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Abstract
The present study investigated the accuracy of metacognitive judgments in source monitoring with self-report scales engaging
either information- or experienced-based knowledge. We expected that the source monitoring abilities may be affected by the
origins of meta-knowledge that underlie post-decision wagering (PDW) based on economic categorizations (experience-based
scale) and confidence ratings (CR) using a conventional taxonomy of confidence (information-based scale). To examine this
hypothesis, healthy participants (N = 50) performed an action memory task, in which simple actions were presented in order to be
performed or imagined. In the second phase of the task, participants were required to assess source monitoring by distinguishing
whether the presented action was performed or imagined. Then, the participants randomly assigned into the PDWor CR group
rated their confidence in responses related to source monitoring performance. It was found that source monitoring ability is
resistant to manipulation of the type of knowledge used in the scales. However, measures of metacognition indicated that
accuracy of the experienced-based judgments of PDW was higher as compared to the CR scale while source monitoring.
These findings suggest the origin of knowledge whose justification rests more on empirical observations generates more accurate
knowledge than self-evident direct intuition with respect to discriminations of one’s own memories.

Keywords Source monitoring .Metacognition . Confidence ratings . Post-decision wagering

Introduction

Correct discriminations between internal and external experi-
ence are crucial for adaptive behavior and effective decision-
making (Roberts and Blades 2000). All of us may sometimes
fail to discriminate the origins of our mental experiences
(Mitchell and Johnson 2000). For example, three-year-old chil-
dren may have difficulties correctly discriminating between fan-
tasy and reality (Taylor and Howell 1973). Researchers refer to
as source monitoring the cognitive activity that is engaged in

discriminations about information sources in terms of memory,
knowledge or beliefs (Johnson et al. 1993). Johnson et al. (1993)
distinguished different types of source-monitoring processes
based on the various sources the information comes from. For
instance, reality-monitoring capacity represents the monitoring
process that is related to discriminating the phenomenal qualities
of internally generated information and memories of externally
derived information (Johnson and Raye 1981). The other class
of monitoring processes is considered by Johnson et al. (1993)
to be source-monitoring that describes an individual’s ability to
discriminate between two internal sources of information (e.g.
imagined versus perceived memories).

Contemporary experimental research shows that the afore-
mentioned source monitoring processes are fundamental in
establishing adequate cognitive functioning in the real world,
and their abnormalities more likely affect the quality of an
individual’s everyday life (Roberts and Blades 2000). For in-
stance, studies on aging have shown that both internal and
external source monitoring (Brown et al. 1995; Dulas and
Duarte 2014; Mitchell et al. 2006) and action source monitor-
ing become impaired with increasing age. This has been dem-
onstrated in healthy adults who attribute memories and actions
to the incorrect source (Cohen and Faulkner 1989). The
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cognitive conceptualization of people’s capacity to discrimi-
nate the sources of mental experience also serves as a theoret-
ical background for explaining reality distortions such as hal-
lucinations (Baker and Morrison 1998; Brunelin et al. 2006;
Gawęda et al. 2013; Waters et al. 2012; Woodward and
Menon 2013) or self-disturbances (Nelson et al. 2012) in psy-
chosis (see meta-analysis: Waters et al. 2012; Woodward and
Menon 2013). Nevertheless, as shown before, self-monitoring
errors1 are also common in the general population (Johnson
1997). Regarding potential mechanisms that may negatively
affect source monitoring discrimination, it was empirically
verified that the more similar the sources of information are,
the higher the probability of erroneous discrimination
(Johnson 1997). Moreover, when considering internal self-
monitoring, internally generated events (e.g. an imagining
performing an action) are more likely to be confused with
actual events (e.g. action performed in reality) if they are more
perceptually vivid (Johnson 1997).

It is important to emphasize that mental experiences from
various origins (e.g. perception and imagination) differ in their
phenomenal qualities, such as vividness of memories, or spa-
tial and temporal resolutions (Koriat 2006). The extent to
which we trust such discriminations depends on subjective
assessment of the potential effectiveness of our own cognitive
processes (Koriat 2000). This indicates that if one tries to
retrieve information from memory, one may also have a feel-
ing that informs us what needs to be done to Bguide and affect
our behavior^ (see Koriat 2000). The subjective assessment of
one’s ownmemories engages several cognitive processes with
varied hierarchical organization. In fact, most researchers have
adopted a conceptual framework of metacognition for elabo-
rating the notion of subjective knowledge and confidence
(Nelson et al. 1999). The underlying assumption of such a
view is that cognitive processes operate on two or more inter-
related levels and there is a dynamic interplay between low-
level representations and organizationally higher-level knowl-
edge (Nelson et al. 1999). It has been claimed elsewhere (see:
Nelson et al. 1999) that the meta-level is engaged in inspecting
and managing object-level operations. It is important to em-
phasize that inadequate cognitive confidence related to one’s
own experiences either in clinical or healthy populations may
attenuate or even preclude regulative mistrust in faulty deci-
sions and, in fact, may lead to extreme beliefs and distortions
in self-monitoring while perceiving reality (Gawęda et al.
2013). Moreover, it turned out that overconfidence in source
monitoring errors may prevent alternative explanations and
predispose people to keep inadequate knowledge (Moritz
and Woodward 2006a, b, c). Thus, if holding a metacognitive

view, one can expect that metacognitive judgments can be
used to specify the sources of memory efficiently.

