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Can we tell whether our beliefs and judgments are correct or wrong? Results across many domains
indicate that people are skilled at discriminating between correct and wrong answers, endorsing the
former with greater confidence than the latter. However, it has not been realized that because of people’s
adaptation to reality, representative samples of items tend to favor the correct answer, yielding object-
level accuracy (OLA) that is considerably better than chance. Across 16 experiments that used
2-alternative forced-choice items from several domains, the confidence/accuracy (C/A) relationship was
positive for items with OLA �50%, but consistently negative across items with OLA �50%. A
systematic sampling of items that covered the full range of OLA (0–100%) yielded a U-function relating
confidence to OLA. The results imply that the positive C/A relationship that has been reported in many
studies is an artifact of OLA being better than chance rather than representing a general ability to
discriminate between correct and wrong responses. However, the results also support the ecological
approach, suggesting that confidence is based on a frugal, “bounded” heuristic that has been specifically
tailored to the ecological structure of the natural environment. This heuristic is used despite the fact that
for items with OLA �50%, it yields confidence judgments that are counterdiagnostic of accuracy. Our
ability to tell between correct and wrong judgments is confined to the probability structure of the world
we live in. The results were discussed in terms of the contrast between systematic design and represen-
tative design.
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subjective confidence

In a scene from Woody Allen’s movie Deconstructing Harry, a
cameraman attempts to take a shot of Robin Williams who plays
Harry. Noticing that the image is blurred, he tries to adjust the
camera lens but fails to achieve a sharper image, finally realizing
that there is a more fundamental problem: It is Harry himself who
is “out of focus.”

This episode suggests a distinction between two types of prob-
lems that researchers may run into when sampling information
from the world. The first is when the camera is out of focus, as
when the samples drawn are unrepresentative, yielding a distorted
portrayal of reality. The second is when reality itself is out of
focus. In that case, errors may stem precisely from the attempt to
draw representative samples that are faithful to reality, not con-
sidering the possibility that reality itself might be biased with
respect to the issue investigated.

In this article I focus on people’s metacognitive accuracy—the
ability to discriminate between true and false beliefs and judg-

ments. I will examine how the two types of problems mentioned
above may affect researchers’ conclusions about the question how
good people are at telling whether their beliefs or judgments are
right or wrong.

In what follows I will first review the long-standing historical
controversy in cognitive research between researchers who stress
the importance of a representative design that mirrors the condi-
tions that exist in the natural ecology versus those who favor the
systematic study of phenomena independent of the distribution of
events in the outside world. In recent years the plea for a repre-
sentative design has been voiced particularly by advocates of the
ecological approach to cognition, who extended their research to
issues about metacognitive accuracy.

Turning then to questions about metacognitive accuracy, a dis-
tinction will be drawn between two aspects of metacognitive
accuracy, calibration and resolution. Focusing first on calibration,
I examine the claim of proponents of the ecological approach that
the poor calibration that has been documented in several studies
derives merely from researchers’ failure to sample items represen-
tatively from the natural ecology (i.e., our camera is out of focus).
Focusing next on resolution, I will argue that it is precisely
representative sampling that may be responsible for researchers’
conclusions about people’s general ability to tell correct from
wrong answers. This is because samples of items drawn from the
natural environment to which people have adapted are bound to be
biased (i.e., the natural environment is “out of focus”). The exper-
iments to be presented examine these arguments.
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Representative Design Versus Systematic Design in
Cognition Research

Historically, there has been a tension between two experimental
paradigms for the study of human cognition, systematic design and
representative design (Brunswik, 1955a, 1955b; see Hoffrage &
Hertwig, 2006). Systematic design, which is characteristic of
mainstream cognitive science, involves the laboratory-based in-
vestigation of psychological processes under controlled condi-
tions. These conditions allow researchers to isolate variables and to
examine systematically the effects of variations in these variables
on different aspects of performance. Systematic design helps spec-
ify the basic laws relating stimulus variations to performance and
behavior.

Egon Brunswik (1944, 1955b, 1956), however, argued that the
method of systematic design destroys the causal structure of the
natural environment to which psychological processes have been
adapted, and leads researchers to use artificial conditions and
stimuli that hardly exist in the world. He called for a design of
experiments that is representative of the organism’s ecology, ar-
guing that the conditions of experiments should represent the
real-life conditions over which generalization is to be achieved.

Other researchers also emphasized the study of cognitive pro-
cesses under naturalistic, real-world conditions. James Gibson
(1979) objected to the practice of setting up laboratory situations
that are convenient for the experimenter but atypical for the
individual. In his ecological approach to visual perception, he
emphasized the structure and richness of the sensory experience
afforded to perceivers in the natural environment.

In the area of memory, Ulric Neisser (1978, 1985) dismissed the
results observed within the laboratory-based research tradition,
arguing for the study of memory under naturalistic conditions. His
call for the ecological study of memory has sparked a heated
debate between proponents of naturalistic memory research and
researchers who favor laboratory-based research (to which Amer-
ican Psychologist devoted its January 1991 issue). Some research-
ers claimed that memory in real-life situations differs in significant
ways from the kind of memory that has been traditionally inves-
tigated (see Koriat & Goldsmith, 1996a).

In developmental psychology, Bronfenbrenner (1977) argued
that research on human development should focus on the progres-
sive accommodation of individuals to their changing environ-
ments. He called for ecologically valid research that is carried out
in a naturalistic setting and involves objects and activities from
everyday life.

In recent years, Brunswik’s plea for a representative design has
enjoyed a renewed interest among researchers in the area of
judgment and decision making in the context of the so-called
Neo-Brunswikian approach (see Juslin, & Montgomery, 2007).
Advocates of the ecological approach (see Björkman, 1994;
Dhami, Hertwig, & Hoffrage, 2004; Gigerenzer, Hoffrage, &
Kleinbölting, 1991; Hoffrage & Hertwig, 2006; Juslin, 1994) ar-
gued that some of the cognitive illusions that had been documented
in the literature, such as the overconfidence bias (Gigerenzer et al.,
1991; Juslin, 1994; Juslin, Winman, & Olsson, 2000), the hard-
easy effect (Juslin, 1993; Juslin et al., 2000), the hindsight bias
(Winman, 1997; Winman, Juslin, & Björkman, 1998), and the
availability bias (Sedlmeier, Hertwig, & Gigerenzer, 1998) are not

real but stem from researchers’ failure to sample items represen-
tatively from the natural ecology (see Gigerenzer, 2004).

The Monitoring of One’s Own Knowledge

I now examine how the contrast between representative design
and systematic design bears on the question of people’s metacog-
nitive accuracy, which is the focus of the present study. I will
review briefly what is known about people’s ability to discriminate
between true and false beliefs and judgments. Later I will examine
critically the research testifying for people’s ability to monitor the
accuracy of their knowledge.

Issues concerning metacognitive accuracy have been discussed
by philosophers, statisticians, psychologists, and forensic scientists
(Carruthers, 2011; Dunlosky & Metcalfe, 2009; Koriat, 2007;
Proust, 2013; Schwarz, 2015). In the philosophical Traditional
Analysis of Knowledge (TAK), propositional knowledge is de-
fined as Justified True Belief (JTB). Controversies, however, exist
about what makes a belief justified so that if true, it will be known
to be so. Different proposals have been advanced about epistemic
justification but little agreement exists to the extent that adherents
of the philosophical skepticism view have raised the question
whether knowledge, in the first place, is possible.

In turn, within experimental psychology, the study of metacog-
nitive judgments has produced empirical evidence suggesting that
people are relatively skilled at monitoring the accuracy of their
knowledge and judgments (see Dunlosky & Metcalfe, 2009; Met-
calfe & Dunlosky, 2008). The general accuracy of metacognitive
judgments has led several authors to suggest that these judgments
are based on participants’ direct access to the underlying memory
traces (see Schwartz, 1994). For example, it was proposed that
judgments of learning (JOLs) during study are based on detecting
the strength of the memory trace that is formed following learning
(e.g., Cohen, Sandler, & Keglevich, 1991). Similarly, feeling-of-
knowing (FOK) judgments were assumed to monitor the actual
presence of the elusive target in memory (Hart, 1965). In the case
of confidence judgments too, a direct access view generally un-
derlies the use of such judgments in the context of strength theories
of memory (see Van Zandt, 2000).

