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Real-World Cognitive—and Metacognitive—Dysfunction in Schizophrenia: A New
Approach for Measuring (and Remediating) More ‘‘Right Stuff’’
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cognitive problems in real-life situations. In contrast to
most common neuropsychological tests, there is no official ‘‘list’’ of input items (eg, a list of words read to the
participant) that must be resolved. Instead, the person is
free to choose which aspects of the question to relate to
and which to ignore, what degree of confidence to impart,
what perspective to adopt, how much detail to volunteer,
and so forth. Such decisions, needless to say, depend on
a variety of personal and situational goals, such as in
above example, in which the patient wants to obtain benefits, avoid hospitalization, succeed on a job, impress
a case-manager, and so forth.
Furthermore, this brief transcript also demonstrates
the rich processes of self-reflection that accompany these
daily cognitive activities and appear to play a crucial role
in monitoring and supervising them. In fact, the above
transcript suggests that these monitoring and controlling
processes are critical enablers of real-world competency
that might be no less important than the cognitive abilities that they supervise.1 In other words, knowledge
about what one does or does not know can be as important for real-world functioning as what one actually
knows. Thus, correctly imparting low levels of confidence
to what one can’t recall and asking for a reminder is an
example of good real-life (executive) functioning in spite
of rather poor memory abilities.
Our focus on participants’ monitoring and voluntary
control over their cognitive performance fits well with recent attempts to improve the ecological validity of neuropsychological assessment procedures in schizophrenia2;
that is, to bridge the gap between laboratory measures
of cognitive deficits or biases and real-world informationprocessing difficulties. The purpose of this article is to
outline our analysis of this challenge and to introduce
the concept of metacognition as a key contributing factor
to functional outcome in schizophrenia, which is not
tapped by current traditional measures of neurocognitive processing.
In what follows, we shall first briefly summarize the
main hurdles to the ecological validity of current neurocognitive assessment procedures in schizophrenia, which
have already been covered in the literature. In addition,
we will present and discuss new limits of these tasks,
which to our knowledge have not been addressed before.
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While the role of impaired cognition in accounting for
functional outcome in schizophrenia is generally established by now, the overlap is far from complete. Moreover,
little is known about the potential mechanisms that bridge
between cognition and functional outcome. The aim of this
article is to aid in closing this gap by presenting a novel,
more ecologically valid approach for neuropsychological
assessment. The new approach is motivated by the view
that metacognitive processes of self-monitoring and selfregulation are fundamental determinants of competent
functioning in the real world. The new approach incorporates experimental psychological concepts and paradigms
used to study metacognition into current standard neuropsychological assessment procedures. Preliminary empirical data that support and demonstrate the utility of the new
approach for assessment, as well as remediation efforts, in
schizophrenia are presented and discussed.
Key words: Cognition/metacognition/real-world
functioning/schizophrenia/ecological validity
To know that one knows what one knows, and to know
that one doesn’t know what one doesn’t know, there lies
true wisdom.
—Confucius (ca. 551–479 B.C.E.), Chinese sage
Doctor: Do you remember where that halfway house is?
Patient: It’s on the other side of town, isn’t it?
Doctor: Yes, but do you remember its exact address and
what bus goes there?
Patient: I’m not sure. I think I could use a reminder.
Doctor: Here, let me draw you a little map.

Although fictional, this short transcript illustrates the
vast flexibility that people generally have in addressing
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Next, in the main section of the article, we will examine
the idea that metacognitive processes, which include
competence-monitoring and report-control, constitute
an important enabler of real-world functioning, and
will present our new approach, which adapts paradigms developed in experimental psychology to study
metacognition for use as neuropsychological assessment
procedures. We will conclude this section by briefly
reviewing recent preliminary (published) data that support and demonstrate the promising potential of the
new approach for assessment, as well as remediation
efforts, in schizophrenia. Finally, we will provide a brief
discussion of the ways in which our use of ‘‘metacognition’’ is similar to or different from the ways this
same term is conceptualized and measured in other
‘‘meta-level’’ models in the literature, such as sourcemonitoring, theory of mind (ToM), signal detection
theory (SDT), and transfer of learning.

Cognitive Dysfunction in the Real World: An Ecological
Perspective
What Is Known?
While it has been understood for over 100 years, since
Kraepelin and Bleuler’s early clinical observations, that
cognitive impairment is present in schizophrenia, experimental demonstration and acceptance of the notion that
neurocognitive impairment is a fundamental and valid
feature of schizophrenia, and not just a transient, epiphenomenal effect of psychosis, is only a few decades old.3–5
Yet, the past 2 decades have witnessed rapidly growing
interest in the implications of neurocognitive abilities
for the everyday social and occupational functioning
of schizophrenia patients. There seem to be several reasons for this growth. First, according to many diagnostic
systems, impairment in social functioning is necessary to
establish a diagnosis of schizophrenia. Second, poor social functioning precedes the onset of schizophrenia, and
premorbid social maladjustment is predictive of a more
severe course of illness. Third, social functioning after
the onset of the disorder continues to be a powerful
predictor of long-term outcome, including relapses and
rehospitalizations. Finally, social functioning tends to
be improved only marginally by available pharmacological interventions.6
The rapidly accumulating literature on the relationship
of cognitive function to social, occupational, and independent living outcomes in schizophrenia, as recently
reviewed in 3 comprehensive papers, has indicated consistent and highly significant cross-sectional7,8 and longitudinal9 relationships between impaired performance on
specific aspects of cognitive functioning and functional
outcome in schizophrenia. In fact, this literature has suggested that cognitive impairments are the primary determinant of functional deficits, pointing to an intrinsic

relationship between these 2 domains of deficit in patients
with schizophrenia.
There appear to be some questions about whether the
relationship between cognition and functional outcome
is domain specific. As comprehensively reviewed in the
aforementioned papers, several different ability domains
have been preliminarily shown to be differentially related
to distinct functional outcomes. For instance, executive
functioning deficits appear to be consistently related to
deficits in independent living; attention deficits are associated with social functioning; learning and memory
deficits appear to be consistently related to social, occupational, and independent living domains; whereas processing speed is related mainly to employment outcomes.
Recent data have challenged this view of specificity,
showing a more generalized relationship between multiple domains of cognitive functioning and essentially all
higher-level functional skills, at least in older patients
with schizophrenia.10 Finally, several studies have shown
that cognitive performance is an important predictor of
improvement following rehabilitation programs11–14 and
that cognitive impairments exert a rate-limiting effect on
the ability to learn skills in these programs,12 as well as to
maintain a competitive job.15
In sum, the role of neurocognitive deficits in predicting
functional outcome in schizophrenia is generally well
established by now. The acceptance of cognitive capacity
as central to clinical and functional outcome in schizophrenia has led to a major initiative in the United States
to develop a consensus, standard neurocognitive battery
to assess cognitive enhancement in schizophrenia (Measurement and Treatment Research to Improve Cognition
in Schizophrenia [MATRICS]).16,17
What Is Not Known? Main Limitations of
Present Research
There is little doubt that neuropsychological studies
of functional outcome over the past 2 decades have established the role of neurocognitive deficits as key determinants or predictors of real-world functioning in
schizophrenia, especially in contrast to positive symptoms that apparently have little impact.18 Yet there is
also a growing consensus among schizophrenia researchers and clinicians that the current literature on this topic
has several important limitations. In brief, some of the
major concerns include the following:
1. The association between neurocognitive measures and
functional outcome in these studies has been rather
variable and often modest.19 While it is obvious
that the variability of the association is a function
of the way that both cognition and function are
measured, the effect size of the relationships between
individual ability domains and aspects of functional outcome tends to be in the ‘‘medium’’ range
311

D. Koren et al.

2.
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5.

(ie, approximately 15–20% of shared variance). When
composite scores for cognitive performance are used,
the proportion of common variance is typically larger,
often as great as 35–50%.20,21 Yet, even these higher
correlations suggest that a considerable amount of
variance in functional outcome is unexplained by standard measures of cognitive impairments.
Since most of the previous studies were not designed
to test specific a priori hypotheses about the relationship between neurocognitive abilities and functional
outcome, they offer little insight into the potential
mechanisms that might mediate or moderate the relationship between basic neurocognition and social
functioning.7
Similarly, since most studies have focused on assessment of specific cognitive skills, they do not deal
with the mechanisms that enable transfer of learning
from one cognitive domain to another, and from
cognition to action.22
The literature on neurocognitive deficits in schizophrenia consistently shows that there is a small subgroup
of patients whose cognitive performance appears to
be unimpaired on conventional neuropsychological
tasks.23–28 Evidently, poor social functioning in this
neuropsychologically ‘‘normal’’ subgroup cannot be
accounted for by the presence of deficits on standard
neurocognitive measures.
Successful functioning in real-world situations undoubtedly depends on one’s own abilities. Yet, in
many complicated circumstances in important domains
such as health, employment, education, friendship,
romance, and law, it also relies on the guidance and
advice (either explicit or implicit in the form of rolemodeling) of friends, family members, colleagues,
clinicians, lawyers, teachers, and so forth. Current
neuropsychological procedures do not take into account the important ability of correctly recognizing
and utilizing effective cognitive skills in others.

