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AN OUTPUT-BOUND PERSPECTIVE
ON FALSE MEMORIES

The Case of the Deese-RoedigerMcDermott (DRM) Paradigm
Asher Koriat, Ainat Pansky, and Morris Goldsmith

Recent years have seen an upsurge of interest in memory accuracy and
distortion (Koriat, Goldsmith, & Pansky, 2000). This interest has been
fueled by a host of real-life observations documenting severe memory
distortions and fabrications, casting doubt on the faithfulness of eyewitness memory (Loftus, 1979, 2003). Some of the studies on memory
distortion and false memories have examined naturally occurring
memory errors that derive from the constructive nature of memory and
are in line with the view originally advanced by Bartlett (1932). Other
research has shown how memory is sensitive to a variety of influences
that result in erroneous memories (for a review, see Pansky, Koriat, &
Goldsmith, 2005). All in all, the view of memory that seems to emerge
from the research literature is rather pessimistic regarding the ability
of memory to deliver a veracious account of past events. This view is
reflected, for example, in the title of Schacter's (2001) book, The Seven
Sins ofMemory.
In this article we focus on the phenomenon of false recall, and in
particular on what is perhaps the most impressive laboratory manifestation of this phenomenon, documented by Roediger and McDermott
(1995) and widely replicated since. In the Deese-Roediger-McDermott
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(DRM) paradigm, a study list is presented, composed of words (e.g.,
thread, pin, eye, sew) that are associates of a critical nonpresented word
(e.g., needle). Participants are found to exhibit high rates of false recall of
the crijical Iure even when they are urged not to guess. The DRM paradigm has yielded a wealth of findings on false recall and has provided
impo~ant insights about the processes underlying memory errors, the
factors that affect the rate of these errors, and the extent to which such
errors can be avoided (see Roediger, McDermott, & Robinson, 1998,for
a review).
In this chapter we address a seemingly simple question: What general
message should the DRM research deliver to the scientific community
and to the general public regarding the reliability of human memory?
What do the findings tell us about the extent to which memory reports
about past events can be trusted? It might be argued that the stimulus
situation used in the DRM paradigm-the study of a list of15 or so words
that are all related to a single word that is itself absent-is not ecologically representative, and perhaps for that reason the implications of the
DRM results for everyday memory are limited (e.g., Freyd & Gleaves,
1996). We shall put this argument aside for now, and examine the message that follows from the findings on the assumption that the DRM
conditions are in fact representative of real-life memory situations. We
should stress that until now, the focus and target of DRM research has
been to clarify the mechanisms by which false memories may be created or avoided, rather than to convey a general message concerning
the dependability of memory reports as a whole. Nevertheless, such a
message seems to emanate-at least implicitly-from DRM findings.
Consider the basic observation in DRM studies . The rate of false
memory, measured by the probability of reporting the critical nonpresented word, is quite startling: On immediate testing, it is about the same
as that of recalling studied words from the middle of the list (assumed
to reflect retrieval from long-term memory; Roediger & McDermott,
1995; Schacter, Verfaellie, & Pradere, 1996). On delayed tests, it tends
to be even higher than that of studied items (McDermott, 1996).What
is more, false recalls are remarkably persistent over time: Whereas the
proportion of correctly recalled items reveals the typical decline with
retention interval, the probability of recalling the nonpresented item
tends to remain high or even to increase (McDermott, 1996; Payne,
Elie, Blackwell, & Neuschatz, 1996;Seamon, Lao, Kopecky et al., 2002a;
Toglia, Neuschatz, & Goodwin, 1999). Also, whereas veridical recall
tends to remain stable across repeated testing (following a single study
presentation), false recalls tend to increase (Payne et al., 1996).Overall,
it would appear that false memories in the DRM paradigm are no less
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frequent, and even more persistent, than true memories (see Roediger
et al., 1998).
What conclusion is a layperson or a judge to draw from these findings regarding the overall trustworthiness of memory reports? If witnesses are as likely to falsely remember a non presented item as they are
to correctly remember a presented item, would it not seem natural to
conclude that memory reports are worthless? To consider this question,
we must first clarify the distinction between input-bound and outputbound memory assessment.