However, the view that has gathered a great deal of support in
recent years is that metacognitive judgments are inferential in
nature, based on a variety of cues and beliefs that have some
validity in predicting correct performance (Benjamin & Bjork,
1996; Jacoby, Kelley, & Dywan, 1989; Koriat, 2007). Results
suggest that JOLs made during study rest on the ease with which
items are encoded or retrieved during learning (Karpicke, 2009;
Koriat & Ma’ayan, 2005; Koriat, Ma’ayan, & Nussinson, 2006),
and on beliefs about the variables that affect memory performance
(Mueller, Tauber, & Dunlosky, 2013). FOK judgments were said
to rely on the familiarity of the pointer that serves to probe
memory, and on the accessibility of partial information about the
elusive memory target (Koriat, 1993; Koriat & Levy-Sadot, 2001;
Schwartz & Metcalfe, 1992). In turn, confidence judgments were
claimed to rest on mnemonic cues such as the fluency of selecting
or retrieving an answer (e.g., Kelley & Lindsay, 1993; Koriat et al.,
2006), or on the considerations retrieved from memory (Griffin &
Tversky, 1992; Koriat, Lichtenstein, & Fischhoff, 1980). Reliance
on these cues was assumed to explain both the accuracy and
inaccuracy of metacognitive judgments.
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Discussions of metacognitive accuracy and inaccuracy have
distinguished between two aspects of the confidence/accuracy
correspondence, calibration and resolution. This distinction applies
to different metacognitive judgments, but we shall focus here on
confidence judgments. Calibration (or “bias,” “absolute accuracy,”
Dunlosky & Metcalfe, 2009; Yates, 1990) refers to the extent to
which people’s judgments demonstrate overconfidence (judgments
are more optimistic than actual performance) versus underconfi-
dence (judgments are less optimistic than actual performance;
Lichtenstein, Fischhoff, & Phillips, 1982). A simple measure of
calibration is the difference between mean confidence and mean
accuracy across items (when both are assessed on the same scale).
Monitoring resolution (also called “relative accuracy,” “discrimi-
nation accuracy,” or “type 2 sensitivity,” Fleming, & Lau, 2014;
Nelson & Dunlosky, 1991; Yaniv, Yates, & Smith, 1991) refers to
the extent to which metacognitive judgments discriminate between
correct and wrong answers. In metacognition research, resolution
has been measured by the within-person confidence—accuracy
(C/A) gamma correlation (Nelson, 1984) but other measures have
also been used (Benjamin & Diaz, 2008; Fleming & Lau, 2014;
Higham, Perfect, & Bruno, 2009; Yaniv et al., 1991).

Much of the work on calibration was carried out in the area of
judgment and decision-making. The implicit assumption underly-
ing that work is that calibration ought to be perfect, and the
challenge is to explain why confidence judgments deviate from
perfect calibration (see Griffin & Brenner, 2004). In contrast,
research in metacognition has focused primarily on resolution (see
Dunlosky & Metcalfe, 2009; Koriat, 2007). This research was
initially motivated by observations indicating that metacognitive
judgments are generally accurate in predicting memory perfor-
mance (Brown & McNeill, 1966; Hart, 1965), which raised the
question how do people know that they know? In the context of the
inferential approach to metacognitive judgments, this question
generally meant why resolution is better than chance (rather than
why it is not perfect; see Koriat, 2016).

It should be noted that calibration and resolution are theoreti-
cally independent: Calibration can be perfect when resolution is
very low, and vice versa (Fleming, & Lau, 2014; Koriat & Gold-
smith, 1996b). For example, assume that for a given two-
alternative forced-choice (2AFC) test, a person’s probability cor-
rect is .60. That person might be extremely overconfident and yet
exhibit perfect resolution if he assigns a probability of .90 to all
correct answers and a probability of .89 to all incorrect answers.
However, as will be shown later, calibration and resolution are not
independent when the probabilistic structure of the environment is
considered.

Calibration: Representative Design and the
Overconfidence Bias

Let us focus first on the calibration of confidence judgments.
Many studies indicated that people are overconfident. Specifically,
for 2AFC almanac questions, the subjective probability assigned to
the correctness of answers exceeds the proportion of correct an-
swers. The overconfidence bias has been observed across a wide
range of conditions (Allwood & Montgomery, 1987; Arkes, Chris-
tensen, Lai, & Blumer, 1987; Dunning, Heath, & Suls, 2004;
Griffin & Brenner, 2004; Hoffrage, 2004; Koriat et al., 1980;
Lichtenstein & Fischhoff, 1977; Soll, 1996), and several explana-

tions of this bias have been proposed (Erev, Wallsten, & Budescu,
1994; Griffin & Tversky, 1992; Koriat et al., 1980; Metcalfe,
1998; Nickerson, 1998). However, proponents of the ecological
approach to judgment and decision argued that this bias is largely
a pseudophenomenon, resulting from researchers’ failure to sam-
ple information representatively from the natural environment.
Indeed, several experiments have yielded evidence indicating that
when items are selected representatively from their reference class,
the overconfidence bias is either strongly reduced or entirely
eliminated (Gigerenzer et al., 1991; Juslin, 1994). Thus, the study
of the overconfidence bias (as well as other claimed biases, see
Hoffrage & Hertwig, 2006) has revived the long-standing contro-
versy between proponents of a systematic design and advocates of
a representative design that respects the ecological structure of the
natural environment.

What are the arguments behind these findings? Advocates of the
ecological approach have argued that when compiling items for a
test, experimenters tend to select items that tax subjects’ knowl-
edge, oversampling difficult or misleading items (Björkman, 1994;
Hoffrage & Hertwig, 2006). However, in the real world, people are
quite good at judging the reliability of their knowledge, because
the cues that they use in making their decisions and confidence are
generally valid. Therefore, calibration should be relatively good
provided general-knowledge items are representatively sampled
from their reference class.

An influential theory of confidence judgments that incorporates
these arguments has been proposed by Gigerenzer et al. (1991). In
their theory of Probabilistic Mental Models, they assume that when
presented with a 2AFC almanac question, participants test several
cues in turn until they identify a cue that discriminates between the
two answers. When that cue determines the choice, its cue validity
is then reported as the confidence in the choice. A critical feature
of this theory (see also Juslin, 1994) is the emphasis on learning
and adaptation. Consistent with Brunswik’s view (1956), it is
assumed that in the course of their interaction with the environ-
ment, people internalize the associations between cues and events
in the world. Reliance on the internalized knowledge contributes to
the general accuracy of confidence judgments (see Fiedler, 2007).
Gigerenzer et al. (1991) reported evidence indicating a strong
overconfidence bias when general-knowledge items were selected
informally. However, this bias disappeared when the items were
randomly selected from their reference class.

In terms of the “out of focus” example mentioned in the intro-
duction, the ecological approach assumes that a representative
design can mend the biased picture produced by the informal
sampling of stimuli from the environment.

Monitoring Resolution: Discriminating Between
Correct and Wrong Answers

We turn next to resolution, which captures the concern of
philosophers with the question whether we can establish that a
particular belief is true and another is false. As noted by Lichten-
stein and Fischhoff (1977), “resolution is a more fundamental
aspect of probabilistic functioning, for it reflects the ability to sort
items into subcategories whose percentage correct is maximally
different from the overall percentage correct” (p. 181).

Resolution received particular attention in metacognition and
educational research because of findings indicating that people
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rely heavily on their metacognitive judgments in the strategic
regulation of cognitive processes and behavior (Dunlosky & Met-
calfe, 2009; Goldsmith & Koriat, 2008; Jackson & Kleitman,
2014; Koriat & Goldsmith, 1996b; Sternberg, 1998; Thiede, An-
derson, & Therriault, 2003). Social psychologists also noted that
confidence affects the likelihood that people translate their beliefs
into behavior (Gill, Swann, & Silvera, 1998).

Several studies indicated that metacognitive judgments exhibit
better than chance resolution. Thus, JOLs during study were found
to predict the future recall of different items (Nelson & Dunlosky,
1991), and FOK judgments were found to predict the likelihood of
recalling or recognizing a momentarily unrecallable memory target
(Hart, 1965; Koriat, 1993). Retrospective confidence in one’s
chosen answer has been also found to predict the correctness of
that answer, as we now review.

A wealth of studies have indicated that the within-person C/A
correlation is better than chance for many tasks in such domains as
general-knowledge (Kleitman & Stankov, 2001; Koriat & Gold-
smith, 1996b), perceptual judgments (Keren, 1991), memory per-
formance (Kelley & Sahakyan, 2003; Mickes, Hwe, Wais, &
Wixted, 2011; Thompson & Mason, 1996), and achievement and
intelligence tests (Jackson & Kleitman, 2014; Schraw & Nietfeld,
1998; Sheffer, 2003; Stankov & Crawford, 1996). Recent evidence
indicates that this is also largely true of eyewitness testimony
(Wixted, Mickes, Clark, Gronlund, & Roediger, 2015; Wixted &
Wells, 2017). For general-information questions, for example, the
within-person Gamma correlation averaged .68 for forced-choice
questions (.87 for open-ended questions) in the study of Koriat and
Goldsmith (1996b). Similarly, with regard to recognition memory,
it was noted that “low-confidence recognition decisions are often
associated with close-to-chance accuracy, whereas high-confidence
recognition decisions can be associated with close-to-perfect accu-
racy” (Mickes et al., 2011; p. 239; see Tulving & Thomson, 1971).
The C/A correlation is particularly strong for sensory discrimination
tasks.