These and other problems provide a substantial challenge to the ecological sufficiency of current neuropsychological assessment procedures. In fact, as already
noted, they have led experts in the field to wonder
whether we are measuring the ‘‘right stuff’’7 and to suggest that more attention should be paid to the issue of
ecological validity.29,30 These critiques reflect the fact
that neuropsychological tests largely were not developed
for these purposes.31,32
Ecological Validity and the Hunt for the ‘‘Right Stuff’’
The question, then, is how to develop a new approach for
neuropsychological assessment that will preserve many of
the strengths of current procedures,cf31,32 while also
addressing the ecological validity problems described
above. Ecological validity deals with the degree to which
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performance on laboratory-based neuropsychological
tests actually maps onto functioning in a variety of
naturalistic—personal, social, vocational, or clinical—
situations. Since performance on traditional tests does
not fully account for real-world outcomes, it is possible
that other contributing factors are involved. The hunt for
contributing, ‘‘right stuff’’7 variables that will improve
the ecological validity of current neuropsychological assessment procedures in schizophrenia has been progressing on 2 major paths. In the first, the search has been
guided by the ecological relevance of what is being measured (ie, the test content or test scenario) in relation to
real-world functioning. At the heart of this approach is
the assumption that standard laboratory-based neuropsychological assessment procedures, while clearly useful
for distinguishing impaired from normal performance,
are less useful for studying complex capacities that
appear to underlie real-world social functioning. The
most prominent example of this approach can be found
in the field of social cognition. This hybrid area involves
the highly complex processes that allow one to perceive,
interpret, and process social information.33 Among these
processes or functions are the ability to perceive emotion
in others, the ability to infer what others are thinking
(Theory of Mind), and the ability to understand and
apply the rules that govern social interactions.19 Other
examples of this approach are recently designed tests
that assess, in a standard manner, real-world scenarios
such as cooking34,35 and complex shopping (multiple
errands).36,37 A major strength of these tasks, at least
superficially, lies in their being more ‘‘face-valid’’ than
standard, socially neutral tests, which were developed
primarily for other purposes: to help identify neurological disease or to measure the strengths and weaknesses of
a person with a neurological disorder.31,32,38,39
Another nascent path for improving the ecological validity of current neuropsychological assessment procedures has been recently proposed by Green and his
colleagues (2000).7 Building on Lev Vygotzky’s early
ideas and work on learning potential,40 they propose
a ‘‘fundamental shift’’ in assessment procedures from
static evaluation of what patients already know to dynamic estimation of what they are capable of learning.7
Learning potential, according to this view, can be an important mediator between basic neurocognition and skills
acquisition since, unlike traditional tests, it does not assume that everyone has had an equal opportunity to acquire the skills necessary to perform well on these tests.
While clearly promising from a conceptual point of view,
actual attempts to develop and validate dynamic assessment methods of learning potential in schizophrenia are
too scanty and preliminary to draw any conclusions
regarding their actual (rather than potential) usefulness.
While 1 study found that measures of learning potential contribute to the prediction of work skill acquisition, over and beyond the predictive power of a single

Real-World Cognitive Dysfunction in Schizophrenia

cognitive assessment,41 another study failed to find an
association between learning potential and social functioning or rehabilitation outcome.42 In fact, the best predictors of social functioning in the latter study were
‘‘static’’ performance measures.
Metacognition as a Critical Bridge Between Cognition
and Functional Outcome
There is little question that the study of social cognition
and learning potential reflects important steps in the evolution of more ecologically valid neurocognitive assessment procedures. Yet, as illustrated by the brief
transcript at the beginning of this article, it also seems
that both approaches are incomplete, as they fail to
take into account an intrinsic aspect of cognitive performance in the real world, namely, personal control over
one’s own performance. In line with Nelson and Narens’s43
analysis of similar methodological limitations in experimental psychology, personal control over performance
has generally been overlooked in schizophrenia research,
perhaps because it is typically viewed as a mere methodological nuisance that interferes with the desired ideal of
maximal experimental control.
Our perspective is founded on the assumption that
rather than constituting a methodological nuisance, person-monitored and -controlled processes are actually
a fundamental determinant of successful functioning in
the real world.44,45 That is, while real-world performance
clearly depends on knowledge and abilities (ie, functional
capacity or skills competence), it also depends on an accurate appraisal of this knowledge or these abilities, particularly when they are lacking. To illustrate this point, it
might be useful to go back to the brief transcript in the
beginning of this article. What this brief interaction
reminds us is that successful real-life functioning can occur despite poor cognitive abilities (ie, not recalling the
location of the halfway house), as long as the person
imparts the correct confidence to the products of these
abilities (monitoring) and requests help (control). In support of this view, in clinical applications it has long been
known that a subgroup of mentally retarded persons can
function adaptively in the real world.46
In our view, a major impediment to ecological validity
in contemporary research is its failure to attend to the
difference, which commonly exists in real-life situations,
between performances under forced- versus free-response
conditions. That is, contemporary research relies on tests
that assess performance under either forced-response or
free-response conditions, but not under both. Consequently, interpretation of overall performance scores
on standard tests currently used in the literature—independent of whether they are forced or free report in
nature—is necessarily ambiguous. This is so because it
is unclear whether scores on these tests reflect good cognition (perhaps yielding a high score under forced-report

conditions) but poor metacognition (perhaps yielding
a lower score under free-report conditions), poor cognition but good metacognition (perhaps yielding a low
score under forced report but a higher score under free
report), or medium levels of both. Motivated by the
view that real-life functioning depends on both cognitive
and metacognitive skills, and that a method to isolate the
two of them is needed, we developed a novel approach
based on methodologies used in experimental psychology
to study metacognition, in particular the 2-phase paradigm developed by Koriat and Goldsmith.47
What Is Metacognition?
Metacognition is often described as ‘‘knowing about
knowing.’’48 It is a term used to distinguish what one
knows about one’s own cognitive abilities, states of
knowledge, and actual performance from the cognitive
abilities, states of knowledge, and performance per se.
It also includes the use of such (meta-) knowledge to regulate one’s performance. Hence, 2 important aspects of
metacognitive functioning are monitoring (the subjective
evaluation of one’s own cognitive functioning) and control (the manner in which one’s behavior is directed by
this evaluation).49 Metacognitive abilities can vary independently of cognitive skills per se50,51 and have important consequences over and above those skills. For
example, although a person, like the one in the opening
transcript, may forget the information needed for correct
responding, he or she may nevertheless act only when he
or she does recall correctly, and seek further reminder or
advice otherwise. Conversely, a person may recall correctly in most situations yet be unable to discern those
situations in which memory is lacking, acting in those
situations as well, perhaps with serious consequences.
The main advantage of Koriat and Goldsmith’s47
metacognitive paradigm is that it allows for experimental
isolation of the unique contribution of monitoring and
control to a patient’s overall performance and enables
an assessment of the extent to which performance
improves when the patient is allowed to choose when
to offer a response and when to withhold it. Furthermore,
by examining free-response performance, this paradigm
also enables manipulation and assessment of possible
motivational factors affecting performance. Finally, as
will be shown, the paradigm enables assessment of the
ability to monitor not only personal performance but
that of others as well. As already mentioned, successful
social adjustment often times depends not only on the
ability to correctly solve a problem but also on the ability
to correctly identify good performance in others in order
to follow or get advice from them.
Accuracy-Based (Output-Bound) Versus Quantity-Based
(Input-Bound) Performance
To grasp the potential contributing role of metacognition
and free-response control over cognitive performance to
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functioning in the real world, it is important to clarify a
distinction between 2 fundamentally different ways of
assessing cognitive functioning—input-bound quantitybased versus output-bound accuracy-based assessment.44,52–54 Input-bound quantity-based assessment
begins with the number of questions or problems that
were presented to the participant (ie, the ‘‘input’’) and
indicates the probability that each input item will be answered or solved correctly. The most common measure of
this type is percent correct—the percentage of the total
number of items that were answered or solved correctly.
Output-bound accuracy-based assessment, in contrast,
begins with the number of answers or solutions that
were provided by the participant (ie, the ‘‘output’’)
and indicates the (conditional) probability that each output item will in fact be correct. The most common measure of this type is conditional percent correct—the
percentage of provided answers or solutions that are
correct.
Under forced-response conditions (ie, when the participant must provide a substantive response to all questions
or problems—no omissions are allowed), the number of
output responses equals the number of input questions/
problems, and hence the 2 measures are operationally
equivalent. Under free-response conditions (ie, when
the participant is allowed to refrain from answering—to
respond ‘‘don’t know’’), however, the number of substantive responses will generally be lower than the number of
input questions/problems. Under these conditions, the 2
types of measures differ both operationally and theoretically: In contrast to the input-bound quantity measure,
which taps the person’s ability to answer/solve the questions/problems that are posed to him or her, the outputbound accuracy measure uniquely taps the dependability
of the answers and solutions that the person is actually
committed to, that is, the extent to which each freely volunteered response can be depended on to be correct.
Thus, the output-bound accuracy measure (but not the
input-bound quantity measure) reflects the person’s ability to distinguish between questions/problems that he or
she can answer/solve correctly and those that he or she
cannot—volunteering answers or solutions in the former
case but not in the latter case.
We believe that output-bound accuracy performance is
a crucial aspect of real life functioning,42 which is no less
important to functional outcome than is input-bound
quantity performance: Whereas the latter reflects the actual ability to understand something about the external
world (eg, the various pros and cons of a suggested treatment), the former refers to one’s ability to know when
one is understanding correctly and when one is not, and
to control one’s behavior accordingly—responding only
when one is able to respond correctly, and abstaining
(seeking help or further information) otherwise (Figure 1).
Even though it may be that these 2 levels of performance are served by the same cognitive system, the
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Fig. 1. Metacognitive Abilities Underlying Free-Response
Output-Bound Accuracy Performance as Neglected Mediators
Between Cognitive Performance and Real-World Performance.

