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The role of decision criterion in the Deese–Roediger–McDermott (DRM)
false recognition memory: False memory falls and rises as a function of
restriction on criterion setting
Jerwen Jou, Eric E. Escamilla, Mario L. Arredondo, Liann Pena, Richard Zuniga, Martin Perez and
Clarissa Garcia

Department of Psychology Science, University of Texas–Rio Grande Valley, Edinburg, TX, USA

ABSTRACT
How much of the Deese–Roediger–McDermott (DRM) false memory is attributable to
decision criterion is so far a controversial issue. Previous studies typically used explicit
warnings against accepting the critical lure to investigate this issue. The assumption is
that if the false memory results from using a liberally biased criterion, it should be
greatly reduced or eliminated by an explicit warning against accepting the critical
lure. Results showed that warning was generally ineffective. We asked the question
of whether subjects can substantially reduce false recognition without being
warned when the test forces them to make a distinction between true and false
memories. Using a two-alternative forced choice in which criterion plays a relatively
smaller role, we showed that subjects could indeed greatly reduce the rate of false
recognition. However, when the forced-choice restriction was removed from the
two-item choice test, the rate of false recognition rebounded to that of the hit for
studied list words, indicating the role of criterion in false recognition.
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Since the publication of Roediger and McDermott’s
(1995) seminal paper, studying a type of false
memory created in a lab setting has become one of
the major memory research interests in nearly the
past two decades. Roediger and McDermott’s (1995)
revived and expanded some memory experiment pro-
cedures and materials originally developed by Deese
(1959) into what is now known as the Deese–Roedi-
ger–McDermott (DRM) paradigm to study false
memory in a controlled lab setting. In this paradigm,
subjects are presented with a list of semantically
associated words (such as bed, rest, awake, tired,
dream, doze, night, peace, late, drowsy, snooze, snore,
blanket, slumber, nap) with the meanings of the
words converging on a theme (sleep), but with the the-
matic word itself not presented at study. In the recall
and recognition tests in their 1995 study, Roediger
and McDermott found that the rate of falsely recalling
or recognizing the nonstudied thematic word (hence-
forth critical lure) closely matched that of the actually

studied words (McDermott, 1996; Roediger & McDer-
mott, 1995). This dramatic demonstration of the
dismal fallibility of memory sparked an intense inter-
est in this phenomenon in the memory research com-
munity (Bruce & Winograd, 1998; Gallo, 2010).

The robustness of the phenomenon of false
memory in the DRM paradigm and its resistance to
elimination have been extensively documented since
1995 (Anastasi, Rhodes, & Burns, 2000; Gallo, Roberts,
& Seamon, 1997; Gallo, Roediger, & McDermott,
2001; Heit, Brockdorff, & Lamberts, 2004; McDermott,
1996; McDermott & Roediger, 1998; Neuschatz,
Payne, Lampinen, & Toglia, 2001; Payne, Elie, Black-
well, & Neuschatz, 1996; Roediger, 1996; Roediger &
McDermott, 2000; Toglia, Neuschatz, & Goodwin,
1999; but see also Jou, 2008; Jou & Foreman, 2007).
For example, although giving strong explicit warnings
and source-monitoring instructions to alert subjects to
the critical lure in experiments did lower the false
memory rate somewhat, the reduction was nowhere

© 2016 The Experimental Psychology Society

CONTACT Jerwen Jou jerwen.jou@utrgv.edu Department of Psychology Science, University of Texas–Rio Grande Valley, 1201 West
University Dr., Edinburg, TX 78539-2999, USA

THE QUARTERLY JOURNAL OF EXPERIMENTAL PSYCHOLOGY, 2016
http://dx.doi.org/10.1080/17470218.2016.1256416

mailto:jerwen.jou@utrgv.edu
http://www.tandfonline.com


near eliminating this effect (Gallo et al., 1997; Gallo,
Roediger, et al., 2001; McDermott & Roediger, 1998;
Multhaup & Conner, 2002).

The most remarkable aspect of this false memory is
that subjects are not just claiming that the critical lures
are familiar, but claim to have actually “remembered”
the event in the sense that they can consciously re-
experience all the contextual, physical, and temporal
details associated with the presentation and studying
of that theme word. Many studies using the DRM para-
digm reported subjects’ vivid and distinctive recollec-
tions of having seen or heard “certain details” of the
critical lure (Gallo, McDermott, Percer, & Roediger,
2001; Lampinen, Meier, Arnal, & Leding, 2005; Lampi-
nen, Neuschatz, & Payne, 1999; Payne et al., 1996; Roe-
diger & McDermott, 1995), including remembering the
list positions at which the critical lures were presented
and the other list words presented near them, or the
gender of the speaker who delivered the critical lure
(Gallo, McDermott, et al., 2001; Hicks & Marsh, 1999;
Lampinen et al., 1999; Neuschatz et al., 2001;
Norman & Schacter, 1997; Payne et al., 1996; Reed,
1996). Subjects also expressed a level of confidence
about studying the critical lures comparable to that
for the studied words (Reed, 1996; Roediger & McDer-
mott, 1995). Because of the seemingly subjective
indistinguishability of the false memory from true
memory and the reality-distorting and the involuntary
nature of this experience (Coren & Girgus, 1978; Her-
shenson, 1989), some researchers called these vivid,
realistic-appearing memories of the nonexperienced
events phantom recollections (Brainerd, Payne,
Wright, & Reyna, 2003; Brainerd, Wright, Reyna, &
Mojardin, 2001) or memory illusions (Roediger, 1996).

However, there are two different views on the cog-
nitive processes underlying false memory in the DRM
paradigm. One is a memory-based (or distribution-
shift) account, and the other a decision-based (or cri-
terion-shift) account of false memory (Miller, Guerin,
& Wolford, 2011; Miller & Wolford, 1999; see also Roe-
diger & McDermott, 1999; see Wickens & Hirshman,
2000; Wixted & Stretch, 2000, for a review). The
memory-based account argues that false memory is
a memory created by an implicit associative response
mechanism or spreading of activation from the related
concepts on the list that subjects have studied (Gallo,
McDermott, et al., 2001; Gallo & Roediger, 2002; Roedi-
ger, Balota, & Watson, 2001; Roediger & McDermott,
1995; Underwood, 1965) and is the same in nature
as true memory. Therefore, for example, when
people claim that they saw the word “anger” (a critical

lure), the false recognition is as compelling, vivid, and
impervious to strategic control (such as warning) as
true memory (Gallo, McDermott, et al., 2001; Gallo &
Roediger, 2002; Gallo, Roediger, et al., 2001; Roediger,
1996; Lampinen et al., 1999; Roediger & McDermott,
1999). The decision-based account, however, argues
that the memory for the critical lure is derived at
least in part from a criterion shift toward a more
liberal position for the critical lure than for other
words. Specifically, the reason why people respond
“yes” to the critical lure in the recognition test is that
they reply on their knowledge of the semantic struc-
ture of the lists and infer that the critical lure is prob-
ably on the list (Brainerd & Reyna, 1998; Miller, Guerin
et al., 2011; Miller & Wolford, 1999). The implication of
this account of false memory is that the recognition
decision is not based on a compelling experience of
studying the word, but on a strategic, inferential judg-
ment. An example offered by Lampinen, Neuschatz,
and Payne (1997) illustrates very well the distinction
between these two accounts of false memory. A
person was watching a video of an episode of
someone eating at a restaurant. However, in the
middle of the video presentation, the viewer dozed
off for a moment and missed a small section of the
whole episode, the part of paying the bill. The
viewer was later asked whether she saw the diner
paying the bill. She did not actually remember
seeing the diner paying the bill, but she inferred that
the diner did. So, she responded “yes” to the
payment question just as someone who actually saw
the act of paying the bill. According to Lampinen
et al. (1997), the inferred “memory” does not have
the compelling, vivid nature of true memory.

Based on the results of their signal detection analy-
sis of the criteria that subjects adopted in a DRM para-
digm recognition experiment, Miller and Wolford
(1999) argue that the false memory is derived from a
decision-criterion shift (shifting the criterion to a
more liberal position on the memorial strength-of-evi-
dence axis when judging the critical words relative to
the other words), rather than from memorial evidence
of the critical lure. In other words, in making a recog-
nition decision, subjects demand less memory evi-
dence for a “yes” decision for the critical lure than
for other words. The memory-based view, on the
other hand, argues that according to the logic of
signal detection theory, although a criterion change
in decision can result in a measured criterion shift, a
measured criterion shift for the critical words does
not necessarily translate into a criterion change in
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the decision process. Instead, the measured criterion
shift can be derived from a shift of the memory evi-
dence distribution of the lure toward the right relative
to the studied list words (for a detailed explanation,
see Wixted & Stretch, 2000). Wickens and Hirshman
(2000) concurred with Wixted and Stretch (2000) in
that although adopting a more liberal criterion in
decision results in a measured criterion shift toward
a liberal bias, a measured criterion shift does not
necessarily entail an actual more liberal criterion pla-
cement in the decision making. In addition, Wixted
and his colleague (Stretch & Wixted, 1998; Wixted &
Stretch, 2000) suggest that making within-a-trial-
block, item-by-item frequent criterion shifts requires
a great deal of mental effort, which subjects normally
are unwilling to carry out.

Likewise, trying to refute the criterion-shift
interpretation of false memory, Roediger and his col-
leagues (Gallo, Roediger, et al., 2001; Roediger &
McDermott, 1999) argue that if the false recognition
is the result of adopting a very liberal criterion, then
warning the subjects on the appearance of the critical
lure and against accepting it should greatly lower or
eliminate the false recognition. Given that studies
have shown that warnings on the nature of the critical
lure produced only a moderate reduction of false
memory (Gallo et al., 1997; Gallo, Roediger, et al.,
2001; McDermott & Roediger, 1998), Roediger and
McDermott (1999) conclude that decision criterion
shift is unlikely to be the source of the false
memory. However, when Miller, Guerin, et al. (2011)
used what they called criterion warning (which
expressly warned subjects that they should watch
out for a word that was related to the theme of all
the related words and reject that word because that
word was not studied), the false-alarm rate of the criti-
cal lure was indeed substantially reduced (from .77 to
.46).1 Moreover, they found that the reduction in false
alarm (FA) and the associated criterion shift was larger
for the critical lure than for the related and unrelated
words. Hence, they concluded that at least to a certain
extent the DRM false recognition is amenable to
warning and hence derived from a criterion shift.

Despite having indicated their view that false
memory is unlikely to be the result of criterion shifts,
neither Wixted and Stretch (2000) nor Wickens and
Hirshman (2000) ruled out the possibility of a criterion
shift as the source of the DRM false memory. As
Wixted and Stretch (2000) stated, “Admittedly, it is
within the realm of possibility that participants are
willing to exert the mental effort required to adjust

the criterion item by item on the basis of category
membership even though they are not inclined
to . . . ” (p. 376). Likewise, Wickens and Hirshman
(2000) stated:

One can never completely rule out the possibility that a
participant makes adjustments to decision process to
accommodate local circumstances. . . . A more productive
approach is to draw on the results of other studies to
argue for the plausibility or implausibility of the processes
underlying the different explanations. (p. 380)

Thus, the conclusion is that a measured criterion shift
as presented by Miller and Wolford (1999) is not suffi-
cient evidence to unequivocally demonstrate that
false recognition is decision based, not that there is
no possibility of a criterion shift being the source of
false memory. Both Wixted et al. and Wickens and
Hirshman (2000) have indicated that there has not
been a definitive conclusion so far on the issue of a
memory- versus decision-based account of false
memory. Both of them agree that more research and
evidence (beyond a measured bias change within
the signal detection theory framework) is needed to
determine whether the false recognition in the DRM
paradigm is, at least to a certain degree, derived
from criterion shifts.

