing, working memory,
verbal and visual learning and attention/vigilance. These domains are recommended for cognitive assessment in schizophrenia by the MATRICS initiative and
combined in the MCCB (Kern et al., 2011; Nuechterlein and Green, 2006;
Nuechterlein et al., 2008). In detail, executive functioning was evaluated with the
Wisconsin Card Sorting Test (WCST; Drühe-Wienholt and Wienholt, 1998) and a
mazes-task (Iverson et al., 2008), speed of processing with the trail making tests
part A and B (TMT-A/B; Reitan and Wolfson, 1995), a symbol coding task (Brief

Assessment of Cognition in Schizophrenia (BACS)-symbol coding; Keefe et al.,
2008) and a verbal ଏuency task (animal naming), working memory with the letternumber-sequencing (LNS) and a block tapping task (spatial span) of the Wechsler
Memory Scale (Wechsler, 1997). Furthermore, we assessed verbal learning with the
Hopkins' verbal learning task revised (HVLT-R; Benedict et al., 1998), visual learning
with the brief visuo-spatial memory test revised (BVMT-R; Benedict, 1997) and
vigilance with the continuous performance test, subtest identical pairs (CPT-IP;
Knye et al., 2004). All tests were standardized by the MATRICS initiative and test
scores as well as domain scores, expressed by t-values, were calculated with the
help of a computerized analysis program (Nuechterlein and Green, 2006). All tests
measuring one domain contribute equally to the domain score. In addition,
premorbid verbal intelligence was measured using the Multiple Choice Word Test
(MWT, version B; Lehrl, 2005). MWT-B data of three schizophrenia patients did not
represent their actual verbal intelligence because patients did not have a native
German background. Therefore their data was excluded from all between-group
analyses and correlational analyses which included neurocognitive variables.

2.5. Statistics
Sociodemographic, psychometric and behavioral parameters were analyzed
using the Statistical Package for Social Sciences (SPSS version 18.0, Chicago, IL, US).
Sample-size estimations were done using the statistical software Gn power 3.1 (Faul
et al., 2007). According to prior data evaluating the conଏdence gap in schizophrenia
patients (Moritz et al., 2006d; Moritz et al., 2008), considering a power of 0.8,
α ¼ 0.05 and a more conservative effect size (Cohen's d ¼ 0.8), a sufଏcient sample
size of at least 26 was calculated. We tested for group differences by applying
student's t-tests, analyses of covariance, as well as Chi-square-tests. Group afଏliation served as between-subjects variable, cognitive outcomes as dependent
variables. When assumptions were not met, non-parametric Mann–Whitney-UTests were applied. Correlation analyses were performed using standard nonparametric Spearman's rho coefଏcient regarding associations between metamemory and positive symptoms and Pearson product-moment correlations or standard
non-parametric Spearman's rho coefଏcient for neuropsychological performance
(total sample). Bonferroni corrections for multiple testing were used to safeguard
against an inଏation of Type I error (metamemory: α ¼ 0.05/2 ¼ 0.025, neuropsychology: α ¼0.05/10¼ 0.005, correlations between psychopathology and metamemory: α ¼ 0.05/18¼0.003, correlations between neuropsychology and
metamemory: α ¼0.05/16¼ 0.003).

3. Results
3.1. Sociodemographic, clinical and neuropsychological
characteristics
Groups did not differ regarding age, gender and years of
education. The estimated premorbid verbal intelligence differed
between groups, but did not have a signiଏcant inଏuence on
neuropsychological (p¼ 0.08) or metamemory (p¼ 0.77) performance. Therefore, subsequent analyses were performed using
analyses of variance. A detailed overview regarding sociodemographic characteristics is provided in Table 1.
Schizophrenia patients showed mild to moderate psychotic
symptoms according to a mean PANSS total score of 67.41
(S.D. ¼16.01), PANSS item P1 of 2.81 (S.D. ¼1.53), PANSS item P3
of 2.28 (S.D. ¼1.35) and further represented in the PSYRATS ratings
(Table 2). SANS and CDSS scores indicated moderate negative and
rather low depressive symptoms. Moderate severity of illness was
suggested by the CGI, but marked psychosocial- and general
dysfunctions by GAF and PSP.
Regarding neuropsychology, schizophrenia patients performed
signiଏcantly lower in all domains, indicating impairment in the
domains executive functioning, attention, speed of processing,
working memory, verbal and visual learning, problem solving
and vigilance (see Supplementary Table 1).
3.2. Metamemory task
Overall, wordlists did not differ regarding associative strength
(p¼0.49) and word length (p¼0.89) of the presented items.
Furthermore, lure words and studied words did not differ in their
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Table 1
Sociodemographic data and clinical characteristics.
Patients