distinction between them is an important one from
a theoretical point of view. Whereas the first refers to primary representations of the external world (eg, What was
said to me? What are the pros and cons of x?), the second
refers to secondary representations of one’s own state of
knowledge about the world (eg, How good is my memory
of what was said to me? How well do I understand the
pros and cons of x?). Although the lines between these
2 types of representation are sometimes fuzzy, it is
customary to refer to the processes relating to secondary
representations as metacognitive.55 Moreover, this distinction is particularly important because the secondary
metacognitive process and its target primary metacognitive process need not be interdependent. For example, although a person may often forget or be unable
to understand the information needed for correct
responding (low input-bound quantity performance),
he or she may nevertheless act only when he or she
does understand correctly, and seek further advice otherwise (high output-bound accuracy performance). Conversely, a person may understand correctly in most
situations (high input-bound quantity performance) yet
be unable to discern those situations in which understanding is lacking, and act in those situations as well,
lowering output-bound accuracy performance, perhaps
with serious consequences. While we shall return to
this issue in more detail, it is important to note from
the start that the decision to venture or not to venture
a response does not necessarily reflect any single response
tendency (eg, impulsiveness or risk taking). Rather,
according to Koriat and Goldsmith’s model, the decision
to venture or not to venture a response is multiply determined by 3 different factors: (1) subjective monitoring of
the correctness of the candidate answer (confidence); (2)
the extent to which one’s behavior is dependent on one’s
confidence (see control sensitivity, below); and (3) the
conservativeness or liberality of the response criterion
one sets in accordance with the operative payoff schedule
(ie, the prices for type 1 versus type 2 errors). Each of
these can be both theoretically and empirically isolated.
For purpose of illustration, imagine 2 patients who are
having trouble remembering exactly which 5 pills they are
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supposed to take. Patient A remembers 3 of the pills correctly, but being unaware that she does not remember the
other 2 correctly (poor monitoring ability), she takes 2
wrong pills as well (with potentially dangerous results).
Patient B, on the other hand, also remembers 3 of the pills
correctly, but being aware that she does not remember
which are the other 2 pills (good monitoring ability),
she refrains from taking the 2 additional pills until she
is able to ask for advice. Note, then, that both patients
have equal input-bound quantity performance (3 out
of 5 pills remembered correctly = 60%), but Patient B’s
output-bound accuracy performance is perfect (3 out
of the 3 pills taken are correct = 100%), whereas Patient
A’s output-bound accuracy performance is much lower
(3 out of the 5 pills taken are correct = 60%). Put another
way, when Patient B does not know/remember something, she does not act on her knowledge (but rather seeks
help), whereas Patient A continues to act on her incorrect
knowledge in any case—because she is unaware that she
lacks the required knowledge (poor monitoring), because
she is indifferent to this lack (good monitoring but poor
control sensitivity), or because she is a risk taker (good
monitoring but liberal response criterion).
Once again, our basic assumption is that in the context
of real-life performance, accuracy-oriented metacognitive
skills are at least as important for successful functioning
as the cognitive ability to solve concrete problems. Thus,
the goal of our work is to incorporate cognitive and metacognitive measures of (output-bound) free-response
accuracy performance into current neuropsychological
research on ‘‘everyday functioning’’ in schizophrenia.
Preliminary Empirical Support
Do free-response, metacognitive measures of selfmonitoring and self-directed actions in fact improve
the association between basic neurocognition and realworld function? To assess this question, we used our
new metacognitive assessment approach to study the neuropsychological basis of 2 instances of cognitive function
in the real world; namely, insight into illness56 and competence to consent to treatment.57 Although these phenomena may not be regarded by some as prototypical
examples of real-world function, such as cooking, shopping, or paying bills, we chose them as outcome measures
in this validation study for 2 important reasons. First,
they both meet what we perceive as the 2 major criteria
for cognitive function in the real world, which are (1)
being dependent on complex cognitive processes and
(2) being aimed at maintaining or promoting participation in the social world. Formation of such insight
into one’s illness is based on one’s ability to gather, understand, and synthesize relevant pieces of information
from both internal (by way of self-reflection) and external
sources, such as cultural norms, medical knowledge,
peers’ feedback, and so on. Similarly, it meets the second

criterion since it represents an interactive meaningnegotiation effort, whose aim is to maintain relationships
and positions in the social and occupational world.58Similarly, competence to consent to treatment can be seen
as a real-world function since it relies on complex cognitive abilities and is aimed at enabling one to become an
active participant in guiding one’s own treatment and rehabilitation plans. The second reason we chose these 2
particular real-world behaviors was strategic. In order
to determine if our new metacognitive approach was related to real-world outcome, we needed to start with an
outcome that clearly has a strong intrinsic component of
self-awareness (ie, that is more proximal to metacognition) and then assess how the approach generalizes to
more distal outcomes in which expression of choice (ie,
self-control) is an inherent element.
Thus, our aim in this pilot validation study was to
evaluate the relationships of insight into illness (assessed
with the Scale for Unawareness of Mental Disorder
[SUMD]59) and competence to consent to treatment
(assessed with the MacArthur Competent Assessment
Tool for Treatment [MacCAT-T]60) with deficits at the
cognitive versus metacognitive level. Our main hypotheses were (1) that insight and competence would be less
strongly related to conventional knowledge measures
(‘‘performance quantity’’) than to measures of how accurately the knowledge can be employed (‘‘performance
accuracy’’), and (2) that prediction of insight and competence would be improved by addition of the freeresponse, metacognitive measures to the conventional,
forced-response cognitive measures. To assess these hypotheses, a paradigm developed to study monitoring
and control processes in memory performance53 was
adapted for use with the Wisconsin Card Sorting Test
(WCST),61 a commonly used test of executive function.
The WCST was selected because the literature, including
work from our own group,62,63 suggests that the complex
reasoning and memory processes that this test taps are
among the more salient and persistent cognitive deficits
in schizophrenia.64 In addition, against the background
of generally weak and inconsistent findings, performance
on the test, particularly perseverative errors, showed the
most replicated association with poor insight in schizophrenia.65 Finally, we wanted to show that our metacognitive control process is different than executive control
process because it relates to whether the output of a primary executive function process should be committed to.
Administration of the WCST in our study followed the
standard administration instructions with one significant
exception. Prior to receiving the feedback regarding each
sort, we also asked our participants (1) to rate their level
of confidence in the correctness of that sort on a ‘‘0’’ (just
guessing) to ‘‘100’’ (completely confident) scale and (2) to
decide whether they want that sort to be ‘‘counted’’ toward their overall performance score on the test (for a
representative screen from the revised test see Figure 2).
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Fig. 2. A Representative Screen From the Computerized Metacognitive Version of the Wisconsin Card Sorting Test (WCST).

Each ‘‘ventured’’ sort received a bonus of 10 cents if correct but an equal penalty if wrong; ‘‘withheld’’ sorts were
neither penalized nor rewarded. Thus, in addition to the
standard ‘‘forced response’’ input-bound quantity measure (ie, the proportion of all sorts that were correct),
which reflects the patient’s ability to perform the sorting
task (acquiring the rule and shifting it when appropriate), our procedure also yielded measures of ‘‘free
response’’ performance that depend on the patient’s
metacognitive knowledge. The key metacognitive variables that were derived were (1) free-response outputbound accuracy score, defined as the proportion of
ventured responses that were correct; (2) free-response
improvement, defined as the difference between the
free-response output-bound accuracy score and the
forced-choice input-bound (quantity) score; (3) global
monitoring defined as the difference between the total
number of correct sorts and the total number of sorts
asked to be counted, (ie, the veridicality of one’s overall
sense of one’s level of knowledge; although this measure
provides a gross index of monitoring, it is also dependent on the conservativeness or liberality of the ‘‘control
criterion’’ that is used for venturing responses); (4) monitoring resolution (ie, the extent to which the confidence
judgments distinguished between correct and incorrect
sorts), indexed by the Kruskal-Goodman gamma correlation calculated across all sorts between the level of
confidence and the correctness of the sort; (5) control
316

sensitivity (ie, the degree to which the control process
was dependent on the monitoring process), indexed by
the gamma correlation calculated across all sorts between the level of confidence and the decision to venture
the sort; and (6) monetary gains, the amount of monetary rewards gained, calculated as the difference within
all ventured sorts between those that were correct and
those that were incorrect (for a summary of the new
metacognitive measures, expressed as equations, see
Table 1). Given the additional tasks, only the first 64
of the full set of 128 cards were administered.
Our results were illuminating. First, both insight and
decision-making competence had higher associations
with the new metacognitive measures than with the conventional WCST measures (see R2s in Table 2). Second,
the prediction of insight and competence was improved
by adding the new metacognitive measures to the conventional WCST measures. Specifically, the addition of the
new metacognitive measures improved the predictive
power of the cognitive variables (see uniqueness indices
in Table 2). Finally, several poor-insight/low-competency
patients displayed a unique substantial qualitative impairment at the metacognitive level. Their decisions
regarding which sorts they wanted to volunteer were occasionally independent of their self-monitoring processes (ie, sorts with relatively low rates of confidence
were chosen to be included, while high-confidence sorts
were left out).
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Table 1. Formulas for Calculating the New Metacognitive
Measures
Measure

Formula

Quantity score =
Accuracy score =
Free-choice improvement =
Global monitoring =
Monitoring resolution =
Control sensitivity =
Monetary gains =

Ncorrect / Ntotal
Vcorrect / Vtotal
Accuracy score – Quantity score
Ncorrect – Vtotal
cRconfidence Rcorrect
cRconfidence Rventure
Vcorrect – Vincorrect

Note: Ntotal = total number of items that were presented; Ncorrect =
total number of correct responses; Vtotal = total number of
volunteered responses; Vcorrect = total number of correct
responses out of those volunteered; Vincorrect = total number
of incorrect responses out of those volunteered; Rconfidence =
confidence in the correctness of a given response; Rcorrect =
actual correctness of a given response; Rventure = actual
decision to venture a given response; c = within participant
Kruskal-Goodman gamma correlation.