As noted, researchers holding the memory-based
view (Gallo, Roediger, et al., 2001; Roediger & McDer-
mott, 1999) argue that resistance of the false-
memory phenomenon to the influence of warnings
is evidence against the idea that false memory is the
result of a conscious, strategic decision-criterion
adjustment. We think that this argument is based on
some untested assumptions. The first assumption on
which this argument is based is that people can ident-
ify the critical lure consciously. The second assumption
is that criterion setting is a conscious process. We think
that people may be able to identify some critical lures
in the DRM paradigm when they want to minimize the
FA rate as demonstrated by Neuschatz, Benott, and
Payne (2003), but this process may be largely implicit
or unconscious under most circumstances and there-
fore not amenable to conscious, strategic control
(Jou & Foreman, 2007). Jou and Foreman (2007)
have presented data suggesting the implicit nature
of the knowledge about the critical lure and of its
identification process in a training procedure using
immediate corrective feedback to minimize false
recall and recognition rate of the critical lures. They
found that subjects could greatly lower the rate of
recalling and recognizing the critical lure due to a cor-
rective feedback but they could not explicitly identify
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or produce the critical lure. If subjects cannot con-
sciously identify the critical lures, how can they con-
sciously raise the criterion for these probes (even
though they may possibly be able to do it at an uncon-
scious level)? Miller et al. (2011) used their criterion
warning and considerably lowered the rate of FA to
the critical lure. The criterion warning was in essence
an instruction that explicitly and elaborately taught
subjects how to identify the critical lures at test.
Other studies that investigated the role of criterion
setting in DRM false memory also manipulated
instructions (McCabe & Smith, 2002; McDermott &
Roediger, 1998; Neuschatz et al., 2001). Could such
explicit warning have provided subjects knowledge
they did not have before or brought the implicit
knowledge to the conscious level? The warning
manipulation cannot answer this question.

Ideally, the criterion-shift account can be tested
without using an elaborate and explicit warning
instruction. Is there a way subjects can lower the criti-
cal-lure FA rate other than being explicitly warned
about the “trick” word? One cannot make a recog-
nition decision in the yes/no (YN) test without employ-
ing a criterion of whether or not one is warned against
the critical lure. A two-alternative forced-choice (2AFC)
test is considered to be a criterion-free recognition
test by some researchers (Egan, 1975; Green &
Swets, 1966; Hicks & Marsh, 1998; Macmillan & Creel-
man, 1991; Zechmeister & Nyberg, 1982) although
others may not agree depending on how one
defines criterion free. In principle and under an ideal
condition, a 2AFC test is criterion free—that is, if sub-
jects choose the left item 50% of the time, and the
right item 50% of the time. When subjects have a
left- or right-choice bias, the 2AFC is actually not cri-
terion free in the strict sense of the term that the
bias or criterion measure is completely neutral (Jou
& Flores, 2010; Jou, Flores, Cortes, & Leka, 2016; Mac-
millan & Creelman, 1991). That said, even though the
2AFC is not criterion free in the strict sense, there is
no doubt that the role of criterion setting in a 2AFC
is considerably reduced relative to that in a YN test
for the reasons to be given later. Therefore, 2AFC
can at least be used to manipulate the extent to
which criterion plays a role in a recognition test.2

This is what we did in this study. In the remaining of
the article, criterion free is not meant in the strict
sense, but in the relative sense (that is, relative to a
YN test, criterion plays a lesser role in a 2AFC). The
present study aimed to investigate these questions
by comparing the critical-lure FA rate in a YN test

with its corresponding FA rate in a 2AFC test. We
also used two novel forms of paired-items tests
(described later in the introduction) to further investi-
gate what role criterion placement plays in the DRM
false recognition.

It is not uncommon to obtain different results and
conclusions in memory and perception research
depending on how the test is designed and con-
ducted (e.g., Guerin, Robbins, Gilmore, & Schacter,
2012; Hicks & Marsh, 1999; Koriat, Pansky, & Goldsmith,
2011; Migo, Montaldi, Norman, Quamme, & Mayes,
2009; Naveh-Benjamin & Kilb, 2012, among others).
Of particular interest to us are cases where some
test procedures can tap “dormant” or implicit knowl-
edge that can otherwise go undetected. For
example, when Higham (2002) repeated the classic
Thomson and Tulving’s (1970) encoding specificity
experiment but used a forced recall procedure, the
specific associative cue effect that Thomson and
Tulving observed vanished, suggesting that subjects
had memory of the original target words even under
changed cue words. Similarly, McCloskey and Zara-
goza (1985) found no misleading post-event infor-
mation effect (in which memory of the witnessed
event is supposed to be altered or impaired; Loftus,
1979; Loftus & Loftus, 1980) when they used a new dis-
tractor in a recognition test rather than the distractor
presented in the misleading post-event episode,
showing that memory for the originally witnessed
object still existed. As well, in studying people suffer-
ing vision losses due to lesions to the occipital lobe,
Weiskrantz (1980) found that these people indicated
no awareness of the existence of a stimulus when a
self-report test was used, but showed consistent,
above-chance detection and localization of the same
stimulus when a 2AFC test was used. Based on this
finding, Weiskrantz suggested that there is residual
vision (sometimes also known as “blind-sight”) in
these people, which can be detected, but only with
a 2AFC test.

Since we contrasted the YN with the 2AFC test in
this study, we discuss in the following the properties
of a 2AFC test that might possibly make the difference
between it and the YN test in the capability for detect-
ing “elusive”memory. In a YN test, a single test item is
presented, and subjects make either an “old” or a
“new” decision for the single test item. There are
two factors in this decision process, the d prime (d′),
or sensitivity, which measures discrimination ability,
and the criterion, which measures a bias towards
responding yes or no. The bias is affected by
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motivation and is supposed to be independent of the
true discriminability measure d′. One can make more
Yes or No responses depending on one’s consider-
ations separate from pure evidence of prior experi-
ence with the event in the recognition test. In a
2AFC test, one must and may choose only one of
the test items as “old” regardless of whether any or
both items are judged to have met an absolute cri-
terion. Thus, ideally, the criterion is supposed to be
irrelevant, meaning that one does not compare the
test items against an absolute strength-of-evidence
criterion that one chooses to adopt. Instead, the two
items are compared against each other, and the one
with the higher signal value is chosen (Egan, 1975;
Glanzer & Bowles, 1976; Green & Swets, 1966; Hicks
& Marsh, 1998; Macmillan & Creelman, 1991; Smith &
Duncan, 2004; Zechmeister & Nyberg, 1982). Accord-
ing to this idea, we rely on the familiarity or signal-
strength difference (or relative familiarity) between
the two items to make a recognition decision
(Glanzer & Adams, 1990; Glanzer & Bowles, 1976;
Green & Swets, 1966). Because the decision is sup-
posed to be based on the strength difference
between the two items rather than on an absolute cri-
terion as in a YN test, the test is assumed to be criterion
free (Egan, 1975; Green & Swets, 1966; Hicks & Marsh,
1998; Macmillan & Creelman, 1991; Zechmeister &
Nyberg, 1982). Recently, however, Jou et al. (2016)
have indicated that the 2AFC test is actually not cri-
terion free in the strict sense of the word. Despite
this caveat, it is fair to say that criterion setting plays
a reduced role in the 2AFC test compared with its
role in a YN test.

Another property of a 2AFC relevant to the present
study is that the information of the two items is redun-
dant (Jou et al., 2016). That is, in a 2AFC recognition
test, if one can recognize the first item as old, then
the second item has to be new. In other words, the
information in one item is redundant with the infor-
mation in the other item, constraining the old/new
possibilities of each of the two items. McKenzie,
Wixted, Noelle, and Gyurjyan (2001) expressed the
same view about the old/new 2AFC. They indicate
that because the two items in an old/new 2AFC are
mutually exhaustive and exclusive, if one item can
be identified as old, the status of the other item is
determined (i.e., new). In a single-item YN recognition,
on the other hand, there are four possible outcomes
for two items presented as two probes: yes/yes, yes/
no, no/yes, no/no. When two items are presented in
a 2AFC, there can be only two outcomes: yes/no and

no/yes. This redundant relation between the two
items gives an advantage to the 2AFC test over the
YN test for identifying the target (Jou et al., 2016).

In Experiments 1 and 2, we compared critical-lure
FA rates across YN and 2AFC tests to assess the role
of criterion setting in false recognition. In this compari-
son, the role of criterion setting (full versus reduced
criterion role across YN and 2AFC) and the number
of probe items presented in a trial (one in YN versus
two in 2AFC) were confounded. If the false-recognition
rate of the critical lure decreases in the 2AFC com-
pared with the YN test, is it because the criterion
role is restricted in the 2AFC or because the probe
pair mate in the 2AFC provides helpful clues for iden-
tifying the target item? To address this question, in
Experiments 3 and 4, we contrasted the standard
2AFC with a two-alternative test in which subjects
were allowed to make a free choice on the two
items—that is, they could choose one of the two
items, neither one, or both items. This test is in
effect equivalent to presenting two YN test items sim-
ultaneously in one test trial. This manipulation
achieves two goals. First, it eliminates the number-
of-items confounding in the YN versus 2AFC compari-
son. Second, because the requirement for having to
choose one and only one item in a 2AFC is removed,
subjects can resume the adoption of an absolute cri-
terion in the two-alternative free-choice test if they
so desire. In this test format, they can apply an absol-
ute criterion to each of the two test items in the two-
item choice test just as they do in a YN test. This novel
test will more directly and unequivocally determine
whether it is the decision criterion per se or some
information afforded by a pair mate that causes the
critical-lure FA rate in a 2AFC to drop (if it does)
from the level in a YN test. We discuss this point
further in Experiment 3.

Therefore, by comparing the 2AFC test with the YN
and with a free-choice version of the two-alternative
test, we attempt to find out what will happen to the
critical-lure FA rate when the role of criterion setting
is reduced in a 2AFC test. The results will answer our
question of whether subjects commit high rates of
critical-lure FA in the standard YN test because they
cannot distinguish the critical lures from the studied
words, or because they have the knowledge (possibly
implicit) to discriminate the critical lures from studied
words, but choose not to use it to reduce the false-
alarm rate (which would support the criterion-shift
account). In short, do subjects still commit critical-
lure FA at the same rate in a 2AFC as they do in the
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standard YN test? Investigating the role of criterion
setting by constraining what subjects can do in a
test does not involve coaching them how to discrimi-
nate the critical lure from the studied words, and
hence whatever response they make reflects what
they originally know, uncontaminated by the “train-
ing” they receive in the warning.

There were several published studies in which
2AFC was used to investigate DRM false memory.
For example, Westerberg and Marsolek (2003) com-
pared false recognition of the critical lure across YN
and 2AFC, but their purpose was different from
ours. They wanted to ensure that the observed sensi-
tivity (d′) rank ordering of three types of words (d′ of
critical lure < d′ of unrelated words < d′ of related
words) was not due to response biases associated
with the judgment in the YN test. Since the 2AFC
test is considered to be bias free, if they could
obtain the same sensitivity of rank-ordering for
these three types of words in the 2AFC test, then
they could rule out the role of bias in obtaining the
differential sensitivities among the three types of
words. Although the FA rate of the critical lure
dropped from .74 in their Experiment 1 (a YN test)
to .46 in Experiment 2 (a 2AFC test), it rebounded
to .70 in Experiment 3 (which also used a 2AFC test
except with word frequencies of the three types of
word better equated). The critical-lure FA rate was
not the focus of their study, and they did not
address the question of why it dropped and
rebounded when tested in two 2AFC tests. We did
notice an interesting pattern in their data although
the authors did not discuss it: The critical-lure FA
rate and its bias c measure were inversely correlated
(in Experiment 1, a YN test, FA rate = .74, c = −.70; in
Experiment 2, a 2AFC, FA rate = .46, c = −.04; in Exper-
iment 3, a 2AFC, FA = .70, c = −.68). Thus, in that
study, the critical-lure FA rate and its liberal bias
went in tandem, although this aspect of the data
was not a target in that study and was not commen-
ted on by the authors. Their results, however, did
demonstrate the central point in Jou et al.’s (2016)
study that a 2AFC test may not be always criterion
free (the irony is that Westerberg & Marsolek, 2003,
tried to rule out a bias interpretation of their d′

rank ordering for the three types of words, and yet
in the 2AFC of their Experiment 3, they actually
obtained a response bias of −.68 for the critical
words, almost the same size as they obtained in the
YN test of their Experiment 1, apparently without
their awareness; see their Figure 12, page 756).