INPUT-BOUND AND OUTPUT-BOUND
MEASURES OF MEMORY PERFORMANCE
Traditionally, measures of memory have been calculated conditional
on the input, by expressing the number of items recalled or recognized
as the proportion or percentage of the total number of items presented.
The assessment of memory performance in terms of input-bound
percent correct follows naturally from the storehouse metaphor that
underlies much of traditional memory research (Koriat & Goldsmith,
1996a; Roediger, 1980).Koriat and Goldsmith (1994, 1996a, 1996b; for a
review, see Goldsmith & Koriat, 2008) have referred to such measures of
memory performance as quantity measures, because they are assumed
to reflect the amount of presented or studied information that has been
retained and is currently accessible.
Memory performance, however, can also be assessed using outputbound measures, in which the number ofcorrect items recalled isexpressed
as a proportion or percentage of the total number of items reported. Such
measures reflect the accuracy of the memory report, in terms of the probability that a reported item is correct. Consider, for example, a participant who is presented with 50 words, and in a free-recall test reports 40
words, 36 of which are correct and 4 are commission errors . Input-bound
memory quantity performance in that case is .72 (36/50); that is, 72% of
the input-study items have been successfully recalled. In contrast, output-bound memory accuracy is .90 (36/40). That is, 90% of the outputrecalled items are, in fact, correct. This latter measure uniquely reflects
the dependability of the information that is reported-the degree to
which each reported item can be trusted to be correct.
It is important to stress that output-bound accuracy and input-bound
quantity measures can be distinguished operationally only when participants are given the option of free report. On forced-report tests,
such as forced-choice recognition or (less commonly) forced recall,
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participants are required to provide a substantive response to each
and every test item; "pass" or "don't know" responses are not allowed.
Under such conditions, the input-bound quantity and output-bound
accuracy percentages are necessarily equivalent, because the number
of output items is the same as the number of input items (see Koriat &
Goldsmith, 1994, 1996a).For example, if a participant gets 40 out of 50
choices correct on a forced-choice recognition test, we may conclude
either that the probability of correctly recognizing an input item is .80
(input-bound quantity) or that the probability that a reported item is
correct is .80 (output-bound accuracy). The difference between the two
measures is entirely a matter of interpretation-whether one intends
to measure quantity or accuracy. In contrast, on free-report tests, such
as cued or free recall, participants are allowed to omit items from the
memory report or, equivalently, to respond "don't know" if they feel
they do not remember an item. In this case, the number of output items
may be far fewer than the number of input items. In this chapter we
consider only DRM results obtained under free-report conditions, in
which input-bound and output-bound measures differ operationally as
well as conceptually.
Although the focus of false memory research is on memory accuracy, the analyses of false recall performance in the DRM paradigm
generally follow the logic underlying the computation of input-bound
performance: They focus on the probability of recalling the critical,
nonpresented item under various conditions, and compare this to the
probability of recalling a studied list item. This focus perhaps reflects a
treatment of the critical lure as if it were an implicit study item (seeactivation accounts ofDRM performance; e.g.,Roediger, Balota, & Watson,
2001;Roediger & McDermott, 2000; Roediger, Watson, McDermott, &
Gallo, 2001). However, for an external observer, such as a courtroom
judge, who is concerned by the phenomenon of false memory, the output-bound accuracy measure is arguably of greatest concern: To what
extent can we depend on what a witness reports to be true? That is, what
is the probability that an item of information reported by a witness is
correct? If the witness reports that there was a knife at the scene of the
crime, what is the likelihood that indeed a knife was present? This is the
conditional probability captured by output-bound accuracy.
What do we know about output-bound memory accuracy in general? A cursory examination of the literature suggests that the accuracy
of what people report under free-report conditions is high-typically
in the range between .80 and .95, even following long retention intervals (Ebbesen & Rienick, 1998;Koriat, 1993; Koriat & Goldsmith, 1994,
1996b; Poole & White, 1993). This impressive level derives largely from
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metacognitive monitoring and control processes that operate under
free-report conditions. A number of studies (e.g., Kelley & Sahakyan,
2003; Koriat & Goldsmith, 1994, 1996b) have shown that when given
the option to choose which items to report and which to withhold,
people enhance their memory accuracy considerably in comparison
to forced-report testing, and do so by screening out answers that are
likely to be wrong. Koriat and Goldsmith (1996b) proposed a model
of the strategic regulation of memory reporting in which rememberers monitor the likelihood that each candidate memory response is
correct, and then compare that likelihood to a preset report criterion
to determine whether to volunteer that response. Because the control
decision is based on the subjective confidence associated with each item
that comes to mind, and confidence is generally predictive of correctness, participants are generally effective in regulating their reporting
so as to enhance accuracy when accuracy is at stake. Thus, for example,
Koriat and Goldsmith (1994, Experiment 1) found that simply giving
participants the option of free report allowed them to increase their
output-bound accuracy substantially compared to forced-report accuracy, and giving them a stronger incentive led them to increase accuracy even further (Koriat & Goldsmith, 1996b, Experiment 3). In fact,
in the latter experiment, fully 25%of the participants were successful in
achieving 100% accuracy (see also Higham, 2007; Kelley & Sahakyan,
2003; Koriat & Goldsmith, 1996b)! Similarly high levels of accuracy
under free-report conditions have been observed in children as young
as eight years old (Koriat, Goldsmith, Schneider, & Nakash-Dura, 2001;
Roebers & Fernandez, 2002).
To what extent can people draw an output-bound conclusion on the
basis of data from an input-bound performance? We examined this
question with regard to DRM findings in an informal study conducted
with Haifa University third-year psychology undergraduates who were
enrolled in a research seminar on memory distortions. The students
(n = 38) read the chapter by Roediger and Gallo (2004) summarizing
DRM findings and theories, discussed the chapter (in groups of 12 or
13), and were finally asked to answer several multiple choice questions
about the DRM phenomenon. Among the questions were two key ones
that asked about the implications of the DRM findings from an output-bound perspective. The questions and the distribution of responses
appear in Table 15.1. It can be seen that the correct answers to questions
1 and 2 were selected in only 8 and 11% of the cases, respectively. This
informal example serves to illustrate the idea that people have difficulty shifting from an explicitly presented input-bound perspective to
an output-bound perspective.
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Table 15.1 The Relative Frequency inWhich Each Answer Was Chosen on the Two Key Questions
inOur Survey (n =38) (The Correct Answer IsHighlighted in Bold)
Question
I. In the DRM paradigm,

when a part icipant
recalls a par ticular word,
its chances of being a
critical lure that had not
appear ed in the study list
are:

2. It is possible that the
DRM situation is not
representative of
everyday situations.
However, assume that
there are situations in
real life that are very
similar to the one
experienced by a
par ticipant in a DRM
experiment , and that a
person in such a
situat ion must later
testify in a courtroom. In
your opinion, which of
the following statements
best describes the
practical implication of
the studies conducted
using the DRM
paradigm with regard to
the extent to which a
judge (or juror) can rely
on this person's
testimon y?

Optional Answers
a. Higher than its chances of
being a studied word
b. Lower than its chances of
being a studied word
c. More or less equal to its
chances of being a studied
word
a. To the extent that a real-life
situation resembles the
DRM situation , a judge!
juror can rely on most of the
information that an
eyewitness provides as being
corre ct.
b. To the extent that a real-life
situation resembles the
DRM situation, a judge!
juror cannot rely on most of
the information that an
eyewitness provides as being
correct.
c. To the extent that a real-life
situation resembles the
DRM situation, a judge!
juror can rely on about half
of the information that an
eyewitness provides as being
corre ct.
d. To the extent that a real-life
situation resembles the
DRM situation, the
eyewitness report is useless.

Relative Frequency
8%
8%
84%

11%

47%

OUTPUT-BOUND MEMORY ACCURACY IN
STUDIES USING THE DRM PARADIGM
We now review previous DRM studies with a focus on the outputbound accuracy of recall.' As mentioned earlier, output-bound memory performance is calculated as the proportion of correctly recalled
study items out of the total number of items recalled (i.e., reported) .
The number of correctly recalled study items is routinely reported in all
published DRM studies or can be readily calculated. The total number
of items recalled is sometimes reported, but if not, it too can be calculated by summing the number of correctly reported items and the
number of commission errors . A remaining problem , however, is that
although DRM articles always report the rate of a particular commission error-the so-called criticallure (e.g., sleep in a list of sleep-related
words)-they often fail to provide information about other commission
errors (e.g., dream, pillow, or other sleep-related or unrelated nonpresented words). Estimates of output-bound accuracy performance that
do not take these noncritical commission errors into account will be
inflated. Therefore, in the analysis of DRM results, presented below,we
included only studies in which data are reported for both types of commission errors .
Basedon the information just mentioned, output-bound accuracy (OBA)
was calculated for each study (or experimental condition) as follows:

