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Theoretical Commentary:
The Role of Criterion Shift in False Memory

Michael B. Miller and George L. Wolford
Dartmouth College

H. L. Roediger and K. B. McDermott (1995) reintroduced a paradigm originally developed by Deese
(1959). According to the authors, the paradigm provides a technique for the creation of false memories.
The paradigm is reliable and easy to implement. Because of these characteristics and the current interest
in false memories, the paradigm has been used in many recent studies. The authors replicated Roediger
and McDermott's results in two experiments. When conditions were included that allowed the compu-
tation of signal-detection parameters, it was found that most of the false memories could be ascribed to
criterion shifts. The authors discuss the possible role of criteria in defining and understanding false
memories.

Memory distortions have been of interest to researchers for
some time. Formal demonstrations of such distortions date at least
to the work of Bartlett (1932). Interest in those distortions has been
much heightened by research on eyewitness testimony (Ceci &
Brack, 1993; Loftus, 1979) and recovered memories (Lindsay &
Read, 1994; Loftus, 1993). Roediger and McDermott (1995) rein-
troduced a paradigm for studying false memories originally devel-
oped by Deese (1959). Because the paradigm is reliable and easy
to use, it has been adopted by a number of researchers interested
in studying the characteristics of false memories (Johnson et al.,
1997; McDermott, 1996; Miller & Gazzaniga, 1998; Payne, Elie,
Blackwell, & Neutschatz, 1996; Read, 1996; Schacter, Reiman, et
al., 1996; Schacter, Verfaellie, & Pradere, 1996).

The paradigm reintroduced by Roediger and McDermott (1995)
consists of presenting participants with lists of words to memorize.
The words are chosen for their high association to a single target
word, such as sleep, but the word sleep is not presented. These
target words are called critical lures. The nonpresented critical
lures are recalled during free recall at well-above-chance frequen-
cies, even though intrusions are usually rare in free recall. Even
more impressively, the critical lures are labeled "old" by the
participants on a subsequent recognition test approximately as
often as words that were actually presented. The high percentage
of "old" responses to the critical lures is taken as evidence that
false memories were created.

In describing recognition performance more generally, many
researchers have argued that the percentage of "old" responses to
a particular item type is some combination of memory for the
items (sensitivity) and decisions about how liberal or conservative
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to be in judging an item as old (criterion; e.g., Murdock, 1974;
Ratcliff, Sheu, & Gronlund, 1992). Presumably the high percent-
age of old responses to the critical lures could represent sensitivity
(strengthening of the nonpresented critical lures as a result of list
context), a lower criterion for calling critical lures old (based on
the list context), or some combination of the two. The theory of
signal detection (Green & Swets, 1966/1974) was designed to
provide independent estimates of sensitivity and criterion.

We expanded the Roediger and McDermott (1995) paradigm to
include the conditions required to perform a signal-detection anal-
ysis. A signal-detection analysis requires the percentage of old
responses to each item type, both when it was presented and when
it was not presented (hits and false alarms). The Roediger and
McDermott paradigm includes three item types: critical lures,
items related to the critical lures, and unrelated items. In the
Roediger and McDermott paradigm, only related items were ever
presented, so we added lists in which the critical lures were
included and lists of unrelated items.

Another way to think about critical lures and false memories is
to assume that because participants respond "old" as often to the
critical lures as they do related items that were presented, it is as
if the critical lures had been presented. Because they were not
presented, the memories are false. However, we do not know what
performance would be like on the critical lures if they had been
presented, because that condition was not included. Performance
on presented critical lures might be extremely high relative to
either nonpresented critical lures or presented related items. That
outcome would tend to indicate that there was a criterion shift
rather than a strengthening or storage of the nonpresented critical
lures. The critical lures differ from the other items both structurally
and relationally. By definition, they are words with many high
associates, and most of the high associates are presented. It is
plausible to think that participants could set a different criterion to
such words appearing on a recognition test. If this were true, then
the high frequency of "old" responses to nonpresented critical
lures could be the result of criterion shifts.

We replicated Experiment 2 of Roediger and McDermott (1995)
as closely as possible in two experiments, except that we included
additional conditions so that each of the item types could be
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compared in a presented versus a nonpresented format. We pre-
sented lists with only related items (as in Roediger and McDer-
mott), lists in which the critical lure displaced one of the related
items, and lists of unrelated items.