Controls

Group comparison

(n ¼32)

(n¼ 25)

Test

p

Sociodemographics
Age
Sex (male/female)
Years of education
Premorbid intelligence (MWT-B)

37.22 (9.68)
24/8
14.41 (2.79)
IQ: 98.45 (13.89) (n ¼29)

38.12 (10.72)
19/6
15.24 (2.83)
IQ: 107.6 (13.82)

t(55)¼ 0.33
χ (1) ¼0.008
t(55)¼ 1.11
U¼ 208.5

0.70
0.90
0.20
0.007n

Clinical properties
Years of illness
Previous hospitalizations
Chlorpromazine equivalent doses(mg)
Duration of medication (days)

8.75 (6.72)
5.0 (6.66)
425.96 (183.68)
53.16 (74.16)

—
—
—

—
—
—

—
—
—

Note. Data is illustrated in means (standard deviations). IQ ¼intelligence quotient; MWT-B ¼Multiple Choice Word Test, version B.
n

po 0.01.

Table 2
Psychopathological data of the patient sample.
Patients (n¼ 32)
PANSS
Total score
Positive symptoms
Negative symptoms
General psychopathology

67.41
15.75
16.59
35.06

(16.01)
(5.34)
((6.54)
(8.7)

PSYRATS
Total score
Preoccupation
Conviction
Distress
Intensity of distress
Disruption
SANS
CDSS
PSP
GAF
CGI-S

6.93
1.31
1.34
1.13
1.44
1.13
25.34
3.38
48.84
42.84
4.44

(7.12)
(1.26)
(1.52)
(1.39)
(1.54)
(1.19)
(18.87)
(3.46)
(16.05)
(10.7)
(0.95)

Note. Data is illustrated in means (standard deviations). CDSS¼ Calgary Depression Scale for Schizophrenia; CGI-S ¼ Clinical Global
Impression Scale- Severity of Illness; GAF ¼General Assessment of
Functioning; PANSS ¼Positive and Negative Syndrome Scale;
PSP¼ Personal and Social Performance Scale; PSYRATS¼ Psychotic
Symptom Rating Scale, delusion scale; SANS¼Scale for the Assessment of Negative Symptoms.

associative strength to the theme word (p¼0.58) or in word length
(p¼0.89).
Regarding memory accuracy, groups signiଏcantly differed in
the number of correctly recognized studied words (hits) and in the
number of misses after Bonferroni correction (Table 3).
Regarding conଏdence level ratings, group comparisons revealed a
signiଏcant lower conଏdence gap in the patient group after Bonferroni correction with a medium-large effect. The knowledge corruption index showed a trend towards a group difference. The effect
sizes indicated a medium-large effect. Metamemory data is summarized in Table 3. The conଏdence gap did not correlate with the
total number of errors (misses and false positives) in the metamemory task (patients: ρ ¼ $ 0.147, p¼0.42; controls: ρ ¼0.08, p¼0.70).
3.3. Correlational analyses
Correlational analyses revealed no signiଏcant correlations
between metamemory and the severity of psychotic symptoms,
in particular delusions, as revealed by PANSS or PSYRATS (Table 4).
Furthermore, the conଏdence gap did not correlate with the dosage
of benzodiazepines (ρ ¼ $0.08, p¼ 0.67) nor the CPZ equivalent

dose (ρ ¼0.05, p ¼0.81). Groups with and without lorazepam did
not differ signiଏcantly in the conଏdence gap (t(27) ¼1.08, p ¼ 0.29).
In an explorative analysis including Bonferroni-correction, we
detected signiଏcant correlations between the knowledge corruption index and executive functioning, represented in WCST outcome measures “% errors” and “% perseverative errors”, and the
MCCB domain working memory. Furthermore, signiଏcant associations were found between the conଏdence gap and WCST “% errors”
(Table 4).