Gallo and Seamon (2004) tested false recognition
of the critical lure in a 2AFC test (in which the pair
mate was an unrelated distractor) to find out
whether subjects would falsely recognize the critical
lure at above chance level when they could not per-
ceive or recall any of the related semantic associates
(in a close-to-subliminal display condition) prior to
the recognition test. They found that some
minimum perception or recall of the semantic associ-
ates (e.g., at least one semantic associate) was necess-
ary for an above-chance-level false recognition of the
critical lure in a 2AFC. Again, although they used the
2AFC test to study false memory, they did not
compare the YN test with 2AFC, and their purpose
was not to investigate the role of criterion in false
memory, but rather to determine whether conscious
thought of the critical lures was necessary in generat-
ing false recognition.

Weinstein, McDermott, and Chan (2010) compared
the critical-lure false-recognition rate at an immediate
test with that of a 7-day delayed test in a 2AFC test (in
which the critical lure was paired with a studied list
word). They found that the false-recognition rate for
the critical lure at the immediate test was .32 as com-
pared to a chance level at the 7-day delay test.
However, the authors did not give an explanation for
why they obtained a much lower critical-lure FA rate
at the immediate 2AFC test than the typical FA rate
that researchers normally obtain in a YN recognition
test (typically above .60). Our study focuses on provid-
ing an explanation for why there is such a large discre-
pancy in the false-recognition rate of the critical lure
across the two forms of tests on the basis of the differ-
ential roles that decision criterion plays across the two
tests.

Thus, although this is not the first study examining
the critical-lure FA rate in a 2AFC, to our knowledge,
this is the first study to use the YN versus the 2AFC
test, and the standard 2AFC versus a free-choice
two-alternative test as a means of manipulating the
role of decision criterion in the DRM false-recognition
memory and to give a criterion-setting-based expla-
nation for why the critical-lure FA rate is substantially
lower in the 2AFC than in the YN test.

Experiment 1

In Experiment 1, we conducted a YN test closely mod-
elling the recognition test in Roediger and McDer-
mott’s (1995) study and contrasted the results from
that test with the counterpart of a 2AFC equivalent.
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In the 2AFC test, a studied list word was paired with
one of the distractors including the critical lure. Our
goal was to change the test format but hold the learn-
ing part of these two testing conditions constant and
see howmuch difference in the critical-lure FA rate the
YN versus the 2AFC test could make.

Experiment 1 was also conducted to obtain a base-
line measure of the critical-lure FA rate to compare
with the corresponding measures obtained in Exper-
iments 2, 3, and 4 when we used tests with more pro-
cedural modifications.

Method

Subjects
A total of 145 undergraduate psychology students
participated in the experiment, 74 in the YN test con-
dition, and 71 in the 2AFC test condition, for course
credit.

Design and materials
The two test conditions (YN vs. 2AFC) were a between-
subjects factor. The materials and procedure at the
study phase were the same for the two conditions
but the testing procedures were different. Twenty-
four lists of DRM words (of 15 words each, not includ-
ing the thematic word) were adopted from Jou, Matus,
Aldridge, Rogers, and Zimmerman (2004) lists, which
were in turn adopted from Roediger and McDermott’s
(1995) study. Odd-numbered subjects studied and
were tested on half of them (i.e., 12 lists), and even-
numbered subjects on the other half of the 24 lists.
The procedure by which the list words were presented
for study, the selection of the distractor words for the
recognition test, and the procedure of presenting the
test words in the YN test condition were by and large
modelled after Roediger and McDermott’s (1995)
Experiment 1 with the following modifications. The
first change was that subjects learned one list of the
associated words rather than multiple lists as in the
Roediger and McDermott’s (1995) study before they
took the recognition test. Second, at the study
phase, the list words were presented one at a time
in a new random order for each subject rather than
in the same descending order of backward association
strength of the words. This was done to eliminate the
serial position effect in memory as a potential con-
founding variable (e.g., in a probe pair of the 2AFC,
the item at the beginning of the list at presentation
might receive the benefit of a primacy effect and get
chosen more frequently).

The test words for a studied list were composed by
following the DRM paradigm (Roediger & McDermott,
1995). They consisted of six words, of which one was
the critical lure for that particular list, one word was
selected from each of Positions 1, 8, and 10 of the
studied list, and the remaining two words were ran-
domly chosen from a set of 24 nonpresented words
(consisting of six critical words for six nonstudied
lists, and 18 other distractor words, three from each
of the six nonstudied lists—one word from Position
1, one from Position 8, and one from Position 10 of
each of the 6 lists). Thus, in this design, all nonpre-
sented distractor words except the critical lure for
the target list were unrelated distractors.

The same six test words were used in the 2AFC test.
The pairing of the two words in the 2AFC test con-
dition was randomly determined for each subject
with the constraint that one of the two words had to
be a studied word and the other a distractor word.
The sides on which the target words appeared were
counterbalanced across subjects. Thus, there were a
total of three test pairs for each studied list of words,
two of which were composed of a studied list word
and an unrelated distractor, and one of which a
studied list word and the critical lure of the target
list. The total backward association strength of the
test probes for the two test conditions should be
equal because the list words and the number of list
words learned in the two test conditions were
exactly the same. Although the number of test items
was doubled in the YN relative to the 2AFC test con-
dition, the number of individual-word probes pro-
cessed by the subjects was equivalent. Therefore,
the difference was more of a physical format nature
than of a cognitive one.

Procedure
Under both test conditions, the 15 words of a list were
presented one at a time at a pace of 2.5 s per word in
the centre of a computer monitor with a 1-s blank
screen between the presentation of one word and
the next. The order in which the lists were presented
for learning was also random. Subjects were asked
to memorize these words as best as they could. At
the end of the presentation of a list of words, subjects
pressed the enter key to start a 30-s backward count-
ing task before the recognition test (in the Roediger &
McDermott, 1995, study, subjects also performed an
interpolated activity before the recognition test). The
backward counting started with a random three-
digit number, and subjects counted it down by 3 at
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a time. Subjects produced the next number by typing
the number onto a blank space on the screen and
pressing the enter key. When the produced number
was wrong, an error message was displayed
accompanied by a warning tone and an instruction
to re-count from the preceding number.

When the 30-s counting expired, they pressed the
enter key to start the recognition test. For the YN
test condition, at the recognition test, the six probe
words were displayed in the centre of the monitor
one at a time in a new random order for each
subject. Odd-numbered subjects were instructed to
press the “z” key if they judged that they saw that
word at study, and the “/” key if they judged that
they did not see that word. The mapping of the
responses to the keys was reversed for the even-num-
bered subjects. They were provided with an index card
with the word “Yes” on it to be put on either the left or
the right side of the keyboard to mark the positive
response side in case they forgot which key was for
the “yes” response. There was a 1-s blank screen
between the end of pressing the response key and
the appearance of the next probe word. Subjects
were told that accuracy of their responses was very
important and that if their responses were random,
the computer would detect the random pattern, and
consequently they would be asked to repeat the
experiment. However, nobody actually repeated the
experiment. They were also told that they should
not take a rest while the test word was being dis-
played but could take a brief break at the end of the
test before they started on learning the next list of
words. For the 2AFC test, the two words were dis-
played horizontally in the centre of the screen separ-
ated by four spaces. Subjects pressed either the “z”
or the “/” key corresponding to the side of the word
they judged old to indicate which word was the
studied word. Other aspects of the procedure were
the same as those in the YN test condition.

Results and discussion

The mean FA rate of the critical lure and both the mean
hit rate of the studied list words and the FA rate of the
unrelated distractors as a function of experiment and
test condition are presented in Table 1. Note that the
list-word hit rates were different when they were paired
with the critical lure versus with an unrelated distractor.

The FA rate for the critical lure was .651 in the YN test
(which was about the same as the average of .660 in
Stadler, Roediger, & McDermott’s, 1999, DRM critical-

lure FA rate norm) and .295 in the 2AFC test condition
(which was in the neighbourhood of the critical-lure
FA rate of .32 obtained by Weinstein et al., 2010, also
using a 2AFC test procedure). The percentage of drop
in the critical-lure FA rate from the YN to the 2AFC
was 55%. The difference was significant, F(1, 143) =
91.87, MSE = .050, p < .0001, η2= .389. The FA rate of
the unrelated distractors was .024 in the YN test and
.032 in the 2AFC test condition, respectively. The differ-
ence was not significant (F < 1). Thus, although the test
method greatly affected the FA rate of the critical lure, it
had no effect on the FA rate of the unrelated distractors.

The mean sensitivity measure d′ for the noncritical
words (with hit rate calculated from the studied list
words and FA rate calculated from the unrelated dis-
tractors and the critical lure combined) was 1.94 in
the YN test, and 1.95 in the 2AFC test condition.3

The difference was not significant (F < 1). This indi-
cated that, unlike for the critical lure, the discrimi-
nation between the studied words and the distractor
items (including unrelated distractors and the critical
lure) was not affected by the test format. We then
examined the noncritical words’ recognition criteria
in both test conditions by measuring c.4 With this
measure, when the criterion is neutral or unbiased, c
is equal to zero. When the criterion is conservatively
biased, c has a positive value, and when the criterion
is liberally biased, it has a negative value (Macmillan
& Creelman, 1991). The mean criterion measure c for
the noncritical words was −.225 in the YN test, and
−.236 in the 2AFC test condition. The difference was
not significant (F < 1). The mean sensitivity measure
d′ and the mean criterion measure c of the noncritical
words are presented in Table 2 (the critical lures did
not have these two measures since no critical words
were presented at study).5

To summarize, the most important finding was that
the FA rate for the critical lure was cut down by 55%
from the YN test to the 2AFC, indicating that restrict-
ing the use of criterion in the 2AFC accounted for a sig-
nificant proportion of the drop from the critical-lure FA
rate typically observed in the YN recognition test. It is
remarkable that this proportion of reduction in false
recognition was achieved without warning the sub-
jects on the presence of, and against the acceptance
of, the “trick” words in the test.

Experiment 2

The first purpose of Experiment 2 is to replicate the
results (a large reduction of FA rate for the critical
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Table 1. Mean hit and false-alarm rates as a function of experiment, test condition, and type of words.