Experiment 1

The two experiments that we carried out were identical except
that participants were asked to make remember-know judgments
in the first experiment and confidence judgments in the second
experiment. The remember-know judgments were used by Roe-
diger and McDermott in their second experiment.

Method

Participants. Twenty-four Dartmouth College undergraduates partici-
pated in the experiment. Participants were given extra credit toward their
grade in an introduction to psychology course for their participation.
Participants were tested in six groups ranging from 3 to 5 participants per
group.

Materials. We used the same 24 lists from the Roediger and McDer-
mott (1995) study. Each list contained 15 words (e.g., bed, rest, awake,
tired, dream, wake, snooze, blanket, doze, slumber, snore, nap, peace,
yawn, drowsy) that are all close associates of a target word, referred to as
a critical lure (e.g., sleep). The order of the words in the list was held
constant; the strongest associate appeared first, and words appeared in
descending order by strength of association to the target word. In addition,
we used 12 words from the lists that were not used as related lists and 18
new words unrelated to any of the lists (e.g., dog, tool, dollar, church) to
make up two lists of unrelated words.

Design. We used a within-subjects design. Each participant received
three types of lists: four lists containing only the 15 high associates to the
critical lure as in Roediger and McDermott (1995), eight lists in which one
of the related items was replaced by the critical lure, and two lists of
unrelated items. During recognition, the participants were presented with
some words from each of the three item types (critical lures, related items,
and unrelated items) that had been presented and some from each item type
that had not been presented. The presentation of the lists was rotated
through the separate groups so that each word was tested as presented for
some of the participants and as not presented for the other participants.

The 24 original lists of words were arbitrarily divided into two sets. Each
participant heard one set, or 12 of the original lists, plus two lists of words
unrelated to each other for a total of 14 lists. Three separate groups were
tested for each set of lists, yielding a total of six groups. In four of the lists,
the critical lure (e.g., sleep) was placed in the first position of the list,
displacing the word originally held in that position (e.g., bed), the highest
associate. The displaced word was not presented, but was used as a
nonpresented related list item during the recognition test. In another four of
the lists, the critical lure displaced the word originally held in the 10th
position (e.g., slumber); again that 10th word was not presented and was
used as a nonpresented related list item for testing. The positions were
determined by replicating the position of the studied items used as test
items in the original Roediger and McDermott (1995) study. In four lists,
the critical lure was not presented.

The two lists of unrelated words were always presented in the middle
position; six thematic lists were presented before and six thematic lists
presented after the unrelated lists. The two unrelated lists consisted of six
words from thematic lists that were not presented to the participant,
including two words used as critical lures, two words from the first position
of the lists, and two words from the 10th position of the lists. The other
nine words making up the list were chosen from categories unrelated to the
thematic lists, matched for frequency and concreteness. These latter nine
words were not used as recognition test items. The six words from the
unused thematic lists were placed into Positions 1, 2, 6, 8, 10, and 15 of the

study lists based on the averaged free-recall performance of those positions
from a pilot study and matched to the averaged recall performance from
Positions 1 and 10 used for the related list items.

Lists and words were counterbalanced across participants. Therefore,
each critical lure appeared as a presented item in the first and 10th positions
and as a nonpresented item. Related and unrelated items also appeared as
presented and nonpresented. Participants studied the 14 lists of words, with
half the lists (6 thematic lists and 1 unrelated list) immediately followed by
a free-recall test and the other half followed by math problems. After the
presentation of all the lists, a recognition test was given, with the partici-
pants responding either "old" or "new;" if they responded "old," they were
asked to make a further remember-know judgment.