4. Discussion
The aims of this study were to evaluate metamemory performance in schizophrenia patients and to explore the interplay
between metamemory functioning and dimensions of psychopathology and neuropsychological performance. In line with our
hypothesis, our results conଏrm prior ଏndings of a biased evaluation of memory performance in schizophrenia patients. Metamemory biases were not speciଏcally associated with positive
symptoms. However, metamemory performance was associated
with several neurocognitive abilities.
Replicating earlier ଏndings, schizophrenia patients had signiଏcant lower recognition accuracy for studied words. Furthermore,
we found a reduced conଏdence gap in the patient group (compare
Moritz and Woodward, 2006a, 2006b; Moritz et al., 2008) indicating a biased ability to differentiate between correct and incorrect
memories in terms of conଏdence. These results suggest that
schizophrenia patients show two levels of memory impairment:
ଏrst, an accuracy deଏcit and second, a deଏcit in monitoring this
memory failure sufଏciently in terms of differentiating between
correct and false. As a consequence, these cognitive biases may
trigger decisions on the basis of erroneous assumptions. The
knowledge corruption index was not, as hypothesized, signiଏcantly higher in the patient group. This is an unexpected ଏnding
because many other studies have found an increased knowledge
corruption index (e.g. Moritz et al., 2004, 2008) in similar patient
groups. A probable reason is that our conservative methods, using
Bonferroni correction, contributed to this result. This method was
used to control for multiple testing of these interrelated constructs. Important to note, the group difference still reached
medium effect size. The non-signiଏcant result of the difference
in knowledge corruption between schizophrenia patients and
healthy people may underestimate the real difference, which
should be veriଏed in future studies. Though we conservatively
calculated sample sizes beforehand using prior data and included

600

Table 3
Group comparison of metamemory performance.
Patients

Controls

Group comparison

(n ¼29)

(n¼ 25)

F

p

d

Metamemory accuracy
Hits
Misses
Correct lure rejection
False positive lures

27.66
8.34
15.10
8.90

32.12
3.88
13.76
10.24

F(1,52) ¼17.77
F(1,52) ¼17.77
F(1,52) ¼1.41
F(1,52) ¼1.41

0.001a
0.001a
0.24
0.24

0.12
0.12
0.03
0.03

Metamemory conଏdence
Conଏdence gap
Knowledge corruption Index

0.34 (0.26)
18.29 (9.30)

F(1,52) ¼5.67
F(1,52) ¼5.26

0.021a
0.026

0.65
0.63

(4.57)
(4.57)
(4.71)
(4.71)

(2.88)
(2.88)
(3.37)
(3.37)

0.53 (0.32)
13.48 (5.20)

Note. Data is illustrated in means (standard deviations). Conଏdence gap: x (conଏdences incorrect)$ x(conଏdences correct); knowledge corruption index: Σ(high-conଏdent
errors)/Σ(high-conଏdent correctþ high-conଏdent errors) # 100.
Group differences were analyzed using analyses of variance (ANOVA).
a
Signiଏcant group differences after Bonferroni correction for multiple testing (α ¼ 0.025 for metamemory conଏdence; α ¼ 0.005 for neuropsychological performance
including metamemory accuracy).

Table 4
Correlations between metamemory indexes, psychopathology and neuropsychology.

Psychopathology
PANSS
Positive Symptoms
P1
P3
Negative Symptoms
GPP
PSYRATS
Conviction
PSP
GAF
MCCB
Speed of processing
Attention/Vigilance
Working memory
Verbal learning
Visual learning
Reasoning/Problem solving
WCST
% errors
% perseverative errors