37%

OBA

= Ps ·Ni ·Nl =
Nr

5%

Ps·Ni ·Nl
(Ps- Ni . Nl) + (Pc- Nl) + (Nne- Nl)

(15.1)

where:
NI = Total number of lists
Ni = Number of items in each input list
Nr = Total number of items recalled
Ps = Probability of recalling the studied items
Pe = Probability of recalling the critical lure
Nne = Number of noncritical commission errors
Our analysis was based on a total of 108published DRM studies that
allowed the calculation of output-bound recall accuracy by (1) allowing
participants the option of free report, and (2) reporting all of the relevant data (including Nne). Many of these studies consisted of different
experimental conditions in the same research report.' Table 15.2 (see
appendix at the end of this chapter) presents a list of these studies, a
brief description of the conditions used in each study, and the main data
that entered into the calculation of OBA . Not presented in the table, the
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mean number of noncritical commission errors (Nne) reported by each
participant in each study was 2.7 (5% of all reported items), whereas the
mean number of critical lure errors was 3.2 (6% of all reported items).
Thus.,the rate of producing the single critical lure item was somewhat
higher th an that of all other commission errors combined.
Figure 15.1 presents the distribution of OBA scores across the 108
studies. One result is particularly striking: Output-bound accuracy
exceeded .90 in the majority of studies , and it was rarely lower than
.85. In fact, mean OBA was .89 (SD = 0.10) and the median was .92.
We also calculated mean weighted OBA by weighting each study mean
by the number of participants on which it was based. This mean was
also .89 (SD = 0.09). Note that these values were obtained across all
studies, including some that used children, older adults, and amnesic
patients, as will be discussed below.Ifwe limit our analysis to the "standard" DRM cond itions, such as those originally used by Roediger and
McDermott (1995)-examining young adults ' immediate recall of each
list following intentional encoding (N = 69)-an item recalled from a
DRM list has a mean likelihood of over .93 of being correct.
We compared these values to two input-bound measures . The first
is the input -bound quantity (IRQ) score-the probability of recalling
a studied item (equivalent to Ps in Equation 15.1). Mean IBQ was .50
(SD = 0.18), and median IBQ was .55. The weighted IBQ mean was .52

(SD = 0.18). Thus, as expected, OBA was considerably higher than IBQ.
That is, even though participants may not remember much of the input
information, the vast majority of what they do report is correct.
The second measure, Pc, is the probability of recalling a particular
nonstudied item-the critical lure. Although not a true input-bound
index, as noted earlier, Pc is based on the same underlying logic, which
is most easily seen if one treats the critical lure as an implicit study item.
This is the measure that has been the focus of most DRM studies. Mean
Pc across the 108studies was .34 (SD =0.15),the median Pc was also .34,
and the weightedPc mean was .35 (SD = 0.15). Thus, across these studies,
the likelihood of falsely recalling the critical lure was somewhat lower
than that of correctly recalling a studied item, but was still quite high.
What is the relationship between the OBA and Pc measures? One
might expect these two measures to be inversely related, with the former indexing accuracy and the latter indexing error rate. However, the
correlation between the two measures across the DRM studies was, in
fact, virtually zero (r = -.02). Inspection of the bivariate distribution
in Figure 15.2 suggests that indeed, for the majority of studies (n = 73),
those in which OBA was .90 or more, the correlation is negative (r =
-.58), as would be expected . In contrast, for the relatively small number
of studies in which OBA was below .90, the correlation is positive (r =
.47, n = 32); that is, a higher rate of critical lure intrusions tends to be
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associated with better output-bound accuracy. This latter correlation
may be mediated by differences in IBQ, as will be discussed below.
The comparison between OBA and Pc illustrates the contrast between
two different perspectives for the examination of DRM results. The
first, which is characteristic of all DRM studies, is an input-bound perspective that focuses on the rate at which a predesignated, critical lure
is reported. The second is an output-bound perspective, which focuses
on the likelihood that each reported item is correct. It is the latter perspective that should be of interest to a courtroom judge or to any external observer who is concerned with the dependability of the memory
report as a whole. Thus, it is important to note that despite the remarkable success of the DRM paradigm in inducing a substantial rate of false
recall, as reflected in a mean Pc of .34, the overall output-bound accuracy (dependability) of the participants' memory reports is nevertheless
very high, with more than two-thirds of the sampled studies yielding
an OBA performance of .90 or higher.
A detailed examination of the results presented in Table 15.2 highlights some interesting trends in OBA across different populations
and conditions.' First, as shown in Figure 15.3,young adults exhibited
higher accuracy than older adults, children (aged 10or less),and amnesic patients.' As shown in Figure 15.4a,using longer retention intervals

1.00

< 0.90
Q
~

0.11()

§
<
1

0.70

e

.

~

<

90

lSI

0.50

0.30

s

105

N

3253

Immediate testing

~'

....

IO.90

>u

8u

0.85

1°·86
IO.84

<:

-e

• 0.81

<:

g

0.80

~

:;c,
:; 0.75

0

S
93
10
2894
387
0.70 ~ N
i
i
young adults older adults

2
37

3
20

i

i

children

amnesic
patients

Population

Figure 15.3 Mean output-bound accuracy (DBA) performance for studies using young adults,
older adults, children, and amnesic patients. S = number of studies, N= number of participants
across these studies. Error bars represent ± 1SEM.

~93

}..

§

.8 0.88

~ 0.86
0.84

s

JI

n

N

1101

2136

Visual

Delayed testing

Retention Interval

Auditory
Study Modality

(a)

(bl

0.95

<
QO.9O
'"
~0.85
~

g O,SO

.
0

'); 0.75

e-

6 0.70

s
N

QO.9O

I~

~

I·

.

•

J

101

"..

::ll92

I

<
J]90

SO

Intentional

Incidental

learning

learning deep

Incidental
learning

encoding

shallow enccdlng

(e)

<'

Q. 0.90

~ 0.92
~-e 0.90

<5

J
AS

Encoding Instructions

0.95

0.96

Q. 0.94 1

0.60

!l' 0.40

<5

4

~

~

.
~.