Procedure. The design, and particularly the procedure, closely fol-
lowed the Roediger and McDermott (1995) study. The whole procedure
took approximately 1 hr per group. Participants were told that they were
being tested on their memory for words. The words were read by the
experimenter at the rate of 1.5 s per word. After the presentation of each
list, the participant would hear the experimenter say either the letter A or
the letter B. Half of the participants in each group were assigned the letter
A and the other half were assigned B. If the experimenter said A, the A
participants were to recall as many words as they could remember from the
list by writing them down, while the B participants were to work the math
problems. If the experimenter said B, then the reverse was true. Participants
were given 2 min to complete the free-recall or math problems, at which
point they would hear a tone and the experimenter saying "next list." Five
seconds later, the experimenter presented the next list of words. Partici-
pants wrote down their responses on 1 of the 14 4- X 11-in. slips of paper
with math problems at the top of the paper. They were instructed to turn
over the slip of paper before the presentation of the next list.

Immediately after this portion of the testing, participants were given a
recognition test. They were given brief verbal instructions on how to make
old-new distinctions and remember-know judgments, and they read more
detailed written instructions. They then were given a sheet with a list of 72
words, with the words "old" and "new" and a blank line next to each of
them. Participants were to circle either "old" or "new" in response to each
item; if they circled "old," they were to write either R or K in the blank. R
is supposed to represent the conscious recollection of the word from the
list, whereas K is supposed to represent recognition of the word without
conscious recollection of its occurrence. The detailed instructions for
making the R-K judgment were modeled after Rajaram (1993). The written
instructions urged the participants to make the R-K judgment only on the
basis of what they heard in the presentation of the study lists.

The recognition test comprised 72 items, 36 presented and 36 nonpre-
sented. The items included 8 critical lures presented (in the first or 10th
position), 4 critical lures not presented, 16 related list items presented (in
the first or 10th positions), 8 related list items not presented (displaced
from the first or 10th positions), 12 unrelated items presented (4 critical
lures and 8 related list items each from the first and 10th position of
nonpresented lists), and 24 unrelated items not presented (including 8
critical lures and 16 related list items each from the first and 10th positions
of nonpresented lists). All the test items were randomly intermixed. Each
group was given a new random order of the test items, but all participants
within a group received the same test sheet. After the recognition test,
participants were debriefed.

Results

We first examined performance on the critical lures relative to
the other item types. Those results are summarized in Table 1 and
Figure 1. The probability of saying "old" to a critical lure that was
not presented was not significantly different from the probability
of saying "old" to a related item that was presented (.81 vs. .88),
?(23) = 1.17,p = .254. The probability of saying "old" to a critical
lure that was not presented was very much higher than the prob-



400 THEORETICAL NOTES

Table 1
Performance on Recognition as a Function of Item Type

Experiment 1

Item type

Critical lures
Presented
Nonpresented

Related items
Presented
Nonpresented

Unrelated items
Presented
Nonpresented

P(old)

.97

.81

.88

.36

.60

.11

/•(remember)

.80

.44

.72

.14

.44

.03

Experiment 2

f(old)

.96

.78

.86

.42

.67

.22

ability of responding "old" to an unrelated item that was not
presented (.81 vs. .11), t(23) = 11.11, p < .01. Those values
provide a similar pattern to that found in Roediger and McDermott
(1995). One might draw the conclusion from Roediger and Mc-
Dermott based on the similarity of nonpresented critical lures to
presented related items that critical lures behave as if they had
been presented. That conclusion is drawn into question by the fact
that the actual presentation of the critical lure raises the probability
of responding "old" to .97. The difference between presenting and
not presenting the critical lure is highly significant, r(23) = 3.21,
p = .004. In other words, performance on the nonpresented critical
lures is not the same as if they had been presented.

Further evidence for the difference between the presented and
nonpresented critical lures is contained in the remember-know
judgments. When the critical lures were presented, 80% of the
items were judged as remembered versus 17% judged as known.
When the critical lures were not presented, only 44% of the items
were judged as remembered versus 37% judged as known. That
difference is highly significant, f(23) = 6.34, p < .01. So even

when they are both judged "old," the critical lures that were
presented are distinct from those that were not presented.

The final evidence for the difference between the presented and
nonpresented critical lures is found in the free-recall data (see
Figure 1). The critical lures that were not presented were recalled
on the free-recall test 27% of the time. Five percent of all the
responses in the free-recall were intrusions, of which 15% were
critical lures. However, when the critical lures were actually pre-
sented, the probability of recall was 96% if presented in Position 1
and 83% if presented in Position 10.