Interestingly, there is an important implication of metacog-
nition and self-regulation by Koriat (2006, 2012), who postu-
lates that there are two types of metacognitive judgments that
can assess and affect object-level operations: information- and
experience-based judgments. In particular, the first type of
knowledge represents metacognitive judgments relevant to
beliefs and memories about one’s own competence and cog-
nitions (Koriat 2006). For example, individuals evaluate per-
formance in tasks on beliefs on the basis of how much exper-
tise they have in some competence domain, saying, BI have a
poor memory .̂ On the other hand, there are experience-based
judgments relying on heuristics that result in a state of inten-
sified subjective feelings (e.g. Koriat 2006, 2012). For in-
stance, one expresses such metacognitive judgments on the
contribution of mnemonic cues, such as the fluency with
which information is encoded, or its vividness of memories
(Koriat 2006, 2012). In the case of information-based judg-
ments, their accuracy depends on the validity of the theories,
knowledge and beliefs available in long-term memory, on
which they are based (Koriat 2006, 2012). It has been claimed
that experience-based judgments depend on the diagnostic
value of heuristics and information accessible in short-term
memory (Koriat 2006, 2012). This, in turn, raises an important
question how different measures of metacognitive judgments
can affect internal source-monitoring.

Experimental research attempts to establish assessments of
subjective confidence in one’s own knowledge by studying
self-reports. Self-report procedures such as confidence ratings
(CR) and post-decision wagering (PDW) can be considered the
most commonly applied measures of metacognition (Dienes
and Seth 2010; Sandberg et al. 2010; Persaud et al. 2007;
Szczepanowski 2010; Wierzchoń 2013). The CR scale is com-
monly used with respect to perception tasks in which partici-
pants are required to report how certain they are of having
perceived an item (Cheesman and Merikle 1984), or about
how certain they are of giving a correct response in forced-
choice tasks (Sandberg et al. 2010; Szczepanowski et al.
2013). Although CR is considered a very elementary and
straightforward measure of meta-knowledge (Sandberg et al.
2010), this scale is sometimes criticized on account of its ab-
stractness (Persaud et al. 2007; Wierzchoń 2013). The PDW
scale is an intensely explored method intended to measure
metacognitive knowledge, with the amount of wagered money
expressed as confidence (Persaud et al. 2007; Szczepanowski
2010; Szczepanowski et al. 2017). This method estimatesmeta-
cognition by asking participants to place monetary wagers on
the accuracy of first-order discriminations (e.g. whether or not a
stimulus was presented) or express their confidence in terms of
correct or incorrect answers. In particular, PDW represents a
variation of metacognition measures that employ wagers
(imaginary or real small amounts of money) instead of

1 Two source-monitoring situations can be identified: (b) external source
monitoring related to discriminating between (e.g., statements heard on tele-
vision versus heard from a friend); and (c) discriminating between two internal
sources (e.g., imagined versus perceivedmemories), termed as self-monitoring
(Johnson et al. 1993).
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numerical confidence ratings. In this way, wagering is a sort of
a gambling game in which the participant has to bet on the
correctness of the yes–no decisions by placing either high or
low wagers (Szczepanowski 2010). Correct wagers in such
game result in accumulation of earnings from their wagers,
while incorrect wagers are being deducted from earnings
throughout the whole task. There are several versions of the
application of PDW scale. For instance, Persaud and colleagues
(Persaud et al. 2007) employed dichotomous scales (high vs.
low wager); however, multiple-point scales (such as £1, £2, £5
or £10) may be also used to categorize metacognition (see:
Fleming and Dolan 2010; Szczepanowski et al. 2013, 2017).
PDW seems to require both adequate metacognitive strategies
and heuristics as it increases the chances of making profits and
reducing losses (Szczepanowski 2010). Some researchers have
also emphasized the fact that this scale is prone to risk aversion
(Schurger and Sher 2008), therefore wagering may be biased to
some extent: even though participants were certain of their
decisions, they tended to bet low (Szczepanowski et al.
2017), particularly when detecting subtle stimuli (Dienes and
Seth 2010; Sandberg et al. 2010).

The characteristics of both self-report scales given above
have important implications because the use of CR and PDW
measures may have a differential impact on assessing source-
monitoring processes. In other words, the type of knowledge
underlying the metacognitive scale may influence one’s own
source-monitoring processes. Following the metacognitive
considerations by Koriat (2012), it is clear that the CR scale
represents an information-based approach that mostly relies
on one’s own beliefs and knowledge retrieved from long-
term memory (Koriat 2012). Unlike information-based judg-
ments, PDW uses typical experienced-based judgments that
rely on the contribution of mnemonic cues that are extracted
from performance and stored in short-term memory (Koriat
2012). In fact, one can assume that both types of knowledge
applied in the scales refer to different origins: rational and
empirical (Koriat 2012), respectively. It seems quite clear that
CR judgments are self-evident, originate from direct intuition
and may represent intuited universal truth (rational knowl-
edge) on one’s own knowledge. PDW responses rely on pre-
dicted outcomes from a type of gambling game that aims to
maximize possible profits and employ specific response strat-
egies, such as loss aversion affecting advantageous wagers
(Szczepanowski et al. 2017). This suggests that PDW judg-
ments are more based on empirical knowledge.

