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a b s t r a c t
False memories are sometimes strong enough to elicit recollective experiences. This phenomenon has been termed Phantom Recollection (PR). The Conjoint Recognition (CR) paradigm has been used to empirically separate PR from other memory processes. Recently, a
simpliﬁcation of the CR procedure has been proposed. We herein extend the simpliﬁed CR
paradigm to the measurement of PR by including an additional parameter. Two experiments in the simpliﬁed CR paradigm were conducted in which participants studied lists
of items that converge on a single semantic associate. PR was obtained for lists from which
eight items were presented but not for lists from which a single item was presented. In
addition, new evidence for the validity of the guessing processes in the simpliﬁed CR paradigm is reported. These ﬁndings support the validity and usefulness of the simpliﬁed CR
model as a measurement tool for processes of veridical and false memory.
Ó 2008 Elsevier Inc. All rights reserved.

Introduction
Human observers can sometimes retrieve the meaning
or gist of a statement without being able to recollect any
surface detail. This is a core assumption of Fuzzy Trace
Theory (FTT; e.g., Brainerd & Reyna, 2002). According to
FTT, separate memory traces for the meaning or gist of an
item (e.g., its semantic category) and its identity or verbatim detail (e.g., its exact wording) can be retrieved independently from memory. The distinction between gist
and verbatim traces has proven to be important in research
on false memory (e.g., Brainerd, Forrest, Karibian, & Reyna,
2006; Brainerd, Payne, Wright, & Reyna, 2003; Brainerd &
Reyna, 2002; Brainerd & Wright, 2005; Brainerd, Wright,
Reyna, & Mojardin, 2001; Odegard & Lampinen, 2005; Seamon et al., 2002; Wright & Loftus, 1998). For instance, FTT
can accommodate a phenomenon in semantic false recognition that has been termed phantom recollection (Brainerd
et al., 2001). Phantom recollection describes the phenomenon that, when gist-based false memories arise at high lev* Corresponding author. Fax: +49 761 203 2417.
E-mail address: stahl@psychologie.uni-freiburg.de (C. Stahl).
0749-596X/$ - see front matter Ó 2008 Elsevier Inc. All rights reserved.
doi:10.1016/j.jml.2008.08.001

els, a subset of those false memories may be accompanied
by false recollective experiences, as has often been reported in research using the Deese–Roediger–McDermott
paradigm (DRM; Deese, 1959; Roediger & McDermott,
1995). A distracter that is semantically related to an old
item (i.e., a target) and elicits such vivid false memories
is likely to be mistaken as the target.
To separate verbatim and gist memory empirically, the
Conjoint Recognition (CR) paradigm and multinomial model have been proposed (Brainerd, Reyna, & Mojardin, 1999;
Brainerd, Stein, & Reyna, 1998). We recently introduced a
simpliﬁed and considerably more efﬁcient version of the
original CR paradigm that allows for the separation of verbatim and gist memory in a single group of participants (as
opposed to three groups of participants required in the original CR paradigm). The simpliﬁed CR paradigm has been
shown to provide valid parameter estimates for verbatim
and gist memory for targets, gist-based acceptance of related distracters, and recollection rejection of related
distracters, as well as parameters for two relevant guessing
processes (Stahl & Klauer, 2008; see also Brainerd, Reyna,
Bellinge, & Myers, 2008, for a related simpliﬁcation of the
CR paradigm using a repeated-measures approach). Our
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initial model could not accommodate phantom recollection. In the present work, an extended version of the model
is introduced that includes a parameter for phantom recollection, and we report the results of two experiments in the
simpliﬁed CR paradigm that demonstrate the validity of
the new parameter. In addition, further evidence for the
validity of the guessing processes is presented.
The CR paradigm and model
In Brainerd et al.’s (1999) original CR paradigm, participants are ﬁrst presented with a study list. The test list contains three types of items: Target probes (i.e., old items
from the study list), related distracters that share a target’s
gist, and unrelated distracters. The memory test is administered to three groups of participants with different instructions: Under the T instruction, participants are asked to
accept only targets; under the R instruction, participants
are to accept as old only related distracters; and, ﬁnally,
under the T+R instruction, participants are to accept both
targets and related distracters. From the proportions of accepted targets, related distracters, and unrelated distracters obtained in the three different groups, the parameters
of a multinomial model are estimated that provide measures of verbatim and gist memory.
Recently, we introduced a simpliﬁed CR paradigm and
model that also provides valid estimates of verbatim and
gist memory, but on the basis of a much simpler procedure
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(Stahl & Klauer, 2008). In the simpliﬁed paradigm, as in the
original paradigm, participants are presented with targets,
related probes, and unrelated probes, and they are informed as to the types of items that compose the test list.
However, in contrast to the original paradigm, the simpliﬁed paradigm does not require acceptance or rejection responses, but the identiﬁcation of the probe’s type.
Participants are asked to classify probe items as either targets, related probes, or unrelated probes. They are instructed to respond ‘target’ if they believe that the
current probe has been presented in the learning phase.
If they believe the current probe to be a related distracter,
they are instructed to indicate this by selecting the ‘related’
response. If they consider the probe to be an unrelated distracter, they are to select the ‘new’ response. In the simpliﬁed CR paradigm, verbatim and gist memory can be
separated using the data from only one group of participants. It is therefore considerably more efﬁcient than the
original CR paradigm in which three groups of participants
are required.
The simpliﬁed CR model is depicted in Fig. 1. Consider
the ﬁrst tree diagram that represents the cognitive processes occurring when a target probe is presented at test.
In case of available verbatim memory, a target is correctly
identiﬁed as such. Given no verbatim memory but available gist memory—participants have identiﬁed the probe’s
meaning as old but cannot remember whether the probe
itself or a related item with the same gist had been pre-