C"IO.85

<

-e

1
M

0.80

!l'

<5
0.75

s
N

"

JS

,sso

878

Recall after

Recallafter
each Un

alltists

ListRecall

(d)

Figure 15.4 (a) Mean output-bound accuracy (DBA) performance for studies using immediate
testing versus those using delayed testing. (b) Visual presentation versus auditory presentation.
(c) Intentional learning versus incidental learning (deep orshallow encoding). (d) Studies in which
recall was measured after each listversus those inwhich it was assessed after the study ofalllists
(Figure 15.5bl. S= number ofstudies, N= number ofparticipants across these studies. Error bars
represent ± 1SEM.

between study and test (ranging from 48 hours to 2 months) reduced
OBA considerably, compared to immediate testing (cf. Goldsmith,
Koriat, & Pansky, 2005). Additional factors that seem to influence
OBA are presentation modality (visual vs. auditory; see Figure IS.4b),
encoding instructions (intentional vs. incidental learning at different
levels of processing; see Figure 15.4c), and whether each list is tested
individually following its presentation or in a single joint test following the presentation of all the lists (see Figure 15.4d).These results are
suggestive of the many factors that affect the dependability of memory
reports, and which deserve to be studied more systematically with a
focus on output-bound memory performance (see Koriat et al., 2000,
for discussion).
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As might be expected, the ordering of the different populations in
terms of OBA performance corresponds roughly with their ordering
in terms of IBQ performance. Thus, for example, IBQ performance for
youI}g adults. older adults, children, and amnesic patients was .51, .47,
.42, and .28, respectively. A similar pattern exists for the results pre sent#d in Figure 15.4a to d. In fact, as seen in Figure 15.5, OBA and IBQ
are strongly and positively correlated across the DRM studies (r = .72).
This is to be expected because of the mathematical relationship between
the two variables (both have the same numerator-number of correct
reported answers). In addition, however, this correlation may reflect a
positive relationship between memory retention and memory monitoring. Indeed, several factors that improve retention (e.g., increasing the
number of presentations of the study lists , increasing item presentation
duration, allowing full vs. divided attention at study) have been found
to improve memory monitoring as well (e.g., Benjamin, 2001; Kelley &
Sahakyan, 2003; McDermott & Watson, 2001).
Returning now to the relationship between OBA and Pc (Figure 15.2),
part of the negative relationship between these two variables can also
be explained mathematically: Increasing Pc increases the denominator of OBA (number of reported items) without increasing the numerator (number of correct reported item s). However, we noted earlier that
whereas this expected negative relationship holds for the relatively large
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(Pc) and the input-boundquantity (lBO) performance across the 108 studies. Indicated inthe figure
isthe median of IBO scores.

number of studies that yielded high levels of OBA (.90 or above), a surprising positive relationship between OBA and Pc is observed across the
studies yielding lower levels of OBA. We speculate that the direction of
the OBA-Pc relationship is in fact moderated by IBQ. Figure 15.6 shows
that the overall relationship between Pc and IBQ is also nonlinear (r =
.12) and inverted U shaped, with a positive relationship observed across
the studies exhibiting below-median levels of IBQ (r =.55), and a negative correlation observed across the studies exhibiting above-median
levels of IBQ (r = - .43). The latter correlation would seem to derive
from the positive relationship between memory retention and memory
monitoring assumed earlier in explaining the positive IBQ-OBA relationship. Indeed, in a multiple regression analysis performed across 55
DRM lists, Roediger, Watson, et al. (2001) observed a similar negative
correlation (r = -.43) between veridical recall of list items (IBQ) and
false recall ofthe critical item (Pc). They took this correlation to indicate
that the better encoded list items are, the more easily they can be distinguished from the illusory critical item. Thus, as IBQ (item retention)
increases from moderate to high levels, improved monitoring would
cause Pc to decrease and OBA to increase, accounting for the expected
negative correlation between them.
For the same reason (dependence of memory monitoring on retention), one would expect OBA to increase and Pc to decrease in moving
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from low to moderate levelsof IBQ. Instead, however, OBA and Pcjointly
increase, yielding the surprising positive correlation between them.
We suspect that the anomalous increase in Pc stems from the dependence of critical lure production on implicit activations (e.g., Gallo &
Roediger, 2002; Roediger, Balota, et al., 2001; Roediger, Watson , et al.,
2001) or gist memory (e.g.,Brainerd, Wright, Reyna, & Mojardin, 2001):
Conditions that yield very low levels of study item memory (IBQ) may
also yield very low levels of gist or critical lure accessibility (Pc), so that
the production of both studied items and critical lure items would be
jointly impaired. Moreover, if the factors that lead to decreased retention (e.g.,longer retention intervals) induce a sharper decline in memory for the studied items than for the critical lures (e.g., McDermott,
1996; Payne et al., 1996; Toglia et al., 1999), a reduced critical lure rate
will be accompanied by reduced OBA, because the numerator of OBA
(number of recalled study items) is decreasing at a faster rate than is
the denominator (number of reported items, which includes gist-based
lures; see the data of Seamon, Luo, Kopecky, et al., 2002, Table 15.2).
Finally, although fewer critical lure commission errors were produced
under conditions that yielded low IBQ, the number of noncritical commission errors actually increased (an average of 2.1 in studies with
above-median IBQ vs. 3.3 in studies with below-median IBQ).5 This
difference, too, would contribute to the dissociation between OBA and
Pc, and again suggests the possible role of gist memory: Because gist
memory may support the production of critical lure errors, its decrease
over time should reduce the rate of such errors, while at the same time
increasing the rate of other, gist-inconsistent commission errors, which
otherwise might have been edited out.
Of course, this possible account of the OBA-Pc relationship observed
across the 108 DRM studies is quite tentative and should be treated
primarily as a source of future hypotheses. Regardless of the reason for
divergence between OBA and Pc, the point remains that these measures
tell a very different story about the overall reliability of memory in the
DRM studies.

DISCUSSION
Studies using the DRM paradigm have produced extensive evidence
that false memories can be readily induced in the laboratory, and that
such memories are often endorsed with great confidence. What are the
implications of this evidence regarding the trustworthiness of memory reports in general? The high probability of recalling nonpresented
words might lead one to place little faith in memory reports. However,
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our analyses indicate that even under the rather unusual conditions
of the DRM paradigm, memory reports as a whole are highly reliable:
Each reported item has about a .90 probability of being correct.
In what follows,we comment on three issues: the distinction between
input-bound and output-bound perspectives on memory performance,
the issue of memory accuracy in the DRM paradigm, and finally, the
issue of ecological representativeness ofDRM findings.