Because the origins of knowledge are inconsistent among
information- and experience-based judgments, both
metacognitive scales may differ in people’s subjective assess-
ment of one’s own source-monitoring information. Although
studies on deficits in source-monitoring and metacognition are
well established (e.g., Belli and Loftus 1994), so far, to the best of
our knowledge, no empirical study has examined the accuracy of
different metacognitive judgments on source-monitoring

performance. To investigate empirically the accuracies of both
metacognitive judgments in evaluating self-monitoring, we ap-
plied PDW and CR scales to an action memory paradigm
developed byMoritz et al. (2009) that was used in several studies
on clinical population by Gawęda and colleagues (Gawęda et al.
2012, 2013, 2018). In the present study, we administered this
paradigm on healthy individuals. Particularly, participants within
this paradigm were required to perform or imagine simple phys-
ical actions (such as BPut your hand on your heart^), and then
were asked to distinguishwhether the presented actionwas imag-
ined or performed by them and to rate their confidence in their
responses. In the present study, we randomly assigned partici-
pants from the population sample according to responsemode so
that half of the participants used the CR scale, while the other half
used the PDW scale. We expected differences in subjective as-
sessments categorized either with information-based or
experience-based judgments in attempts to validate their own
memories. Following Nelson’s view on hierarchical organization
of subjective judgments (Nelson et al. 1999) as well as the
Koriat’s account on the structure of metacognition (Koriat
2012), one can therefore expect that the usage of distinct
metacognitive judgments (information-based vs. experience-
based judgments) to validate the sources of memory may affect
accuracy of metacognitive knowledge. In addition, taking into
account a regulatory function ofmetacognitive knowledge on the
low-level information processing (e.g. Nelson et al. 1999), it may
be expected that more accurate metacognitive judgments can
improve performance in the action memory task. Given these
assumptions, our specific hypotheses in the study were the fol-
lowing: (i) the accuracy of meta-knowledge (i.e. levels of confi-
dence, knowledge corruption index (KCI), monitoring resolution
(MR) parameter; see the Method section for more details) would
be greater for the group using experience-based cues (the PDW
scale) than for the group employing information-based judg-
ments (the CR scale); (ii) performance in the action memory task
would be better for the use of the PDW scale as compared to the
CR scale.

Methods

Participants

Fifty healthy individuals (37 females and 13 males) from the
SWPS University of Social Sciences and Humanities in
Wroclaw (Poland) with a mean age of 27.84 (SD = 8.03) par-
ticipated in this study after informed consent was obtained.
Participants took part in the study in exchange for credit
points. All of them had normal or corrected-to-normal vision.
Participants who reported a history of psychiatric or neurolog-
ical disorders were excluded from the study. The study was
approved by the local Ethics Committee.
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Action Memory Task

We employed an action memory task proposed by Moritz
et al. (2009) and adapted to Polish by Gawęda et al. (2012,
2013). Figure 1 presents a diagram of the action memory task
procedure used in our study. This research paradigm consisted
of two phases. In the learning phase, participants were asked
to imagine or perform presented actions in accordance with
instructions displayed on a computer screen. An action in-
struction set presented in green frames had to be performed,
whereas action instructions set in red frames had to be imag-
ined, but not performed. Before the experiment, all partici-
pants were instructed that they would be required to later
recollect the presented actions and distinguish whether the
action was imagined or performed by them; before the recog-
nition phase, they were instructed to rate their confidence in
their responses.

Before the beginning of the study, all participants took a
short practice session that familiarized them with the task re-
quirements. During the practice session, each participant per-
formed two practice trials in order to get familiarized with the
action memory task. The first instruction required action to be
performed in terms of the memory task, while the second in-
struction demanded action to be imagined. The type of the
practice instruction was administered randomly across partici-
pants. The action instructions used in the practice session were

not part of the later stages of experiment (i.e. learning and
recognition phases). In total, 38 items were used in the learning
phase, 19 items requiring the participant to perform actions, and
19 items to imagine. Each instruction on the computer screen
was displayed for 10 s. The second phase of this study was held
about 24 h (± 1 h) after the learning phase. In this phase, 38
verbal instructions for the learning phase items were presented
along with 20 new action instructions not familiar to partici-
pants. In the recognition phase, the items were presented in
different fonts and placed in different locations on the screen
than in the learning phase to preclude physical matching, i.e.
prevent similarities between physical features of underlying
fonts designed for the test items and previously learned items.

Participants were required to respond whether the corre-
sponding instruction had been presented as a performed,
imagined, or new action, and were then asked to rate their
confidence on a rating scale. Participants were randomly
assigned to groups using either information-based knowledge
or experience-based knowledge conditions. The first group
expressed their confidence with confidence ratings (CR),
and the second group with post-decision wagering (PDW).

Subjective Measures of Source Monitoring

Both subjective scales employed in this experiment were ran-
domized across participants, who were asked to rate their

Fig. 1 The procedure of the action memory task with confidence
assessment: a CR scale; b PDW scale. The task consisted of two
phases: 1) Learning Phase: participants imagined (19 items) or
performed (19 items) presented actions (green frame - performed; red

frame - imagined); 2) Recognition Phase: recognition whether
instruction had been a performed or imagined action, or was new (20
new action instructions)
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certainty in the action memory recognition by choosing nu-
merical keys on the keyboard (from 1 to 6). In the case of the
CR scale, the six levels of confidence were expressed in the
following manner: 1 – BTotally uncertain^, 2 – BQuite
uncertain^, 3 – BSlightly uncertain^, 4 – BSlightly certain^,
5 – BQuite certain^, 6 – BTotally certain^. The Cronbach’s
alpha coefficient calculated for CR measure reached the value
of 0.937. The second PDW scale was adapted in a similar
manner as that of Szczepanowski and colleagues
(Szczepanowski et al. 2013): participants were asked to ex-
press their confidence as imaginary wagers, that is, they did
not receive any monetary reward at the end of the task.Wagers
of 5, 10, 15, 20, 25 and 30 PLN (1 PLN is around .20 EUR)
were used in the present study. The Cronbach’s alpha coeffi-
cient for the PDW scale was 0.929. Participants were told that
they would take part in a gambling game with the imaginary
wagered amount gained when they made accurate wagers on
correct discriminations. When the wagers were inaccurate, the
participants were told that the wagered amount would be lost.