Experiment/Test Condition Test-Probe Type Hit rate False-alarm rate

Experiment 1
YN test Critical lure — .651 (.031)

Studied list word .869 (.012) —
Unrelated distractor — .024 (.006)

2AFC test Critical lure — .295 (.020)
Studied list word (paired with unrelated distractor) .968 (.012) —
Studied list word (paired with critical lure) .705 (.020) —
Unrelated distractor — .032 (.012)

Experiment 2
YN test Studied critical word .908 (.017) —

Critical lure — .482 (.038)
Studied list word .864 (.010) —
Related distractor — .137 (.014)

2AFC test Studied critical word .964 (.012) —
Critical lure — .212 (.024)
Studied list word (paired with related distractor) .945 (.007) —
Studied list word (paired with critical lure) .788 (.024) —
Related distractor — .082 (.009)

Experiment 3
2AFC test Studied critical word .964 (.012) —

Critical lure — .212 (.024)
Studied list word (paired with related distractor) .945 (.007) —
Studied list word (paired with critical lure) .788 (.024) —
Related distractor — .082 (.009)

2A-FRC test Studied critical word .873 (.014) —
Critical lure — .541 (.028)
Studied list word .810 (.01) —
Related distractor — .201 (.015)

RAP-FRC test Studied critical word .898 (.014) —
Critical lure — .635 (.026)
Studied list word .848 (.008) —
Related distractor — .190 (.013)

Experiment 4
YN test Studied critical word .932 (.016) —

Critical lure — .785 (.038)
Studied list word .782 (.020) —
Related distractor — .293 (.028)
Unrelated distractor — .120 (.021)

2AFC test Studied critical word .920 (.021) —
Critical lure — .402 (.035)
Studied list word (paired with noncritical distractor) .892 (.015) —
Studied list word (paired with critical lure) .598 (.035) —
Related distractor — .181 (.024)
Unrelated distractor — .082 (.015)

2A-FRC test Studied critical word .951 (.015) —
Critical lure — .854 (.023)
Studied list word (paired with noncritical distractor) .780 (.020) —
Studied list word (paired with critical lure) .829 (.023) —
Related distractor — .435 (.035)
Unrelated distractor — .121 (.019)

RAP-FRC test Studied critical word .931 (.016) —
Critical lure (paired with studied list word) — .886 (.034)
Critical lure (paired with unrelated distractor) — .843 (.033)
Studied list word .826 (.047) —
Related distractor — .500 (.035)
Unrelated distractor — .171 (.031)

Note: The number in the parentheses is the standard error of the mean. YN = yes/no; 2AFC = two-alternative forced-choice; 2A-FRC = two-
alternative free-choice; RAP-FRC = rearranged-pairing free-choice.
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lure from the YN to the 2AFC test) in Experiment 1 with
a test format that was modified from the DRM para-
digm in more aspects than in Experiment 1. If the
same result pattern is obtained, the conclusion that
decision criterion contributes to false memory can
be generalized to a wider range of testing conditions.
Second, in the test of the DRM paradigm (and Exper-
iment 1), the only semantically related distractor was
the critical lure. All the other distractors were semanti-
cally unrelated to the theme of the target list. Some
studies have indicated that criterion setting in recog-
nition is sensitive to distractor characteristics (Benja-
min, 2005; Benjamin & Bawa, 2004; Brown &
Steyvers, 2005). Among other findings, these studies
show that when the targets and distractors are
highly discriminable (in this case, the highly dissimilar
majority of distractors), a more liberal criterion tends
to be adopted. When the distractors and targets are
similar, a more stringent criterion tends to be
employed. Thus, the similarity of the distractors to
the targets seems to be one factor that may affect
the FA rate of the critical lure. Indeed, Gunter,
Ivanko, and Bodner (2005) found that false recognition

of critical lures decreased substantially in the related-
distractor test context compared with the unrelated-
distractor context. When the majority of the distrac-
tors in the DRM paradigm are unrelated, subjects
may form an impression that most of the targets are
related, and most of the distractors are unrelated,
and, therefore, if the test probe is related, it is likely
to be a studied word, leading to a high FA rate for
the critical lure. On the other hand, when all the dis-
tractors are related, subjects have to rely more on
the item-specific information rather than the thematic
categorical information.

Another change made in Experiment 2 was to have
all the 15 studied words and an equal number of
related distractors tested. Some theories of recog-
nition memory suggest that making decision in a rec-
ognition test is a process of learning to categorize
probes as members of an old or a new category
(Estes & Maddox, 1995; Hirshman, 1995). To correctly
categorize a probe, one needs to construct an old-
item distribution and a new-item distribution. Infor-
mation about the old-item distribution is derived
from the items on the study list, and information
about the new-item distribution is derived from the
distractors on the test-item list. According to Hirshman
(1995), subjects need to estimate the range (the high
and low points; Parducci, 1984) of the old- and the
new-item distributions to be able to accurately cali-
brate the criterion placement. By providing the
whole set of the old and new items (instead of a frag-
ment of the distribution as in the DRM paradigm test)
in Experiment 2, we think that a memory represen-
tation of the old- and new-item distributions can be
formed that will more accurately reflect the actual dis-
crepancy in familiarity between the two distributions,
and consequently a reduction in the rate of the criti-
cal-lure FA from the level observed in Experiment 1
can be achieved.

Lastly, in Experiment 1, the d′ and the criterion c of
the critical words could not be calculated because no
critical word was presented at study in the DRM para-
digm. In this experiment, half of the critical words
were studied, and the other half were not studied by
half of the subjects, and the studied and nonstudied
two halves of the critical words were reversed for
the other half of the subjects. Thus, each critical
word was studied by half of the subjects and not
studied by the other half of the subjects. With this
design, we could calculate the hit and FA rates of
the critical words in the conventional way and
measure sensitivity d′ and criterion c for the critical

Table 2. Mean sensitivity measure d′ and criterion measure c as a
function of experiment, test condition, and type of words.

Experiment/Test
Condition Test-Probe Type d′ c

Experiment 1
YN test Critical lure — —

Noncritical word 1.94 (.075) −.225 (.033)
2AFC test Critical lure — —

Noncritical word 1.95 (.061) −.236 (.026)

Experiment 2
YN test Critical word 1.19 (.103) −.539 (.064)

Noncritical word 2.41 (.098) −.006 (.04)
2AFC test Critical word 1.48 (.064) −.289 (.036)

Noncritical word 2.29 (.083) −.112 (.022)

Experiment 3
2AFC test Critical word 1.48 (.064) −.289 (.036)

Noncritical word 2.29 (.083) −.112 (.022)
2A-FRC test Critical word .640 (.060) −.560 (.044)

Noncritical word 1.35 (.057) −.004 (.032)
RAP-FRC test Critical word .532 (.054) −.733 (.045)

Noncritical word 1.46 (.046) −.059 (.029)

Experiment 4
YN test Critical word .283 (.097) −.914 (.080)

Noncritical word 1.91 (.094) .131 (.053)
2AFC Critical word 1.02 (.088) −.465 (.047)

Noncritical word 1.79 (.089) .015 (.025)
2A-FRC Critical word .237 (.063) −1.11 (.047)

Noncritical word 1.82 (.097) .107 (.061)
RAP-FRC Critical word .160 (.065) −1.09 (.049)

Noncritical word 1.55 (.104) −.049 (.057)

Note: The number in the parentheses is the standard error of the mean.
YN = yes/no; 2AFC = two-alternative forced-choice; 2A-FRC = two-
alternative free-choice; RAP-FRC = rearranged-pairing free-choice.
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words in the YN and the 2AFC condition to see
whether there was a d′ and criterion change across
the two test formats.

Still another question for Experiment 2 to answer
is how the test format will affect the recognition of
other related words compared with the critical lure.
In other words, is the critical lure especially sensitive
to the criterion manipulation compared with other
related words? Experiment 2 will allow us to
answer the question of how significant a role
decision criterion plays in the recognition of the criti-
cal lure and the recognition of the other related
words. To our knowledge, this experiment is the
first attempt to examine how YN versus 2AFC tests
possibly affect criterion placement for the critical
and other related words differently. If it affects the
critical words more than the other words, that will
suggest that criterion plays a more important role
for the former than for the latter.

Method

Subjects
A total of 117 undergraduate psychology students
participated in the experiment, 57 in the YN condition,
and 60 in the 2AFC condition, for course credit.

Design and materials
As in Experiment 1, there were two test conditions,
the YN and the 2AFC test condition. Again, the
study part of the experiment was the same as that
in Experiment 1 and the same also for the two
test conditions. The testing part of the experiment
was changed from that in Experiment 1. Each list
of the 15 semantic associates plus the thematic
word (16 words) used in Experiment 1 was extended
into a list of 30 semantically associated words. The
twenty-four 30-word lists were adopted from Jou
et al. (2004). We describe how the expansion of
the list was done in the following. The additional
14 words were selected from Russell and Jenkins’s
(1954) associated word norms. Since Roediger and
McDermott (1995) developed their word lists by
taking the top 15 words in a chosen list of the
Russell and Jenkins (1954) original word association
norm (with some exceptions, see Roediger & McDer-
mott, 1995), we simply chose our additional 14
words from each corresponding list in Russell and
Jenkins’s norm by generally picking the next 14
words from each list (with some exceptions, e.g.,
to skip a word or two in a list to avoid already

used words). Thus, the 30 words in each extended
list (one of the 30 words was the critical word)
were ordered in descending semantic association
value with the exception of the critical word. The
critical word was positioned as the first word for
the odd-numbered lists, but as the second word
for the even-numbered lists. For half of the subjects,
the 15 odd-numbered words on each list were pre-
sented for study, and the 15 even-numbered words
were not presented, and were used as distractors at
test. Therefore, for this half of the subjects, the criti-
cal words in the odd-numbered lists (which were the
first words on the lists) were presented, but the criti-
cal words in the even-numbered lists (which were
the second words) were not presented. For the
other half of the subjects, the even-numbered
words on each list were presented, and the odd-
numbered words were not presented. Hence, half
of the subjects studied the critical words on the
odd-numbered lists, and the other half of the sub-
jects studied the critical words on the even-num-
bered lists. With this method of selecting targets
and distractors, when the critical word was pre-
sented, the top noncritical word on the list (with
the highest backward association strength) was
omitted from presentation and was used as a distrac-
tor. When the critical word was not presented and
used as a critical lure, the top noncritical word on
the list was presented instead and used as a target.

For the YN test, there were 30 test words, 15 of
which were studied, and 15 not studied. For half of
the lists, one of the 15 studied words was the
studied critical word. For the other half of the lists,
one of the 15 nonstudied words was the critical lure.
For the 2AFC, there were 15 test pairs. A test pair in
the 2AFC was composed of a studied word randomly
selected from the 15 studied words, and a nonstudied
distractor randomly selected from the 15 nonstudied
words of the list. For a list of which the critical word
was studied, the studied critical word was randomly
paired with a nonstudied word. For a list of which
the critical word was not studied, the critical lure
was randomly paired with a studied word. The target
and distractor were assigned to the left and right
sides of a pair with equal probability, and target and
distractor sides were counterbalanced across subjects.
The 15 words studied and the 15 words not studied
and the 30 test words used in the YN and the 2AFC
test conditions were identical, and hence the back-
ward association strength was kept equal across the
two test conditions.
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Procedure
The study and testing procedures were the same as
those in Experiment 1 except that there were a total
of 30 test trials for the YN test and 15 test trials for
the 2AFC for each list of words. The order of present-
ing the lists for study and the test trials for each list of
words in both test conditions was random.

Results and discussion

The mean hit rate and the FA rate as a function of
experiment, test format, and type of probe words
are presented in Table 1. The most notable change
in recognition performance from the YN test to the
2AFC test was the large drop in the FA rate of the criti-
cal lure from .482 in the YN test to .212 in the 2AFC
test. The reduction was 56% and significant, F(1,
115) = 37.16, MSE = .057, p < .0001, η2 = .244. In con-
trast, the hit rate for the critical words showed a signifi-
cant increase from .908 in the YN test to .964 in the
2AFC test, F(1, 115) = 7.00, MSE = .013, p = .009,
η2 = .058. The drop in the FA rate accompanied by
an increase in hit rate for the critical word indicated
an improvement in the discriminability between the
studied and nonstudied critical words from the YN
to the 2AFC test. The mean d′ and c for the critical
and the noncritical words (composed of the related
studied words and distractors) are presented in
Table 2. Consistent with the decrease in FA rate and
the increase in hit rate of the critical word, its mean
d′ increased from 1.19 in the YN test condition to
1.48 in the 2AFC test condition (after a downward
adjustment by a factor of 1/√2), and the increase
was significant, F(1, 115) = 5.86, MSE = .424, p = .017,
η2 = .048.