Fig. 1. Processing tree model for the simpliﬁed CR paradigm. Rectangles on the left denote probe type, rectangles on the right denote responses. They are
connected by branches of the processing tree that represent the combination of cognitive processes postulated by the model. Vt = probability of retrieving a
target’s verbatim trace given a target probe; Vr = probability of retrieving a target’s verbatim trace given a related probe; Gt = probability of retrieving a
target’s gist trace given a target probe; Gr = probability of retrieving a target’s gist trace given a related probe; b = probability of guessing that an item is
either a target or a related probe; a = probability of guessing ‘target’.
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sented in the learning phase—a decision has to be made between the ‘target’ and ‘related’ response options. With
probability a, the probe is classiﬁed as a target, and with
probability 1  a, the probe is classiﬁed as a related distracter. Should neither verbatim nor gist memory be available, participants can still guess that the item’s meaning is
old (with probability b). In this case, a choice between the
‘target’ and ‘related’ responses is again required and captured by the new parameter a as described above. The
same decision process involving parameter a is postulated
to occur for related probes, as can be seen in the branches
(1  Vr)Gr and (1  Vr)(1  Gr)b of the second diagram.
Classiﬁcations of unrelated probes are based on a combination of guessing processes a and b as illustrated in the third
diagram.
The original CR model has been extended to measure
phantom recollection by adding a parameter Pr to the processing tree for related probes (Brainerd et al., 2001). The
present simpliﬁed CR model can analogously be extended
to measure phantom recollection. Fig. 2 illustrates how
the parameter for phantom recollection, Pr, is integrated
into the processing tree for related probes of the simpliﬁed
CR model (second tree diagram). In the extended version of
the simpliﬁed CR model, phantom recollection occurs with
probability (1  Vr)Pr, describing the probability of a target