These preliminary results suggest that poor insight and
decision-making competence are more strongly related to
deficits at the metacognitive level than to certain cognitive deficits per se. In addition, they indicate that prediction of poor insight and competence can be improved by
adding the new metacognitive measures to the conventional WCST measures (number of categories achieved,
percentage of correct sorts, percentage of perseverative
responses, percentage of perseverative errors, and number of trials to first category). Finally, the findings suggest that the predictive power of the new metacognitive
measures does not come at the expense of the conventional cognitive measures; on the contrary, the latter

are actually enhanced in the joint model. Taken together,
these findings suggest that free-response, output-bound
accuracy performance, which depends on metacognitive
skills of monitoring and control, provides an important
link between basic-level cognitive skills and the clinical
phenomenon of poor insight and competence to consent
to treatment. In fact, they also suggest that such performance may be at least equally, if not even more, relevant
for these phenomena than forced-response, input-bound
quantity performance, which is the typical performance
measure in traditional assessments of cognitive functioning.
These preliminary findings have several important
limitations. First, as already mentioned, both insight
into illness and competence to consent are not classical
examples of real-world functional outcome. Further evaluation of the extent to which these findings generalize
to more prototypical instances of social functioning is
obviously needed. Second, one might argue that the correlation between insight and metacognition is not informative since both are measures of the same construct (ie,
awareness). While having some validity, this concern is
actually obviated by several factors. First, as previously
mentioned, both metacognition and insight into illness
are constructs that are much broader than just selfawareness. Second, while insight into illness is assessed
using self-report ratings of one’s own mental condition,
in our paradigm metacognitive self-monitoring and selfcontrol are measured behaviorally on a trial-by-trial
basis. And third, and most important, ecological validity
does not necessarily require that the predictor and outcome be conceptually distinguishable. In fact, the exact
opposite is the case. Ecological validity is the degree to
which laboratory-based measures of a given construct
are related to real-world examples of that same, rather

Table 2. R2 and Uniqueness Indices Obtained in Sequential Multiple Regression Analyses Predicting Insight and Competence to
Consent to Treatment
Insight

Competence to Consent

R2

Uniqueness
Indexa

R2

Uniqueness
Indexa

Model 1: Conventional WCST predictors
alone (% correct responses, number of categories,
perseverative responses, perseverative errors,
trials to first category)

0.06

0.13

0.22

0.24

Model 2: Metacognitive predictors alone
(accuracy score, improvement due to
free choice, global monitoring,
monitoring resolution, control sensitivity,
monetary gains)

0.62*

0.62**

0.50§

0.39

Model 3: All predictors from both domains

0.75*

0.63§

Note: Based on Koren et al. (2004)56 and Koren et al. (2005).57
a
Uniqueness index indicates the percentage of variance accounted for by that set of predictors beyond the variance accounted by
the other set.
§
p < .10; *p < .05; ** p < .005.
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than different, construct. Thus, assuming that insight
truly reflects real-world function, the fact that metacognition and insight are significantly related supports,
rather than refutes, the ecological validity of the new
metacognitive approach. This is very much the same as
with other cognitive domains, such as memory or social
cognition, in which a relationship between performance
on a standard test and real-world behavior that involves
that same cognitive function supports the ecological
validity of that test.
How Do the New Tasks Affect Performance on the Test?
A main point of the current findings is that the advantage
of adding metacognitive measures to the conventional
WCST measures was detected in a single integrated process, rather than by comparison of correlations from 2
separate sets of tests. A key question in this regard, however, is to what extent the additional metacognitive tasks
affect WCST performance. It is possible that they ‘‘interfere’’ with the expected WCST performance. While this
question is yet to be explored systematically, there are
some hints in our data suggesting that the effect of the
new tasks on performance, if one occurs at all, is not substantial. First, group means of conventional test scores in
our studies are rather consistent with those of similar
samples reported in the literature.66–70 Second, data on
8 of 9 patients who took both versions of the test within
2 weeks do not reveal any major or consistent differences
in any direction. While certainly too small for reaching
a decisive conclusion, it is nonetheless noteworthy that
the variability of the scores in the only case that was different from this general rule did not appear to be related
to the version used. That is, the difference between the 2
administrations of the metacognitive version was greater
than that of each one of them with the standard version.
Clearly, the main limitation of these preliminary data
lies in the small sample size on which they are based.
Thus, replication and further validation of the new
method, applied to other neuropsychological domains
in larger and more heterogeneous samples, is necessary.
However, if further validated, the new paradigm may
provide a novel, accuracy-oriented approach to neuropsychological models of other clinically meaningful phenomena in which free-response and self-directed action
are inherent elements, such as treatment compliance,
rehabilitation outcome, violent behavior, and the like.
Ultimately, the new metacognitive approach can provide
an empirical foundation for future studies relating such
measures to brain function and structure in these
patients.
Other Advantages of the New Metacognitive Approach
As already mentioned, the main advantage of the new
metacognitive approach is that it assesses the relative
318

importance of cognitive versus metacognitive measures
in a single integrated process, rather than by comparison
of correlations from 2 separate sets of tests. In addition, it
has a few extra benefits that are worth mentioning.
1. It is widely applicable. It is important to note that although Koriat and Goldsmith’s metacognitive model
was applied in this study to abstraction, its basic logic
can be applied to any type of cognitive task, in which
discrete responses (that may be correct or incorrect)
are arrived at. Thus, this model can be applied to performance of participants on many other tests that tap
other domains of functioning, such as memory, visual
perception, olfaction, attention, Theory of Mind, and
affect recognition
2. It is highly engaging/motivating. The WCST has a reputation for inducing frustration and irritation, particularly due to the explicit negative feedback elicited
by incorrect reponses. However, thus far with our
new metacognitive, free-choice approach none of
the patients (out of more than 150 tested) requested
to discontinue the task prior to completion. While
we did not systematically evaluate the reasons for
this high completion rate, our subjective impression
is that this pattern is due more to the free-choice nature
of the procedure, than to the fact that there is monetary reinforcement. Although there is limited research
on the positive effect of monetary reinforcement on
WCST performance,71 the majority of studies did
not find a significant benefit in performance from
monetary reward.72–74 Further research on this issue
is needed because none of these studies reported completion rates as an outcome.
3. It provides a behavioral measure of awareness. Most
measures of self-awareness currently used in the literature are based on verbal self-report questionnaires or
interviews in which participants rate their level of competence in a given area. The main advantage of these
declarative measures is that they are highly face-valid.
However, due to this very same reason (ie, being transparent), they are also more susceptible to distortion and intentional response bias (eg, fake-bad or
fake-good). In contrast, in our new metacognitive approach, awareness is assessed using behavioral or procedural measures that are gathered on a trial-by-trial
basis. Consequently, they are less susceptible to motivational bias since the participant does not really
know what kind of response would support an impression of capacity for self-awareness versus the lack of
self-awareness.
4. It allows separation of metacognitive abilities from cognitive performance. The new metacognitive approach
allows assessment of metacognitive monitoring and
control not only of one’s own responses but those
of anonymous participants as well. That is, rather
than being asked to take the test themselves, patients
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can be asked to watch the answers given by another
anonymous participant, to rate the probability that
each of these answers is correct, and to also advise
that person on whether to volunteer or withhold
each response. Note that in order to evaluate the performance of another person, one does not necessarily
need to be able to know the correct answers oneself.
Even though knowing the correct answers can surely
help, there are all sorts of performance-related (feedback, speed, amount of production), as well as contextual, cues that can enable one to make these
judgments. This ‘‘anonymous’’ option has several
potential benefits. First, by applying it to a preset
sequence of responses, it can provide a standard,
common baseline to assess and compare patients’
metacognitive abilities in a way that is experimentally
independent of their own (online) level of performance. Second, by applying it to one’s own set of
responses from a day or two earlier (without the patient knowing whose performance it is), along with
asking the patient to offer better alternative answers,
a method to isolate effects of performance anxiety can
be developed. This is so because this situation manipulates the level of threat to one’s self-image while keeping the overall cognitive load constant.
Implications for Remediation Programs
There is little question that selection of the most appropriate deficits as prime targets for remediation is
the ‘‘key to success.’’75 Our preliminary data appear to
have important implications for this matter. First, they
highlight the potential promise of focusing on deficits
at the metacognitive level, in addition to those evidenced
at the cognitive level of performance. This point is particularly important since it is relevant not only for cognitively impaired patients but also for patients from
the normal or even superior ends of the cognitive performance spectrum. Second, the data also suggest that the
focus or level of intervention might be different for different patients.
To further illustrate these points, we sampled 15
patients from our ongoing research. Figure 3 presents
the scatterplot of these patients’ level of cognitive performance as estimated by the total number of correct sorts
on the WCST (64-card version) presented by the amount
of money they earned while monitoring the performance
of another ‘‘anonymous other.’’ As already mentioned,
this procedure allows a common ground (ie, the amount
of potential earnings is equal for all participants) to compare patients’ metacognitive abilities in a way that is independent of their cognitive abilities.
Close scrutiny of this plot reveals that, given equal opportunity, the amount of money one can make is not necessarily tied to the ability to perform the task (ie, one’s
cognitive level of performance). In fact, it appears that

Fig. 3. Scatterplot of Monetary Gains by Level of Wisconsin
Card Sorting Test (WCST) Performance in a Subgroup of
15 Schizophrenia Patients.