Thus, by and large, people are skilled at telling whether their
responses are correct or wrong. In fact, the ability to monitor one’s
own knowledge was seen by Tulving and Madigan (1970) as “one
of the truly unique characteristics of human memory” (p. 477). Of
course, this ability is far from being perfect, and differs greatly
across tasks. Nevertheless, with a few exceptions (see below),
whenever a C/A correlation has been reported in the literature, that
correlation is generally positive and usually significant. As noted
earlier, for some authors, the predictive validity of metacognitive
judgments suggested that people can monitor directly the accuracy
of their response (see Busey, Tunnicliff, Loftus, & Loftus, 2000;
Schwartz, 1994). The observation that the C/A correlation is
reliably better than chance in many tasks and domains would seem
to contrast with the great bewilderment that exists in the philoso-
phy of knowledge about belief justification.

Object-Level Accuracy and Meta-Level Accuracy

In this article, I argue that a representative design in the broad sense
is liable to yield misleading conclusions about people’s general ability
to discriminate between true and false beliefs and judgments. This is
because the natural, real-life environment is “out of focus” with
respect to the issue of monitoring resolution. I will clarify this argu-
ment using the distinction between object-level and metalevel perfor-

mance (Nelson & Narens, 1990). Object-level accuracy (OLA) refers
to the correspondence between people’s first-order decisions and
some objective criterion of correctness (“truth”). It can be indexed by
the percentage of correct answers or by the Type-1 d= index in signal
detection theory (SDT, Green & Swets, 1966). Metalevel accuracy
(MLA) in turn, refers to monitoring resolution—the correspondence
between confidence in one’s first-order decision and the accuracy of
that decision. It can be measured by the C/A gamma correlation
(Nelson, 1984) or by Type-2 indexes derived from SDT (Benjamin &
Diaz, 2008; Fleming & Lau, 2014; Higham et al., 2009; Maniscalco,
& Lau, 2014).

Representative sampling creates a bias in OLA for the very reason
that proponents of the ecological approach have preached for the use
of a representative design. Their argument is that conditions and
stimuli ought to be selected from the natural environment because
organisms have been adapted to their environment through evolution
and learning (Brunswik, 1955b; Dhami et al., 2004; Hoffrage &
Hertwig, 2006). However, precisely because of that, representative
samples of stimuli are bound to be selective as far as OLA is
concerned, yielding a much better accuracy than would be expected
by chance. As will be shown below, the bias inherent in representative
sampling is critical for the conclusions reached about MLA.

Let us examine the bias in OLA. Consider first general knowl-
edge questions. Even when researchers do not make special effort
to select items representatively, the items selected tend to yield
more correct answers than wrong answers as a result of people’s
adaptation and learning. However, representative sampling tends
to aggravate the bias. To illustrate, in Experiment 1 of Gigerenzer
et al. (1991), OLA averaged 52.9% for 2AFC items selected
informally, but 71.7% when items were selected representatively.
The respective means in Experiment 2 were 56.2% and 75.3%.
Similarly, in Juslin’s study (1994), the respective means were
62.8% and 76.2%. In two other studies (Koriat, 2012c, Study 2), in
which I selected 2AFC items randomly from their reference
classes (“which of two European countries has a larger popula-
tion/a larger area?”), OLA averaged 79.5% and 78.2%, respec-
tively. Thus, as might be expected, representative sampling is
bound to yield OLA that is markedly better than chance.

The point that I am making is trivial. Readers can prove to
themselves that it does not take much effort to compile a set of
very “difficult” 2AFC almanac questions for which OLA is around
50%. However, let the reader try to assemble a large enough set of
almanac questions for which OLA is reliably below chance (as
some did, Fischhoff, Slovic, & Lichtenstein, 1977; Koriat, 1995,
2008). Thus, typically, for sets of 2AFC almanac items, the dis-
tribution of OLA across items covers only half of the potential
range—that between 50% and 100%, which is generally taken to
represent “item difficulty.” There is very little representation of
items for which OLA is at the range 0%-50%.

Consider perception next. In his classic study of size perception,
Brunswik (1944) had a graduate student estimate the size of
various objects in her natural environment when she was inter-
rupted randomly in the course of her activities. His study was
intended to demonstrate the high accuracy of size perception for a
representative sample of stimuli drawn from the natural environ-
ment. Brunswik argued that this high accuracy is the result of
people’s learning to use proximal visual cues in accordance with
their ecological validity.
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In general, in justifying the need for a representative design,
Brunswik and proponents of the Neo-Brunswikian approach (Dhami
et al., 2004; Gigerenzer et al., 1991; Juslin & Montgomery, 2007)
have emphasized the contribution of experience to the adaptation of
humans to their ecology. However, evolution has undoubtedly also
contributed to OLA being considerably better than chance for basic
capabilities. Thus, for simple sensory attributes, comparative psycho-
physical judgments are generally very accurate in mirroring the phys-
ical differences between the stimuli, leading researchers to argue that
uncertainty in sensory discrimination tasks derives only from random
noise in the nervous system (Juslin & Olsson, 1997).

Similarly, human memory is reliable by and large despite the
occasional occurrence of memory distortions and memory intrusions.
A word that is retrieved from a studied list is much more likely to be
correct than wrong (Koriat, & Goldsmith, 1996b; Koriat, Goldsmith,
& Pansky, 2000). This is true even for studies using DRM lists
(Roediger & McDermott, 1995): Across more than 100 such studies
reviewed (Koriat, Pansky, & Goldsmith, 2011), an item freely re-
called had about a .90 probability of being correct. Retrieved partial
information about an unrecallable word is also more likely to be
correct than wrong (Koriat, 1993; Koriat, Levy-Sadot, Edry, & de
Marcas, 2003). Recognition memory for words, pictures, and sen-
tences is also quite remarkable (Shepard, 1967).

In sum, a representative sample of items is bound to be selective
with respect to OLA because of the contributions of evolution and
learning. The question is whether this biased representation of
items does not yield misleading conclusions about people’s MLA.
That such might be the case is suggested by the proposal that the
choice of an answer to a 2AFC item, and the confidence in that
choice are based on the same process (Gigerenzer et al., 1991;
Koriat, 2012a). Thus, if reality itself is “out of focus” as far as
OLA is concerned, samples of items that are representative of
reality are liable to yield faulty conclusions with regard to MLA.

How can the bias inherent in a representative design be circum-
vented? Two methodological options will be explored. The first, is
to examine what happens when a relatively large set of “unrepre-
sentative” 2AFC items is used for which OLA �50%. The second
is to shift to a systematic design in which items are selected to
represent the entire range of OLA from 0% to 100%.

Project 1: Monitoring Resolution for Representative
and Nonrepresentative Items

The studies conducted at the University of Haifa (Project 1 and
Project 2) received the approval of the Ethics Committee of the
Psychology Department at University of Haifa. All participants in
these studies provided informed consent to a protocol approved by
the committee. The materials and raw data for these studies are
available for download at https://osf.io/kjzhw.

Method and Results

In Project 1, I compiled results from 16 experiments each of
which included a reasonable number of 2AFC items for which
OLA was below 50%. Most of these results have been reported in
the past primarily in attempting to clarify the bases of subjective
confidence judgments. Here I put together these results to support
a general proposition: The findings testifying to people’s ability to
discriminate between true and false judgments are attributable to
the bias inherent in representative samples drawn from the natural
ecology. When unrepresentative samples are used, confidence
judgments fail to track the accuracy of people’s responses, and
worse yet, these judgments are counterdiagnostic of accuracy.
Thus, discrimination ability is confined to the world we live in
rather than representing a general aptitude.