The experiment was designed specifically to afford a signal-
detection analysis. Table 2 contains measures of sensitivity and
criterion for each of the three item types. We calculated a measure
of sensitivity, d(a), as proposed by Simpson and Fitter (1973).
According to Macmillan and Creelman (1991), d(a) is a particu-
larly appropriate measure of sensitivity in a situation such as ours.
The normal d' requires the assumption of equal variance in the
presented and nonpresented distributions, but d(a) allows for un-
equal variances and is preferred in single-point receiver operator
characteristic (ROC) spaces. The measure of criterion (c2) is one
proposed by Macmillan and Creelman (1991) for use when the
variances of the two distributions are not equal. It reduces to the
usual measure of criterion when the variances are equal. The
measures of sensitivity were quite similar across the three item
types, but the measures of criterion were quite different. Figure 2
provides a further illustration of this point. The hits are plotted
against the false alarms for each of the item types on normal-
normal coordinates. If the three points were on the same ROC
curve (i.e., had the same sensitivity), they would lie on a straight
line in normal-normal coordinates. The best fit straight line is
shown in the figure, and that line accounts for 98% of the variance
in the three points. The slope of the line was less than 1 (0.76),
indicating that the variance of the nonpresented items is smaller
than the variance of the presented items. Ratcliff et al. (1992) also
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Figure 1. Probability of correct recall as a function of serial position in Experiment 1.
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Table 2
Measures of Sensitivity and Bias as a Function of Item Type

Experiment 1 Experiment 2

Item type d(a) c2 d(a) d'(e) c2

Critical lures
Related items
Unrelated items

1.37
1.63
1.34

-1.19
-0.35

0.42

1.08
1.46
1.12

1.08
1.48
1.16

-1.19
-0.41

0.06

plotted ROC curves from several old-new recognition experiments
on normal-normal coordinates and obtained slopes averaging 0.78
across experiments. The inequality of variances supports the use of
d(a) and c2 as the appropriate measures of sensitivity and criterion.

The item types differed substantially in criterion. The criterion
c2 is calculated in standard score units, so the differences between
item types is large. For instance, the criterion for critical lures was
over one and one-half standard units lower than the criterion for
unrelated items. If the criteria were equal, they would lie on a line
more or less perpendicular to the best fit line in Figure 2, a
situation that was patently not true.

In our view, the close similarity of the d(a) values across item
types coupled with the large differences in criterion argues
strongly that the high false-positive rate with critical lures is the
result of a shift to a lax criterion for those items. The equality of
sensitivity across item types indicates that the critical lures profit
as much as any other item type by being presented. Conversely, the
critical lures are disadvantaged by not being presented as much as
any other item type. The similarity of the values of false alarms on
critical lures to hits on related items does not mean that equivalent
memories were created. It means that critical lures yielded a lower
criterion than related items.

confidence that the word was presented on one of the study lists (1 =
definitely old, and 6 = definitely new). The scale was explained and printed
on the test sheet for reference.

Results

We first examine performance on the critical lures relative to the
other item types. Those results are summarized in Table 1 and
Figure 3. The probability of saying "old" to a critical lure that was
not presented was not significantly different from the probability
of responding "old" to a related item that was presented (.78 vs.
.86), f(18) = 1.75, p = .098. The probability of saying "old" to a
critical lure that was not presented was very much higher than the
probability of responding "old" to an unrelated item that was not
presented (.78 vs. .22), f(18) = 10.13, p < .01. Presented critical
lures are significantly more likely to be labeled "old" than non-
presented critical lures (.96 vs. .78), f(18) = 3.78, p < .01. Again,
performance on the nonpresented critical lures is not the same as
if they had been presented.

The free-recall data in Experiment 2 (see Figure 3) are similar to
the free-recall data from Experiment 1. The critical lures that were
not presented were recalled on the free-recall test 42% of the time
(somewhat higher than in Experiment 1). Of all the responses in
the free-recall test, 4.5% were intrusions, of which 29% were
critical lures. However, when the critical lures were actually pre-
sented, the probability of recall was 95% if presented in Position 1
and 89% if presented in Position 10.