Knowledge corruption index

Conଏdence gap

0.08
$ 0.11
$ 0.33
0.31
0.36

$ 0.01
0.01
0.20
$ 0.25
$ 0.25

0.17
$ 0.13
$ 0.31
$ 0.27

$ 0.14
0.05
0.30

$ 0.35
$ 0.39a
$ 0.36
$ 0.36
$ 0.16
0.60a
0.45a

0.23
0.11
0.23
0.17
0.12
0.07
$ 0.41a
$ 0.34

Note. GAF ¼ Global Assessment of Functioning; GPP¼ General Psychopathology;
MCCB ¼ MATRICS Consensus Cognitive Battery; PANSS ¼ Positive and Negative
Syndrome Scale; PSP ¼Personal and Social Performance Scale; PSYRATS ¼Psychotic
Symptom Rating Scale; WCST ¼Wisconsin Card Sorting Test.
Data was analyzed using Pearson product-moment correlations and nonparametric
Spearman Rho correlations when assumptions were not met (WCST, clinical
ratings).
a

Signiଏcant results after Bonferroni correction for multiple testing (α ¼0.003).

sufଏcient participants according to these prior results, an inଏuence
of power can also not be totally ruled out.
It might be assumed that a failure in monitoring one's memory
correctly triggers beliefs which are held with strong conviction though
they have been proven to be false. In this line, metamemory biases have
been regarded risk factors for the emergence and maintenance
of delusions (Moritz et al., 2008) and have been associated with
hallucinations (Gaweda et al., 2013). Other reasoning biases, as the
jumping to conclusion bias (accepting hypotheses on the basis of a very
small amount of information) (Fine et al., 2007; Jolley et al., 2014;
Rausch et al., 2014) or biases in source monitoring (Moritz et al., 2005;
Woodward et al., 2006) have also been associated with delusion
development. These cognitive processes in combination might represent psychological factors underlying positive symptoms of