The studies to be described are listed in Table 1, which includes
several details about each study. The results for the first 11 studies

Table 1
A List of the Studies Included in Project 1

Study
Number of
Participants

Number of Items

ALL

CC/
Nondeceptive/

Studied

CW/
Deceptive/

Lures

1. Word matching (Koriat, 1976) 100 85 38 19
2. General knowledge (Koriat, 2008) 41 105 35 13
3. Judgments of line lengths (Koriat, 2011; Experiment 1) 39 40 32 8
4. Judgments of areas (Koriat, 2011; Experiment 2) 41 40 21 15
5. Geographical relations (Koriat, 2017a; Experiment 3) 50 40 21 17
6. Predicting others’ preferences (Koriat, 2013) 41 60 49 10
7. Predicting others’ choices of which of two lines is longer (Koriat, 2017a; Experiment 1,

Block 1) 20 40 32 8
8. Predicting others’ choices of which shape has a larger area (Koriat, 2017a; Experiment 1,

Block 2) 20 40 25 15
9. Predicting others’ responses to social belief items (Koriat & Adiv, 2014) 41 60 56 4

10. Predicting others’ responses to social attitudes items (Koriat & Adiv, 2014) 40 50 43 4
11. Predicting others’ word associations (Koriat, 2017b) 41 60 24 36
12. Recognition memory for sentences (Sampaio & Brewer, 2009) 36 96 72 24
13. Geography questions (Brewer & Sampaio, 2012; Experiment 1) 48 96 72 24
14. Geography questions (Brewer & Sampaio, 2012; Experiment 2) 36 102 78 24
15. DRM paradigm (Roediger & DeSoto, 2014; Experiment 1) 48 300 150 50
16. DRM paradigm (Roediger & DeSoto, 2014; Experiment 2) 48 300 150 50

Note. The table indicates the source of each study, the number of participants and items used, and how many of these items were consensually- correct
(CC), nondeceptive or studied, and how many were consensually-wrong (CW), deceptive, or nonstudied lures.
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come from Koriat’s lab. Participants in each study chose the
correct answer to a series of 2AFC items and indicated their
confidence in their response. The items in each study were then
classified on the basis of the empirical results as Consensually-
Correct (CC) or Consensually-Wrong (CW). CC items are those
for which OLA was better than 50% across participants, and CW

items were those with OLA below 50%. Figure 1 plots mean
confidence judgments for correct and wrong answers separately
for CC and CW items. The results are plotted in the same format
for all studies. Thus, items for which OLA was exactly 50% were
eliminated from the plots. In some studies, the task was repeated
several times, but only the results from the first presentation were

Figure 1. Mean confidence for correct and wrong answers, plotted separately for items for which the
consensual answer tends to be the correct answer (CC/Nondeceptive/Studied), and for items for which the
consensual answer tends to be the wrong answer (CW/Deceptive/Lures; Project 1).
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used in Figure 1. In addition, in Study 1 and Study 2, a noncon-
sensual category was included, but the results for this category
were deleted from the plots in Figure 1.

In Studies 1–5, a deliberate attempt was made to include a
sufficiently large number of items that would be likely to yield a
preponderance of wrong answers. However, the classification of
items as CC or CW was determined ad hoc on the basis of the
empirical results.

Study 1 was motivated by the results of an earlier study (Koriat,
1975) in which participants guessed the meaning of antonym
words from three noncognate languages (e.g., tuun—luk) by
matching them with their corresponding English translations
(deep—shallow). The results, somewhat surprisingly, indicated
that not only were participants significantly accurate in their
guesses but that their accuracy increased significantly with their
confidence in their response, indicating that they were able to
monitor the accuracy of their guesses. In the subsequent study
(Koriat, 1976), the same procedure was used but a subset of items
was also included deliberately for which participants’ matches
were more likely to be wrong. Now it was clear (see Figure 1,
Study 1) that accurate monitoring was confined to items for which
OLA was better than chance. Thus, for the CC items, confidence
increased with accuracy, as in the earlier study (Koriat, 1975), in
which the items had been selected representatively (see Slobin,
1968). In contrast, for the CW items, confidence was significantly
higher for the wrong responses than for the correct responses.

The same interactive pattern was observed in Study 2 (Koriat,
2008) which involved general-information questions. The study
deliberately included a set of so-called “deceptive” or “mislead-
ing” questions (see Fischhoff et al., 1977; Gigerenzer et al., 1991;
Koriat, 1995) for which people tend to choose the wrong answer.
Studies 3 and 4 involved perceptual judgments. In Study 3, par-
ticipants decided which of two irregular lines was longer, whereas in
Study 4 they decided which of two shapes had a larger surface area
(Koriat, 2011). Study 5 involved geography questions concerning the
spatial relationship between two cities, (e.g., which of the two cities is
more to the north, Toronto, Canada, or Venice, Italy?; Koriat, 2017a).
The results of all five studies yielded the same crossover interaction:
Confidence increased significantly with accuracy for CC items but
decreased significantly with accuracy for CW items.

The next six studies (Studies 6–11) involved predictions of others’
responses. Participants predicted for each 2AFC item which of the
two options would be chosen by the majority of participants. In Study
6 (Koriat, 2013), participants predicted the personal preferences of
others and indicated their confidence in their prediction. Their pre-
dictions were then compared with the actual normative choices (that
were obtained independently), and the items were classified as CC or
CW according to the correctness of the prediction made by the
majority of participants. Whereas for CC items, confidence in predic-
tions increased significantly with prediction accuracy, for CW items it
decreased significantly with prediction accuracy.

For the purpose of the present report, the same type of analysis
was applied to five other sets of data involving the prediction of
others’ responses (see Nickerson, 1998). These data, which were
collected for other purposes, included the following: Predicting
others’ choices of which of two lines is longer (Study 7, Koriat,
2017b), of which shape has a larger area (Study 8, Koriat, 2017a),
of others’ responses to 2AFC social belief items (Study 9, Koriat
& Adiv, 2014), and of others’ responses to 2AFC social attitude

items (Study 10, Koriat & Adiv, 2014; see Koriat, Adiv, &
Schwarz, 2016). In Study 11, participants predicted which of two
words people are likely to give as a response to a stimulus word in
a word-association task (Koriat, 2017b). Except for Study 11, no
attempt was made to include deliberately items for which majority
predictions are likely to be wrong; the items were simply divided
as CC or CW on the basis of the empirical results. It can be seen
(see Figure 1) that in all six studies, participants’ confidence
increased with prediction accuracy only for CC items, whereas for
CW items confidence decreased with prediction accuracy. Note
that in Studies 6–10, CC items outnumbered CW items so that
participants’ predictions were largely correct.

The results for Studies 12–16 come from previous publications
in which the division of items into two categories was based on a
priori criteria that are related to OLA. For these studies, I simply
plotted the results reported in these publications in the same format
as that used for Studies 1–11. In Study 12 (Sampaio & Brewer,
2009), participants studied nondeceptive and deceptive sentences,
and their recognition memory for these sentences was tested.
Deceptive sentences were defined as those that tend to yield
schema-based false recognition (e.g., judging that the sentence
“The hungry python ate the mouse” was in the list, when the list
actually included the sentence “The hungry python caught the
mouse”). For nondeceptive sentences confidence was higher for
correct responses than for wrong responses, whereas for deceptive
sentences (for which mean OLA was below chance) it was higher
for the wrong (false alarm) responses. A similar crossover inter-
action was obtained by Brewer and Sampaio (2006) using decep-
tive items that contained a possible synonym substitution, thus
allowing errors based on gist memory (not shown in Figure 1). For
nondeceptive sentences, confidence was significantly higher for
correct responses (M � 5.4) than for wrong responses (M � 4.8)
whereas for deceptive sentences it was significantly higher for
wrong responses (M � 5.8) than for correct responses (M � 5.8).

A crossover interaction was also observed in Study 13 that used
geography questions (Brewer & Sampaio, 2012; Experiment 1). De-
ceptive questions in that study were defined as those that produce a
high proportion of errors that stem either from hierarchical reasoning
(e.g., Minneapolis, Minnesota, is south of Hamilton, Ontario) or from
alignment errors (e.g., Lima, Peru is west of Miami, Florida). The
same pattern of results was obtained in Study 14 (Brewer & Sampaio,
2012; Experiment 2) which used similar materials.

In Study 15 (Roediger & DeSoto, 2014; Experiment 1), a DRM
paradigm (Roediger & McDermott, 1995) was used. For studied
words, confidence was higher for correct than for wrong recognition
decisions, as is typically the case. In contrast, for strongly related,
nonstudied lures, confidence was higher for wrong decisions than for
correct decisions (see also DeSoto & Roediger, 2014; Kurdi, Diaz,
Wilmuth, Friedman, & Banaji, 20161). A similar pattern was ob-
served in Study 16 (Roediger & DeSoto, 2014, Experiment 2). Note
that for Studies 11–14 mean OLA was below 50% for the deceptive

1 I analyzed the results of Experiment 1 of Kurdi et al. (2016) for the
10-list condition. For studied items, confidence for correct and wrong
recognition judgments averaged 72.08, and 54.15, respectively, t(59) �
9.07, p � .001. The respective means for strong lures were 58.19 and
64.84, respectively t(59) � 3.61, p � .001 (eliminating four subjects who
did not have means for all conditions). The interaction was significant, F(1,
59) � 56.94, MSE � 159.22, p � .0001.
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items, whereas in studies 15–16, it amounted to 56%-57%, although
it was much lower than for the studied items. A recent study on face
recognition (Sampaio, Reinke, Mathews, Swart, & Wallinger, 2017)
also yielded the same type of crossover interaction.2

The 16 studies cover a wide range of tasks including general-
information, perceptual judgments, episodic memory for words
and sentences, and predictions of other’s responses in several
domains. The generality of the crossover pattern across these tasks
is impressive, particularly in the light of the current replication
crisis. The results (see Figure 1) converge in demonstrating that
MLA depends critically on OLA: For the “representative,” CC
items, higher confidence was predictive of better accuracy, con-
sistent with many observations suggesting that participants are
skilled at discriminating between correct and wrong judgments. In
contrast, for the unrepresentative, CW items, confidence actually
decreased consistently with accuracy: People were more confident
when they were wrong.