The primary purpose of the second experiment was to allow us
to estimate the signal-detection parameters for each of the item
types in a more traditional fashion, namely using confidence
intervals. Table 2 contains two measures of sensitivity and one
measure of criterion for each of the three item types from Exper-
iment 2. Two measures of sensitivity were used for comparison:

Experiment 2

The second experiment was identical to the first one except that
the participants were asked to make confidence ratings rather than
remember-know judgments. We switched to confidence ratings
because they allow the computation of more stable signal-
detection parameters. Roediger and McDermott (1995) used con-
fidence ratings in their first experiment but not for the computation
of signal-detection parameters. The second experiment also affords
a secondary analysis that was not available in Experiment 1. That
analysis is described in the Discussion.

Method

Participants. Nineteen Dartmouth College undergraduates participated
in the experiment. Participants were given extra credit toward their grade
in an introduction to psychology course for their participation. Participants
were tested in six groups ranging from 3 to 5 participants per group.

Materials. The same materials in Experiment 1 were used for this
experiment.

Procedure. The only change in the procedure from Experiment 1 is in
the design of the recognition test. In Experiment 1, participants were asked
to make a remember-know judgment about each of the items judged to be
old. In the recognition phase of the second experiment, participants were
given the same test words on a sheet as in Experiment 1, but this time they
were to make a single judgment on a 6-point scale. They were instructed
to write next to each word a number from 1 to 6 corresponding to their

N

Z(False Alarms)

Figure 2. The receiver operator characteristic function across item types
in Experiment 1.
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Figure 3. Probability of correct recall as a function of serial position in Experiment 2.

d(a) and d'e. The measure d(a) was used in the previous experi-
ments because it can be calculated from a single point on the ROC
curve (Macmillan & Creelman, 1991). In this case, d(a) was
calculated for each confidence interval and then averaged across
the intervals to provide a measure for each item type. McNicol
(1972) recommended using the measure of sensitivity based on the
entire ROC curve and assuming unequal variance. Once the slope
of a ROC curve plotted in normal-normal coordinates is deter-
mined, a value for sensitivity can be obtained when the z(H)
equals 0. McNicol defined d'e as "twice the value of z(H) or
z(FA), ignoring the signs, at the point where the ROC curve
intersects the negative diagonal," because z(H) and z(FA) are equal
when the ROC meets the negative diagonal. The measures d(a)
and d'e produced nearly identical values, although those values
were slightly lower than the corresponding ones obtained in Ex-
periment 1. Both measures support the main conclusion of Exper-
iment 1 that the item types are similar in sensitivity but differ
substantially in criterion.

We examined the slope of the best fit regression line for each of
the three item types separately. Slopes less than 1.0 indicate that
the old and new distributions differ in variance. The average slope
of the slopes for the three item types was 0.75, which compares
favorably with the value of 0.76 from the first experiment and from
the average value of 0.78 obtained by Ratcliff et al. (1992).

Discussion

We have shown that the nonpresented critical lures in the
Roediger and McDermott (1995) paradigm do not behave as if
they had been presented. Performance is significantly higher on
every measure when the critical lures are presented compared with
when they are not. Further, we have shown that the performance
on critical lures is more consistent with a criterion shift than with
a change in sensitivity. The notion of a criterion shift to explain the

recognition data raises several important questions: (a) What
mechanisms could lead to such a criterion shift, (b) how would a
criterion shift explain the remember-know judgments, (c) how
would a criterion shift explain the free-recall data, and (d) what do
our data imply for the concept of false memories?

One mechanism for explaining the criterion shift would be to
postulate that participants develop metaknowledge of the structure
of the stimulus lists as the task proceeds. Casual comments from
the participants made it clear that they realized that most of the
lists contained highly related items. After the fact, they undoubt-
edly could have produced some of those themes or categories for
the lists. Given that metaknowledge, one could further postulate
that if an item on the recognition test were recognized as being
related to one of the remembered categories, the participant would
use a lower criterion for responding "old" to that item. Related
items would have a higher probability of triggering one of the
categories than unrelated items by construction. Further, because
of the way the lists were constructed, the critical lures would have
a higher probability of triggering one of the categories than the
related items. Huttenlocher, Hedges, and Duncan (1991) proposed
a model for estimating spatial location. In that model, participants
are assumed to combine categorical and item information in a
Bayesian fashion to produce estimates in ambiguous cases. The
model predicts several common biases in memory and psycho-
physical tasks. The model would provide a mechanism for pro-
ducing different criteria for the different item types in the current
research.