response to a related distracter in the absence of recollection rejection. Gist-based false memories that lack such vivid recollective experiences as are required for phantom
recollection would occur with probability (1  Vr)(1  Pr)Gr
and would be followed by the guessing process modeled by
parameter a. In the absence of memory, related distracters
can be accepted as old on the basis of guessing processes
with probability (1  Vr)(1  Pr)(1  Gr)b, and guessing as
modeled by parameter a then determines classiﬁcation as
target versus related probe. Note that the model in Fig. 2
has seven parameters while the data yields only 6 degrees
of freedom (i.e., two free empirical probabilities each for
targets, related probes, and unrelated probes), implying
that the model is not identiﬁed without additional degrees
of freedom or restrictions on (some of) the parameters. The
issue of identiﬁability is discussed below, and the model is
formally speciﬁed in Appendix A.
We have demonstrated the applicability of the thus extended version of our CR model by reanalyzing data from
Experiment 2 of Stahl and Klauer (2008; see General Discussion). In that experiment, we manipulated gist activation by including in the study list either one (i.e., the
Weak Gist activation condition) or four items (i.e., Strong
Gist activation) from a given DRM list. Two Pr parameters
were added to the simpliﬁed CR model, one for each level

Fig. 2. Extension of the simpliﬁed CR model for the measurement of phantom recollection of related probes. Rectangles on the left denote probe type,
rectangles on the right denote responses. They are connected by branches of the processing tree that represent the combination of cognitive processes
postulated by the model. Vt = probability of retrieving a target’s verbatim trace given a target probe; Vr = probability of retrieving a target’s verbatim trace
given a related probe; Pr = probability of phantom recollection; Gt = probability of retrieving a target’s gist trace given a target probe; Gr = probability of
retrieving a target’s gist trace given a related probe; b = probability of guessing that an item is either a target or a related probe; a = probability of guessing
‘target’.
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of the Gist Activation factor. Estimates of Pr were at .11 for
Weak Gist and at .15 for strongly activated gist. However,
Pr parameters were not affected by the number of items,
and they were also not signiﬁcantly different from zero,
suggesting that presenting four DRM items did not sufﬁce
to obtain substantial phantom recollection. In the present
paper, we report the results of two experiments in which
we obtained signiﬁcant phantom recollection as measured
by the simpliﬁed CR paradigm and model as depicted by
Fig. 2 when eight items were presented.
Guessing processes in the simpliﬁed CR paradigm
Both the original and the simpliﬁed CR paradigms include parameters for guessing processes. In the original
CR paradigm, when neither verbatim nor gist memory
are retrieved, participants can accept a probe as on the basis of guessing. In this case, participants take the probe for
an ‘old’ item by way of guessing with probability b; with
probability 1  b, they consider the probe to be a ‘new’
item.
In the simpliﬁed CR paradigm, participants are asked to
classify probes as targets, related distracters, or unrelated
distracters. In what follows, and departing from common
usage, we will refer to related distracters and targets as
old because they refer to old meaning, and to unrelated
distracters as new. Similar to the original CR paradigm,
participants guess that a probe is a new distracter, and thus
select the ‘new’ response by way of guessing, with probability 1  b in the simpliﬁed CR paradigm. However, guessing processes differ between the original and the simpliﬁed
CR models when a probe is judged to be old by way of
guessing. In the simpliﬁed paradigm, when a probe is taken
to be old by way of guessing with probability b or when its
gist is recognized, participants have to guess whether it is a
target or a related distracter. This guessing process is modeled by parameter a such that participants select the ‘target’ response with probability a and prefer the ‘related’
response with probability 1  a.
Guessing processes were discussed and validated in
terms of a Bayesian metacognitive framework proposed
by Batchelder and Batchelder (2008). A formal application
of this framework to the simpliﬁed CR paradigm is given
in Stahl and Klauer (2008). In brief, this framework assumes
that participants base their guessing strategies on base
rates of different types of probes on the test list, and on
the relative strength of their memory for different types
of items. In the simplest case, participants try to match
their response frequencies to the base rates of the different
probes. For example, if there are 50% old and 50% new items
on a test, they try to respond ‘old’ and ‘new’ in about 50% of
cases if and when they guess. This is known as ‘probability
matching’ (e.g., Greene, 1996; see also Batchelder & Batchelder, 2008). In the present work, experimental evidence for
the validity of the guessing parameters is provided by
manipulating base rates of different probe types at test.
In addition to base rates, participants may also use
knowledge about their own memory to inform their guessing strategies (i.e., metacognitive guessing strategies). As
outlined above, when a probe is taken to be old because
its gist has been recognized, participants have to guess
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whether it is a target or a related distracter. Given that verbatim traces are likely to be more accessible for targets
than for related probes, it follows that a situation in which
gist memory is accessible but verbatim memory is not is
more likely to occur for related probes than for target
probes. Thus, when a probe is judged to be old on the basis
of available gist memory, but verbatim memory is lacking,