The crossover interaction that was exhibited by the results of all
16 studies was described by Koriat (2008, 2011, 2012a) in terms of
the consensuality principle: Subjective confidence is actually cor-
related with the consensuality of the response rather than with its
accuracy. The implication is that people are generally successful in
monitoring the accuracy of their performance only because in the
real world, accuracy and consensuality are confounded: The con-
sensually selected response tends to be the correct response.

Discussion

What is the theoretical explanation of the crossover C/A inter-
action documented in Figure 1? I will briefly sketch three theories
that have been proposed to account for this interactive pattern,
beginning with the self-consistency model (SCM, Koriat, 2012a;
Koriat & Adiv, 2016) of the basis of people’s convictions in the
truth of their beliefs.

In philosophical theories of truth, a distinction is drawn between
correspondence theories and coherence theories (Kirkham, 1992;
see Hammond, 2000; Koriat, 2012b). For correspondence theories,
the truth or falsity of a statement is determined by how that
statement corresponds to the world. The problem with these the-
ories, however, is that we have no knowledge about the world over
and above what we know about it. As Kant (1885) noted, I can
only tell whether my knowledge of the object corresponds to my
knowledge of the object. Coherence theories attempted to resolve
this problem by proposing that the truth of a belief is determined
by its coherence with other beliefs.

SCM assumes that people’s subjective confidence is based on
coherence (reliability) as a proxy for correspondence (validity).
When presented with a 2AFC item, people construct their response
on the basis of the cues that they access at the time of making a
judgment. Their choice is based on the balance of evidence in
favor of the two response options (Vickers, 2001), and their
confidence is based on the consistency with which the sampled
cues support the chosen option (Kruglanski & Klar, 1987; Slovic,
1966).

Assuming that for each item, people draw their samples largely
from the same database, confidence should correlate with the
consensuality of the response—the likelihood that that response is
selected across participants. This should be true independent of the
accuracy of the response. The implication is that the self-

consistency heuristic underlying subjective confidence succeeds in
monitoring the accuracy of the chosen answer only because in the
natural ecology, differences between items lie primarily in the
extent to which the cues underlying the response support the
correct answer. For CW items, in contrast, it is the wrong answer
that is associated with higher self-consistency.

A second theory was proposed by Brewer, Sampaio, and their
associates (Brewer & Sampaio, 2006, 2012; Brewer, Sampaio, &
Barlow, 2005; Sampaio & Brewer, 2009) to explain their finding
that the C/A relationship tends to be positive for nondeceptive
items but negative for deceptive items (see Studies 12–14 in Figure
1). Their studies used several tasks involving episodic and seman-
tic memory. Deceptive items were defined on a priori grounds as
those that would be expected to yield a high proportion of errors.

The metamemory approach addresses the question how people
who no longer have access to the original event that created a
memory can produce judgments that are generally successful in
predicting the accuracy of the memory for the original event. It
was proposed that memory confidence is based on the processes
and products of the just-completed memory task, along with the
participants’ metamemory beliefs about the relation of these pro-
cesses and products to memory accuracy (see also Koriat, 2015a).
Thus, when asked to indicate their confidence in the recall of a
studied sentence, participants may rely on the vividness of an
image that comes to mind or on the completeness of recall. For
example, in a study that examined the cued-recall of studied
sentences, Brewer et al. (2005) found that the occurrence of a
complete recall (e.g., recalling a whole sentence) was the major
factor leading to high confidence for both deceptive and nonde-
ceptive sentences, suggesting that participants have a metamemory
belief that full sentence recalls are likely to be accurate. For tasks
involving recognition memory (Brewer & Sampaio, 2006, 2012;
Sampaio & Brewer, 2009), introspective reports indicated that
confidence is strongly related to the feeling of familiarity, the
occurrence of an image, and the use of recall as a basis for a
recognition decision. It was proposed that because people rely on
the same output-based indicators (and associated metamemory
beliefs) for both nondeceptive and deceptive items, confidence
judgments are valid for nondeceptive items but invalid for decep-
tive items.

Finally, a third account was proposed by Roediger and DeSoto
(2015) to explain the observation that in the DRM paradigm, the
C/A relationship is negative for strongly related, nonstudied lures
(see Studies 15 and 16 in Figure 1). They proposed that the
understanding of inversed C/A relationships requires an under-
standing of the processes that lead to false memories. Their ac-
count of the negative C/A correlation for strongly related lures is
based on Tulving’s (1974) idea that remembering depends on the
overlap between the memory traces that are formed after learning

2 The study of Sampaio et al. (2017) examined confidence for face
recognition. Participants were presented with exemplars of faces con-
structed digitally as deviations from prototype faces. When presented at
test with studied exemplars, prototype faces, and nonstudied exemplars, the
prototype faces yielded a high rate of false recognition. Across the studied
and unstudied exemplar faces, an item-based analysis yielded significantly
higher confidence for correct responses (hits and correct rejections) than
for errors (misses and false alarms). In contrast, for the prototype faces,
confidence was significantly higher for false alarm responses than for
correct rejections.
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and the cues provided in the retrieval environment during remem-
bering. In the DRM paradigm, a strongly related lure presented at
a recognition test greatly overlaps with features of the stored traces
from the study list, and therefore may be falsely judged as old. The
more features that overlap, the greater should be the level of false
recognition and the higher the judged confidence.

Roediger and DeSoto argued that this account is consistent with
an account (Roediger & DeSoto, 2014) in terms of SDT if a
“strength of evidence” dimension is conceived not as trace strength
but more like the cue-target match discussed in the context of
Tulving and Thomson’s (1973) encoding specificity principle (see
Wixted & Mickes, 2010). Unlike standard signal decision models
in which there is a single distribution of items for all nonstudied
items, the model proposed assumes that different lures have dif-
ferent strengths of evidence, with strongly related lures having the
greatest strength, followed by weakly related lures, and finally by
unrelated lures. Assuming that the strength of evidence continuum
gives rise to calling an item old and also to the confidence in the
response, then a negative C/A relationship should be observed for
strongly related lures.

A comparison between the three theories is beyond the scope of
this article. What is important is that they all depart from a simple,
direct-access approach to confidence, and that they all assume that
confidence in a choice should increase with the probability of that
choice. For the present study, the important implication, is that the
C/A correlation is expected to be positive for typical or represen-
tative items, but may be negative across items that are less repre-
sentative.

Project 2: Using a Systematic Design to Examine the
Confidence-Accuracy Correspondence

I turn next to the second methodological option for overcoming
the hazards inherent in a representative design: The use of a
systematic design. This design has the advantage that it can help
remove the correlation that exists in real-life between accuracy and
consensuality (Koriat, 2012a). In addition, it provides information
about how the effects on confidence may vary across the various
types of samples that people can face during their life. Often, these
samples are representative, yielding OLA that is better than
chance, but sometimes the items encountered can vary away from

representativeness. For example, in Studies 6–10 in Project 1, no
deliberate attempt was made to select items with poor OLA, but
some of the items turned out to yield OLA below chance level.
Thus, in Project 2, 2AFC items were selected that represent dif-
ferent degrees of OLA across the entire 0%-100% range.

Method

Participants. One hundred twenty Hebrew-speaking Univer-
sity of Haifa undergraduates (81 women) participated in the ex-
periment; 82 were paid for their participation, and 38 received
course credit.

Stimulus materials. To allow a large enough set of CW
items, five different tasks were used, and the 2AFC items for each
task were selected on the basis of the results of previous experi-
ments in an attempt to produce a balance between CC and CW
items. These experiments are listed in Table 2. CW items from
each experiment were used, and for each such item, a matched CC
item was selected that had approximately the same average item
consensus—the percentage of participants who chose the consen-
sual answer. For example, when percent accuracy for a CW item
averaged 32%, a matched CC item with close to 68% accuracy was
selected. Table 2 lists the experiments from which the items were
taken, the number of CC and CW items, and the mean percentage
of correct responses for the selected CC and CW items in the
original experiments. There were 138 items in total, 69 CC and 69
CW.