In addition to the metaknowledge and its influence on criterion,
the critical lures undoubtedly differ in a number of other respects
from the related items. By the way they were chosen, they almost
certainly have more high associates than the other items, and they
are probably higher in frequency and a number of other charac-
teristics as well. These structural differences could affect their
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position on any underlying distribution of familiarity, both for the
nonpresented items and for the presented items. Our unrelated lists
were constructed from critical lures and related items from lists
that were not used in the experiment. There is no pattern or theme
to the items on the unrelated lists. These critical lures on the
unrelated lists have the same structural properties as the critical
lures from the related lists, but they are presented without the
context of their related items. In the second experiment, those
unused critical lures could appear as presented on the unrelated
lists or could appear on the recognition tests without having been
presented. Across all participants, critical lures from the unrelated
lists yielded 68% hits and 27% false alarms. Related items from
the same unrelated lists yielded 63% hits and 19% false alarms.
The difference in false alarms is borderline significant using chi
square (p = .052). (The chi-square test assumes independence,
which is violated in this analysis but it provides a gauge of the
difference.) Roediger and McDermott (1995) tested a very similar
comparison in their second experiment. They tested critical lures
and related items whose context lists were never presented. They
obtained values of 16% for critical lures versus 11% for related
items, and that difference was significant in their sample. There-
fore, it appears that critical lures do have higher initial strength
than other items.

A reviewer suggested an alternative model to account for our
findings. The reviewer proposed that the presence of the related list
context could shift both the signal and the noise distributions for
critical lures and shift them more than the corresponding distribu-
tions for the related items. The signal and noise distributions for
the related items also could be shifted relative to the unrelated
items, but not as much as the critical lures. The differences that we
observe could result from these shifted distributions rather than
shifted criteria. We believe the bulk of evidence favors criteria
shifts.

The first bit of evidence comes from the free-recall data. We
argue later that participants may use a generate-recognize strategy
during free recall. In our two experiments, the nonpresented crit-
ical lures were recalled well above chance but significantly worse
than the related items at any point in the serial position curve.
Recall of the nonpresented critical lures was substantially higher in
the Roediger and McDermott (1995) experiments, averaging well
above the recall of the related items in the middle serial positions.
One possibility for the lower recall in our studies is that once
participants see a presented critical lure on one of the lists, they
realize how strong an item can be and they implicitly adjust their
criterion for future events accordingly. Participants never see a
presented critical lure in the Roediger and McDermott studies. To
test this possibility, we pooled across our two experiments, and
analyzed the probability of recalling a nonpresented critical lure
before and after participants had experienced a presented critical
lure. Participants reported the nonpresented critical lure 68% of the
time when it was tested before any critical lure was presented and
32% of the time when preceded by a list containing a critical lure.
The preceding analysis is confounded by list order so that the 68%
is from List 1 and the 32% is from Lists 2 and 3. To examine the
effect of list order alone, we looked at recall of all items in List 1
versus all items in Lists 2 and 3. The corresponding recall per-
centages for related items were 71%, 67%, and 68% on Lists 1, 2,
and 3, respectively. Thus, we see a dramatic difference between
recall performance on nonpresented critical lures before and after

participants saw their first presented critical lure on a study list.
That difference does not appear to be attributable to list order or
any other structural effects that we can think of. The difference is
consistent with an understandable change in criterion. We are not
suggesting that they recognize a critical lure as a critical lure, but
once they experience the very high strength of a presented critical
lure, their standard or criterion changes for evaluating other items.
Of course, a change in criterion would only be apparent if partic-
ipants were using and shifting criteria during the task, providing
evidence in favor of our interpretation.

A second and closely related argument is that Roediger and
McDermott (1995) found the false-positive rate on critical lures to
be equal to or greater than the hit rate on related items. In both of
our experiments, the false-positive rate is lower than the hit rate.
That difference could reflect the same effect described in the
previous paragraph. Namely, because all of our participants even-
tually experience a presented critical lure, they have a different
standard for judging "oldness" at recognition time than the partic-
ipants in the Roediger and McDermott study, who never experi-
enced a presented critical lure. Again, if that speculation were true,
it would argue for criterion shifts rather than distributional shifts.