the probe is more likely to be a related distracter than a
target. If participants use this metacognitive information,
guessing is expected to be biased towards related
probes—or, more generally, the class of items for which
verbatim memory is weakest. This is what we observed
across six experiments in our introduction of the simpliﬁed
CR paradigm (Stahl & Klauer, 2008).
The present work introduces and validates an extension
of the simpliﬁed CR model (Stahl & Klauer, 2008) towards
measuring phantom recollection, and it provides additional evidence for the validity of the model’s guessing
parameters. Two experiments were conducted in which
phantom recollection was provoked using the DRM methodology. Orthogonally, guessing bias was manipulated by
varying the proportion of targets, related probes, and unrelated probes at test. Before we turn to the experiments,
two issues need to be addressed: the identiﬁability of the
model, and the role of the recollection-rejection
process.
Identiﬁability
As pointed out above, the model in Fig. 2 has seven
parameters—Vt, Vr, Gt, Gr, Pr, a, and b. The data (i.e., ‘target’,
‘related’, and ‘new’ responses to targets, related probes, and
unrelated probes) yield only six free empirical probabilities
(for each probe type, the response probabilities have to sum
up to one). More speciﬁcally, there are now three free memory parameters in the tree for related probes that appear
only in this tree, but the data obtained from related probes
yield only two free empirical probabilities. The model as
depicted in Fig. 2 is therefore not identiﬁed (i.e., there is
not one unique solution for the parameter estimates). This
means that the number of free parameters must be reduced
by imposing restrictions on some of the parameters in a
way that leads to an identiﬁable version of the model, before the model can be applied to data. This problem stems
from the tree for related probes; the trees for target probes
and for unrelated probes have not been modiﬁed, and the
parameters in these trees remain identiﬁed as has been
shown in Stahl and Klauer (2008).
The number of free parameters can be reduced by ﬁxing
one or more parameters to constant values, or by equating
two or more parameters. By imposing a-priori restrictions
on the parameters of a model, psychological assumptions
are made about the processes represented by these parameters. It is important that these assumptions are plausible
and well-supported; otherwise, the resulting model will
be misspeciﬁed and its parameter estimates may be systematically biased. This requirement narrows the set of
possible restrictions on the model parameters down to a
few psychologically plausible ones.
One plausible assumption is made in the simpliﬁed CR
paradigm as introduced in Stahl and Klauer (2008) and
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illustrated in Fig. 1. Note that the tree for related probes
shown in Fig. 1 can be considered a special case of the
respective tree shown in Fig. 2, with the additional restriction that the Pr parameter is ﬁxed to zero. In restricting
Pr = 0, the assumption is made that phantom recollection
does not ﬁgure in a typical study using the simpliﬁed CR
paradigm. This assumption has received support across a
series of validation studies (Stahl & Klauer, 2008).
Another plausible assumption is that the recollectionrejection process does not contribute to performance in
the present experiments. This would allow for the restriction Vr = 0 (and would render the model in Fig. 2 identiﬁable). In the present study, this restriction had the status
of an auxiliary assumption that was not necessary for the
identiﬁability of the model but was nevertheless introduced to reduce the number of free parameters in the tree
for related probes and thereby increase the precision with
which phantom recollection was measured. We will present support for the psychological plausibility of this
assumption in the next section. Empirical tests of the
assumption are reported in the Results sections.1
In the present study, identiﬁability was ensured by
equating memory parameters across the levels of a base
rate manipulation targeted at the guessing parameters
(formal proof for the model’s identiﬁability is given in
Appendix A). It was thereby assumed that a base-rate
manipulation implemented at test did not affect participants’ memory processes, an assumption that is supported
by a large body of research in which base-rate effects were
found only in response bias but not in memory performance (e.g., Estes & Maddox, 1995; Healy & Kubovy,
1978; Hirshman & Henzler, 1998; Rhodes & Jacoby, 2007).
In addition, the assumption was made that the same
parameters govern guessing processes for probes from
DRM lists from which one item had been presented, and
for probes from DRM lists from which eight items had been
presented. Support for these assumptions comes from a
series of validation studies in which we have shown that
the parameters of the simpliﬁed CR model are valid measures of the processes they represent (Stahl & Klauer,
2008), and this ensemble of assumptions is empirically
tested for the present data by means of the model’s goodness-of-ﬁt test reported below.
Recollection rejection
An auxiliary assumption made in the present applications of the model is that the contribution of the recollection-rejection process to the present data is negligible. This
assumption is based on both empirical and theoretical considerations. Empirically, our own previous research has
shown that recollection rejection, as measured by parameter Vr, did not contribute substantially to performance in a
paradigm such as the ones implemented here. In our set of
validation studies of the simpliﬁed CR paradigm, Vr was
1
A second set of analyses was also performed with a model in which Pr
was ﬁxed to zero for the Weak-Gist condition and the Vr parameter was
equated across the Gist Activation factor. This set of analyses yielded the
same pattern of signiﬁcant and nonsigniﬁcant results; additional detail can
be obtained from the ﬁrst author.