it is more heavily influenced by the ability to accurately
monitor and regulate either one’s own performance or
that of another person. Note, for instance, that the
amount of money earned by the patient (L) who was
most cognitively impaired is almost the same as that
gained by the patient (H) with the highest level of cognitive functioning, and even better than that of a patient
(M) in the medium-range level of impairment.
Assuming that monetary gains are a good estimate of
one’s functional effectiveness in real-life situations, these
data have some important implications for cognitive remediation. First, they provide us with a very clear means
of showing each patient whether his or her performance
effectiveness (amount of money they make) is below or
above his or her cognitive abilities and why. Second,
they offer a target for remediation with cognitively intact
but poorly functioning patients, like patients M or H.
And third, they convey hope for even the most impaired
patients, who, like L, suffer from persistent cognitive deficits. This last point makes metacognition particularly
important for pharmacological studies of new cognitive
enhancers since an improvement is possible even in the
absence of any improvement in base-level cognitive skills.
Finally, free-response accuracy performance has another characteristic that makes it particularly important
for cognitive remediation. Note that from a learning
point of view, in quantity-oriented training, reinforcement (either material or psychological) is achievable
only with correct responses. In contrast, in accuracyoriented training, reinforcement can be obtained with
both correct and incorrect responses. That is, correctly
assessing incorrect response as such is potentially quite
gratifying in and of itself. Thus, from a motivation point
of view, accuracy-oriented remediation of metacognitive
abilities has the potential to have greater engaging capability than standard cognitive remediation. While remediation programs that are specifically designed to target
metacognition do not exist yet, an extensive description
of the possible ways by which metacognitive deficits can
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be remediated can be found in a recent book by Wykes
and Reeder on cognitive remediation for schizophrenia.22
Important Conceptual Questions Regarding
Metacognition
What Metacognition Is Not? Its Relationships with
Other Constructs
The concept of metacognition has been employed in
several neuropsychological perspectives that have been
applied to schizophrenia to describe a variety of ‘‘metalevel’’ deficits. While all of these models use ‘‘metacognition’’ as one of their conceptual cornerstones, the exact
meaning attached to it within each theoretical framework
is different. To avoid confusion, a brief comparison of our
use of ‘‘metacognition’’ with that of these other models is
indicated. In the following paragraphs, we will cover the
following concepts: executive functions, source monitoring, theory of mind, signal detection theory, and transfer
of learning.
Executive Functions. Executive functions are commonly
defined as a set of higher-order processes that modulate
lower-level schemas according to one’s intentions76 and
consciouslydirect one’s behaviortowardsa selectedgoal.77
By emphasizing the regulation of information processing
necessary to produce voluntary action, executive function
is closely related to metacognition, especially to its control
aspect. In fact, it is commonly considered by many as either the control aspect of metacognition78 or simply as
a synonym for metacognition.79
Because research on metacognition and executive function has been progressing more or less in parallel, with
little cross-talk, it is difficult to come up with blackand-white definitions. Based on the current scarce
data, we, like others,80 regard the metacognitive processes of correctness-monitoring and report-controlling
as related to executive-functioning processes. However,
despite the obvious conceptual similarities, our treatment
of metacognitive control differs in important ways from
common conceptualizations and measures of executive
functions. First, while our correctness-monitoring may
be a subset of executive functions (cf error monitoring
and verification processes in Shallice and Burgess’s supervisory system framework1,81; uncertainty monitoring in
dolphins and monkeys82), it appears to be more general
in scope. This is so because it can be applied to any cognitive output that is a basis for behavior and that can be
evaluated as correct or incorrect. And second, our control process is specifically concerned with regulating the
accuracy of one’s cognitive performance in free-response
tasks. Thus, although metacognitive control over
responding may be a specific type of executive functioning, it is different than common measures of executive
function (eg, Verbal Fluency Test, Trail Making,
WCST)83since it is secondary in nature. That is, it relates
320

to whether the output of a primary process (eg, is the rule
I have been using thus far is still in effect, or does it need
to be inhibited?) should be committed to.56
For purpose of illustration, imagine 2 patients who
have devised the same inefficient action plan to solve
a given problem (ie, both have the same level of poor executive function). Patient A, being confident that the plan
is a good one (poor monitoring), goes on to use it. Patient
B, on the other hand, being more doubtful (good monitoring) that the plan she reached is actually a good
one, refrains from acting on it and seeks advice.
Source-Monitoring. Self-monitoring, as a key ‘‘metacognitive’’ skill, is also a conceptual constituent of
source-monitoring theories of schizophrenia. In this context, however, self-monitoring refers to a fundamental
cognitive ability that enables one to correctly attribute
authorship or agency to one’s own actions, thoughts,
or emotions.84 That is, it allows one to discriminate
between self-generated actions or thoughts and those
generated by external sources of stimuli. Deficits in
this ‘‘meta-level’’ skill have been proposed by theorists
as potential accounts for key psychotic symptoms of
schizophrenia, such as delusions of control and hallucinations.85–87 While such theories are both promising
and informative, it is important to note that their use
of the term ‘‘self-monitoring’’ is somewhat different
from our use of the same term (ie, one’s subjective assessment of the correctness of one’s own knowledge). In this
case, our use of the term ‘‘monitoring’’ appears to be
more general: Whereas source-monitoring surely plays
an important role in assessing the correctness of one’s
knowledge, there are undoubtedly many other types of
processes that contribute.eg,88–90 A potential solution
for this terminological confusion might be to regard
self-monitoring in the more specific, self-agency context
as source-monitoring, and in the more general, metacognitive context as correctness-monitoring.
Theory of Mind. Theory of mind (ToM) refers to a complex social cognitive ability that allows one to infer and
represent mental states (eg, beliefs, intentions, thoughts)
of other people. Impairments in ToM have been proposed and studied as a possible account of schizophrenia
symptomatology, both positive and negative.91 In fact,
some researchers have even gone as far as claiming
that schizophrenia can be understood as a ‘‘disorder of
meta-representation’’ of mental states in self and others,
in which a failed ToM plays a central role.92 Due to its
focus on metarepresentational states, over the years ToM
has become strongly associated with metacognition, perhaps even a synonym for it.93 As in the case of executive
functioning, however, it is important to note the ways in
which the common notion of ToM differs from the type
of metacognition considered here. Once again, whereas metacognitive certainty monitoring is specifically
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concerned with monitoring the correctness of potential
responses, ToM is generally applied to the monitoring
of a wide variety of mental and emotional states, particularly the states of others. Indeed, although the notion of
correctness-monitoring can be extended to monitoring
the cognitive performance of others, the focus is on
the correctness of the other’s response (or underlying
mental representation) rather than on the content of their
mental state while they perform the task. Note that the
ability to correctly infer another person’s state of mind
(eg, to make a correct discrimination on a standard
ToM task) may be quite different than the ability to discriminate between ToM inferences (one’s own or others’)
that are correct and those that are incorrect. Finally, like
the common measures of executive functioning, most
measures of ToM involve forced-response tasks. Thus,
the metacognitive control aspect of the strategic regulation of (free-response) output-bound accuracy is not
tapped by such measures.
Signal Detection Theory. Our treatment of metacognitive monitoring and control, and the distinction between
input-bound quantity and output-bound accuracy measures, also has a great deal in common with psychological
applications of signal-detection theory (SDT),94 which
are used to demonstrate lowered perceptual sensitivity
in schizophrenia.95 SDT also represents an accuracyoriented, decision-making approach to cognitive functioning, and it raises some of the same issues brought
out here. For example, it too involves a distinction between monitoring (d#) and control (b) and emphasizes
the idea that performance accuracy, in terms of a reduced
false-alarm rate, can be achieved at the expense of performance quantity, in terms of a reduced ‘‘hit’’ rate.
Yet, despite the apparent similarities, there are several
fundamental differences that should be emphasized.
First, the control decision addressed by the traditional
(Type-I) SDT framework is not whether to respond, but
rather whether to respond ‘‘A’’ (eg, ‘‘old/studied’’) or ‘‘B’’
(eg, ‘‘new/foil’’) under forced-responding conditions.
That is, a response must be made to each and every
item. In fact, although the logic of SDT can be extended
to free-response tasks,44,96 the traditional (Type-I) SDT
performance-assessment methods cannot be applied to
such tasks, precisely because they give participants the
freedom to decide whether to volunteer or withhold
responses97 (but see98 for a partial application of TypeII measures to free-response tasks). Second, and more
fundamentally, SDT does not distinguish between ‘‘cognitive ability’’ (eg, memory strength) and ‘‘monitoring
ability’’ (eg, the ability to discriminate studied from
foil items): Both are equally valid interpretations of
d#.97 (Interestingly, when Type-II SDT methods are
used to measure the ability to discriminate between
one’s own correct and incorrect answers, d# reflects
monitoring ability alone,97 in which case SDT does not