Quantitative Measurements of Meta-Knowledge
Accuracy

We inspected the accuracy of information- and experience-
based judgments in the action memory task using two mea-
surements that indexed the quality of participants’ knowledge.
The first measure was the so-called knowledge corruption
index (KCI) (Gawęda et al. 2012; Laws and Bhatt 2005;
Moritz and Woodward 2006b, c), which takes into account
confidence and the extent of source memory errors (Moritz
and Woodward 2006b). In particular, by establishing the pro-
portion of high-confident false responses to the number of all
high-confident memories (Gawęda et al. 2012; Moritz and
Woodward 2006b), the KCI index refers to a proportion of
failures in source-monitoring responses that were followed by
the highest degree of confidence (BTotally certain^) to all
other responses given with high confidence (Moritz and
Woodward 2006b, c). The elevated value of KCI indicates
inaccuracy of knowledge suggesting that individuals keep
their faulty beliefs (false memories) with strong conviction
that their memories are true; whereas the lower KCI value
indicates accuracy of knowledge, thus leading people to be
convinced that their incorrect memories are false. The second
measure of metacognitive accuracy was monitoring resolution
(MR), which evaluates the strength of associations between
confidence and performance accuracy (Koriat 2006; Koriat
and Goldsmith 1996; Koren et al. 2004). The MR parameter
refers to the extent to which metacognitive judgments are
correlated with performance across items (Koriat 2006;
Koriat and Goldsmith 1996; Koren et al. 2004). This param-
eter is calculated for all responses as the Kruskal-Goodman
gamma correlation between confidence levels and the correct-
ness of responses (Koren et al. 2004). Thus, monitoring

resolution indicates that the accuracy of knowledge increases
when correct responses tend to be assigned with higher con-
fidence and all faulty answers are assigned lower confidence
(Koriat and Goldsmith 1996).

Statistical Analysis

First, we assessed effects of metacognitive judgements (infor-
mation-based vs. experience-based knowledge) on perfor-
mance in the action memory task. To do so, correct and incor-
rect responses for old vs. new item recognition and correct and
incorrect source-monitoring attributions were calculated. The
effects of metacognition were investigated by analyzing group
differences with one-way analysis of variance (one-way
ANOVA). All responses were submitted to one-way
ANOVA, and the impact of the group (the type of knowledge)
on old vs. new item recognition and source monitoring attri-
butions was examined. Next, to assess the accuracy of
metacognitive judgments made by CR and PDW scales in
the context of revealing one’s own memories, we calculated
the two aforementioned parameters related to accuracy of
metaknowledge for old/new and action source-monitoring
recognitions using the KCI index (Gawęda et al. 2012;
Moritz and Woodward 2006b) and the monitoring resolution
parameter (Koren et al. 2004). Then, we used one-way
ANOVA to examine how metacognitive knowledge (PDW
vs. CR) affected its accuracy by analyzing KCI and MR mea-
sures. In the final step, we employed a two-way, mixed-design
repeated measures multivariate analysis of variance
(MANOVA) to examine effects of metacognition (informa-
tion-based vs. experienced based knowledge) on confidence
in source-monitoring responses: imagined actions as imagined
(Bimagined-imagined^ actions), performed actions as per-
formed (Bperformed-performed^ actions), imagined actions
as performed (Bimagined-performed^ actions) and performed
actions as imagined (Bperformed-imagined^ actions). The
MANOVA included the between-subjects factor of group
(the use of CR vs. PDW) and the within-subjects factor of
the Bremembered^ source of information. The significant in-
teraction effects for the MANOVA were then analyzed with
repeated-measures follow-up tests. For all statistical tests, the
level of significance was .05.

Results

Demographic Characteristics of the Groups

Demographic characteristics of the groups are presented in
Table 1. There were no significant differences between groups
regarding the gender factor, χ2(1) = .936, p = .333 and age,
t(48) = 1.39; p = .172 (see Table 1).
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Analysis of Object-Level Operation for Source
Monitoring

The analysis of the data revealed that there was no influence of
the type of knowledge used on self-monitoring responses. The
results are presented in Table 2. We found no difference be-
tween the CR and PDW group in correct recognition of new
items, F < 1, no effect of the group variable on forgetting
performed items and forgetting imagined actions, F < 1. No
effect of the group was found for correctly performed action
recognition, F < 1, and correctly imagined actions, F < 1.
There were no effects of the group for imagined actions
misattributed as performed, F< 1, or for performed actions
recognized as imagined, F < 1.

Confidence Ratings for Action Memory Recognition
and Action Self-Monitoring

We began our analysis of confidence by comparing the accu-
racy of the CR and PDW scales for each of the self-monitoring
processes. The comparison of the mean ratings is presented in
Table 3. We analyzed differences between the groups for true
hits, i.e. responses where old items were recognized as old and
new items recognized as new. In the case of correct new/old
recognition, there were significant differences in the confi-
dence between the groups, F (1, 48) = 5.20, p = 0.027, partial

η2 = 0.098. With regard to incorrect new/old recognition, we
also observed group differences, F (1, 48) = 7.38, p = 0.009,
partial η2 = 0.133. It turned out that confidence was higher for
the CR scale than the PDW scale both for correct and incorrect
new/old recognition.