The DistinctionBetween Input-Boundand Output-Bound Perspectives
We distinguished three different ways of assessing memory performance in general, and in the DRM paradigm specifically:
1. Input-bound quantity (or accuracy) performance-the prob-

ability that any individual studied item will be produced
2. Output-bound accuracy performance-the probability that
any individual reported item will be correct
3. Critical error performance-the probability that a particular
prespecified commission error will be made
We argued that DRM research has focused on 3, comparing it with
1, essentially ignoring 2. By doing so, the findings are liable to be misinterpreted with respect to 2. The input-bound perspective, reflected in
the comparison between 1 and 3, is appropriate given the experimental
goals of researchers who use the DRM paradigm to study the mechanisms responsible for this particular type of false memory. For those
who are interested in gaining information about the overall dependability of memory reports, however, the output-bound perspective is
the one that is directly relevant. Thus, from the vantage point of a judge,
police officer, or for that matter, any recipient of information drawn
from another person's memory, the crucial question may be: To what
extent can one count on each reported item of information to be correct? As we have shown, the same data, examined from these different
perspectives, can lead to very different conclusions.
The confusion between the two perspectives is not unlikely to occur,
as suggested by research on the inversion of conditional probabilities
(e.g., Sherman, McMullen , & Gavanski, 1992). In fact, this confusion
may be responsible for our students' faulty conclusions (see Table 15.1)
that within the specific conditions of the DRM paradigm, a reported
item is as likely, if not more likely, to be wrong than right.
There is no question that the results obtained in the DRM paradigm
are striking in showing that under certain conditions, however contrived these may be, participants can be made to recall with a very high
probability a particular item that was not presented. As noted earlier,
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much of the storehouse-guided study of memory has paid little attention to commission errors (Koriat et al., 2000; Roediger, 1996). The
DRM paradigm, in contrast, has turned the floodlight precisely on
such errors, singling them out as a target of study. Indeed, Roediger
and ~cDermott's (1995) paradigm-setting work, and the vast amount
of research and interest that it sparked, has had an immense impact
in advancing the study of memory accuracy and error. The message
delivered by this research, however, tends to emphasize, explicitly or
implicitly, the fragility of memory and the ease with which false memories can be induced. Our analysis indicates that notwithstanding the
impressive findings produced by the DRM research, memory is by and
large quite accurate even in this paradigm.
Two possible reservations may be raised regarding the high level of
output-bound accuracy observed in the DRM paradigm. The first is that
this result simply stems from the fact that DRM lists are constructed
so that they converge on a single nonpresented item. Therefore, the
frequency of producing that single critical commission error is likely
to be much lower than the summed frequencies of the many studied
items, thereby yielding a high overall OBA percentage. The low ratio of
commission errors to studied items in the DRM paradigm, however,
is not simply a methodological artifact, because it apparently reflects
the large amount of "ammunition" (i.e., associated study items) needed
to induce a specific commission error. Of course, the ratio of commission errors to studied items might differ both within (as discussed
earlier) and between experimental paradigms, and in fact, there are
indications that OBA is somewhat lower in some free-report paradigms that are used to induce memory errors (e.g., Kelley & Sahakyan,
2003; Pansky & Koriat, 2004; Sommers & Lewis, 1999; Toglia et al.,
1999).Nevertheless, the fact remains that OBA is actually very high in
a paradigm whose implicit message is that memory reports are not to
be trusted.
A second reservation is that in our analyses we adopted the assumption underlying the input-bound, quantity-oriented approach to memory: that all items are interchangeable, that is, equivalent, as far as
memory performance is concerned (see Koriat & Goldsmith, 1996a).
Indeed, the assessment procedures we used, like those characteristic of
much of memory research, embody the assumption that what matters
is not what is remembered or misremembered, but rather how much.
However, one may envisage situations in which certain commission
errors are especially critical even if their contribution to the overall output-bound accuracy of the report is negligible. For example, many elements of a crime episode might converge in suggesting the presence of
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a particular weapon, even though no such weapon was there. A single
commission error concerning the presence of the weapon could have
tragic consequences, even if a large amount of correct information was
also remembered and reported. Clearly, as we readily acknowledge, in
applied settings there is more to the assessment of false recall than is
captured by the output-bound accuracy percentage alone (for related
discussion, see Fisher, 1996;Goldsmith & Koriat, 1996).
Output-Bound Memory Accuracy and Its Underlying Mechanisms