provide a separate measure of cognitive ability.98) By
contrast, in our metacognitive approach to understanding the determinants of free-response performance, these
2 aspects (as well as control) may be evaluated independently: One may show good cognitive performance, yet
poor monitoring ability, or vice versa. Moreover, although SDT isolates ‘‘control’’ in terms of the parameter
b (strictness or liberality of the response criterion), the
notion of ‘‘control sensitivity’’ has no place within the
SDT framework: It is axiomatic in SDT that the response
decision is based entirely on the underlying dimension
that is being monitored (eg, confidence or perceptualmemorial strength). In contrast, our framework allows
for variance both in the setting of the control (response)
criterion and in the extent to which the control decision is
based on the monitoring output (ie, confidence). It also
allows these 2 aspects of control to be independently
measured.eg,53,80,99
Transfer of Learning. Another area in which the concept
of metacognition plays a central role is transfer of learning. Transfer of learning, which has its roots in the literature on learning theory,100 is defined as the ability to use
existing knowledge, experience, motivations, and skills in
new contexts.101 That is, it occurs when learning in one
context enhances (positive transfer) or undermines (negative transfer) a related performance in another context.
Transfer includes near or low road transfer (to closely related contexts or tasks) and far or high road transfer (to
rather different contexts or tasks).102 As Wykes and
Reeder recently argued,22 transfer is particularly crucial
to cognitive remediation and social skills therapies in
schizophrenia since their main goal is to impact on functioning in real-world contexts that are often quite different than those of learning. Effective transfer, especially of
the high road type, depends crucially on effortful reflection on one’s thinking processes and abstraction of common themes and meta-level action schemas (that can then
guide performance in novel situations).102 Due to their
self-reflective and meta-level nature, these abstraction
processes are referred to in this context as metacognitive
processes, and their products as metacognitive knowledge.
This view of metacognition, which has been the focus of
extensive research in education, and ours share a similar
notion regarding the processes aspect of metacognition,
namely, that it consists of reflection on and regulation
of one’s own thinking. On the other hand, the 2 views
are completely different with respect to the type of knowledge that is produced by these metacognitive processes.
Whereas in the context of transfer of learning they are
viewed as generating a stable meta-knowledge about
general cognitive strategies and principles, in our model
they are viewed as producing a moment-to-moment
knowledge about the quality of one’s cognitive outputs. Consequently, while assessment of metacognitive
knowledge in the context of transfer is based on verbal
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self-report questionnaires or interviews (in which learners
rate their metacognitive knowledge or recall what they
thought during a learning experience),103,104 in our new
method it is assessed online using behavioral measures
(confidence ratings and venture decisions).
Synopsis. To summarize, there are 2 main differences
between metacognition as denoted in this article and
all of the related concepts reviewed above. First, our notion of metacognition refers to a global, overarching
meta-level of performance, which monitors and controls
(if allowed to do so) the correctness of performance in all
types of cognitive tasks; including those just considered
(ie, tasks tapping executive functions, source-monitoring,
theory of mind, and so forth). Second, and no less important from a methodological point of view, the performance effects of the metacognitive monitoring and
control functions addressed here cannot be examined
with ‘‘forced-response’’ tests that focus solely on inputbound quantity-based performance. Rather, their evaluation depends on the incorporation of ‘‘free-response’’
tasks and output-bound accuracy-based performance
measures—both cognitive and metacognitive—into current testing procedures.
Is Metacognition Reducible to Lower-Level
Cognitive Abilities?
Another issue that we wish to address briefly is the relationship between metacognitive processes and cognitive
processes in general: Are the monitoring and control processes used to evaluate the degree (correctness) of one’s
knowledge, abilities, and performance, and to direct
one’s behavior accordingly, essentially the same or different from other cognitive processes, in particular, the specific cognitive processes that are being monitored and
controlled? At present, there is no consensus on this issue.
On the one hand, it has been proposed that essentially
the same processes are responsible for both cognitive
and metacognitive performance. For instance, Dunning
et al.88(pp84–85).suggest, ‘‘In many intellectual and social
domains, the skills needed to produce correct responses
are virtually identical to those needed to evaluate the accuracy of one’s responses.’’ Thus, people lacking such
skills are ‘‘doubly cursed’’—they have difficulty both
in producing correct responses and in deciding whether
the responses they (or others) have produced are right
or wrong. In support of this idea, performance on an
exam is often positively correlated with the ability to
monitor the correctness of one’s answers,eg,105,106 and
good performers are less able than poor performers to
evaluate the performance of others.107
On the other hand, many influential theories view
metacognitive processes as being tied to, yet functionally
separate from, the cognitive processes that they monitor.51,108–110 In this view, metacognitive judgments are
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based on a variety of inferential cues, some of which relate to the object-level cognitive process (eg, ease, speed,
amount and fluency of information retrieval49,89),
whereas others do not (eg, the perceived familiarity of
the question itself109,110). These metacognitive judgments
(and their accuracy) can therefore be dissociated from actual cognitive performance. For example, advance priming of potential answers to general-knowledge questions
increases subjective confidence in those answers regardless of whether they are right or wrong,111 and advance
priming of the question increases feeling-of-knowing
judgments, again without having any effect on actual
performance.109,110 Also, in examining the factors affecting text comprehension, Weaver112 found that adding
topic sentences to text passages enhanced individuals’
ability to judge whether they had comprehended the
text but did not improve the overall level of comprehension. Such dissociations imply that there is at most a partial overlap between the meta-level and object-level
processes.55,113
These examples have all concerned metacognitive
monitoring. With regard to metacognitive control, the
case for functional separation between cognitive and
metacognitive processes is even more clear. For example,
such varied factors as monetary incentives,47,52 instructions,114 and hypnosis115 have all been shown to affect
the strictness or liberality of the criterion one uses to decide whether to volunteer or withhold potential responses
in free-response testing, without having any effect on
forced-response performance. Moreover, one of the
most intriguing issues in the developmental metacognition literature is the fact that children sometimes have
metacognitive capabilities that they do not spontaneously apply.50 This may be the case with schizophrenics
as well: First, patients with schizophrenia appear to have
lower control sensitivity than normal controls.56,116 Second, for the schizophrenic patients tested in the Koren
et al. study,57control sensitivity was more highly correlated with the clinical measures of insight than any of
the other metacognitive measures (for example, r =
ÿ.67 and r = ÿ.52 for awareness of medication effect
and overall insight, respectively), whereas the cognitive
performance measures (conventional WCST scores)
did not correlate at all!
In sum, although the issue is surely more complex
than our brief treatment here allows, we believe that the
treatment of metacognitive processes as at least partially
distinct from cognitive processes is justified, both theoretically and empirically.
Conclusion
The main theme of this article is that metacognitive processes of self-monitoring and self-control are fundamental components of human cognition that normally
accompany many of our daily activities. As we have tried
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to show, the fact that these processes have long been
neglected as valid objects of scientific inquiry has reduced
the ecological validity of neuropsychological research in
schizophrenia. Metacognition emerges where cognition
begins to apply to its own processes and products. As
such, it inextricably relates to issues of reflectivity, subjectivity, and free will. Traditionally, due to their philosophical and empirically resistant nature, these issues
have been considered as mere methodological nuisance
factors that prevent strict experimental control. The perspective we have tried to put forward in this article, however, is different. It is founded on the assumption that
these processes are not only key determinants of competent functioning in the real world but also that they can be
assessed with reliable and valid experimental methods
that do not compromise methodological standards.
Clearly, there are important aspects of real-life functioning, such as voluntary control over task order or allocation of study time, which are not covered by the type
of metacognition emphasized here. Furthermore, there
are also undoubtedly many situational and personality
factors that affect the appreciation and regulation of cognitive performance in the real world. However, if further
validated, our new metacognitive approach may still
make a modest contribution toward bridging the gap between basic neurocognition and real-world functioning.
In addition, it may provide a sound theoretical and empirical base from which to develop and assess the effectiveness of therapeutic interventions specifically focused
on remediation of deficits at this level. Finally, it may
provide an empirical foundation for future studies focusing on the brain systems or neural mechanisms involved
in deficits of self-monitoring and self-directed action, as
well as on new medications that potentially target them.
References
1. Burgess PW, Shallice T. Confabulation and the control of
recollection. Memory. 1996;4:359–411.
2. Twamley EW, Jeste DV, Bellack AS. A review of cognitive training in schizophrenia. Schizophr Bull. 2003;29:
359–382.
3. Mirsky AF. Neuropsychological bases of schizophrenia.
Annu Rev Psychol. 1969;20:321–348.
4. Seidman LJ. Schizophrenia and brain dysfunction: an integration of recent neurodiagnostic findings. Psychol Bull.
1983;94:195–238.
5. Gold JM, Harvey PD. Cognitive deficits in schizophrenia.
Psychiatr Clin North Am. 1993;16:295–312.
6. Mueser KT. Cognitive functioning, social adjustment, and
long-term outcome in schizophrenia. In: Sharma T, Harvey
PD, eds. Cognition in Schizophrenia. Impairments, Importance, and Treatment Strategies. New York, NY: Oxford
University Press; 2000:157–177.
7. Green MF, Kern RS, Braff DL, Mintz J. Neurocognitive
deficits and functional outcome in schizophrenia: are we
measuring the ‘‘right stuff’’? Schizophr Bull. 2000;26:
119–136.