Furthermore, we examined the group differences in correct
and incorrect self-monitoring responses. The ANOVA indicat-
ed the differences in confidence responses for incorrect self-
monitoring, F (1, 48) = 9.12, p = 0.004, partial η2 = 0.160. It
appeared that for incorrect self-monitoring responses, partici-
pants from the CR group evaluated their confidence signifi-
cantly higher (M = 4.70, SD = 0.85) than participants using
PDW (M = 3.74; SD = 1.36). No group differences were found
with respect to the confidence responses for correct action
self-monitoring,F (1, 48) = 0.83, p = 0.368, partial η2 = 0.017.

Metacognitive Judgments Accuracy

Firstly, we evaluated accuracy of knowledge with KC indices
for the old/new recognition and for the discrimination between
imagined and performed actions (see Table 4). It turned out
that the KCI index for the inability to distinguish imagined
from performed actions in the PDW condition was lower
(M = 3.26%; SD = 4.26%) than in the CR condition (M =
6.25%; SD = 4.70%), F(1, 46) = 5.27; p = 0.026, partial η2 =
0.103. However, in the case of false old/new discriminations,
no difference between the CR and PDW groups was observed
(M = 10.59%; SD = 7.90%; M = 7.93%; SD = 7.63%, respec-
tively), F(1, 48) = 1.47; p = 0.232, partial η2 = 0.030. This in-
dicated that participants from the CR group were more con-
vinced that incorrect self-monitoring recognition was correct
than subjects who used PDW judgments. These findings sug-
gested higher accuracy of the empirically based knowledge
that underlies PDW response.

Furthermore, we separately calculated the monitoring res-
olution values for old/new recognition and self-monitoring
(see Table 5). It turned out that MR measures indicated that
self-monitoring responses were influenced by the type of

Table 1 Demographic characteristics of groups

Source Response

CR (n = 25) PDW (n = 25) Statistics p value

Age 29.40 (8.56) 26.28 (7.30) t (48) = 1.39 p = 0.172

Gender

Male n = 8 n = 5 χ2(1) = .936 p = 0.333
Female n = 17 n = 20

Mean and standard deviation are given for age and numbers of males/
females are given for gender

Table 2 Group of the type of scales (PDW vs. CR), differences in recognition of old/new items, and source-monitoring responses

Variables CR (n = 25) PDW (n = 25) Statistics
M (SD) M (SD)

Old/new recognition

Correct responses 41.76 (5.54) 42.36 (6.89) F(1,48) = .115, p = 0.736

Performed actions attributed as new (forgetting) 1.76 (1.66) 1.56 (1.58) F(1,48) = .189, p = 0.665

Imagined actions attributed as new (forgetting) 4.36 (2.38) 4.32 (3.47) F(1,48) = .002, p = 0.962

Source-monitoring responses

Correct: performed 14.20 (2.56) 14.36 (2.77) F(1,48) = .045, p = 0.833

Correct: imagined 12.00 (2.83) 12.48 (4.34) F(1,48) = .215, p = 0.645

Imagined actions attributed as performed 2.64 (1.75) 2.08 (2.00) F(1,48) = = 1.109, p = 0.297

Performed actions attributed as imagined 2.72 (1.90) 3.00 (2.41) F(1,48) = .207, p = 0.651
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knowledge, F (1, 48) = 5.60; p = 0.022, partial η2 = 0.104. We
found that the MR parameter was higher for the PDW scale
(M = 0.61; SD = 0.20) than the CR scale (M = 0.44; SD =
0.31). In addition, there were no group differences regarding
correct labeling of new/old actions, F (1, 48) = 0.98; p =
0.328, partial η2 = 0.020 (Mpdw = 0.59; SD = 0.19; Mcr =
0.53; SD = 0.20). These findings suggested higher accuracy
of knowledge engaged in the PDW responses to assess self-
monitoring.

Multivariate Analysis of Variance for Confidence
Responses in Self-Monitoring

In the final step of our analyses, we tested effects of metacog-
nition (information-based vs. experienced based knowledge)
on confidence that was expressed for the self-monitoring re-
sponses (Bimagined-imagined^, Bperformed-performed^,
Bimagined-performed^ vs. Bperformed-imagined^
actions).The MANOVA showed a significant main effect for
the group, F(1, 35) = 7.35, p = 0.010, ηpartial

2 = .174. We ob-
served that confidence rated by participants in the CR group
was higher (M = 5.10, SD = .15) than for the PDW group
(M = 4.48, SD = .17) regardless of the information source.
The analysis indicated also themain effect for the remembered
actions, Wilks’ Lambda = .22, F(3, 33) = 39.43, p < 0.001,
ηpartial

2 = .782. The post-hoc analyses with the Bonferroni ad-
justments (p < 0.001, all three tests) indicated the higher con-
fidence for the Bperformed-performed^ actions (M = 5.46,
SD = .085) than confidence expressed for other remaining

response categories such as Bimagined-imagined^ actions
(M = 4.92, SD = .135), Bperformed-imagined^ actions (M =
4.18, SD = .18), and Bimagined-performed^ actions (M =
4.60, SD = .18). The post-hoc analysis (p < 0.001) indicated
also the higher level of confidence for the Bimagined-
imagined^ actions (the correct responses) than the level of
the Bperformed-imagined^ actions (the incorrect responses).
The MANOVA yielded also a significant interaction effect
betweenmeta-knowledge and remembered source of informa-
tion, Wilks’ Lambda = .73, F(3, 33) = 4.18, p = 0.013,
ηpartial