signiﬁcantly different from zero only when a priming
manipulation was used that was explicitly targeted at
increasing levels of recollection rejection (Stahl & Klauer,
2008). Further support comes from other researchers’ ﬁndings, suggesting that recollection rejection is even less
likely to occur when DRM lists are used (Gallo, 2004). Given that recollection-rejection is not found in typical studies in the simpliﬁed CR paradigm (i.e., with moderate to
low levels of false memory), it is difﬁcult to see why one
would expect substantial recollection-rejection in experimental conditions promoting high levels of false memory
(but see Brainerd et al., 2001, for diverging results obtained
with the original CR paradigm).
Theoretically, the recollection-rejection process is not
well-speciﬁed for a situation in which a related probe is
associated with more than one target. Recollection-rejection is thought to occur when a related lure (e.g., ROSE) is
presented at test, and its gist cues the retrieval of the corresponding target’s verbatim trace (e.g., TULIP). In this case,
participants can reject the related lure because, given their
knowledge of the target, the lure cannot possibly have
been presented. But this characterization of the recollection-rejection process runs into problems when, as with
DRM lists, multiple targets are presented: which one of
the targets is associated with the related probe, and is to
be retrieved? Gallo (2004) argued that recollection-rejection of critical lures from DRM lists should occur only
when participants can exhaustively recall all of the presented list items (e.g., they can recollect all of the ﬂower
names presented at study), because only then it is clear
that the probe cannot have been presented in the study
phase (i.e., it disqualiﬁes as a potential target).
Gallo (2004) has shown that, as predicted from these
considerations, such recollection-rejection processes are
negligible when four target items were presented from a
given DRM list. Given that the present studies presented
twice as many items from each DRM list, thereby decreasing the likelihood of exhaustive recall even further, it is
implausible to assume that substantial recollection rejection should occur in the present studies. In sum, previous
studies suggest that Vr should be zero in a typical study
in the simpliﬁed CR paradigm, and there is both empirical
and theoretical evidence supporting the assumption that Vr
should be even smaller (or, at the very least, not greater)
when multiple targets are associated with a related probe.
We therefore felt that it was safe to make the assumption
that recollection-rejection processes should not ﬁgure in
accounting for the present data. As a ﬁrst step in the model
analyses reported below, this assumption was empirically
evaluated for the present data by way of a statistical comparison of an unrestricted model’s goodness-of-ﬁt of with
the ﬁt of a model in which Vr was restricted to zero. The
assumption proved to be justiﬁed in both data sets.