8. Green MF. What are the functional consequences of neurocognitive deficits in schizophrenia? Am J Psychiatry.
1996;153:321–330.
9. Green MF, Kern RS, Heaton RK. Longitudinal studies
of cognition and functional outcome in schizophrenia:
implications for MATRICS. Schizophr Res. 2004;72:41–51.
10. Evans JD, Heaton RK, Paulsen JS, Palmer BW,
Patterson T, Jeste DV. The relationship of neuropsychological abilities to specific domains of functional capacity
in older schizophrenia patients. Biol Psychiatry. 2003;
53:422–430.
11. Cook JA, Razzano L. Vocational rehabilitation for persons
with schizophrenia: recent research and implications for
practice. Schizophr Bull. 2000;26:87–103.
12. Bryson G, Bell MD. Initial and final work performance in
schizophrenia: cognitive and symptom predictors. J Nerv
Ment Dis. 2003;191:87–92.
13. Evans JD, Bond GR, Meyer PS, et al. Cognitive and clinical
predictors of success in vocational rehabilitation in schizophrenia. Schizophr Res. 2004;70:331–342.
14. McGurk SR, Mueser KT, Harvey PD, LaPuglia R, Marder
J. Cognitive and symptom predictors of work outcomes
for clients with schizophrenia in supported employment.
Psychiatr Serv. 2003;54:1129–1135.
15. Gold JM, Goldberg RW, McNary SW, Dixon LB, Lehman
AF. Cognitive correlates of job tenure among patients with
severe mental illness. Am J Psychiatry. 2002;159:1395–1402.
16. Green MF, Nuechterlein KH. The MATRICS initiative: developing a consensus cognitive battery for clinical trials.
Schizophr Res. 2004;72:1–3.
17. Green MF, Nuechterlein KH, Gold JM, et al. Approaching
a consensus cognitive battery for clinical trials in schizophrenia: the NIMH-MATRICS conference to select cognitive domains and test criteria. Biol Psychiatry. 2004;56:
301–307.
18. Green MF, Kern RS, Robertson MJ, Sergi MJ, Kee KS.
Relevance of neurocognitive deficits for functional outcome
in schizophrenia. In: Sharma T, Harvey PD, eds. Cognition
in Schizophrenia. Impairments, Importance, and Treatment
Strategies. New York, NY: Oxford University Press;
2000:178–192.
19. Penn DL, Corrigan PW, Bentall RP, Racenstein JM,
Newman L. Social cognition in schizophrenia. Psychol
Bull. 1997;121:114–132.
20. Velligan DI, Mahurin RK, Diamond PL, Hazleton BC,
Eckert SL, Miller AL. The functional significance of
symptomatology and cognitive function in schizophrenia.
Schizophr Res. 1997;25:21–31.
21. Harvey PD, Howanitz E, Parrella M, et al. Symptoms,
cognitive functioning, and adaptive skills in geriatric
patients with lifelong schizophrenia: a comparison across
treatment sites. Am J Psychiatry. 1998;155:1080–1086.
22. Wykes T, Reeder C. Cognitive Remediation for Schizophrenia:
Theory and Practice. London: Brunner-Routledge; 2005.
23. Silverstein ML, Zerwic MJ. Clinical psychopathologic
symptoms in neuropsychologically impaired and intact
schizophrenics. J Consult Clin Psychol. 1985;53:267–268.
24. Silverstein ML, McDonald C, Meltzer HY. Differential patterns of neuropsychological deficit in psychiatric disorders.
J Clin Psychol. 1988;44:412–415.
25. Palmer BW, Heaton RK, Paulsen JS, et al. Is it possible
to be schizophrenic yet neuropsychologically normal?
Neuropsychology. 1997;11:437–446.

323

D. Koren et al.

26. Kremen WS, Seidman LJ, Faraone SV, Toomey R,
Tsuang MT. The paradox of normal neuropsychological
function in schizophrenia. J Abnorm Psychol. 2000;109:
743–752.
27. Kremen WS, Seidman LJ, Faraone SV, Toomey R,
Tsuang MT. Heterogeneity of schizophrenia: a study of
individual neuropsychological profiles. Schizophr Res.
2004;71:307–321.
28. Goldstein G, Allen DN, Seaton BE. A comparison of clustering solutions for cognitive heterogeneity in schizophrenia.
J Int Neuropsychol Soc. 1998;4:353–362.
29. Brekke JS, Long JD, Kay DD. The structure and invariance
of a model of social functioning in schizophrenia. J Nerv
Ment Dis. 2002;190:63–72.
30. Penn DL, Ritchie M, Francis J, Combs D, Martin J. Social
perception in schizophrenia: the role of context. Psychiatry
Res. 2002;109:149–159.
31. Seidman LJ, Bruder G. Neuropsychological testing and
neurophysiological assessment. In: Tasman A, Kay J,
Lieberman J, eds. Psychiatry. Vol 1. London: John Wiley;
2003:560–572.
32. Seidman LJ, Toomey R. The clinical use of psychological
and neuropsychological tests. In: Nicholi AMJ, ed. The Harvard Guide to Psychiatry. 3d ed. Cambridge, MA: Belknap
Press/Harvard University Press; 1999:40–65.
33. Corrigan PW, Penn DL, eds. Social Cognition and Schizophrenia. Washington, DC: American Psychological Association Press; 2001:.
34. Semkovska M, Bedard MA, Godbout L, Limoge F, Stip E.
Assessment of executive dysfunction during activities
of daily living in schizophrenia. Schizophr Res. 2004;
69:289–300.
35. Semkovska M, Stip E, Godbout L, Paquet F, Bedard MA.
Behavioral disorganization in schizophrenia during a daily
activity: the kitchen behavioral scoring scale. Brain Cogn.
2002;48:546–553.
36. Alderman N, Burgess PW, Knight C, Henman C. Ecological
validity of a simplified version of the multiple errands shopping test. J Int Neuropsychol Soc. 2003;9:31–44.
37. Shallice T, Burgess PW. Deficits in strategy application
following frontal lobe damage in man. Brain. 1991;
114:727–741.
38. Keefe RS. The contribution of neuropsychology to psychiatry. Am J Psychiatry. 1995;152:6–15.
39. Lezak MD, Howieson DB, Loring DW. Neuropsychological
Assessment. 4th ed. New York, NY: Oxford University
Press; 2004:.
40. Vygotsky L. Thought and Language. Boston, MA: MIT
Press; 1986:.
41. Sergi MJ, Kern RS, Mintz J, Green MF. Learning potential
and the prediction of work skill acquisition in schizophrenia.
Schizophr Bull. 2005;31:67–72.
42. Woonings FM, Appelo MT, Kluiter H, Slooff CJ. van den
Bosch RJ. Learning (potential) and social functioning in
schizophrenia. Schizophr Res. 2003;59:287–296.
43. Nelson TO, Narens L. Why investigate metacognition? In:
Metcalf J, Shimamura AP, eds. Metacognition: Knowing
about Knowing. Cambridge, MA: The MIT Press;
1994:207–226.
44. Koriat A, Goldsmith M. Memory metaphors and the
real-life/laboratory controversy: correspondence versus
storehouse conceptions of memory. Behav Brain Sci.
1996;19:167–228.

324

45. Goldsmith M, Koriat A. The strategic regulation of memory
reporting: Mechanisms and performance consequences.
In: Gopher D, Koriat A, eds. Attention and performance
XVII: Cognitive regulation of performance: Interaction of theory and application. Attention and performance. Cambridge,
MA: The MIT Press; 1999:373–400.
46. Porteus SD. Porteus Maze Test: Fifty Years’ Application.
Palo Alto, CA: Pacific Books Publishers; 1965.
47. Koriat A, Goldsmith M. Monitoring and control processes
in the strategic regulation of memory accuracy. Psychol
Rev. 1996;103:490–517.
48. Shimamura AP, Metcalfe J, eds. Metacognition: Knowing
about Knowing. Cambridge, MA: MIT Press; 1994.
49. Nelson TO, Narens L. Metamemory: a theoretical framework and new findings. In: Bower GH, ed. The Psychology
of Learning and Motivation. New York, NY: Academic
Press; 1990:125–173.
50. Schneider W. The development of metamemory in children.
In: Gopher D, Koriat A, eds. Attention and performance
XVII: Cognitive regulation of performance: Interaction of theory and application. Attention and performance. Cambridge,
MA: The MIT Press; 1999:487–514.
51. Koriat A, Goldsmith M. The role of metacognitive processes
in the regulation of memory performance. In: Mazzoni G,
Nelson TO, eds. Metacognition and Cognitive Neuropsychology: Monitoring and Control Processes. Mahwah, NJ:
Lawrence Erlbaum; 1998:97–118.
52. Koriat A, Goldsmith M. Memory in naturalistic and
laboratory contexts: distinguishing the accuracy-oriented
and quantity-oriented approaches to memory assessment.
J Exp Psychol Gen. 1994;123:297–315.
53. Koriat A, Goldsmith M. Monitoring and control processes
in the strategic regulation of memory accuracy. Psychol
Rev. 1996;103:490–517.
54. Koriat A, Goldsmith M, Pansky A. Toward a psychology of
memory accuracy. Annu Rev Psychol. 2000;51:481–537.
55. Nelson TO. Consciousness and metacognition. Am Psychol.
1996;51:102–116.
56. Koren D, Seidman LJ, Poyurovsky M, et al. The neuropsychological basis of insight in first-episode schizophrenia:
a pilot metacognitive study. Schizophr Res. 2004;70:195–202.
57. Koren D, Poyurovsky M, Seidman LJ, Goldsmith M,
Wenger S, Klein EM. The neuropsychological basis of
competence to consent in first-episode schizophrenia: a pilot
metacognitive study. Biol Psychiatry. 2005;57:609–616.
58. Kirmayer LJ, Corin E, Jarvis EG. Inside knowledge: cultural constructions of insight in psychosis. In: Amador
XF, David AS, eds. Insight and Psychosis: Awareness of
Illness in Schizophrenia and Related Disorders. New York,
NY: Oxford University Press; 2004:197–230.
59. Amador XF, Strauss DH, Yale SA, Flaum MM, Endicott J,
Gorman JM. Assessment of insight in psychosis. Am J Psychiatry. 1993;150:873–879.
60. Grisso T, Appelbaum PS, Hill-Fotouhi C. The MacCAT-T:
a clinical tool to assess patients’ capacities to make treatment decisions. Psychiatr Serv. 1997;48:1415–1419.
61. Heaton RK, Chelune GJ, Talley JL, Kay GG, Curtiss G.
Wisconsin Card Sorting Test Manual: Revised and Expanded
(WCST). Odessa, FL: Psychological Assessment Resources;
1993.
62. Koren D, Seidman LJ, Harrison RH, et al. Factor structure
of the Wisconsin Card Sorting Test: dimensions of deficit in
schizophrenia. Neuropsychology. 1998;12:289–302.