schizophrenia. Different mechanisms might be responsible: a tendency
towards altered salience attribution to neutral stimuli (Esslinger et al.,
2013; Kapur, 2003; Speechley et al., 2010), a deଏcit in prediction error
signaling (Fletcher and Frith, 2009) or complex dopaminergic dysfunctions (Andreou et al., 2013; Fusar-Poli and Meyer-Lindenberg, 2012a,
2012b). Findings of positive correlations between delusions and overconଏdence (regardless of correct or false answers) (Moritz and
Woodward, 2002), between schizotypy and conଏdence in memories
(Corlett et al., 2009), as well as discussions about the speciଏcity of
metamemory biases to schizophrenia (compare Moritz and Woodward,
2006a), support this assumption. However, the present results and
other investigations (e.g. Kircher et al., 2007; Moritz et al., 2003) did not
reveal immediate and signiଏcant associations between positive symptoms and metamemory biases. It might be suggested that the evaluated
indexes of metamemory are at least partially independent of the
severity of psychosis symptoms and outlast acute delusions or hallucinations. It is possible that acute stages of psychosis, in contrast, are
rather reଏected by a tendency to generally attribute overconଏdence to
memories, independent of their correctness (Moritz and Woodward,
2002). Kircher et al. (2007) assumed that these non-signiଏcant correlations hint towards a trait feature of self-reଏectivity in schizophrenia. In
this case, these metamemory biases might be a stable part of psychosis
development and might also be found in patients with an at risk
mental state of psychosis. It might also be considered that due to a
highly mixed constellation of acute and non-acute patients in our study,
symptom severity scores were rather low and low variances of scores
might have led to reduced correlation coefଏcients. However, these
symptom scores resemble those of studies with similar patient groups
(e.g. Moritz et al., 2011).
Though we did not ଏnd any associations between antipsychotic
or anxiolytic treatment and metamemory performance, it is still
possible that there are medication effects inଏuencing our results.
Inclusion criteria regarding antipsychotic treatment strongly differ
between studies. While previous results suggested that treatment
with lorazepam has no inଏuence on evaluation accuracies of
people's judgements of learning (Izaute and Bacon, 2005), it has
been hypothesized that second generation antipsychotic agents
might reduce metacognitive biases by correcting the interplay
between cognitive performance and reasoning abilities or by
adjusting the liberal threshold of acceptance (Moritz and Woodward, 2004). This assumption, which cannot be supported by our
results, should be investigated further in studies with drug-naïve
patients. Such investigations could increase sensitivity and abolish
medication effects to unmask relevant associations between positive symptomatology and metamemory biases.
As expected, group comparisons revealed not only deଏcits in the
recognition of studied words in the patient group, but also marked
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deଏcits in neuropsychological functioning in all tested domains of the
MCCB (see also Kern et al. (2011)) and the WCST. We identiଏed
correlations in the total group between metamemory indices and two
neuropsychological domains. Worse performance in executive functions (attention allocation and set shifting abilities as measured by the
WCST) as well as in working memory was associated with a higher
knowledge corruption index. A higher proportion of errors in the
WCST was further associated with a lower conଏdence gap. Important
to note, our results further provide evidence that memory and
metamemory processes are partially different dimensions, as indicated by non-signiଏcant correlations between memory accuracy and
memory monitoring. Speculatively, our results may indicate that
impaired memory monitoring abilities and a tendency to attribute
higher conଏdences to memory errors are modulated by these
neurocognitive abilities. The mediating role of the prefrontal cortex
for metacognitive capacities as well as executive functioning
(Fernandez-Duque et al., 2000) gives one neuroanatomical explanation for this relation. Furthermore, the medial temporal lobe has been
found to be involved in both, cognitive conଏdences (Chua et al., 2009)
and working memory tasks (Olsen et al., 2009). These ଏndings are in
line with prior results (Mäntylä et al., 2010, Souchay et al., 2004). In
their report, Mäntylä et al. discussed relations between executive
functioning and subjective memory performance measured by
questionnaires. Souchay et al. reported that prospective memory
evaluations (feeling-of-knowing) were associated with executive
functioning, measured by the WCST and a verbal ଏuency task. Our
data does not support the prior assumption of metacognition being a
rather autonomous and superordinate system (Kircher et al., 2007).
Differences in neuropsychological tests probably contribute to deviating results. Whereas Kircher et al. (2007) used a digit-span task to
measure working memory, in the MCCB this domain is represented
by two tasks, namely letter-number-sequencing and block-tapping.
Moreover, heterogeneity of metamemory tasks, especially regarding
time-differences between learning and recognition phases, can affect
working memory loads. In contrast to the knowledge corruption
index, the conଏdence gap was not associated with working memory.
These measures have slightly different targets and in contrast to the
knowledge corruption index, the conଏdence gap as a measure of all
conଏdence ratings presumably dilutes the component of memory
accuracy more. It might therefore mirror more readily prefrontal
activities. Furthermore, correlations regarding the conଏdence gap
might have been masked by small variances.
This study is limited by its cross-sectional design excluding any
assumptions about causality and by its explorative nature leading
to the use of multiple correlations. Bonferroni corrections were
implemented per research question. Further limitations concern
the inclusion of inpatients during antipsychotic and anxiolytic
treatment and with a chronic course of illness. We did not detect
any correlations between medical treatment and performance but
inଏuences cannot be totally controlled by our statistical methods.
Also, studies with patients in outpatient settings are needed to
increase generalizability. With regard to the metamemory task, we
used a rather narrow Likert-scale to evaluate conଏdence level
ratings. Our scaling thus allowed less contrast between highconଏdent- and other ratings. It is known that the construction of
the scale can inଏuence self-awareness (Szczepanowski et al.,
2013). This might have led to deviating evaluations of the knowledge corruption index.
In conclusion, this study replicated prior ଏndings of a reduced
conଏdence gap in schizophrenia. Importantly, this metamemory
bias appears to be at least partially independent of current
symptoms and might persist after and before acute delusions.
Furthermore, correlations between knowledge corruption and
executive functions as well as working memory, and between
the conଏdence gap and executive functioning were accentuated by
the data, giving insight into mechanisms of metamemory biases.

We emphasize to properly consider individual differences in these
neurocognitive abilities in examinations of metacognition. Similar
to the jumping to conclusion bias, which has been shown to be
predictive for vocational abilities in schizophrenia (Andreou et al.,
2014), the exploration of biases in memory evaluation can give us
important insight into functional outcomes of schizophrenia. The
results suggest that deviations in cognitive conଏdence are stable
parameters within the psychosis spectrum. They might be associated with an increased risk of psychosis development. Knowledge about mechanisms of cognitive biases and processes in the
development of psychosis symptoms will improve early treatment
options, as the meta-cognitive training (Moritz et al., 2011). In
perspective, investigations of drug-naïve patients with a ଏrst
episode of psychosis and patients at risk for psychosis will
improve our knowledge about associations between neurocognition and metamemory in the transition to psychosis.
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