The criterion c measure for the critical words was
−.539 (liberally biased) in the YN, and −.289 (compara-
tively less liberally biased) in the 2AFC test condition.
The difference was significant, F(1, 115) = 11.79, MSE
= .154, p = .0008, η2 = .093. This indicated that a more
liberal criterion placement in the YN test than in the
2AFC was a contributing factor in the higher FA rate
observed for the critical lures in the YN test. When
the criterion was shifted to a less liberal point due to
a change in the test format, the FA rate of the critical
lure was cut down by more than half. The fact that the
mean cwas not zero in the 2AFC indicates that 2AFC is
not criterion free (Jou et al., 2016). However, the sig-
nificant reduction in the liberal bias from c =−.539
to −.289 did indicate that criterion indeed played a

lesser role in the 2AFC than in the YN test. More impor-
tant, the co-occurrence of reduction in liberal bias and
the reduction of the critical-lure false recognition from
the YN to the 2AFC indicates that liberal criterion pla-
cement is a contributing factor in the generation of
the false-recognition memory.

The mean hit rate of the studied list words
increased significantly from .864 in the YN to .945 in
the 2AFC test condition, F(1, 115) = 27.45, MSE = .005,
p < .0001, η2 = .193. However, the mean hit rate of
.945 was calculated from pairs that did not involve
the critical lure as a pair mate. The hit rate of the
studied list words when paired with the critical lure
was .788, which meant that about 20% of time, sub-
jects chose the critical lure over the studied list word
(which was the FA rate of the critical lure in this test
condition). The FA rate for the related distractors
was .137 in the YN test, and .082 in the 2AFC test con-
dition. The reduction in the FA rate was 40% and sig-
nificant, F(1, 115) = 10.67, MSE = .008, p = .001, η2=
085. However, the mean d′ for the noncritical words
actually dropped from 2.41 in the YN to 2.29 in the
2AFC condition although this decrease was not signifi-
cant (F < 1). Thus, it seemed that 2AFC was especially
helpful for improving the discrimination between
studied and nonstudied critical words but had no sig-
nificant effect on the discrimination of the noncritical
semantic associates.

The criterion c for the noncritical semantic associ-
ates was −.006 (almost unbiased) in the YN, and
−.112 (moderately liberally biased) in the 2AFC test
condition. The difference was significant, F(1, 115) =
5.55, MSE = .059, p = .020, η2 = .046. Thus, the change
of the test format from YN to 2AFC affected the cri-
terion placement for the critical words (from −.539
to −.289, decreasing in the liberal bias) in the opposite
direction to that of the noncritical words (from −.006
to −.112, increasing in the liberal bias) and affected
the former to a greater extent than the latter. As
noted, for the critical words, even though subjects’
response in 2AFC was not completely criterion free,
they adopted a less liberal criterion in the 2AFC than
in the YN counterpart, and this raising of criterion
was accompanied by a large drop in the FA rate of
the critical lure. Also important to note was that the
recognition of the critical words and the correspond-
ing c measure were affected by the test-induced cri-
terion shift in the predicted manner, but those of
the noncritical words were not. In sum, although
both the YN and the 2AFC tests in Experiment 2
were considerably modified from the format in
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Experiment 1, the most important result—that is, a
substantial drop in the critical-lure FA rate from the
YN to the 2AFC test—was replicated.

Finally, as expected, the critical-lure FA rate in the
YN condition of Experiment 2 (.482) was significantly
lower than the counterpart in Experiment 1 (.651), F
(1, 129) = 12.11, MSE = .075, p = .0007, η2 = .086, and,
similarly, the FA rate of the critical lure in the 2AFC
of Experiment 2 (.212) was significantly lower than
the counterpart in Experiment 1 (.288), F(1, 129) =
6.08, MSE = .030, p = .015, η2 = .045.

Experiment 3

The exact cause of the remarkable drop in the rate of
false recognition from the YN to the 2AFC test needs
to be further investigated. More specifically, was the
drop in FA rate of the critical lure due to the forced-
choice mechanism that restricted the adoption of an
absolute criterion, or due to the paired studied word
providing the test takers additional, qualitatively
different information, which made the discrimination
between the true and false memory more accurate
and lowered the critical-lure FA rate (Cho & Neely,
2013; Kroll, Yonelinas, Dobbins, & Frederick, 2002;
Smith & Duncan, 2004). Brainer, Reyna, Wright, and
Mojardin (2003) suggest that when a word highly
related to a test lure is recalled, the memory of that
word can lead to the rejection of the lure, a phenom-
enon known as recall-to-reject. Could the reason for
the substantial drop in the FA rate for the critical
lure in the 2AFC be that the related target word in
the pair provided information or some types of clue
otherwise unavailable to the subjects, which led to
the more frequent rejection of the critical lure? In
other words, when subjects saw the studied word jux-
taposed to the critical lure, did the evidential contrast
between a studied and a nonstudied word make sub-
jects realize that they did not study the critical lure?
Unfortunately, this question cannot be answered in a
standard 2AFC test. In a standard 2AFC, presenting
two test probes is coupled with the forced-choice
requirement, thus confounding the additional infor-
mation factor (if any) with the forced-choice factor
(which restricts the use of an absolute criterion). If
the drop in the FA rate of the critical lure in the
2AFC is caused by restricting the use of an absolute
criterion, and not by any additional evidence the
pairing target word may provide, then allowing the
use of criteria (by allowing a free choice) in a two-
word probe test should bring the FA rate of the critical

lure back to its YN test level. However, if the paired
target word plays a crucial role in bringing down the
critical-lure FA rate in the 2AFC due to its providing
additional discriminating evidence, then lifting the
choice restriction (i.e., by allowing subjects to set
their criteria) in a two-item recognition test will not
make the critical-lure FA rate rebound to its YN test
level. To separate these two factors, we designed
two test formats in which two items were presented
as probes but the forced-choice requirement
(whereby subjects must and may choose only one
item) was removed.

This experiment also aimed to answer another
important question. The rate of acceptance in recog-
nition for the critical lure was shown to be lower
than true recognition rate both in this study and in
some other studies (e.g., Jou, 2011; Jou & Flores,
2013; Jou et al., 2004; Miller et al., 2011; Miller &
Wolford, 1999), indicating that true memory is stron-
ger than false memory, at least in the contexts of
these studies. Since in a 2AFC, the choice is based
on the relative-strength criterion, not an absolute-
strength criterion, subjects will understandably
choose the studied word more frequently than the
critical lure. What difference in the critical-lure FA
rate will it make if subjects are allowed to use the
absolute criterion in a two-item probe test? If the cri-
terion use restriction is lifted, and the FA to the critical
lure is increased to the level equal to the hit rate of the
studied word, then that increase in the critical-lure FA
rate will provide a convincing measure of the role that
criterion setting plays in false recognition of the critical
lure.

In this new test design, we used the 2AFC results in
Experiment 2 as the control condition results (these
experiments were conducted at the same time) and
constructed two other two-probe recognition tests
as comparison conditions. The structure of the first
of the other two test formats was the same as that
of the 2AFC in Experiment 2. The only difference was
in the instruction. The new instruction told subjects
that they could make any of four possible responses:
choosing both, choosing neither, choosing the left
item, and choosing the right item. Essentially, this con-
verts the 2AFC into two single-probe YN tests. As in a
case of two single-word YN tests, there are four poss-
ible responses: yes–yes (or both old), yes–no (left item
old), no–yes (right item old), and no–no (both new).
This would allow the use of absolute criteria in accept-
ing and rejecting the probes just as in the case of a YN
test. The only difference of this test procedure from
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the YN test is that two words are simultaneously pre-
sented, and one word is old, and the other is new. A
comparison in the level of the critical-lure FA rate
between this test condition and the standard 2AFC
in Experiment 2 will allow us to determine the role
of decision criterion in the observed false recognition
while holding constant the factor of presenting a
studied word side by side with the critical lure. We
termed this test procedure two-alternative free
choice. Unlike the two-alternative free-choice con-
dition, the second of the two new test procedures
used a test design in which one third of pairs was com-
posed of two old items, one third was composed of
two new items, and one third was composed of one
old and one new item. This way of pairing the two
probes made the test more equivalent to the simul-
taneous presentation of two single-probe YN tests—
that is, either of the two probes can be either old or
new, generating four possible combinations: yes–yes,
yes–no, no–yes, no–no. We termed this test condition
rearranged-pairing free choice. A comparison of the
critical-lure FA rates across the control and these
two new forms of two-probe test should provide an
unconfounded measure of the role of criterion in the
false recognition of the critical lure in a two-probe
test format.

Method

Subjects
One hundred and seven introductory psychology stu-
dents participated in the two-alternative free-choice
condition, and 112 in the rearranged-pairing free-
choice condition for partial fulfilment of the course
requirement.

Design and materials
The control condition for this experiment was the
2AFC condition used in Experiment 2. The study
materials in Experiment 3 were exactly the same as
those in Experiment 2. Also, as in the 2AFC of Exper-
iment 2, there were 15 test pairs for each learned list
of words. The 15 test pairs in the two-alternative
free-choice condition were constructed in exactly
the same way as in Experiment 2 (the only difference
was a change in the instruction). In the rearranged-
pairing free-choice condition, one third of the 15
test pairs (5 pairs) were composed of both-new
items, one third (5 pairs) of both-old items, and one
third (5 pairs) of one new and one old item. In both
test conditions, in the case of one old item paired

with one new item, the sides on which the old and
the new item were presented were counterbalanced
across subjects. In the rearranged-pairing free-choice
condition, in the case of both-old and both-new
pairs, the two words were assigned to the two sides
randomly. The probability with which the critical
word was assigned to the three types of rearranged
pairs (both-old, both-new, one-old/one-new) was
equal. A studied critical word could be paired either
with a studied list word to make a both-old item, or
with a nonstudied distractor to make a one-old/one-
new item. A critical lure could be paired with either
a studied list word to make a one-old/one-new item
or with a nonstudied distractor to make a both-new
item. Thus, in the rearranged-pairing free-choice con-
dition, the individual test words were the same as
those in the two-alternative free-choice (and 2AFC)
condition. The only difference was that the same
words were re-paired.

In calculating hit rates, if both old items in the both-
old pairs were accepted, the response counted for two
hits. In calculating FA rates, if both new items in the
both-new pairs were falsely accepted, the response
counted for two FAs. For the one-old/one-new pairs,
a “both-old” response counted for one hit and one
FA, and a correct choice of the old item counted for
one hit, and a false choice of the new item counted
for one FA. The important difference between the
two-alternative free-choice and rearranged-pairing
free-choice test conditions was that there was a redun-
dant relationship in item old/new status between the
two test probes (Jou et al., 2016) in the two-alternative
free-choice test (i.e., if the left item was old, the right
item must be new, and vice versa) whereas there
was not such a relationship between the two test
items in the rearranged-pairing free-choice condition
(i.e., the old/new status of one item is independent
of the old/new status of the other item).

Procedure
The procedure in the study part of the experiment was
exactly the same as that in Experiment 2. The instruc-
tions for the tests were different. In both the two-
alternative free-choice and rearranged-pairing free-
choice conditions, subjects were told that:

If you remember that you studied both words, you press
the “b” key; if you remember that you studied neither
word, they press the “n” key; if you remember that you
studied left-side word, they press the “z” key; and if you
remember that you studied the right-side word, you
press the “/” key.
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In neither the two-alternative free-choice nor the
rearranged-pairing free-choice were subjects told
how the pairs were made up. They were given a
sheet with the layout of the keyboard displayed and
the four response keys conspicuously marked to
make sure that they familiarized themselves with the
locations of the four response keys. The 15 test pairs
for a list of words were presented one at a time in a
completely random order. Other aspects of the pro-
cedure were the same as in the other two
experiments.

Analysis
In data analysis where multiple pairwise comparisons
between means were made, in this experiment as
well as in Experiment 4, both Newman–Keuls and
Tukey post hoc tests were carried out. It turned out
that the result patterns from these two post hoc
tests were the same in those multiple pairwise com-
parison cases. Therefore, we reported only the test
results from the Newman–Keuls test.