Apparatus and procedure. Each of the five tasks was ad-
ministered in a separate block. For each item, participants chose
the correct answer and indicated their confidence on a 50%–100%
scale. The five tasks were administered in the order in which they
are listed in Table 2. The order of the items within each task was
random.

The experiment was conducted individually on a personal com-
puter. Each trial began with a probe, which consisted of the
question in the case of Tasks 1, 4, and 5, or the statement to present
the stimuli press here (in the case of Tasks 2 and 3). After clicking
confirm, the two alternative answers or stimuli were added, and
participants indicated their choice by clicking one of them, and
then a confirm box (participants could change their response but
not after clicking confirm). A confidence scale (50–100) was then

Table 2
The Tasks Used in Project 2: Order of Presentation, Task and Source of the Items, Number of Consensually-Correct (CC) and
Consensually-Wrong (CW) Items Selected for the Study and Their Mean Percentage Correct, and Number of CC and CW Items
Finally Selected and Their Mean Percentage Correct

Order Task Experiment

Initial selection Final selection

Number of
CC/CW

items

Mean
percentage

correct Number of
CC/CW

items

Mean
percentage

correct

CC CW CC CW

1 General knowledge Koriat (2008) 28/28 65.3 34.2 24/24 63.4 35.9
2 Judgment of line lengths Koriat (2011, Experiment 1) 8/8 74.7 26.0 7/7 76.4 24.1
3 Judgments of the area of geometric shapes Koriat (2011, Experiment 2) 15/15 76.6 25.0 15/15 72.6 26.72
4 Prediction of the preferences of others Koriat (2013) 9/9 70.2 30.3 88/ 71.7 32.3
5 Geography questions Koriat (2017a) 9/9 66.5 34.3 8/8 69.0 31.8
ALL 138 69.6 30.8 62/62 68.6 31.0

T
hi

s
do

cu
m

en
t

is
co

py
ri

gh
te

d
by

th
e

A
m

er
ic

an
Ps

yc
ho

lo
gi

ca
l

A
ss

oc
ia

tio
n

or
on

e
of

its
al

lie
d

pu
bl

is
he

rs
.

T
hi

s
ar

tic
le

is
in

te
nd

ed
so

le
ly

fo
r

th
e

pe
rs

on
al

us
e

of
th

e
in

di
vi

du
al

us
er

an
d

is
no

t
to

be
di

ss
em

in
at

ed
br

oa
dl

y.

621MONITORING OF ONE’S OWN KNOWLEDGE



added. Participants indicated their confidence (the chances that
their response was correct) by sliding a pointer on the scale using
the mouse (a number in the range 50–100 corresponding to the
location of the pointer on the screen appeared in a box), and then
pressed confirm. Participants were instructed to try to make use of
the full range of the confidence scale.

Final item selection. OLA was calculated for each item.
Items were classified anew as CC and CW on the basis of the
results. For Tasks 2–5, this classification conformed generally to
the original classification, whereas for Task 1, this was true only
for 75% of the items. Items were eliminated in an attempt to
achieve an equal number of CC and CW items in each task,
roughly matched in terms of item consensus (see Table 2). For the
remaining items, 62 CC items and 62 CW items, OLA averaged
68.6% and 31.0%, respectively. All the analyses were based on
these items.

Results

Calibration. We focus first on calibration. Figure 2 plots the
percentage of correct answers as a function of confidence, with
confidence grouped into five categories (50–60, 61–70, 71–80,
81–90, and 91–100). Calibration is plotted separately for 4 groups
of items that differ in OLA. The figure indicates several trends that
are worth noting. First, a strong overconfidence bias is exhibited
across all items, with confidence averaging 69.91 when percent
correct is around chance (49.81). However, whereas for the CW
items confidence and accuracy averaged 69.77 and 31.02, respec-
tively, t(61) � 18.44, p � .0001, d � 2.34, the respective figures
for the more representative CC items were 70.04 and 68.59,
t(61) � 1.08, p � .29, d � 0.14, consistent with the claim that
representative sampling can eliminate the overconfidence bias
(Gigerenzer et al., 1991; Juslin, 1994).

Second, the results conform to the hard-easy effect: Overconfi-
dence is reduced as the “difficulty” of the items decreases (Lich-
tenstein & Fischhoff, 1977). However, this is true even for the CC
items. Among these items, those with higher OLAs tended to yield
an underconfidence bias (e.g., Griffin & Tversky, 1992).

Finally, although calibration was reasonable for the representa-
tive items, the results on the whole testify to the claim that people
fail to appreciate their degree of ignorance (Kruger & Dunning,
1999; Lichtenstein & Fischhoff, 1977). In particular, the results
indicate that in the case of CW items, people have little awareness
that they are erring (see Koriat, 2017a; Brewer & Sampaio, 2012).

Confidence as a function of OLA. We turn next to analyses
that are pertinent to resolution. Figure 3A presents mean confi-
dence as a function of mean OLA for items grouped into 10
categories of OLA (0–10%, 11–20% . . . 90–100). The function is
clearly curvilinear, indicating that overall confidence does not
increase monotonically with OLA, but increases with the deviation
of OLA from 50%. The effects of OLA yielded a significant
quadratic trend, F(l, 119) � 224.94, p � .0001, which accounted
for 69.7% of the variance. The analysis was performed on partic-
ipants’ mean confidence judgments for the items in each of the 10
OLA categories. The linear trend accounted for 7.7% of the
variance.

Each point in Figure 3A was based on different participants.
Because individuals differ reliably in confidence judgments (see
Kleitman & Stankov, 2001; Stankov & Crawford, 1996, 1997), we

neutralized these differences by standardizing the confidence judg-
ments of each participant so that the mean and standard deviation
of each participant were set as those of the raw scores across all
participants. Average scores were then calculated for each cate-
gory. The results for the standardized scores were practically
identical to those in Figure 1.

Figure 3B plots the same results as in Figure 3A but separately
for correct and wrong responses. The two functions are largely
symmetrical about the 50% chance level. Confidence in the dom-
inant, consensual answer also increased with a deviation of OLA
from 50%. The effects of OLA on confidence in the consensual
response yielded a significant quadratic trend, F(l, 119) � 185.74,
p � .0001, which accounted for 62.3% of the variance. The
analysis was performed on participants’ mean confidence judg-

Figure 2. Calibration curves for 4 groups of items that differ in Object-
Level Accuracy (OLA). The diagonal line indicates perfect calibration.
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ments for each of the 10 OLA categories using only the responses
to the normative, consensual response. The linear trend accounted
for 9.6% of the variance.

Signal detection analyses. There has been a great effort in
recent years to examine metacognitive resolution within the SDT
framework (Benjamin & Diaz, 2008; Fleming & Lau, 2014;
Higham et al., 2009; Maniscalco & Lau, 2014). In parallel to the
standard, Type-1 SDT that evaluates OLA, Type-2 SDT permits
evaluation of MLA.

Figure 4 presents the Type-2 receiver operating characteristic
(ROC) curves for the CC items, for the CW items, and for all items
combined. For the CC items, the ROC curve lies above the
diagonal; the area under the ROC (AUROC2; Fleming & Lau,
2014) averaged 0.600 across participants, t(119) � 14.56, p �
.0001, for the difference from random guessing (0.5). In contrast,
for the CW items, it lies below the diagonal, with AUROC2
averaging 0.432, t(119) � 9.37, p � .0001, for the difference from

0.5. Across all items, the type-2 ROC curve lies roughly along the
diagonal, suggesting little discrimination sensitivity. AUROC2
averaged 0.516, somewhat higher than 0.5, t(119) � 3.26, p �
.005.

Table 3 presents the results of statistical analyses that compared
CC and CW items in AUROC2 (after Fleming & Lau, 2014), in
Meta d= (after Maniscalco & Lau, 2014), and in Kruskal-Goodman
gamma correlation. The table indicates the significance of the
difference of each measure from 0 (for Meta d= and gamma) or
from .500 (for AUROC2).

For comparison purposes, I applied the same analysis to a task
(Koriat, 2012c, Study 2) for which the items were selected repre-
sentatively (see Figure 4). AUROC2 averaged 0.674, significantly
higher than for the CC items, t(178) � 6.25, p � .0001, d � 0.97.
This result brings to the fore the constraints imposed on the
selection of the CC items by the requirement to ensure matching
with the CW items: The difficulty finding CW items with extreme

Figure 3. Panel A: Confidence as a function of object level accuracy. Indicated also is the number of items in
each OLA category. Panel B: Confidence as a function of object level accuracy plotted separately for correct and
wrong responses (Project 2).
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item consensus values. OLA for Study 2 of Koriat (2012c) aver-
aged 78.9%, compared with 69.6% for the CC items in Project 2.