2 = .275. To examine this interaction further, we
conducted separate analyses of the simple main effects by
testing differences in mean confidence across four response
categories within the fixed level of the group variable (see
Fig. 2). For the CR condition, the follow-up analysis revealed
a significant main effect of the remembered source of infor-
mation, F (3, 33) = 11.98, p < .001, ηpartial

2 = .52. Then, we
ran separate post-hoc comparisons with Bonferroni correc-
tions to inspect significant differences in confidence rated
for remembered actions with the usage of CR. The post-hoc
analyses indicated that the level of confidence in Bperformed-
performed^ actions was higher (M = 5.55, SD = .11) than the
levels for Bimagined-imagined^ actions (M = 5.04, SD = .18),
and Bperformed-imagined^ actions (M = 4.70, SD = .23); al-
though the level of confidence in Bperformed-performed^ ac-
tions was the same as for Bimagined-performed^ actions (M =
5.10, SD = .23), p = 0.167. The post-hoc comparisons showed
also no difference between the level of confidence for the
Bimagined-imagined^ responses and the level of confidence

Table 3 Response confidence
(means and standard deviations)
for correct and incorrect self-
monitoring and old/new
recognition

CR (n = 25) PDW (n = 25)

Mean SD Mean SD statistics p value partial η2

New/old 5.26 0.50 4.89 0.65 F(1,48) = 5.20 = 0.027 = 0.098

Correct

Self-monitoring 5.29 0.53 5.14 0.61 F(1,48) = 0.83 = 0.368 = 0.017

New/old 4.47 0.76 3.82 0.94 F(1,48) = 7.38 = 0.009 = 0.133

Incorrect

Self-monitoring 4.70 0.85 3.74 1.36 F(1,48) = 9.12 = 0.004 = 0.160

Table 4 Group differences in KC
indices (means and standard
deviations) for self-monitoring
and old/new recognition

KC index

CR (N = 25) PDW (N = 25)

Mean SD Mean SD Statistics p value partial η2

Old/new recognition 10.59% 7.90% 7.93% 7.63% F (1, 48) = 1.47 = 0.232 = 0.03

CR (n = 25) PDW (n = 23)

Mean SD Mean SD Statistics p value

Self-monitoring 6.25% 4.70% 3.26% 4.26% F (1, 46) = 5.27 = 0.026 = 0.103
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for self-monitoring errors (Bperformed-imagined^, p = 0.708
and Bimagined-performed^ actions, p = 1.00); in fact, when
participants used the CR scale the levels of confidence in both
self-monitoring responses were the same (p = 0.644). For the
PDW condition, the ANOVA showed also a significant differ-
ence among the mean confidence for the remembered actions,
F (3, 33) = 29.29, p < .001, ηpartial

2 = .73. The results of the
post-hoc comparisons with Bonferroni adjustments revealed
that the level of confidence rated for Bperformed-performed^
actions (M = 5.36, SD = .13) was higher than the levels of
confidence for the Bimagined-imagined^ actions (M = 4.79,
SD = .20), p < 0.002, Bperformed-imagined^ actions (M =
3.66, SD = .27), p < .001 and Bimagined-performed^ actions
(M = 4.10, SD = .27), p < .001. The post-hoc analysis
(p < .001) showed that in case of PDW confidence for
Bimagined-imagined^ responses was higher than for
Bperformed-imagined^ actions (self-monitoring error). No
difference was observed between confidence for Bimagined-
imagined^ and Bimagined-performed^ actions, p = 0.136 as
well as between self-monitoring erroneous responses
(Bperformed-imagined^ vs. Bimagined-performed^ actions),
p = 0.732.

Then, we ran follow-up analyses of the simple main effects
of the scale (PDW vs. CR) within the fixed level of self-
monitoring variable (see Fig. 3). We found that there were
no significant differences in confidence between the CR and

PDW scales for the Bperformed-performed^ actions, F (1,
35) = 1.23, p = 0.276 and Bimagined-imagined^ actions, F <
1. Although, the analyses showed significant differences in the
levels of confidence for self-monitoring responses, since there
were the main effects of meta-knowledge for the Bperformed-
imagined^ actions, F (1, 35) = 8.50, p = 0.006, ηpartial

2 = .20
and for Bimagined-performed^ actions, F (1, 35) = 7.93, p =
0.008, ηpartial

2 = .19) indicating that the levels of confidence in
both self-monitoring responses were higher for CR (M= 4.70,
SD = .23; M = 5.10, SD = .23) as compared to the PDW con-
dition (M = 3.66, SD = .27; M = 4.10, SD = .27).

Discussion

The present study investigated the accuracy of metacognitive
judgments with two self-report scales (post-decision wagering
vs. confidence ratings) which utilized experience-based and
information-based processes while performing the action
memory task. Our study showed that experience-based
knowledge involved in the usage of PDW produces more
accurate judgments than information-based knowledge gener-
ated with the CRwhen validating self-monitoring. These find-
ings indicate that empirical knowledge serves as more accu-
rate metacognition in validating participant’s own memories.