Experiment 1
In Experiment 1, we aimed to validate the new phantom recollection parameter Pr. We implemented a manipulation that has been shown to affect phantom
recollection in the original CR paradigm. Brainerd et al.
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(2001) demonstrated phantom recollection using DRM
lists: When the theme of a DRM list was repeatedly activated at study by multiple list items, phantom recollection
for the critical lure was obtained in addition to gist-based
false memory as measured by parameter Gr. In the present
Experiment 1, phantom recollection was manipulated by
varying the number of items (one vs. eight) that were presented at study from a given DRM list. Phantom recollection was predicted to be evident for critical lures from
DRM lists from which eight items were presented at study
but not for critical lures from DRM lists from which only
one item was presented. Gist-based false memory (parameter Gr) is predicted to be greater when eight rather than
one item are presented from a DRM list.
DRM lists consist of semantic associates that converge
on critical, nonstudied lure words (e.g., butter, loaf,
knife—bread), and false memory for these critical lures
(e.g., bread) is often as strong as veridical memory for presented items (e.g., butter). Importantly, the logic behind
the present studies depends on the assumption that critical
lures are strong semantic associates of list items, but
strong semantic associations do not exist among list items.
Note that there may also be some degree of semantic associations between list items, and thus, the DRM procedure
may also activate the gist of some of the list items that
are used as target probes to some degree; however, these
effects are usually weaker and less consistent than those
for the critical lures. For the materials used here, we have
shown that such effects are negligible (Stahl & Klauer,
2008, Exp. 2). In sum, presenting an increasing number of
DRM list items strengthens the activation of the critical
lure’s gist but not of the gist of other list items. In terms
of the parameters of the present model, increasing the
number of presented DRM list items should affect parameters for gist-based false memory, such as Gr and Pr, but
should not affect gist-based veridical memory as measured
by parameter Gt.
We also manipulated the proportion of related and
unrelated probes on the test list as a between-subjects factor. In the high a/low b condition, the ratio of targets to related distracters was 1:1, and the ratio of ‘‘old” probes (i.e.,
targets and related distracters) to ‘‘new” probes (i.e., unrelated distracters) was 1:2. In the low a/high b condition,
the ratio of targets to related probes was reduced to 1:4,
and the ratio of ‘‘old” to ‘‘new” probes was increased to
5:1. It is predicted by the Bayesian framework that participants’ guessing strategies will be informed by the base
rates of the different types of items. Thus, we expect that
participants will be more likely to guess ‘target’ when the
ratio of targets to related probes is high than when it is
low; and participants will be less likely to guess ‘old’ when
the ratio of old to new probes is low than when it is high.
We therefore predict higher values of a, and lower values
of b, in the high a/low b condition as compared to the
low a/high b condition.
Method
Participants
Eighteen volunteers participated (10 females; ages 20–
34, M = 25). Participants were sampled from the depart-
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ment’s database of volunteers (mostly students from Freiburg’s universities and colleges, as well as non-student
citizens) and participated in exchange for a certiﬁcate of
participation or a monetary compensation of 3.50 Euro.
Participants’ native language was German.
Design
A 2 (Base Rate: high a/low b vs. low a/high b)  2 (Gist
Activation: weak vs. strong)  3 (Probe Type: target, related, unrelated) design was implemented with repeated
measures on the last two factors.
Materials
We used German DRM lists (Deese, 1959; Roediger &
McDermott, 1995) that were taken from Stegt (2006).
DRM lists consist of a number of to-be-presented items
and a single critical lure item that is related to list items
by common gist. The critical lure items are not presented
but nevertheless often recalled and recognized with high
probability. Thirty-six DRM lists were used, each consisting
of 11 list items and one critical lure. The ﬁrst list item of
each presented list was used as a target probe, and the critical lure as a related distracter; the ﬁrst list items of nonpresented lists were used as unrelated distracters.
The study list presented items from 24 randomly selected
DRM lists that were randomly split into two halves of 12
DRM lists each. Gist Activation was manipulated by presenting different numbers of items from each DRM list at study.
The ﬁrst half of the DRM lists was used for the Weak condition in which a DRM list was represented by a single item;