Results and discussion

The mean hit and FA rates of the critical words and of
the noncritical words (studied list words and nonstu-
died distractors) obtained under the two-alternative
free-choice and rearranged-pairing free-choice, along
with those of the control condition (the 2AFC con-
dition in Experiment 2), are presented in Table 1.
The mean d′ and c as a function of experiment and
type of words are presented in Table 2. The most
important results were the rebounds of the critical-
lure FA rate from .212 in the 2AFC to .541 (a 155%
increase) in the two-alternative free-choice, and to
.635 (a 200% increase) in the rearranged-pairing
free-choice condition (which was close to that of
.651 in the YN test of Experiment 1). An analysis of var-
iance (ANOVA) showed that the overall difference in
FA rate was significant, F(2, 276) = 51.52, MSE = .07, p
< .0001, η2 = .272. A post hoc Newman–Keuls test
showed that the three means were significantly differ-
ent from each other. These results clearly indicated
that the primary cause of the large drop of the criti-
cal-lure FA rate in the 2AFC was the restriction
imposed on setting an absolute criterion in making a
decision about the critical lure rather than the
studied pair mate providing helpful discriminating
information. In other words, pairing a studied word
with the critical lure by itself was not sufficient to
make subjects reject the critical lure. It was the

“being forced to choose one and only one word”
rule that made them reject the critical lure. The criti-
cal-lure FA rate of .635 in the rearranged-pairing free
choice was significantly higher than that of .541 in
the two-alternative free choice probably due to the
pairing of one target and one distractor in the latter
(the same as in the 2AFC), which might have provided
some subtle clues to the subjects that when one item
was old the other was likely to be a new item, and vice
versa. On the other hand, in the rearranged-pairing
free-choice condition, the old/new status of one
item was independent of that of the other item (the
right item could be either old or new regardless of
the left item’s old/new status), making the two-item
recognition test more closely resemble two single-
item YN probes presented simultaneously. The pairs
that contained a critical lure were broken down into
the pair type where the critical lure was paired with
a studied word and the pair type where the critical
lure was paired with a nonstudied word. The mean
critical-lure FA rate of the former type (.633) was not
significantly different from the mean critical-lure FA
rate of the latter type (.618; F < 1). Again, the signifi-
cance of the finding is that subjects were willing to
accept the critical lure at a high rate when they were
“allowed” to do so, even when they could “see” that
the critical lure was weaker than the studied word.
This is very strong evidence of the role of criterion
setting.

The mean d′ of the critical words for the 2AFC, two-
alternative free choice, and rearranged-pairing free
choice was 1.48, 0.64, and 0.53, respectively. The
overall difference was significant, F(2, 276) = 58.37,
MSE = .329, p < .0001, η2 = .297. A Newman–Keuls
test showed that the mean d′ of 1.48 of the 2AFC con-
dition was significantly higher than the other two
mean d′s with the latter two means not significantly
different from each other. However, the numerical
difference between .64 (two-alternative free choice)
and .53 (rearranged-pairing free choice) was in the
direction consistent with the rearranged-pairing free
choice showing a significantly higher rate of FA to
the critical lures than the two-alternative free choice.

The mean criterion measure c for the critical words
was −.289, −.561, and −.733, for the 2AFC, two-
alternative free-choice, and rearranged-pairing free-
choice conditions, respectively. The overall difference
was significant, F(2, 276) = 20.53, MSE = .189, p
< .0001, η2 = .129. A Newman–Keuls test showed that
all three cs were significantly different from one
another. The covariation of the degree of liberalness
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of the bias as measured by the three cs with the level
of critical lure’s FA is consistent with the notion that
decision criterion is a contributing factor in false rec-
ognition of the critical lure. That is, the most liberal cri-
terion produced the highest critical-lure FA rate, the
second most liberal criterion produced the second
highest critical-lure FA rate, and the least liberal cri-
terion of the three produced the lowest critical-lure
FA rate.

The FA rate of the noncritical distractors was .082
for the 2AFC, .201 for the two-alternative free-choice,
and .190 for the rearranged-pairing free-choice con-
ditions, respectively. The overall difference was signifi-
cant, F(2, 276) = 17.00, MSE = .018, p < .0001, η2 = .110.
A Newman–Keuls test showed that the FA rate in the
2AFC was significantly lower than the FA rates in the
two-alternative free-choice and the rearranged-
pairing free-choice conditions, with the latter two
means not significantly different from each other.
Thus, although the overall FA rates for the noncritical
distractors were much lower than that of the critical
lures, criterion setting seemed to increase the FA
rate of the noncritical distractors in a manner similar
to that of the critical lures.

The mean d′ for the noncritical words was 2.29,
1.35, and 1.46 for the 2AFC, two-alternative free-
choice, and rearranged-pairing free-choice conditions,
respectively. The overall difference was significant, F(2,
276) = 59.01, MSE = .318, p < .0001, η2 = .300. A
Newman–Keuls test showed that the mean d′ of 2.29
of the 2AFC condition was significantly higher than
the other two mean d′s, with the other two mean
d′s not significantly different from each other. The
mean criterion measure c for the noncritical words
was −.112, −.004, and −.059 for the 2AFC, two-alterna-
tive free-choice, and rearranged-pairing free-choice
conditions, respectively. The overall difference was
marginally significant, F(2, 276) = 2.68, MSE = .087, p
= .071, η2 = 019. The pattern of the three mean cs indi-
cated that subjects were actually slightly liberal in the
2AFC condition, but generally neutral or unbiased in
the other two conditions. Thus, the criterion pattern
across the three test conditions for the noncritical
words suggested that unlike for the critical words,
there was not much bias in the decision for the recog-
nition of the noncritical words, especially under test
conditions where subjects could set an absolute cri-
terion, and that the format of testing did not seem
to affect the bias in the recognition of the noncritical
words in the same manner and to the same extent
as it did that of the critical words.

Experiment 4

One departure from the standard DRM paradigm in
the methods of Experiments 1, 2, and 3 that might
have put the false memory generated in this study
at an advantage compared with false memories
created in other studies was that subjects were
tested for their memory after they studied only one
list of words. In the standard paradigm, they study
multiple lists of words before being tested (e.g., in
Experiment 1 of Roediger & McDermott, 1995, subjects
studied six lists of words before the recognition test).
This could conceivably have made the discrimination
between the studied words and the critical lures
easier. Moreover, in Experiments 2 and 3, the distrac-
tors used were all semantically related words, which,
as the results already showed, could lower the criti-
cal-lure FA rate. In this experiment, two important
changes were made to eliminate these factors that
might possibly have weakened false memory relative
to that in the standard DRM paradigm. The changes
were, first, that the study and test materials were
made the same as those used in the standard DRM
paradigm (and as in Experiment 1) except that half
of the critical lures were presented; second, subjects
learned six lists of words (as in Roediger & McDer-
mott’s, 1995, Experiment 1) before being tested.

Again, unlike what we did in Experiment 1 (pre-
sented none of the critical words), in this experiment,
we presented half of the critical words at study. This
was necessary for computing the criterion c (as well
as d′) for the critical words. Also, we did not present
the list words in the fixed order of descending back-
ward association strength because this presentation
order necessarily would have presented the critical
word at the first position, making it exceptionally pro-
minent in memory due to the primacy effect. More-
over, this presentation order would have introduced
a confounding factor, the serial position effect in
memory. Instead, we presented the 15 words (for
half of the lists, one of them was the critical word) in
a random order in order not to create a privileged
memory status for the critical word and not to intro-
duce a serial position effect for other words to con-
found the test results.

There were four conditions, all using the same learn-
ing and testing materials but different testing formats:
(a) a YN recognition condition closely following the
DRM paradigm; (b) a 2AFC condition; (c) a two-alterna-
tive free-choice condition (similar to the second con-
dition in Experiment 3); and (d) a rearranged-pairing

16 J. JOU ET AL.



free-choice condition (similar to the third condition in
Experiment 3). Thus, in this experiment, we modified
some procedures in Experiments 2 and 3 that might
have possibly enhanced the discriminability of the criti-
cal lures from the studied words to find out whether we
would obtain essentially the same result pattern as that
in the earlier experiments (i.e., the fall and rise of the
critical-lure FA rate depended on restricting or not
restricting criterion setting), even though we expected
that the overall false-recognition level of the critical
lures would be raised in this experiment from the pre-
vious levels.

Method

Subjects
A total of 172 introductory and upper level psychology
course students at University of Texas–Rio Grande
Valley (UTRGV) participated in this experiment: 41 in
the YN, 46 in the 2AFC, 41 in the two-alternative
free-choice, and 44 in the rearranged-pairing free-
choice conditions to fulfil a partial requirement or to
receive some extra credit for the course.

Materials, design, and procedure
There were four test conditions in this experiment: a
YN, a 2AFC condition, a two-alternative free-choice
condition, and a rearranged-pairing free-choice con-
dition. The test condition was a between-subjects
factor. The learning part was the same for all four con-
ditions. For the YN test condition, the materials,
design, and procedure, for the most part, were the
same as those in Experiment 1. An important change
was that, instead of the critical words never presented
as in Experiment 1, in this experiment, for half of the
lists, the critical words were presented, and for the
other half of the lists, they were not presented, for
the reason noted earlier. The 12 lists of DRM words
were divided into odd- and even-numbered lists. For
half of the subjects, the critical words of the odd-num-
bered lists were presented, but those of the even-
numbered lists were not presented. For the other
half of the subjects, the critical-word-presented and
not-presented lists were reversed. When the critical
word was presented, a randomly selected word from
the three list words (words at Positions 1, 8, and 10
on the list, which are normally chosen as the target
list words at test in the DRM paradigm) was omitted
from presentation and used as a related distractor at
test in lieu of the critical lure. So, for a critical-word-
presented list, the three target words in the six-item

probe set were the presented critical word and two
studied list words (randomly selected from the 1st,
8th, and 10th words on the studied list). The three dis-
tractors were the one remaining word among the 1st,
8th, and 10th words (after two of them were chosen as
studied words) and two unrelated distractors from
nonstudied lists. For the lists in which the critical
word was not presented, three of the six test probes
were studied list words (Words 1, 8, and 10 on the
list). The three distractors were the critical lure of the
studied list and two list words from nonstudied lists
(and hence unrelated to the studied theme). These
two unrelated distractors were randomly chosen
from a set of 24 nonpresented words (consisting of
six critical words from six nonstudied lists, and 18
other words, three from each of the six nonstudied
lists, one word from Position 1, one from Position 8,
and one from Position 10 of each of the six lists) by fol-
lowing the DRM distractor selection protocol.

The whole set of 12 lists was partitioned into two
halves of six lists each by randomly selecting six lists
anew for each subject, andwith these six lists constitut-
ing one round of learning and testing. The remaining
six lists constituted the second round of learning and
testing. The order in which the six lists in a learning/
testing round were presented for studying was
random for each subject. There were 36 test words
totally (six from each list) in one round of testing. Of
the 36 test words, 15 were presented list words, three
were presented critical words, three were critical lures
(associated with three studied lists), 12 were unrelated
distractors (from nonstudied lists), and three were non-
studied related distractors (in lieu of the critical lures)
from the studied lists with the critical words presented.

Each word was presented for 1.5 s for studying with
a 1-s interpresentation interval. The 15 words were
presented in a random order for the reason noted
earlier. After studying a list, subjects performed back-
ward counting for 25 s (interpolated activities were
performed in the DRM procedure), and then studied
another list, with another 25 s counting, and so on
for six lists.

In the 2AFC condition, each of the three presented
words (either three list words from Positions 1, 8, and
10, or the two randomly selected words from this
triplet plus the presented critical word) was randomly
paired with a distractor. The three distractors were
either two unrelated words plus the critical lure (if
the critical word was not presented), or two unrelated
words plus one of the three words in the triplet (1st,
8th, and 10th words on the list) randomly selected
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to be omitted from presentation if the critical word
was presented. So, the related distractor of the three
distractors could be either the critical lure (if the criti-
cal word was not presented) or one of the three words
in the triplet of the related words (if the critical word
was presented).