A third argument against the distributional shift model is the
equality of d' for the three item types in both experiments. In our
model relying on shifting criteria, we would expect similar values
for d' across item types. With the distributional shift model, any
similarity of d' across item types would be a coincidence. In some
ways, an ideal false memory would yield a d' of 0. The false
memory would be just as strong as if it had been presented. Any
successful model of Roediger and McDermott's paradigm has to
take account of the fact that a critical lure profits just as much from
an actual presentation as any other item. Finally, criterion shifts
would be the standard interpretation given the data that we ob-
tained. We believe the data are more consistent with a shift in
criteria rather than a shift in distributions.

The same metaknowledge, criterion differences, and distribu-
tional differences that are postulated to affect old versus new
recognition could produce the observed results on the remember
versus know judgments. Once the participant responded "old" to
an item and was confronted with a choice between remember and
know, the participant could set a new criterion for that judgment.
The effects postulated previously would have similar effects on the
remember-know judgments. Some investigators have argued that
remember-know judgments are qualitatively different and could
not be fit by a signal-detection model (e.g., Gardiner, Ramponi, &
Richardson-Klavehn, 1998). However, others have argued persua-
sively that a two-criterion signal-detection model can account for
many, if not all, of the remember-know findings given assump-
tions about the shape of the distributions (Donaldson, 1996;
Hirshman & Henzler, 1998; Hirshman & Master, 1997). We do not
mean to imply that memory is a unidimensional process, just that
the remember-know judgment may involve criterion setting and
that criterion could vary by item type.

To model performance on free recall requires an additional
assumption. We have to postulate that during free recall, several
words not on the presented list would be considered as candidates
for recall. Those items would be put through something akin to a
recognition process. In such a generate-recognize model, critical
lures would be advantaged over other items types in two respects.
Because the lists were designed by picking the 15 highest associ-
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ates to the critical lure, the critical lure should be easier than any
other item to generate as a candidate for recall. Because of the
initial structural advantage of the critical lures as described earlier,
the critical lures would also have an advantage over other items on
the recognition phase. Several authors have assumed a generate-
recognize model in explaining recall phenomenon, particularly
allegedly improved recall under hypnosis (Dywan & Bowers,
1983; Klatzky & Erdelyi, 1985). Roediger and Payne (1985) found
results that argued against such a model. They showed that ma-
nipulating criterion through instructions did not increase the num-
ber of hits in a free-recall paradigm. Erdelyi, Finks, and Feigin-
Pfau (1989) replicated Roediger and Payne's results, but
demonstrated that the failure to find an effect of criterion was to
some extent the choice of list items that could not be guessed or
generated by participants. A generate-recognize model clearly
cannot work if the correct items cannot be generated. Erdelyi et al.
included lists that contained items that could be guessed and
obtained an effect of instructed criterion. Roediger, Srinivas, and
Waddill (1989) acknowledged the results of Erdelyi et al., but
argued that the effects were quite small.

To summarize the previously discussed recall studies, there does
appear to be evidence for a generate-recognize model (or at least
criterion effects in free recall) but only if the correct items can be
generated by the participants. The effects might be small, but that
smallness may reflect a low probability of generating correct items
by chance rather than a weakness in the model. The Roediger and
McDermott (1995) paradigm was designed in such a way that the
critical lures had a very high probability of being generated by the
participants by chance. The 15 presented items were chosen to be
the 15 highest associates to the critical lure. If there were ever a
paradigm in which a generate strategy would work (for the critical
lures), this is it. Given the ease of generating the critical lures, the
effect of a generate-recognize strategy should be larger than usual.

Although nonpresented critical lures were reported well above
chance frequencies on free recall, we think it is critically important
to remember that actually presented critical lures were recalled
three to four times as often in both of the current studies. Nonpre-
sented critical lures do not behave as if they had been presented.

As we described earlier, the intrusion of nonpresented critical
lures in free recall decreases dramatically after participants expe-
rience their first presented critical lure. That decrease is consistent
with a change in criterion, but a change of criterion would only
affect performance if criteria played a role in recall performance.