Table 5 Group differences in the
monitoring resolution parameter
(means and standard deviations)
for self-monitoring and old/new
recognition

Monitoring resolution

CR (n = 25) PDW (n = 25)

Mean SD Mean SD Statistics p value partial η2

Old/new recognition 0.53 0.20 0.59 0.19 F (1, 48) = 0.98 = 0.328 = 0.02

Self-monitoring 0.44 0.31 0.61 0.20 F (1, 48) = 5.60 = 0.022 = 0.104
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**Fig. 2 Differences in levels of
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— p < 0.01, *** — p < 0.001

847Curr Psychol  (2021) 40:840–852



Our findings were based on values of the knowledge cor-
ruption index (KC), which was lower for the PDW scale only
in relation to self-monitoring. The KC index indicates that
participants more accurately assessed their meta-knowledge
using PDW than CR, particularly in respect to self-
monitoring discrimination (i.e. imagined vs. performed ac-
tions) when compared to old/new recognition. Alternatively,
participants using CR indicated diminished knowledge about
their response correctness in the self-monitoring task. The
higher values of the KC index in the CR group also suggests
that participants using information-based reasoning processes
are much more convinced that faulty answers for self-
monitoring (imagined actions recognized as performed and
performed actions recollected as imagined) were correct, rel-
ative to subjects using experience-based processes. Thus,
disrupted cognitive confidence among participants using CR
might have precluded adaptive distrust in incorrect decisions
and, consequently, might have led to inadequate knowledge.
However, it is worth to mention that although the group dif-
ferences in accuracy of the metacognitive judgments are sig-
nificant, the results from the size effect analysis show that
these differences are not very large. The type of metacognitive
knowledge explains approximately around 10% of variability
of the KC and MR values (i.e. partial η2 yielded the values of
0.103 and 0.104, respectively). Thus, our study suggests that
the PDW measure is more accurate than CR, although as this
difference may be minor further generalizations should be
made with cautions.

Interestingly, Perfect (2004) showed that information-based
judgments, such as presumptions about abilities, are commonly
accurate in relation to general knowledge, but not in situations in
which an individual has no knowledge about the accuracy of a
performance and how confident he/she should be. Indeed, our
results suggest that information-based judgments (CR) were not
as accurate as experience-based judgments (PDW) when captur-
ing meta-knowledge for self-monitoring. At the same time, both

PDW and CR conditions did not differ with regard to meta-
cognitive accuracy for recognition of new vs. old actions.
Moreover, it turned out that the average confidence for old/new
correct and incorrect recognition was higher when participants
used the CR scale than the PDW scale. This suggests that im-
pairments of meta-knowledge in self-monitoring with respect to
the CR scale cannot be attributed to overall poorer meta-memory
of the items, as indicated by old/new recognition. Yet, previous
studies in a clinical sample (Gawęda et al. 2012, 2013) showed
that old/new recognition is relatively less demanding than self-
monitoring decisions. Hence, participants in decision-making for
old/new actions may be more knowledgeable about the correct-
ness of their decisions than when self-monitoring. For that rea-
son, we suggest that improvements in metamemory accuracy
influenced by experience-based processes may be specific for
the more demanding cognitive activity associated with heuristics
and specific response strategies. Our study also showed differ-
ences in monitoring resolution for usage of the PDW and CR
scales. It was found that monitoring resolution varies depending
upon the scale employed and higher values of monitoring reso-
lution for PDW.

Again, these results suggest that the ability to discrimi-
nate between correct and incorrect answers is better when
engaging experience-based knowledge (PDW judgments).
The group who used experience-based judgments more fre-
quently made correct decisions with higher confidence and
expressed lower confidence for incorrect judgments. In fact,
these findings are in line with the assumption that judgment
based on heuristics such as vividness of memory is mostly
accurate for discriminating true and incorrect memories
(Moritz and Woodward 2006c). Thus, PDW scale-based
processes that are more heuristic (e.g. vividness of memo-
ries) may facilitate more accurate metacognitive judgments.
Thus, basing metacognitive judgments on heuristics, such
as vividness of memories, may generate confidence that is
more precise. Indeed, the monitoring resolution parameter
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as the measure of associations’ strength between confidence
and performance accuracy indicated that experienced-based
knowledge generates more accurate judgments (MR = 0.61
for self-monitoring assessed by PDW; see Table 5) than
information-based knowledge (MR = 0.44 for self-
monitoring assessed by CR; see Table 5). Therefore, in
the situations of more exacting tasks, the CR scale may
activate fewer cognitive resources which would be neces-
sary to assess the accuracy of knowledge compared to the
PDW scale. This may cause that the assessment based on
CR may be less accurate than appraisals done with PDW. It
is worth noting that monetary incentives and economic de-
cisions associated with PDW induce risk aversion, and one
may expect a tendency to be more careful in judgments
when wagering confidence of one’s own performance.
Specifically, participants more frequently made lower wa-
gers on correct discriminations in visual perceptual tasks
(Szczepanowski et al. 2017; Wierzchoń et al. 2012). On
the other hand, Koriat (2006) emphasizes that people gen-
erally accurately evaluate their knowledge by demonstrating
a positive correlation between performance and
metacognitive judgments (Koriat 2006). Evidence of accu-
racy in subjective assessment of their knowledge is provid-
ed by studies on judgment of learning (JOL) (Dunlosky
and Nelson 1992; Nelson and Dunlosky 1991). With re-
spect to this concept, participants’ ability to judge their
own learning allows them to decide whether items being
studied have been acquired sufficiently well (Nelson and
Dunlosky 1991). Metacognition accuracy is assessed by
comparing magnitudes of JOLs for the learned items with
future recall. If participants’ subjective evaluation is more
accurate, then items receiving high JOLs are more likely to
be recalled than items receiving lower JOLs. In fact, posi-
tive correlations between subjective and objective indexes
of knowing are observed in empirical studies investigating
confidence judgments in assessing the correctness of per-
ceptual decisions (Szczepanowski et al. 2013). Our study
extends previous findings by showing that the accuracy of
meta-cognitive knowledge is a combination of task difficul-
ty and the type of processes that are engaged in making a
meta-cognitive decision. For less demanding tasks (new vs.
old items recognition), theory-based and experience-based
judgments lead to similar accuracy. However, meta-
cognitive knowledge on more cognitively demanding self-
monitoring decisions was significantly more accurate for
the PDW condition.