The testing procedure for the 2AFC test was the
same as that in the 2AFC condition of Experiment 2
(subjects must and might choose only one word).
For the two-alternative free-choice condition, the
only difference from the 2AFC condition was that sub-
jects were given complete discretion in choosing or
rejecting any word or words of the test pair, as in
the same condition of Experiment 3. In the
rearranged-pairing free-choice condition, the individ-
ual test words were the same as those in the two-
alternative free-choice condition except that the
pairing was rearranged so that one third of the pairs
were both-new, one third both-old, and one third
one-new/one-old pairs. The instruction in this con-
dition was identical to that in the two-alternative
free-choice condition.

Results and discussion

The mean hit and FA rates of different types of probes
obtained under each condition are presented in
Table 1. The mean d′ and c of different types of words
under each condition are presented in Table 2. Of
most interest are the critical-lure false-recognition
rates across the four test conditions. The critical-lure
mean FA rate was .785 in the YN, .402 in the 2AFC,
.854 in the two-alternative free-choice, and .860 in
the rearranged-pairing free-choice conditions. An
ANOVA indicated that the overall differencewas signifi-
cant, F(3, 168) = 52.55, MSE = .041, p < .0001, η2 = .484.
However, a Newman–Keuls test showed only a signifi-
cant difference between the mean of the 2AFC con-
dition (.402) and the rest of the means, with the latter
three means not significantly different from each
other. One notable result was that the mean FA rate
of the critical lure in the YN condition (.785) numerically
exceeded the hit rate of the studied word (.782),
although the difference was not significant (F < 1).
Also, to assess the relative strength of the critical lure
and the studied word in the 2AFC, we compared the
FA rate of the critical lure (.402) with the hit rate of
the studied word (.598). The difference was significant,
F(1, 45) = 8.00, MSE = .110, p = .007, η2 = .151. This indi-
cated that when the two words were pitted against

each other for subjects’ acceptance, the studied word
won out over the critical lure.

Under the two-alternative free-choice condition,
when the same items in those pairs were judged,
but not with one pitted against the other in this
case (since both items in a pair could be accepted),
remarkably, the mean FA rate of the critical lure
(.854) was numerically higher than the mean hit rate
of the studied list word (.829), even though the differ-
ence was not significant (F < 1). So, when the mutually
exclusive relationship between the two items in a pair
was removed (which is to say, when choosing one and
only one item restriction was lifted), the critical-lure FA
rate matched, if it did not exceed, the studied-word hit
rate. The same analysis was done for the two words in
the rearranged-pairing free-choice condition. Again,
the mean FA rate of the critical word (.886) was
numerically higher than the mean hit rate of the
studied list word (.826), although not significantly
higher, F(1, 42) = 1.58, MSE = .049, p = .215, η2 = .013.

At any rate, the basic pattern of results of Exper-
iment 3 was replicated, although in this case, the
overall FA rate of the critical lure was considerably
increased from the level in Experiment 3 as expected,
and the difference between the FA rate of .854 in the
two-alternative free-choice and .860 in the
rearranged-pairing free-choice conditions was not sig-
nificant. By having subjects learn multiple lists, the dis-
criminability of the critical lures from the studied
words was lowered, but the effect of criterion setting
was not diminished. The only difference between
the 2AFC and two-alternative free-choice was that in
the former condition, subjects were restricted from
using their own criterion (the absolute criterion),
whereas in the latter they were allowed to set their
own criterion. This change from restricting criterion
setting to not restricting it raised the critical-lure FA
rate by more than 100% in this experiment. Once
again, Experiment 4 replicated the crucial result of
Experiment 3—that is, pairing a studied word with a
critical lure did not lead to rejecting the critical lure.
It was the restriction on criterion setting (subjects
being forced to choose one and only one item) in a
2AFC that made all the difference in the false-recog-
nition rate of the critical lure.

The mean d′ for the critical words was .281 in the
YN, 1.02 in the 2AFC, .237 in the two-alternative free-
choice, and .160 in the rearranged-pairing free-
choice conditions. The overall difference was signifi-
cant, F(3, 168) = 26.12, MSE = .275, p < .0001,
η2= .318. A Newman–Keuls test showed that only
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the mean d′ of the 2AFC condition (1.02) was signifi-
cantly higher than the other three means, with the
latter three means not significantly different among
themselves, which was consistent with the 2AFC con-
dition producing the lowest rate of critical-lure FA. The
critical-lure mean criterion measure c was −.914 in the
YN, −.465 in the 2AFC, −1.11 in the two-alternative
free-choice, and −1.09 in the rearranged-pairing
free-choice conditions. An ANOVA indicated that the
overall difference was significant, F(3, 168) = 29.32,
MSE = .138, p < .0001, η2 = .344. A Newman–Keuls test
showed that the mean c of −.465 of the 2AFC con-
dition was significantly less liberal than −.914 of the
YN condition, which was in turn significantly less
liberal than −1.09 of the rearranged-pairing free-
choice, and −1.11 of the two-alternative free-choice
conditions with the last two means not significantly
different from each other. Again, the critical-lure
mean c measures were consistent with its FA rates in
that the least liberal criterion (in the 2AFC condition)
was associated with the lowest FA rate, and the
most liberal criteria (in the two-alternative free-
choice and rearranged-pairing free-choice conditions)
were associated with the highest critical-lure FA rates.
To reiterate, although the 2AFC test was not criterion
free, it did produce the lowest liberal response bias
and the lowest critical-lure FA rate among the four
tests.

The FA rates of the related distractors were com-
pared across the four test conditions to see whether
there was a similar pattern to that of the critical
lures. The mean FA rate was .293 for the YN, .181
for the 2AFC, .435 for the two-alternative free-
choice, and .500 for the rearranged-pairing free-
choice pairs. The overall difference was significant,
F(3, 168) = 22.67, MSE = .04, p < .0001, η2 = .288. A
Newman–Keuls test showed that the rearranged-
pairing free-choice mean (.500) and that of the
two-alternative free choice (.435) were not signifi-
cantly different from each other, but both signifi-
cantly higher than the YN mean (.293), which was
in turn significantly higher than the 2AFC mean
(.181). Thus, it seemed that the related distractor
was affected by criterion setting in the similar way
to the critical lure. On the other hand, the effect of
test condition on the FA to the unrelated distractor
was noticeably attenuated compared with that of
the related distractors, although the overall differ-
ence was significant (mean of YN = .120; of 2AFC
= .082; of two-alternative free choice = .121; of
rearranged-pairing free choice = .171), F(3, 168) =

2.74, MSE = .021, p = .045, η2 = .047. A Newman–
Keuls test showed that the mean FA rate of the unre-
lated distractors in the 2AFC (.082) was significantly
lower than that of the rearranged-pairing free
choice (.171), with that of the two-alternative free-
choice (.121) and that of the YN (.120) conditions
not significantly different from either of the former
two means or from each other.

We computed and compared d′s for the noncritical
words across the four conditions, using the related
and unrelated distractors combined as new items (dis-
tractors) for calculating the FA rate. The mean d′ was
1.92 for the YN, 1.79 for the 2AFC, 1.82 for the two-
alternative free-choice, and 1.55 for the rearranged-
pairing free-choice conditions. The overall difference
was marginally significant, F(3, 168) = 2.47, MSE
= .425, p = .064, η2 = .042. The Newman–Keuls test
indicated that this marginally significant difference
derived from the difference between the highest
mean d′ of 1.92 (YN) and the lowest one of 1.55
(rearranged-pairing free-choice). Thus, as far as the
noncritical words were concerned, the 2AFC test con-
dition did not provide a clear discrimination advan-
tage relative to the other test conditions. One
interesting finding was that the mean recognition per-
formance for the noncritical words was numerically
worse by a substantial margin in the rearranged-
pairing free choice (d′ = 1.55) than in the YN condition
(d′ = 1.92). A comparison across the four test con-
ditions on the criterion measure c for the noncritical
words (mean of YN = .131; of 2AFC = .015; of two-
alternative free choice = .107; of rearranged-pairing
free choice =−.049) indicated that the overall differ-
ence was significant, F(3, 168) = 2.75, MSE = .108, p
= .045, η2 = .046. Although no strong bias toward
either a liberal or a conservative direction was
obvious across the four tests, the Newman–Keuls
test indicated that the difference between the mean
c of −.049 of the rearranged-pairing free choice, and
that of .131 of the YN condition just hit the threshold
point of significance.

In sum, even when we followed the DRM para-
digm very closely, we replicated the crucial pattern
of results that we obtained in the first three exper-
iments. When multiple lists were learned before the
recognition test (and hence it greatly increased the
memory load), and when two thirds of the distractors
was rendered unrelated, the overall performance in
discrimination between true and false memories
declined, but the effect of criterion setting was
undiminished.
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General discussion

Decision criterion is an inseparable part of memory
measures (Koriat & Goldsmith, 1996; Koriat et al.,
2011; Hirshman, 1995; Koriat et al., 2011; Miller &
Dobbins, 2014). In recall, allowing for the use of judg-
mental discretion on the quality of output from
memory tends to reduce the quantity of recall, but
increase the accuracy of recall (Koriat et al., 2011). In
other words, when one is given the freedom of
setting an output criterion, it typically improves
recall accuracy. Conversely, when people are forced
to output a certain minimal amount of information
from memory, accuracy decreases (Koriat et al.,
2011). We showed a reversed pattern of the effect of
criterion use in the recognition of the critical lure.
When subjects were given the discretion for accepting
or rejecting the test probes, their discrimination per-
formance for the critical lure markedly dropped.
When they were restricted from using their own cri-
terion, their discrimination performance improved.

The dramatic demonstration of false memory in the
DRM paradigm has attracted much attention from
many memory researchers since 1995. One controver-
sial issue that has still not been settled is whether this
false memory results from a criterion shift in judging
the critical lures relative to judging other words. A
mere criterion measure in the signal detection frame-
work failed to resolve the issue due to the ambiguous
meaning that can be ascribed to the criterion
measure. An alternative way to test the criterion-shift
account is using warning instructions. The rationale
is that if a warning has no effect on the false-recog-
nition rate of the critical lure, the false recognition is
not due to a criterion shift. In our opinion, using
warning to test the criterion-shift account is still not
the ideal way to resolve this issue decisively. Regard-
less of whether the explicit warning instruction is
effective, there can be alternative interpretations. If it
is not effective, one can argue that criterion shift (or
a corrective criterion adjustment) may take place at
an unconscious, but not at a conscious, level (Jou &
Foreman, 2007). If it is effective, one may argue that
the effect is a demand characteristic (subjects are
taught to do something they cannot do under
normal circumstances). We think that one of the
most important contributions of this study is that we
manipulated the use of criterion to assess its effect
on critical-lure FA rate without explicitly telling sub-
jects to watch out for the critical lure and to reject it.
We devised test conditions to assess the role of

criterion setting in false recognition of the critical
lure in which subjects themselves initiated the correc-
tive adjustment.

To our knowledge, this study is the first to use a
2AFC as a means to manipulate the role of criterion
and provide an explanation for the large critical-lure
FA reduction under this test. Previous studies using
2AFC (e.g., Weinstein et al., 2010) did not use it for
the purpose of manipulating the role of criterion and
did not provide an explanation for why the critical-
lure FA rate was lower in the 2AFC test. In addition,
we designed a two-alternative free-choice test where
the forced-choice feature of the 2AFC was turned off
(which switched the criterion setting mechanism
back on) and showed that when subjects were
allowed to use an absolute criterion, they had a
strong tendency to claim the critical lure as a
studied word even when the actually studied word
was presented side by side with the critical lure, and
even when they could distinguish between the two
words when they were forced to. To our knowledge,
this study is the first to manipulate criterion setting
by switching between a forced-choice and a free-
choice mode in a two-alternative test.