We believe our findings provide additional clues to the under-
standing of false memories. What are false memories? Just about
any test ever constructed to test memory yields some errors. One
question to ask is whether any error on a memory test should be
considered a false memory. In our view and in the view of the
researchers whom we sampled, the answer is "no." Many errors
are guesses, misunderstandings, confusions, and so on. How, then,
can one single out which ones are false memories and which ones
are not? In the current literature, there appear to be a couple of
principles for arguing that a memory is false. One principle seems
to be that if a condition or item type yields a high percentage of
errors (false-positive results), then maybe those errors are actually
false memories. How do we know it is a high percentage? One
standard would be that the condition produces as many false
memories as a similar condition produces true memories. Roediger
and McDermott (1995) stressed the high level of false-positive

responses and the similarity of false-positive responses on critical
lures to the hits on related items. A thought experiment addresses
this standard.

Take a standard old-new memory experiment with unrelated
words. We present the list to Group A and at test time instruct them
to say "old" only if they are quite sure. Group A yields 52% hits
and 5% false-positive answers. Are those 5% false-positive an-
swers false memories? In a court of law, anyone of them might
wreak havoc, but a researcher would have trouble making a big
fuss in the literature about the 5% errors. If that were the criterion,
every memory study ever done would be about false memory. To
continue, we then present the same list to Group B but instruct
them to say "yes" if there is any chance at all that they might have
seen the item. Group B yields 90% hits and 50% false-positive
responses. That is a lot of false-positive answers. In fact, it is
roughly the same percentage as Group A had for hits. Does that
make Group B a good candidate for studying false memory? Most
researchers probably would say "no." Group B is no more inter-
esting than Group A; the participants' criteria were simply lowered
through instructions.

A second standard would be that the participants indicate on a
second judgment that they actually believe the false memories are
real. The remember-know judgment or confidence ratings are
candidates for that second judgment. Although a false-positive
response that is labeled as having been actually remembered does
seem more convincing than a false-positive response alone (and
might carry more weight in a courtroom), the remember-know
judgment is not tapping some infallible system of metaknowledge.
Participants are rarely asked to make this judgment in ordinary
circumstances, and in spite of the detailed instructions, some
ambiguity must exist. As cited previously, several researchers have
argued that the remember-know judgment involves the setting of
another criterion and as such is participant to criterion shifts just
like the primary old-new judgment. This criterion has some of the
same difficulty as the previous criterion. Namely, a small percent-
age of remember judgments among the false positives would not
interest many people, but we could carry out the same thought
experiment as previously done and show that the percentage of
remember judgments is no more satisfying as an indicator of "true"
false memories than the percentage of false-positive memories.
Confidence judgments are conceptually similar. Most signal-
detection researchers assume the creation of several additional
criteria to model confidence ratings (Macmillan & Creelman,
1991). These additional criteria could vary as a function of item
type.

An important issue with respect to false memories is the locus of
the effect. Roediger and McDermott (1995) stated that many
theories have assumed the locus to be at encoding. They suggested
that it could occur at encoding or retrieval. Even the prevailing
vocabulary suggests an encoding locus. Papers talk about "im-
planting" false memories, and the concept of "recovered" memo-
ries is ubiquitous. Such terms imply an encoding locus. A criterion
shift is something that happens at retrieval, but is more of a
decision process than a retrieval process per se. We believe that
many people would be surprised, and a bit disappointed, to learn
that some forms of false memories result from criterion shifts.

So where does that leave us? Fortunately or unfortunately, the
definition may well depend on the intended use. One definition
may be required in a courtroom, and quite a different one may be
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required for a researcher interested in doing functional magnetic
resonance imaging studies on brain processes involved in false
memories. For instance, a researcher who wanted to test whether
false memories are stored in the same location as true memories
would have a difficult time if the intended paradigm produced
false memories through criterion shifts. On the basis of our data,
we believe that criterion effects will play an important role in any
comprehensive definition.

We are not proposing a specific model of the Roediger and
McDermott (1995) paradigm. There are several models of the
recognition process that include signal-detection processes such as
Mandler (1980) and Yonelinas (1997). We believe that any com-
plete model of the Roediger and McDermott paradigm will need to
allow for criterion shifts.
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