The positive message delivered by the present analysis is that when people attempt to provide an accurate account of what has occurred, their
freely volunteered memory reports are by and large correct. One reason
for this is that output-bound memory accuracy performance is-to a
large extent-under strategic control: Regardless of how much information one "remembers," one can still boost one's accuracy to relatively
high levels by volunteering only information that one is sure about and
screening out information that is likely to be wrong. As noted earlier,
according to Koriat and Goldsmith's (1996b) model, metacognitive
monitoring and control processes playa crucial role in this regulation.
Hence, the level of accuracy that is attained depends heavily on the
effectiveness of these processes.
In terms of that model, the occurrence of false recalls in the DRM
paradigm reflects not only a memory failure but also a failure of
metamemory (Roediger & Gallo, 2004). Although the structure of the
DRM list increases the likelihood that the critical lure will come to
mind as a response candidate during recall, in principle, effectivemonitoring and control processes could operate to reject that candidate once
it comes to mind. For example, Brainerd, Reyna, Wright, and Mojardin
(2003) postulate an editing process called "recollection rejection," in
which distracters that are consistent with the gist of a presented item
are rejected when the verbatim trace of that item is accessed. However,
as noted by Gallo (2004), critical DRM errors cannot usually be identified by such a process, because accessing the verbatim traces of some or
even most of the studied items does not exclude (disqualify) the possible co-occurrence of the critical lure item.
Apparently, then, the DRM paradigm creates a situation in which
monitoring and control processes are relatively ineffective in editing out the critical lure. Indeed, warning participants about the
DRM effect and instructing them to avoid reporting nonstudied but
related words yields only negligible reductions in false recall and recognition of the critical lures (Gallo, Roediger, & McDermott, 200lb;
McDermott & Roediger, 1998; Neuschatz, Payne, Lampinen, & Toglia,
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2001). Moreover, recollections of the critical lures are often experienced
as phenomenologically compelling (e.g., Norman & Schacter, 1997;
Roediger & McDermott, 1995), and are therefore volunteered under
free-report conditions. Koriat and Goldsmith's (1996b) results suggest that rernemberers' decision to volunteer or withhold a candidate
answer in free recall depends almost entirely on subjective confidence
in its correctness, with within-participant gamma correlations between
confidence and volunteering averaging over .95 in many experiments
(see also Kelley & Sahakyan, 2003). Thus, the observation that participants often endorse the critical lure with high confidence (Roediger
& McDermott, 1995; Payne et al., 1996) implies that these errors are
unlikely to be selectively omitted from remernberers' memory reports.
In regulating the accuracy of what they report, however, rememberers have more options available to them than what has been discussed
so far. Another means of strategic regulation that is perhaps more generally available in real-life memory situations is control over the precision or grain size of the information that is reported. For example.
rememberers may report "in the late afternoon" rather than "at 4:00," or
a "fruit" rather than an "apple" (see Goldsmith et al., 2005; Goldsmith,
Koriat, & Weinberg-Eliezer, 2002; Weber & Brewer, 2008). Neisser
(1988) observed that when answering open-ended questions, participants tend to provide answers at a level of generality at which they are
not likely to be mistaken. Goldsmith et al. (2002. 2005) found that when
participants are allowed to control the grain size of their report, they
do so in a strategic manner, sacrificing informativeness (degree of precision) for the sake of accuracy when their subjective confidence in the
more precise, informative answer is low (but for a somewhat more complex view, see Ackerman & Goldsmith, 2008).
Control over grain size is denied in the DRM paradigm, as well as in
almost alllist-learning memorytasks. Ifsuch control wereallowedin DRM
studies, however. DBA would undoubtedly be even higher than what was
observed in our earlier analysis. The irony with regard to the DRM paradigm is particularly poignant: Gist is used in the DRM paradigm to create memory errors. whereas in most real-life situations rememberers use
gist to avoid them. Indeed, some, if not most, of the commission errors in
memory studies represent partial recalls, as when a person recalls pants
instead of jeans (Pansky & Koriat, 2004) or when some information is
retained but its source is lost (seeMitchell & Johnson, 2000, for a review).
Clearly, the definition of what constitutes false memory is not simple, as
reflected in the criteria that must sometimes be set by the experimenter
in testing and scoring memory performance (e.g., Ebbesen & Rienick,
1998;Koriat, Levy-Sadot, Edry, & de Marcas, 2003).
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In sum, the DRM paradigm appears to yield a troublesome combination of memory and monitoring impairment. However, this combination occurs specifically for the critical lure, as suggested by the
observation that the rate of producing this particular commission
error was higher than the overall rate of all other commission errors.
Therefore, the output-bound accuracy for the list as a whole remains
quite high. Furthermore, even the critical lure errors produced in this
paradigm are in some sense "correct" -at a higher, gist level. This raises
further questions regarding memory accuracy, and how it should be
assessed (see also Spence, 1982).

The Issue of Ecological Representativeness
At the opening of this chapter, we stated that we would put the "ecological
representativeness"issue asideand examine performance in the DRM paradigm as if it is in fact representative of real-lifememory situations. In this
final section, we briefly address the issue of ecological representativeness.
Some of the recent work on false memory illustrates a distinction
between two sometimes conflicting objectives of cognitive research (cf.
Chomsky, 1965). One objective is to describe the state of affairs in the real
world. For example, researchers may wish to delineate the strengths and
weaknesses of cognitive abilities, to specify how memory performance
changes as a function of retention interval, to evaluate the veracity of
human memory under different conditions. and to describe the various
biases that affect performance. Researchers with this agenda, by definition, should restrict themselves to conditions that are ecologically representative. The plea for representative research design has been voiced
most strongly by Brunswik (1956; see also Gibson , 1979; Gigerenzer,
Hoffrage, & Kleinbolting, 1991). The question of whether data should be
collected only in the laboratory or also in naturalistic settings has been
a subject of some dispute (e.g., Banaji & Crowder, 1989; Neisser, 1988;
see special issue of American Psychologist, 1991), but it is clear that to be
descriptive of the actual magnitudes of variables and their relationships
in the real world, the experimental conditions must be representative of
conditions and variations in the real world.
The second objective is theoretically oriented: It is aimed at explaining the phenomena under investigation and gaining an understanding of their underlying mechanisms. This objective is illustrated by
research that attempts to clarify the processes that cause forgetting,
or those that underlie false memories. Research carried out within
this agenda need not respect the plea for representative design and
need not confine itself to the conditions that approximate real-world
settings. In fact, it is sometimes precisely under extreme or deviant
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conditions that one is best able to gain an understanding of the normal processes that occur under more natural conditions. As noted by
Roediger (1996), this approach has been quite effective in the area of
perception, in which the study of perceptual illusions induced under
unusual conditions such as the trapezoidal window, or the distorted
roomIsee Ittelson, 1952),has revealed important principles about perception in general that are not transparent when ordinary perceptual
processes are examined directly. Similarly, the many studies of memory
and metamemory illusions (see Koriat, 2007, 2008) provide valuable
information precisely because they succeed in decoupling processes
and effects that generally go hand in hand under normal conditions.
Although much of that research has focused on phenomena testifying to the existence of illusions and errors, other research has investigated cases of exceptionally good memory performance (e.g. Ericsson,
Charness, Feltovich, & Hoffman, 2006), which has also contributed to
our understanding of basic cognitive processes. Clearly, the significant
contribution of the extensive research with the DRM paradigm lies
within the explanatory agenda-providing important insights about
the processes that lead to false memories and the subjective qualities
of veridical and false memories.
However, while the focus on ecologically deviant conditions can
have important theoretical benefits, it also holds the danger that the
research results might be misinterpreted as having descriptive relevance. This danger is twofold. First, the frequent sampling of conditions that yield illusions and errors may create the unintended
impression that the frequency of the phenomena in the experimental research literature mirrors their frequency in the real world . This
impression may be amplified by the salience of studies showing surprisingly high levels of false memory. Thus, for example, the availability heuristic (Tversky & Kahneman, 1973) could lead memory
researchers, as well as the general public, to form a biased judgment
regarding memory performance that overemphasizes the sins of
memory-the preponderance of error, illusions, and false memory.
Second, the focus on distortion and error, and the ensuing challenges
in clarifying the mechanisms that may engender or prevent such frailties, may lead to a preoccupation with the explanatory objective at the
expense of the descriptive objective. As the results of the present study
suggest, theoretically oriented researchers who do not also attend to
the descriptive message of their research may unintentionally convey an incomplete or distorted impression of memory performance in
real-world contexts.
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Having said that, we should emphasize that the mere fact that people
can be made to misremember, and to do so with high confidence, is a
message of great practical importance with regard to the way in which
witness testimony should be treated, as well as in other memory contexts. However, it would seem that the time has come to try to refine
that message for the sake of legal practitioners and others. What is the
likelihood that any given witness statement is true or false? The outputbound accuracy measure applied to results obtained in both explanatory- and descriptive-oriented research, including the DRM paradigm,
suggests that under conditions of free reporting, the dependability of
reported information is quite high. Nevertheless, much work remains
to be done in identifying the conditions that increase false reports, so
that these can be taken into account in attempting to ascertain the reliability of memory in specific reporting contexts.
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ENDNOTES
1. Because of the traditional concern with memory quantity, the common