the second half was used for the Strong condition in which
a DRM list was represented by eight items. DRM lists from
the ﬁrst half were represented by the ﬁrst DRM list item,
DRM lists from the second half by the ﬁrst eight items. In total, 108 items were thereby presented. Order of lists was randomized. Five items were added as primacy buffer and ﬁve
items as recency buffer to the study lists.
At test, the 12 single-item DRM lists and the 12 eightitem DRM lists were each randomly split into 6 DRM lists
for which the ﬁrst DRM list item was used as target probe
and 6 DRM lists for which the critical lure was used as related
probe. Unrelated probes were the ﬁrst DRM list items from
12 DRM lists that were not represented in the study list.
To manipulate the proportion of unrelated probes, three
additional list items from each non-presented list were used
as unrelated probes in the high a/low b group. In sum, 36
additional unrelated probes were presented in the high a/
low b group, thereby increasing the base rate of unrelated
probes, which is predicted to increase the probability 1  b
(i.e., decrease the probability b) with which participants respond ‘‘new” by way of guessing processes.
To manipulate the ratio of target probes to related
probes on the test list, three additional list items were
probed from each of the presented DRM lists in the low
a/high b group. These related probes were not critical lures
but list items that were not presented on the study list. In
sum, 36 additional related probes were presented in the
low a/high b condition. Data from these additional items
were not analyzed. In total, in each group, 72 items were
thereby presented at test in random order. All randomizations were carried out for each participant anew.
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Procedure
Experiment 1 implemented the simpliﬁed CR procedure
(Stahl & Klauer, 2008). Participants were sampled in individual computerized sessions. They were told that they
would see a list of items that they had to remember for a
later test. Study items were presented sequentially for
4000 ms in black sans-serif letters on a grey background
in the center of the screen. DRM lists were presented in a
forward order, such that the ﬁrst item from each DRM list
that typically has the strongest association with the critical
lure was presented ﬁrst. Between DRM lists, a string of
asterisks was presented for 4000 ms that indicated that
presentation of a new list was about to begin. After the
study phase, participants worked on simple arithmetic
problems for a total duration of ﬁve minutes, after which
the memory test was administered. Participants were informed about the three types of probes that composed
the test list, and about the proportions with which these
probes occurred on the test list. In the memory test, participants were presented sequentially with a list of probes
and asked to indicate whether the probe was identical to
an old item (i.e., a ‘target’), ‘related’ to an old item, or
‘new’. Participants classiﬁed the probes by selecting the
appropriate response (i.e., ‘target’, ‘related’, or ‘new’) with
a computer mouse. After completing the memory test, participants were thanked, debriefed, and dismissed.
Results
Parameter estimation and hypotheses tests reported below were performed with the HMMTree software (Stahl &
Klauer, 2007). Sensitivity power analyses (performed with
GPower 3; Faul, Erdfelder, Lang, & Buchner, 2007) assured
high test power, 1  b = .95, for parameter comparisons
across conditions. With a = b = .05, we were able to detect
small to medium effects (w = .17; see Cohen, 1988, Chap. 5).
The model depicted in Fig. 2 has seven parameters—ﬁve
memory parameters (Vt, Gt, Vr, Gr, and Pr) and two guessing
parameters (a and b). It was adapted to the present study
by allowing the parameters to vary across the cells of the 2
(Base Rate; manipulated between-subjects)  2 (Gist Activation; manipulated within-subjects) design as follows.
First, the memory parameters were allowed to vary across
the two levels of the Gist Activation factor (yielding ﬁve
additional parameters); the memory parameters were set
equal across the Base Rate factor because the base rate
manipulation should not affect memory processes.
Second, guessing parameters were allowed to vary
across the two levels of the Base Rate factor (yielding
two additional guessing parameters). Guessing parameters
were set equal across the Gist Activation factor because
guessing parameters should be relevant only in the absence of information in memory. In total, the model had
14 parameters (i.e., the 7 parameters of the extended CR
model, plus 5 additional memory parameters to accommodate the effects of the Gist Activation manipulation, plus 2
additional guessing parameters to accommodate the effects of the Base Rate manipulation).
The experimental design yielded 20 free empirical
probabilities (i.e., two free empirical probabilities for each
of the ﬁve probe types—target probes from 1-item and 8-