Altogether, the results of Project 2 accord with the consensuality
principle (Koriat, 2008, 2012a). First, they yielded the same cross-
over interaction as in Figure 1: Across subjects, confidence for the
CC items was higher for the correct answers than for the wrong
answers, t(119) � 14.88, p � .0001, whereas for the CW items it
was higher for the wrong answers than for the correct answers,
t(119) � 7.77, p � .0001 (see Figure 5). This interactive pattern
was also observed in an item-based analysis: Across the CC items,
confidence was higher for participants who chose the correct
answer (M � 71.70) than for those who chose the wrong answer
(M � 64.85), t(61) � 7.77, p � .0001. For the CW items, in
contrast, confidence was higher for participants who chose the

wrong answer (M � 70.79) than for those who chose the correct
answer (M � 66.64), t(61) � 5.90, p � .0001.

A second observation that is consistent with the consensuality
principle is shown in Figure 6, which plots the ROC curve that is
obtained when confidence judgments are assumed to actually track
the consensuality of the response rather than its accuracy. In this
analysis, the consensual response for each item was treated as if it
were the correct response. The ROC curve across all items now
lies above the diagonal, with AUROC2 averaging 0.591, t(119) �
18.01, p � .0001, for the difference from 0.5. Meta d= averaged

Figure 4. Type-2 receiver operating characteristic (ROC) curves for the
Consensually- Correct (CC), Consensually-Wrong (CW), and all items
combined (All). A ROC curve is also presented for Study 2 (Koriat, 2012c)
for which the items were selected representatively (Project 2).

Table 3
Mean Auroc2, Meta d= and Gamma Correlation for
Consensually-Correct (CC), Consensually-Wrong (CW) Items,
and All Items Combined, as Well t Test Comparing These
Indexes for CC and CW Items

Measure CC CW CC vs. CW ALL

AUROC2 �.600��� �.432��� t(119) � 17.26, p � .0001 �.516��

Meta d’ �.962��� �.556��� t(119) � 13.69, p � .0001 �.111�

Gamma �.29��� �.21��� t(119) � 18.28, p � .0001 �.05��

Note. Auroc2 was calculated after Fleming and Lau (2014), and meta d=
was calculated after Maniscalco and Lau (2014). Another measure of
metacognitive discrimination is ANDI (1991). It was not used here because
it does not take into account the possibility of a meaningful negative
relationship between confidence and accuracy.
Significance of difference from .500 for Auroc2 and from 0 for Meta d’ and
gamma: � p � .05. �� p � .01. ��� p � .0001.
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Figure 5. Mean confidence for correct and wrong answers, for
Consensually-Correct (CC) items and Consensually-Wrong (CW) items in
Project 2.

Figure 6. Type-2 receiver operating characteristic (ROC) curves for all
items in Project 2 using consensuality rather than accuracy as the criterion.
Presented also is the corresponding ROC curve for Study 2 (Koriat, 2012c)
for which the items were selected representatively.
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0.698, t(119) � 17.69, p � .0001, for the difference from chance
level. The within-person gamma correlation between confidence
and consensuality averaged �.25 across all items, significantly
better than chance, t(119) � 18.10, p � .0001. It was positive for
114 of the 120 participants, p � .0001 by a binomial test.

Figure 6 also includes the respective ROC curve for Study 2 of
Koriat (2012c). AUROC2 averaged 0.666, t(59) � 17.44, p �
.0001, for the difference from 0.5. Meta d= averaged 1.267, t(59) �
16.45, p � .0001, for the difference from chance level. The
within-person confidence-consensuality gamma correlation aver-
aged �.43, significantly better than chance, t(59) � 20.42, p �
.0001.

General Discussion

The question of metacognitive accuracy has been discussed in
many contexts: Can people monitor the accuracy of their beliefs
and judgments? The results of empirical studies indicate that
people’s confidence judgments are generally diagnostic of the
accuracy of their reports across many domains. One domain for
which a large body of research has yielded mostly mixed results is
eyewitness testimony (but see Wixted et al., 2015; Wixted &
Wells, 2017). However, I will exclude this domain from the
present discussion because of the problem of defining what con-
stitute “representative” samples of situations in this domain.

In what follows I will first summarize the results, and examine
how they can be accounted for by SCM. Next I will delineate some
of the methodological and conceptual implications of the results.
Finally, I will discuss the implications of the results for the
ecological perspective.

Summary of the Findings and Their Relationship
to SCM

The results on the whole clearly supported the idea that MLA is
intimately tied to OLA. The results of Projects 1 (see Figure 1)
confirmed the general observation that confidence judgments track
the accuracy of one’s judgments and beliefs across items with
OLA exceeding chance performance. However, for items with
OLA below chance level, confidence judgments were in fact
counterdiagnostic of accuracy. This was consistently true for a
variety of tasks, including word matching, almanac questions,
perceptual comparisons, judgments of geographical relations, rec-
ognition memory for words and sentences, and the prediction of
the majority responses of people’s perceptual judgments, word
association responses, preferences, beliefs, and attitudes.

The results of Project 2, which were obtained using a systematic
design, also yielded the same pattern (Figure 3 and 5). The SDT
analyses indicated that for items with OLA �50%, the Type-2
ROC curve lies above the diagonal, whereas for items with
OLA �50% it lies below the diagonal (see Figure 4). When the
results were analyzed across all items, there was only a very slight
increase in accuracy with increased confidence (Figure 4 and
Table 3), unlike what has been observed in many studies that
examined the C/A relationship. However, the analyses across all
items indicated that confidence judgments did track the consensu-
ality of the response—the likelihood that it would be chosen by the
majority of participants (see Figure 6), consistent with SCM.

As far as calibration is concerned, the results (see Figure 2) were
in line with the claim of the ecological approach that representative

sampling can eliminate the overconfidence bias (Gigerenzer et al.,
1991; Juslin, 1994): Whereas items with OLA �50% yielded a
strong overconfidence bias, those with OLA �50% yielded virtu-
ally perfect calibration. These results suggest that in the context of
a systematic design, calibration and resolution tend to be correlated
when calculated across different sets of items that differ in OLA.
This correlation stems from MLA being moderated by OLA. Thus,
the items with OLA �50% yielded a strong overconfidence bias as
well as a very poor (actually negative) C/A correlation in comparison
with the more representative items—those yielding OLA �50%.

The calibration results also confirm the proposition that for
items that are likely to elicit erroneous answers, people are largely
unaware that they are erring (Kruger & Dunning, 1999; Lichten-
stein & Fischhoff, 1977). Indeed participants failed to tell whether
an item is “deceptive,” likely to draw mostly wrong answers across
people, or whether it is nondeceptive. This is possibly because
choice and confidence are based on the same process for both
types of items (see Koriat, 2017a; Brewer & Sampaio, 2012).

The results on the whole are consistent with SCM. It was
proposed that in the case of 2AFC items, people’s choice is based
on the retrieval of a small number of cues from memory, and
confidence in that choice rests on the consistency with which the
choice has been supported across the sampled cues. Because
people with similar experience tend to draw their samples from a
population of item-specific cues that is largely shared, the average
self-consistency associated with each item is reflected in the in-
terperson consensus in the choice made. Therefore, average con-
fidence in a given choice should increase with the consensuality of
that choice regardless of the accuracy of the choice. Indeed, this
was found to be the case in the present study. The results suggest
that the C/A correlation that has been observed in many studies
stems from the fact that consensuality and accuracy are correlated
across items drawn representatively from the natural environment.

Note that in this study, as well as in previous studies, the results
were found to support the consensuality pattern both in a subject-
based analysis as well as in an item-based analysis. For example,
for items with OLA �50%, some participants did choose the
correct answer to some of the items. However, they endorsed that
answer with lower confidence than participant who chose the
wrong answer to the same items. This observation is consistent
with the sampling assumption underlying SCM, which implies
some variation in the choices made across people and occasions.
However, confidence is expected to track both the stable and
variable contributions to the choices reached (see Koriat & Sorka,
2017).

In sum, as Deffenbacher (1980) noted, the faith in the adequacy
of certainty as a predictor of accuracy “would appear to be rooted
in the firm common sense intuition that accuracy and confidence
are strongly and positively related” (p. 244). Our results, however,
suggest that this intuition derives from the fact that in the world we
live in, we witness only part of the function relating confidence to
accuracy (see Figure 3). Although people may not have direct
access to the accuracy of their knowledge, they rely on a heuristic
that is quite effective in the world they live in.