practice in memory research has been to ignore commission errors altogether (seeRoediger, 1996). As a consequence, it is not possible to determinethe output-boundaccuracyobservedin manyofthereportedstudies.
However, with the growing interest in memory accuracy, an increasing
number of studies either report output-bound measures directlyor provide the data from which these measures can be calculated. The latter
generally applies to studies reporting recall results in the context of the
DRMparadigm.
2. The 108 studiesincludeallthosethat wewereableto identifyuntil 2007. Pc
was not reported for three of these studies (studies9 to 11 in Table 15.2),
Therefore, the analyses involving Pc are based on 105 studies.
3. Note that for our current purposes inferential statistics are not used or
needed, because we are limiting ourselves to a comparison of trends
involving OBA, IBQ, and Pc in the current (very large) sample of DRM
studies. In anycase, the useof meta-analytic inferential statistics wasprecludedby the preponderantlackof informationregarding the variance in
OBA that wasobservedwithin the individual studies,
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4. Note that the high variability in the DBAscores of amnesic patients can be
partially attributed to the pooling together of different types of amnesia
(e.g., amnesic patients with frontal lobe damage vs. patients with damage
;: in the medial temporal lobe or diencephalic region), each of which exhib.~ its a different pattern of performance in the DRM paradigm (see Melo,
• Winocur, & Moscovitch, 1999; Schacter et al., 1996) .
'5. Note that this difference also holds when Nne is calculated as a percentage of the number of studied items (mean = 1.6% in studies with above median IBQ vs. 2.7% in studies with below-median IBQ).
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Table 15.2 Summary Data for lOB DRM Studies
Specification

Source

Ps
(IBQ)

Pc

OBA

Basden et aJ. (1998)
Basden et aJ. (1998)

Experiment 1, nominal conditionv
Experiment 1, collaborative condition'»

.46

.43

.89

2

.40

.44

.82

3

Dehon & Bredart (2004)

.24

.95

.51
.63

.48

.88

5

Dehon & Bredart (2004)
Dehon & Bredart (2004)

Experiment 1, young adults
Experiment 1, older adults

.69

4

.16

.95

6

Dehon & Bredart (2004)

.64

.04

.98

.34
.39

.88

1

Experiment 2, young adults, unwamed
Experiment 2, young adults, warned

7

Dehon & Bredart (2004)

Experiment 2, older adults, unwarned

.40

8

Dehon & Bredart (2004)
Dewhurst & Robinson (2004)

Experiment 2, older adults, warned
5 year olds

.40
.31

8 year olds
II year olds

.54
.69

Experiment 1, auditory presentation
Experiment 1, visual presentation"

.60
.58

.46

.92
.94

.38

.95

.61
.20

.94

.46
.16

.93
.95

9
10
II
12
13
14
15

Dewhurst & Robinson (2004)
Dewhurst & Robinson (2004)
Gallo, McDermott et aJ. (2001)
Gallo, McDermott et aI.(2001)
Geraerts et aJ. (2005)
Geraerts et aJ. (2005)

Recovered memory group, neutral words'

.56
.42
.56

16

Geraerts et aJ. (2005)

Recovered memory group, trauma-related words"
Repressed memory group, neutral words'

17

Geraerts et aI. (2005)
Geraerts et al, (2005)

Repressed memory group. trauma-related words'
Continuous memory group, neutral words"

.43
.55

Geraerts et aI. (2005)
Geraerts et al, (2005)
Geraerts et aJ. (2005)
Harbluk & Weingartner (1997)

Continuous memory group, trauma-related words'

.42
.59
.46
.59

18
19
20
21
22

23
24
25

Harbluk & Weingartner (1997)
Intons-Peterson et aJ. (1999)
Intons-Peterson et al. (1999)

26

Intons-Peterson et aI. (1999)
Intons-Peterson et al. (1999)

27
28
29
30

Intons-Peterson et aI. (1999)
Intons-Peterson et aI. (1999)
Lampinen et aI. (1999)

Control group, neutral words"
Control group, trauma-related words"
Detoxified alcoholics

Control condition
Experiment 1. older adults
Experiment 1, young adults
Experiment 2, older adults
Experiment 2, young adults
Experiment 3, older adults, pictorial presentationv
Experiment 3, young adults, pictorial presentation"

.68
.39
.56
.35
.60
.55

Experiment 1

.61
.61

.42
.14
.44
.13
.46

.88
.84

;>

.85

Z
0

.92

.93
.96
.94
.96
.90

.48
.52
.56

.94
.82
.90

.64

.75

.55
.38

.91
.91

.17

.94

.36

.90
.91

31
32

Lampinen et al, (1999)

Experiment 2

.56

.34

Libby & Neisser (2001)

Experiment 1, distraction at study, short list

.76

.28

.90

33

Libby & Neisser (2001)
Libby & Neisser (2001)

Experiment 1, distraction at study. long list

.55

.33

.93

Experiment 1, rehearsal at study, short list

.88

.12

.96

Libby & Neisser (2001)
McDermott (1996)

Experiment 1, rehearsal at study, long list

.57

.38

.92

Experiment 1, immediate testing

.58

Experiment 1, 30-second delayed testing
Experiment 1, 48-hour delayed testing'

.50

.44
.46

.93

McDermott (1996)
McDermott (1996)

.04

.12

.91
.52

.34

.93

.63

.80

.19
.46

.93
.90
.90

34
35
36
37
38
39

McKelvie (2001)

Experiment 1

40

Melo et al. (1999)

MTLlD amnesic patients

.70
.32

41

Melo et aI. (1999)

FL amnesic patients

.24

42

Melo et al. (1999)

FL nonamnesic patients

.41

43

Melo et aI. (1999)

.49

.35

44

Milani & Curran (2000)

Control participants
Alcohol consumption condition

.51

.40

.91

45

Milani & Curran (2000)
Miller & Wolford (1999)