In fact, the subsequent MANOVAs in our study have re-
vealed interesting patterns of metacognition in the general pop-
ulation in terms of self-monitoring activity. The results clearly
showed that the highest confidence was given to correct an-
swers (Bperformed- performed^ actions) when using the
information-based knowledge. In particular, participants from
the CR group expressed higher confidence for this response

category than confidence for other type of correct answers
(Bimagined-imagined^ actions) as well as self-monitoring erro-
neous responses (misattributed performed actions as imagined)
as opposed to confidence expressed for incorrect answers
(Bimagined-performed^ actions) that was on the same level.
Moreover, we observed that confidence ratings for this type
of error (Bimagined-performed^ actions) were at the same level
when participants correctly recognized their imagined actions.
Indeed, this striking pattern of metacognitive responses sug-
gests that information-based judgments may activate in people
who recognize their own real experiences from the past strong
beliefs, accompanied by a high sense of truth, that any per-
formed actions they experienced was real indeed. In fact, sim-
ilar findings were observed in the study on self-monitoring in
clinical population demonstrating that false beliefs related to
some extent to real experienced activity were persistent and
reluctant to change (Gawęda et al. 2012, 2013; Moritz et al.
2011). Interestingly, our study also shows that experienced-
based knowledge may represent a more accurate form of meta-
cognition. Clearly, the PDW group showed lower confidence
for self-monitoring errors (i.e., misattributed imagined actions
as performed) than confidence in correct answers related to
performed actions remembered as performed. Our results also
show that experienced-based knowledge results in diminished
confidence in case of both types of misattribution errors (i.e.
misattributed imagined actions as performed and misattributed
performed actions as imagined). These findings may suggest
that increased accessibility of experience-based processes may
reduce overconfidence in faulty decisions and beliefs.

In fact, lower confidence for self-monitoring errors in the
PDW group seems to be important for therapeutic reasons in
terms of using such scale, for example, for metacognitive
training for psychiatric disorders treatments. In the context
of psychosis, it is clear that disturbances in the meta-level
(confidence) may falsely appraise the object-level (basic per-
ception processes, etc.), resulting in consequence in wrong
beliefs held with strong conviction (e.g. delusional thinking).
In fact, it was shown that therapeutic interventions based on
metacognitive training aimed at weaken trust in delusional
thoughts are efficient in reducing such clinical symptoms
(Aghotor et al. 2010; Eichner and Berna 2016; Moritz et al.
2011; for review: see: Moritz et al. 2014). Thus, although our
study was designed to investigate basic mechanisms linked
with meta-cognitive judgments and self-monitoring, our find-
ings may be applicable to the psychopathologies of metacog-
nition, particularly in psychiatric disorders. Recent studies on
psychiatric population that used similar action monitoring
tasks (Gawęda et al. 2012, 2013; Moritz et al. 2009) or other
types of source-monitoring paradigms have consistently
shown that patients with schizophrenia tend to misperceive
imagined actions as being performed (Franck et al. 2000;
Mammarella et al. 2010; Gawęda et al. 2012). This specific
self-monitoring bias was frequently observed in individuals
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with schizophrenia who experienced hallucinations (Gawęda
et al. 2013). Moreover, patients with schizophrenia tend to be
overconfident in their false decisions in a wide range of cog-
nitive tasks, including a self-monitoring task (Moritz et al.
2005; Gawęda et al. 2012, 2013). A recent study has also
suggested that above mentioned deficits are observed in the
populations at clinical risk for psychosis and early psychosis
(Gawęda et al. 2018). Confusing inner and outer sources of
information (Morrison et al. 2007; Varese and Bentall 2011;
Morrison et al. 1995; Morrison 2001; Garety et al. 2001), as
well as confusing imagery with reality (Gawęda et al. 2013)
are hypothesized to underlie psychotic symptoms. However,
previous studies on cognitive confidence and self-monitoring
utilized mostly CR taxonomies, investigate in this fashion the
influence of theory-based decision processes on metacogni-
tion. Our findings suggest that it is likely that metacognitive
judgments based on experience-based processes in psychiatric
population may have impact on making more accurate deci-
sions in self-monitoring. In fact, these outcomes are important
for development and maintenance of psychosis because it is
commonly observed that abnormal metacognition prevents
reduction of psychotic symptoms, and often makes such
symptoms more burdensome.

To summarize, our results show that various taxonomic
characteristics of scales can engage various processes that
underpin accuracy and inaccuracy of metacognitive judg-
ments during self-monitoring. Particularly, the experience-
based judgments associated with PDW can lead to more valid
meta-knowledge in the context of monitoring processes. Thus,
although the rational and empirical components of our knowl-
edge are inseparable (Koriat 2012), our study suggests that
people’s epistemology, which often rests more on the ‘exter-
nal’ world is more effective than self-evident direct intuition
when assessing individual memories.
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