Real-World Cognitive Dysfunction in Schizophrenia

63. Seidman LJ, Kremen WS, Koren D, Faraone SV,
Goldstein JM, Tsuang MT. A comparative profile
analysis of neuropsychological functioning in patients with
schizophrenia and bipolar psychoses. Schizophr Res.
2002;53:31–44.
64. Goldberg TE, Weinberger DR, Berman KF, Pliskin NH,
Podd MH. Further evidence for dementia of the prefrontal
type in schizophrenia? a controlled study of teaching the
Wisconsin Card Sorting Test. Arch Gen Psychiatry.
1987;44:1008–1014.
65. Drake RJ, Lewis SW. Insight and neurocognition in schizophrenia. Schizophr Res. 2003;62:165–173.
66. Hoff AL, Riordan H, O’Donnell DW, Morris L, DeLisi LE.
Neuropsychological functioning of first-episode schizophreniform patients. Am J Psychiatry. 1992;149:898–903.
67. Keefe RS, Seidman LJ, Christensen BK, et al. Comparative
effect of atypical and conventional antipsychotic drugs on
neurocognition in first-episode psychosis: a randomized,
double-blind trial of olanzapine versus low doses of haloperidol. Am J Psychiatry. 2004;161:985–995.
68. Addington J, Brooks BL, Addington D. Cognitive functioning in first episode psychosis: initial presentation. Schizophr
Res. 2003;62:59–64.
69. Fitzgerald D, Lucas S, Redoblado MA, et al. Cognitive
functioning in young people with first episode psychosis: relationship to diagnosis and clinical characteristics. Aust N Z
J Psychiatry. 2004;38:501–510.
70. Shad MU, Muddasani S, Prasad K, Sweeney JA, Keshavan
MS. Insight and prefrontal cortex in first-episode schizophrenia. Neuroimage. 2004;22:1315–1320.
71. Summerfelt AT, Alphs LD, Wagman AM, et al. Reduction
of perseverative error in patients with schizophrenia using
monetary feedback. J Abnorm Psychol. 1991;100:613–616.
72. Green MF, Satz P, Ganzell S, Vaclav JF. Wisconsin Card
Sorting Test performance in schizophrenia: remediation of
a stubborn deficit. Am J Psychiatry. 1992;149:62–67.
73. Hellman SG, Kern RS, Neilson LM, Green MF. Monetary
reinforcement and Wisconsin Card Sorting performance in
schizophrenia: why show me the money? Schizophr Res.
1998;34:67–75.
74. Vollema MG, Geurtsen GJ, van Voorst AJP. Durable
improvements in Wisconsin Card Sorting Test performance in schizophrenic patients. Schizophr Res. 1995;
16:209–215.
75. Wykes T. Cognitive rehabilitation and remediation in
schizophrenia. In: Sharma T, Harvey PD, eds. Cognition
in Schizophrenia. Impairments, Importance, and Treatment
Strategies. New York: Oxford University Press; 2000:
332–351.
76. Norman D, Shallice T. Attention to action: willed and automatic control of behavior. In: Davidson R, Schwartz G,
Shapiro D, eds. Consciousness and Self Regulation: Advances
in Research and Theory. Vol 4. New York, NY: Plenum
Press; 1986:1–18.
77. Stuss DT. Biological and psychological development of executive functions. Brain Cogn. 1992;20:8–23.
78. Jarman RF, Vavrik J, Walton PD. Metacognitive and frontal lobe processes: at the interface of cognitive psychology
and neuropsychology. Genet Soc Gen Psychol Monogr.
1995;121:153–210.
79. Fernandez-Duque D, Baird JA, Posner MI. Executive
attention and metacognitive regulation. Conscious Cogn.
2000;9:288–307.

80. Rhodes MG, Kelley CM. Executive processes, memory accuracy, and memory monitoring: an aging and individual
difference analysis. J Mem Lang. 2005;52:578–594.
81. Shallice T, Burgess P. The domain of supervisory processes
and temporal organization of behaviour. Philos Trans R
Soc Lond B Biol Sci. 1996;351:1405–1411, discussion
1411–1412.
82. Smith JD, Shields WE, Washburn DA. The comparative
psychology of uncertainty monitoring and metacognition.
Behav Brain Sci. 2003;26:317–339, discussion 340–373.
83. Burgess PW, Alderman N, Evans J, Emslie H, Wilson BA.
The ecological validity of tests of executive function. J Int
Neuropsychol Soc. 1998;4:547–558.
84. Kircher TT, Leube DT. Self-consciousness, self-agency, and
schizophrenia. Conscious Cogn. 2003;12:656–669.
85. Frith CD. The positive and negative symptoms of schizophrenia reflect impairments in the perception and initiation
of action. Psychol Med. 1987;17:631–648.
86. Malenka RC, Angel RW, Hampton B, Berger PA. Impaired
central error-correcting behavior in schizophrenia. Arch Gen
Psychiatry. 1982;39:101–107.
87. Bentall RP. The illusion of reality: a review and integration
of psychological research on hallucinations. Psychol Bull.
1990;107:82–95.
88. Dunning D, Johnson K, Ehrlinger J, Kruger J. Why people
fail to recognize their own incompetence. Curr Dir Psychol
Sci. 2003;12:83–87.
89. Koriat A. How do we know that we know? the accessibility
model of the feeling of knowing. Psychol Rev. 1993;100:
609–639.
90. Koriat A, Lichtenstein S, Fischhoff B. Reasons for confidence. J Exp Psychol [Hum Learn]. 1980;6:107–118.
91. Penn DL, Corrigan PW, Bentall RP, Racenstein JM,
Newman L. Social cognition in schizophrenia. Psychol
Bull. 1997;121:114–132.
92. Frith CD. The Cognitive Neuropsychology of Schizophrenia.
Hillsdale, NJ: Lawrence Erlbaum; 1992.
93. Shimamura AP. Toward a cognitive neuroscience of metacognition. Conscious Cogn. 2000;9:313–323, discussion
324–326.
94. Green DM, Swets JA. Signal Detection Theory and Psychophysics. Oxford, UK: Wiley; 1966.
95. Mussgay L, Hertwig R. Signal detection indices in schizophrenics on a visual, auditory, and bimodal continuous
performance test. Schizophr Res. 1990;3:303–310.
96. Klatzky RL, Erdelyi MH. The response criterion problem in
tests of hypnosis and memory. Int J Clin Exp Hypn.
1985;33:246–257.
97. Lockhart RS, Murdock BB. Memory and the theory of signal detection. Psychol Bull. 1970;74:100–109.
98. Higham PA. Strong cues are not necessarily weak: Thomson
and Tulving (1970) and the encoding specificity principle
revisited. Mem Cognit. 2002;30:67–80.
99. Kelley CM, Sahakyan L. Memory, monitoring, and control
in the attainment of memory accuracy. J Mem Lang.
2003;48:704–721.
100. Thorndike EL, Woodworth RS. The influence of improvement in one mental function upon the efficiency of other
functions. Psychol Rev. 1901;8:247–261.
101. De Corte E. Transfer as the productive use of acquired
knowledge, skills, and motivations. Curr Dir Psychol Sci.
2003;12:142–146.

325

D. Koren et al.

102. Salomon G, Perkins DN. Rocky roads to transfer: rethinking mechanisms of a neglected phenomenon. Educ Psychol.
1989;24:113–142.
103. Pintrich PR, Wolters C, Baxter G. Assessing metacognition
and self-regulated learning. In: Schraw G, Impara J, eds.
Issues in the Measurement of Metacognition. Lincoln, NE:
Buros Institute of Mental Measurements, University of
Nebraska; 2000:43–97.
104. Baker L, Cerro L. Assessing metacognition in children
and adults. In: Schraw G, Impara J, eds. Issues in the
Measurement of Metacognition. Lincoln, NE: Buros
Institute of Mental Measurements, University of Nebraska;
2000:99–145.
105. Maki RH, Berry SL. Metacomprehension of text material.
J Exp Psychol Learn Mem Cogn. 1984;10:663–679.
106. Sinkavich FJ. Performance and metamemory: do students
know what they don’t know? J Instructional Psychol.
1995;22:77–87.
107. Kruger J, Dunning D. Unskilled and unaware of it: how difficulties in recognizing one’s own incompetence lead to inflated
self-assessments. J Pers Soc Psychol. 1999;77:1121–1134.
108. Nelson TO, Narens L. Why investigate metacognition?. In:
Metcalfe J, Shimamura AP, eds. Metacognition: Knowing
about Knowing. Cambridge, MA: MIT Press; 1994:1–25.
109. Reder LM, Ritter FE. What determines initial feeling
of knowing? familiarity with question terms, not with

326

110.

111.

112.
113.

114.
115.

116.

the answer. J Exp Psychol Learn Mem Cogn. 1992;18:
435–451.
Schwartz BL, Metcalfe J. Cue familiarity but not target
retrievability enhances feeling-of-knowing judgments.
J Exp Psychol Learn Mem Cogn. 1992;18:1074–1083.
Kelley CM, Lindsay DS. Remembering mistaken for
knowing: ease of retrieval as a basis for confidence in
answers to general knowledge questions. J Mem Lang.
1993;32:1–24.
Weaver CA. Constraining factors in calibration of comprehension. J Exp Psychol Learn Mem Cogn. 1990;16:214–222.
Koriat A, Levy-Sadot R. Processes underlying metacognitive judgments: information-based and experience-based
monitoring of one’s own knowledge. In: Chaiken S, Trope
Y, eds. Dual-Process Theories in Social Psychology. New
York, NY: Guilford Press; 1999:483–502.
Moston S. The suggestibility of children in interview studies.
First Lang. 1987;7:67–78.
Dinges DF, Whitehouse WG, Orne EC, et al. Evaluating
hypnotic memory enhancement (hypermnesia and reminiscence) using multitrial forced recall. J Exp Psychol Learn
Mem Cogn. 1992;18:1139–1147.
Danion JM, Gokalsing E, Robert P, Massin-Krauss M,
Bacon E. Defective relationship between subjective experience and behavior in schizophrenia. Am J Psychiatry.
2001;158:2064–2066.