Note, however, that several researchers who endorsed an infer-
ential view of metacognitive judgments, also postulated the pos-
sibility that in some cases people can access directly an answer
without having to engage in a probabilistic inference (e.g., Giger-
enzer et al., 1991; Metcalfe, 2000; Unkelbach & Stahl, 2009). The
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possibility of “just knowing” seems particularly plausible in con-
nection with episodic or semantic information that is held with
strong confidence (see Koriat, 2012b). This possibility creates a
problem for the compilation of CW items, because for some of
these items, confidence would be expected to be particularly high
for participants who happen to rely on privileged, correct knowl-
edge (but see Prelec, Seung, & McCoy, 2017).3 If this is true, it
may explain why the ROC curve across all items (see Figure 4)
was slightly above the diagonal.

Methodological and Conceptual Implications

What are the methodological implications of the results reported
in this study? A question that naturally arises is: Why should we
bother about the C/A relationship obtained in a systematic design
if that relationship is not true of the natural environment?

Three reasons for using a systematic design can be mentioned.
First, although in the course of their life, people are more likely to
face “representative” samples of items and situations, they are also
likely to face samples that deviate in some way from those com-
monly encountered. It is therefore important to explore how people
cope with different sampling situations that they might meet. For
example, in Koriat’s study (2011) participants who wagered
money on their answer to representative, CC items, placed larger
wagers on the correct answers, thus maximizing their earnings. For
CW items, in contrast, they lost money by betting heavily on the
wrong choices. Also group discussion was found to improve
decision accuracy in the case of CC items, but was actually
detrimental to accuracy for CW items (Koriat, 2015b).

A second reason involves the distinction between two research
agendas that sometimes conflict (see Koriat et al., 2011). The first
agenda is to obtain a faithful description of the state of affairs in
the real world, for example, to determine whether the overconfi-
dence phenomenon is real. This agenda calls for a representative
design that ensures generalization to real-world conditions. The
second agenda, however, is that of providing a theoretical expla-
nation of the phenomenon under investigation. This agenda some-
times calls precisely for the use of unrepresentative items and
conditions that can help untangle variables that go hand in hand in
real life (Koriat, 2012a). In fact, many studies in metacognition
have yielded important theoretical insights by deliberately using
conditions that are ecologically unrepresentative, even contrived
(Benjamin, Bjork, & Schwartz, 1998; Brewer & Sampaio, 2012;
Koriat, 1995). Thus, whereas the right side of Figure 3 is relevant
to the first agenda, describing what occurs in the real world, the
entire figure, is the one that provides a lead to the theoretical
explanation of the basis of subjective confidence and its accuracy.

A third reason, finally, is that the appropriate reference class for
drawing a representative sample can differ depending on the
research question asked. For example, consider a philosopher who
wishes to know whether people are endowed with a general ability
to tell truth from falsity independent of the structure of a specific
ecology. For her, our results might be taken to imply that samples
of items drawn from the natural ecology are “biased,” yielding
misleading conclusions about people’s general discrimination abil-
ity. In fact, philosophers who are concerned with “universal” truths
rather than with regularities that are specific to the accidental
properties of a particular ecology, may take our results to suggest

that their perplexity about truth and belief justification is not
unwarranted.

In general, this study delivers a warning: Beware of a represen-
tative design! (see Fiedler, 2000, for a similar warning). Reality is
“out of focus” with respect to the issue of monitoring resolution,
and perhaps with respect to other issues as well. This should not be
surprising given the adaptation of people to their natural ecology
through evolution and learning. It is quite intriguing that although
many studies have reported a positive C/A relationships for many
tasks, never have I seen an acknowledgment of the possibility that
these relationships might be completely attributable to OLA being
better than chance for the tasks used. One exception, perhaps, is
Deffenbacher’s (1980) optimality hypothesis for eyewitness testi-
mony, which states that the likelihood of obtaining positive
correlations between eyewitness confidence and accuracy should
increase with the optimality of the information-processing condi-
tions during encoding, retention and testing. Deffenbacher’s hy-
pothesis, however, concerns between-individual rather than
within-individual C/A correlations.

In fact, in many attempts to model choice and decision behavior,
researchers have relied heavily on confidence judgments. How-
ever, they failed to consider the possibility that the results might be
specific to the tasks used (e.g., psychophysical judgments, recog-
nition memory), for which OLA is considerably better than
chance.

Implications of the Results for the
Ecological Perspective

Whereas the foregoing discussion underscored the perils lurking
in a representative design, the results can actually be seen to
provide strong support for the basic tenets of the ecological ap-
proach, which has emphasized the adaptation of organisms to the
probabilistic structure of the natural environment (see Fiedler &
Juslin, 2006).

Fiedler (2007), who stressed the need to consider the texture and
contents of the stimulus environment that impinges on the indi-
vidual’s mind, described several pervasive biases in the informa-
tion ecology. Here we focused on one pervasive constraint: People
live in a world in which their type-1 judgments are considerably
better than chance. Therefore, they are exposed to biased samples
of information for which items and situations differ mostly in the
extent to which they yield better than chance judgments. Note that
in discussing the adaptation of organisms to their ecology,
Brunswik (1956) emphasized the contribution of learning much
more than that of evolution. However, evolution has undoubtedly
also contributed to OLA being considerably better than chance for
many basic processes such as sensory discrimination and memory
performance.

The results of the present study are consistent with the ecolog-
ical perspective in suggesting that in the course of their adaptation
to the natural environment, organisms not only learn the ecological
validity of different cues, but the very heuristics that they use are

3 One of the CW questions in Koriat (2008) was whether the capital of
Australia is Sydney or Canberra. One of the participants approached me
after the experiment and told me that he knew the correct answer because
he had lived most of his life in Canberra before moving to Israel. This
might be an example of reliance on “privileged knowledge.”
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specifically tailored to the probabilistic structure of the environ-
ment. What is impressive is that people rely routinely on the
self-consistency heuristic despite the fact that this heuristic is
counterdiagnostic of accuracy for items that are unrepresentative
of the natural ecology.

This pattern of results provides strong support for Simon’s
(1956, 1982) notion of bounded rationality and for the theoretical
framework of Gigerenzer and his associates on fast and frugal
heuristics (Gigerenzer & Goldstein, 1996; Gigerenzer, Hertwig, &
Pachur, 2011; Gigerenzer, Todd, & the ABC Research Group,
1999; Hertwig, Herzog, Schooler, & Reimer, 2008). According to
Simon, given the constraints of limited knowledge, time, and
computational capabilities, information-processing systems satis-
fice rather than optimize. People exploit regularities in the world
that allow them to rely on simplifying mechanisms. The notion of
bounded rationality implies domain specificity (see Fiedler, 2007):
People do not strive for general algorithms that provide optimal
solutions under all conditions, but make do with satisficing heu-
ristics that yield reasonable solutions that fit the architecture of a
particular environment.

The self-consistency heuristic can be labeled a “bounded” heu-
ristic, one whose effectiveness is confined to the probabilistic
structure of a particular ecology. Although this heuristic is liable to
yield illusions of knowing (Koriat, 1998) and metacognitive my-
opia (Fiedler, 2000, 2012) for a few unrepresentative items, it has
the advantage of being fast and frugal, and of producing metacog-
nitive judgments that are accurate for most items in the natural
environment. Perhaps the best evidence for the overall usefulness
of this heuristic is the failure of researchers to recognize that the
positive C/A relationship that has been observed across many
studies is actually confined to items for which OLA is better than
chance.

Another bounded heuristic is the accessibility heuristic assumed
to underlie FOK judgments. Koriat (1993) argued that when the
retrieval of a memory target fails, FOK is based on the mere
accessibility of partial information about the target regardless of its
accuracy (see also Brewer & Sampaio, 2012). Indeed, both correct
partial information and wrong partial information were found to
contribute equally to the FOK. However, FOK judgments were
nevertheless accurate in predicting the future recognition of the
elusive memory target. This is because the partial cues retrieved
about the elusive target were much more likely to be correct than
wrong. Thus, FOK judgments are accurate because memory itself
is largely accurate. In support of this idea, the FOK-recognition
relationship was found to be positive only across typical (“repre-
sentative”) memory questions that tend to elicit primarily correct
partial information, whereas for questions that are assumed to elicit
a preponderance of incorrect partial information, correct recogni-
tion decreased with increased FOK judgments. This pattern mim-
ics the pattern that was found for the C/A correlation in the present
study. Perhaps other heuristics, such as the processing fluency
heuristic are similarly bounded (see Schwarz, 2004; Unkelbach,
2006).

In sum, the results suggest that people do not have privileged
knowledge about the accuracy of their knowledge. Nevertheless,
they succeed in discriminating between correct and wrong beliefs
and judgments across real-life items in many domain. Their suc-
cess derives from the application of a frugal heuristic that exploits
the statistical structure of the environment. Although the applica-

tion of that heuristic across the board yields inflated metacognitive
judgments for a few so-called “misleading” or “deceptive” items,
this is a small price to pay given the simplicity of the heuristic and
its general adaptive value.
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