Placebo consumption condition

.54

.39

.92

Experiment 1

.76

.27

Miller & Wolford (1999)

Experiment 2

.68

.42

46
47

.95
.96
-continued
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Table 15.2 (continued) Summary Data for108 DRM Studies
48

Neuschatz et al. (2001)

Experiment 2)

49

Newstead & Newstead (1998)

.32

.49

Pilot experiment, 15 year olds

50
51

Newstead & Newstead (1998)
Norman & Schacter (1997)

.75

.46

.72

.38

.48
.67

.51
.38

.54
.69

.47
.34
.45
.66

52

Norman & Schacter (1997)

Main experiment, 13-16 year olds
Experiment 1, older adults
Experiment 1, young adults

53

Norman & Schacter (1997)

Experiment 2, older adults

54
55

Norman & Schacter (1997)
Payne et al. (1996)
Read (1996)

Experiment 2, young adults
Experiment 1
Experiment 1

58

Rhodes & Anastasi (2000)
Rhodes & Anastasi (2000)

59
60

56
57

.79
.95
.95
.80
.90
.86
.89
.93
.89
.75

Experiment 1, deep encoding'
Experiment 1, shallow encoding)

.60
.64
.29
.18

Rhodes & Anastasi (2000)

.47
.23

Experiment 2, deep encoding'

.38

Rhodes & Anastasi (2000)
Robinson & Roediger (1997)

.41

.89

Experiment 2, shallow encoding)

.09

Experiment 1, 3 associates per list"

.09
.03

.98

.74
.63

61
62

Robinson & Roediger (1997)

Experiment 1, 6 associates per list V

63
64

.97
.80

Robinson & Roediger (1997)
Robinson & Roediger (1997)

.11

.96

Experiment 1, 9 associates per list"

.68

.21

.57
.50

.27

.95
.95

.3 1

.95

.72

.03
.15

.99
.97
.96

65

Robinson & Roediger (1997)

Experiment 1. 12 associates per list"
Experiment 1, 15 associates per Iist"

66
67

Robinson & Roediger (1997)
Robinson & Roediger (1997)

Experiment 2, 3 associates and 12 fillers per list"
Experiment 2, 6 associates and 9 fillers per list"

68

Robinson & Roediger (1997)
Robinson & Roediger (1997)

Experiment 2, 9 associates and 6 fillers per list"

69

.60

70
71

Robinson & Roediger (1997)
Roediger & McDermott (1995)

Experiment 2, 12 associates and 3 fillersper lisr'
Experiment 2, 15 associates per list"
Experiment 1

.52
.50
.65

72
73
74
75
76
77
78
79
80
81
82
83

Schacter et al. (1996)
Schacter et al. (1996)

Amnesic patients
Control participants
Experiment 1, immediate testing)

.27
.52
.17

Experiment 1, 2-week delayed testing;
Experiment I, 2-month delayed testing)

.07
.04

Remember/remember instructions, 8 lists'"
Forget/remember instructions, 8 listsv

.28
.25

.27
.29

.92

Remember/remember instructions, 12 listsv
Forget/remember instructions, 12listsV,;

.20
.20

.22
.25

.90
.87

Seamon et al. (2003)

Experiment I, only hear the associates condition

.67

.30

.95

Seamon et al. (2003)

Experiment 1, write the associates condition

.63

.18

.97

Seamon et al. (2003)

Experiment I, write the second letter of the associates
condition

.56

.15

.97

Experiment 1, count back by threes condition
Experiment 1, auditory presentation!

.43
.26

.36

.90
.75

Experiment I, visual presentation'"

.29
.65

.11

Seamon, Luo, Kopecky et al. (2002)
Seamon, Luo, Kopecky et al. (2002)
Seamon, Luo, Kopecky et al. (2002)
Seamon, Luo, Shulman et al. (2002)
Seamon, Luo, Shulman et al. (2002)
Seamon, Luo, Shulman et al. (2002)
Seamon, Luo, Shulman et al. (2002)

84

Seamon et al. (2003)

85

Smith & Hunt (1998)

86
87

Smith & Hunt (1998)
Smith & Hunt (1998)

Experiment 2, auditory presentation

88

Smith & Hunt (1998)

Experiment 2, visual presentation"

89

Smith & Hunt (1998)

90
91

Smith & Hunt (1998)
Smith & Hunt (1998)

Experiment 3, auditory presentation, pleasantness ratings'
Experiment 3, auditory presentation, standard encoding)

92

Smith & Hunt (1998)

93

Sommers & Lewis (1999)
Sommers & Lewis (1999)

94

Experiment 3, visual presentation, pleasantness ratings"
Experiment 3, visual presentation, standard encodingv
Experiment 1, phonological associates
Experiment 2, phonological associates, Single speaker

.64

.72
.32
.29
.32
.33
.58
.62

.20
.25

.95

.30
.40

.94
.94

.29
.33
.28
.27

.72
.90
.80
.65
.38

.12

.21
.42
.22

.89

.87
.93
.97

.20

.94

.33

.90

.10

.97

.18

.95

.54

.94

.61

.93
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HOW SHOULD WE DEFINE AND
DIFFERENTIATE METACOGNITIONS?

Harry P. Bahrick. Melinda K. Baker, Lynd a K. Ha ll. and Lise Abra ms

Metacognition refers to knowledge of our own cognitive processes,
and metamemory, a subcategory of metacognition, specifically
refers to knowledge of our own memory processes. During the past
two decades, metamemory research has focused on the many ways
in which monitoring and controlling our memory processes affects
memo ry performance. The study of metamemory is based on introspective reports of memory phenomena, and issues regarding the
validity of introspective reports have a long history in our science .
We briefly review a key aspect of that history, and then discuss issues
related to defining, differentiating, and validating metacognitive
concepts. We also present data from two investigations dealing with
the relation of tip-of-the-tongue (TOT) states to strong feeling-ofknow ing (FOK) ratings.
A primary goal of early scientific psychology was to analyze conscious
content by means of introspective reports. Structuralists believed that
these reports could provide a valid and reliable conduit to the mind.
The approa ch was later abandoned because conflicting, subjective data
led to irresolvable controversies (Boring, 1950, p. 403; Heidbreder, 1933,
p. 145). The paradigmatic shift to behaviorism avoided problems of
conflicting introspective reports by limiting psychology to more easily verifiable data. Psychophysical methods survived the shift to behaviorism because cognitive concepts were not defined by introspective
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