This manipulation also addressed a related ques-
tion concerning the nature of the difference
between the YN and the 2AFC as instruments for
measuring recognition memory (Cho & Neely, 2013;
Kroll et al., 2002; McKenzie et al., 2001; Smith &
Duncan, 2004; Yonelinas, Hockley, & Murdock, 1992).
The question is whether providing a pair mate in a
2AFC provides any useful discriminating information
for the target. We designed two 2-item free-choice
tests in Experiments 3 and 4 to find out whether the
increased discriminability of the critical lure in the
2AFC was due to the restriction on using criterion or
due to the pair mate providing helpful discriminating
information. We found that presenting a studied word
juxtaposed with the critical lure in a test pair in itself
did not seem to provide much of a useful clue for
the rejecting of the critical lure. In addition, the
rearranged-pairing free-choice condition in Exper-
iment 3 revealed that when the old/new relationship
between the left and right items was rendered inde-
pendent of each other just as two probes in a YN
test, the critical-lure FA rate further increased, and so
did the liberalness of the criterion. This indicated
that the large reduction in the critical-lure FA rate in
the 2AFC compared with that in the YN test condition
observed in Experiments 2 and 4 and in other studies
cited earlier can be confidently attributed to the
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restriction of the role of criterion in the 2AFC. This
demonstration presented a stronger case for the role
of criterion setting in DRM false recognition than a
warning instruction. Ironically, however, the same
results can also be construed to demonstrate how
strong a lure the critical word was for the subjects.
Whenever they were allowed to, they would accept
the lure word as studied, suggesting their inability to
raise their “subjective criterion” in the YN test to the
point of rejecting the majority of critical lures.

Another important difference in our way of asses-
sing the role of criteria than in some other studies
(e.g., Miller et al., 2011; Miller & Wolford, 1999) is that
we did not compare the critical word’s criterion with
the noncritical word’s criterion, but compared the criti-
cal word’s criterion with its own criterion under two
different test conditions in which the learning con-
dition was held constant. This avoids the problem of
the alternative interpretation that the measured cri-
terion shift can possibly have resulted from differential
memory distribution shifts for the two types of words.

In Experiment 4, we addressed the concern that the
false memory that we generated in the first three
experiments might not be the same as that in the
standard DRM paradigm because we did not have
subjects learn multiple lists before the recognition
test, and we did not use unrelated distractors in Exper-
iments 2 and 3. The results of Experiment 4 showed
that multiple-list learning and the use of unrelated dis-
tractors elevated the false-recognition rate to the
point of numerically exceeding the studied-word hit
rate but did not change the effect of criterion
setting. In all four experiments, the FA rate of the criti-
cal lures rose and fell in accordance with the avail-
ability and unavailability of the mechanism for
criterion setting. Moreover, we demonstrated that
true and false memories responded to the test
format change (criterion-use restriction manipulation)
in noticeably different ways, with false memory being
more sensitive to this manipulation than true memory.

In our experiments, subjects might not be aware of
how they were or were not affected by the criterion,
and yet we showed that their FA rate for the critical
lure changed depending on whether or not they
used their own criterion. One critical question was:
Do they have the knowledge to distinguish the critical
lure when they are not told in a warning instruction
such as a criterion warning on how to make the dis-
crimination (Miller et al., 2011)? One possible reason
why subjects commit high rates of false alarms to
the critical lure may be that they do not have the

knowledge needed to distinguish the critical lure
from studied words. Another possible reason is that
they have the knowledge (possibly implicit) but do
not apply it under certain circumstances. The fact
that the critical-lure FA rate dropped by a remarkably
large proportion from the YN to the 2AFC test
suggested that they did have that knowledge, but
that they chose not to use it, or were unable to use
it in the YN test and in the two-alternative free-
choice test conditions.

The present finding is consistent with results from a
number of studies showing that the critical-lure FA
response time is longer than that of the hit response
to the studied words (Cabeza, Rao, Wagner, Mayer, &
Schacter, 2001; Jou, 2011; Jou et al., 2004), which
suggests that false memory is discriminable from
true memory at some level. Jou (2011) and Jou and
Foreman (2007) hypothesize that the nature of the
knowledge for distinguishing between the critical
lures and the studied words as reflected in the
response time may be implicit and therefore can be
manifested only in response latency but not in a con-
scious choice made in the YN test. The present study,
however, further showed that subjects could use this
knowledge to make a change at the choice level
under the 2AFC test condition. When the 2AFC is
imposed, subjects have to rely on a relative, instead
of an absolute criterion, to make the choice. This
forces them to make use of whatever sensory,
memory information they may possess for discriminat-
ing the studied from the nonstudied word. As shown
by Weiskrantz (1980) in the case of the “blind sights”
by using a 2AFC test, there are residual visual experi-
ences. The present study shows a form of “residual”
memory similar to the residual visual experience in
that it reveals itself only in a 2AFC test.

So, can we conclude on whether the false-recog-
nition phenomenon is memory (associative activation)
based, or criterion based? Or are there both an associ-
ative activation component and a criterion-setting
component in producing the false recognition? If
both components contribute into the critical-lure
false recognition, can one component be distin-
guished from the other? The finding that the critical
lure’s false-recognition rate was lower than the
studied list-word’s hit rate when they were paired
together in the 2AFC condition (e.g., .212 vs. .788 in
Experiment 2; .402 vs. .598 in Experiment 4) was con-
sistent with the response time findings from YN tests
in the literature in which the FA to the critical lure
was slower than the hit to the studied list word
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(Cabeza et al., 2001; Jou, 2011; Jou et al., 2004). It is also
consistent with Jou’s (2008) finding of the critical lure’s
recall latency being longer than that of the studied
words. All these findings seem to point to one under-
lying source of the difference between the critical lure
and the studied word—that is, the critical lure has a
lower memory activation level than the studied list
word. The sensitive response time measure detects
that difference, and so does a 2AFC test. In that
sense, the response time and 2AFC measures can be
considered more “objective” measures. We suggest
that the positive recognition response rates (whether
correct or incorrect) in a 2AFC test reflect the
memory strengths of the test probes relative to
other probes. In our view, the part of the critical-lure
FA rate that is above the FA levels of other distractors
in the 2AFC derives from its associative activation. In
other words, the fact that the critical lure emerges as
a stronger item than other distractors in a relatively
criterion-free test is due to its stronger associative acti-
vation than those of other distractors. On the other
hand, the lower critical-lure FA rate in a 2AFC relative
to the hit rate of the studied word reflects its lower
memory activation level in comparison to the
studied word. The jump in the critical-lure FA rate
from the level in a 2AFC to one on a par with that of
a studied word in the YN, or in the two-alternative
free-choice, or the rearranged-pairing free-choice
test condition is brought about by a criterion setting
in the subjective judgment. In other words, the discre-
pancy in the critical-lure FA levels between the 2AFC
and the other tests is due to the latter memory
measures being “contaminated” by the influence of
a subjective or metacognitive judgment. So, the
answer to the question of whether DRM false recog-
nition is memory or criterion based is that the critical
lure as a super-distractor is memory based, but that
the elevation of the critical lure from a super-distractor
to the status of a studied word is probably criterion
based.

A related question to answer before concluding the
discussion is if false memory is at least in part based on
criterion setting, how can this conclusion be recon-
ciled with reports of the vivid, compelling, and
detailed experiences of studying the critical lure that
appear no different from that of true memory? The
answer lies in how the experience is measured. It
has long been known that self-report often fails to
truthfully reflect the underlying mental processes or
the real causes of behaviours, and that the self-
reported contents often differ from more objectively

observed data (Nisbett & Wilson, 1977). As mentioned
above, false memory can be measured more subjec-
tively (by using certain types of recognition and
recall tests or phenomenological reports) or more
objectively (by using response time measure or 2AFC
test). It is not too surprising that the findings from
these different ways of measuring it are not exactly
the same.

Notes

1. A detailed comparison between the warning against
accepting the critical lure used in Miller et al. (2011) and
in other studies (e.g., Anastasi et al., 2000; McDermott &
Roediger, 1998; Neuschatz et al., 2001) did not reveal fun-
damental differences in nature or language between
these warnings. If there was any difference, Miller
et al.’s gave more explicit and detailed guidance on
how to identify the critical lure than others. The effects
of warning found in other studies were smaller than
those in Miller et al. In Anastasi et al. (2000), the false rec-
ognition rate of the critical lure dropped from .51 in the
no-warning to .45 in the warning condition. In Neuschatz
et al. (2001), the critical-lure false recognition rate
dropped from .66 in the no-warning to .58 in both the
moderate and the strong warning conditions.

2. The criterion c in a 2AFC is calculated from the hit rate
and false-alarm rate of either the left-side items only or
the right-side items only in the same way as it is calcu-
lated in a yes/no test. Only when 50% of the responses
is a left choice, and 50% a right choice, is the criterion c
measure equal to zero (Macmillan & Creelman, 1991).
Note that just as in a yes/no recognition test, the hit
and false-alarm rates calculated this way are based on
separate sets of items (i.e., hit rate based on the half set
with targets on the left-hand side, and the false-alarm
rate based on the other half set with distractors on the
left-hand side) and therefore the two rates are not
redundant.

3. To avoid an infinite z value in computing the d′s, all hit
and false-alarm rates were corrected by adding 0.5 to
the frequency of hits or false alarms, and dividing this
adjusted frequency by N + 1 where N was the number
of old or new trials (Snodgrass & Corwin, 1988). The d′

for a 2AFC was computed the same way as for a YN
test (taking the z score difference between the proportion
of hits and that of false alarms) except for a downward
adjustment of that value by a factor of 1/√2. Thus, d′

for a 2AFC = 1/√2 (zHit – zFA). For more information
about computing the d′ for a 2AFC test, see Macmillan
and Creelman (1991, pp. 120–121). The false-alarm rate
used to calculate the d′ for the list words was defined
as the proportion of distractors that was erroneously
recognized as studied words in the YN test and the pro-
portion of pairs in the 2AFC for which the distractor
pair mate was chosen.

4. The value for c was computed by c =−.50 (zHit + zFA)
(Macmillan & Creelman, 1991).
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5. Both d′ and c are normally calculated from two response
rates, the hit and the FA rates. Likewise, to measure d′ and
c of the critical words, the hit rate of the critical words
must be available, in addition to its FA rate. When the
critical words are never presented, its hit rate cannot be
calculated. Some researchers, however (e.g., Arndt and
Hirshman, 1998), used the critical lure’s FA rate as its
“hit” rate and the FA rate of the unrelated distractors as
its FA rate to calculate the critical lure’s d′. But other
researchers (e.g., Miller et al.; 2011; Miller & Wolford,
1999; and Westerberg & Marsolek, 2003, among others)
defined and computed the d′ and c of the critical words
in the normal way (presenting the critical words for half
of the lists to obtain the hit rate, and not presenting the
other half to obtain the FA rate). As Westerberg and Mar-
solek (2003) stated in Footnote 2: “It is important to
clarify how the measures in Arndt and Hirshman (1998)
differ from the more typical measures of sensitivity in rec-
ognitionmemory. For bothhumanperformanceand simu-
lations from MINERVA2 (Hintzman, 1988), Arndt and
Hirshman calculated “sensitivity” for critical words that
was more a measure of “false-recognition sensitivity”
than a measure of true-recognition sensitivity. In their
measure, hit rateswere theprobabilities of “old” responses
to previously unpresented critical words, that had associ-
ated related-word lists that were presented during encod-
ing, and false-alarm rates were the probabilities of “old
responses to previously unpresented critical words that
had associated related-word lists that were not presented
during encoding. (None of the critical words were actually
presented during encoding.) This reflects a tendency to
falsely remember an unpresented critical word because
its list had beenpresentedpreviously. This is an interesting
measure, but it is different from sensitivity as typically con-
ceptualized and measured in recognition memory
research. It does not reflect the ability to discriminate
whether critical words had been presented previously,
which is crucial to this discussion” (p. 750).
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