item lists, critical lures from 1-item and 8-item lists, and
unrelated probes—in each of the two conditions). Given
14 parameters, there are 6 df for a test of the model’s goodness of ﬁt.
The model, including the above restrictions, ﬁtted the
data well, G2ðdf ¼6Þ = 7.14, p = .31. Goodness-of-ﬁt was
slightly improved in terms of the p value when Vr was
set to zero, G2ðdf ¼8Þ = 8.69, p = .37; the assumption of negligible recollection-rejection proved to be justiﬁed,
DG2ðdf ¼2Þ = 1.55, p = .46. Parameter estimates and signiﬁcance tests are given in Table 1. As predicted, phantom
recollection (parameter Pr) was greater for critical lures
from DRM lists from which eight list items had been
presented at study (i.e., the Strong Gist condition) than
for critical lures from DRM lists from which only a single
item had been presented (i.e., the Weak Gist condition).
Phantom recollection was not signiﬁcantly different from
zero in the Weak Gist condition, DG2ðdf ¼1Þ < 0.01, p > .92,
but it was signiﬁcantly different from zero in the Strong
Gist condition, DG2ðdf ¼1Þ = 10.78, p < .01. This ﬁnding also
implies that the simpler model depicted in Fig. 1 without
a parameter for phantom recollection did not provide an
adequate ﬁt to the data, G2ðdf ¼10Þ = 19.47, p < . 05.
Furthermore, also as predicted, guessing was affected
by the base rate manipulation. Parameter a was greater
in the high a/low b condition than in the low a/high b condition, DG2ðdf ¼1Þ = 5.41, p < .05. Conversely, parameter b was
greater in the low a/high b condition than in the high a/low
b condition, DG2ðdf ¼1Þ = 6.63, p < .05.
In addition to phantom recollection, gist-based false
memory (parameter Gr) was also strongly and signiﬁcantly
increased in the Strong Gist condition. Gist memory
parameter Gt was not affected by the Gist Activation factor.
Unexpectedly, verbatim memory for targets (parameter Vt)
was also signiﬁcantly affected by the Gist Activation factor,
DG2ðdf ¼1Þ = 4.93, p < .05.
Discussion
The results of Experiment 1 largely conﬁrm our predictions and provide support for the validity of the phantom
recollection parameter Pr. We obtained substantial phanTable 1
Estimates (and 95% conﬁdence intervals) of the parameters of the
simpliﬁed CR model for Experiment 1
Parameter

Weak
ahigh a/low
bhigh a/low
alow a/high
blow a/high
Gt
Gr
Pr
Vt

DG2(df=1)

Gist activation

b
b
b
b

.47
.12
.00
.60

.26 (.13,
.22 (.14,
.11 (.02,
.35 (.27,
(.25, .69)
(.00, .27)
(.00, .06)
(.49, .71)

p

Strong
.39)
.29)
.20)
.43)
.35 (.07,
.80 (.70,
.21 (.08,
.75 (.67,

.64)
.91)
.34)
.84)

0.44
47.55
10.78
4.84

.51
<.01
<.01
.03

Note. Vt = probability of retrieving a target’s verbatim trace given a target
probe; Gt = probability of retrieving a target’s gist trace given a target
probe; Gr = probability of retrieving a target’s gist trace given a related
probe; b = probability of guessing that an item is either a target or a
related probe; a = probability of guessing ‘target’, Pr = probability of
classifying a related probe as a target based on phantom recollection.

C. Stahl, K.C. Klauer / Journal of Memory and Language 60 (2009) 180–193

tom recollection of critical lures when eight items from a
DRM list were presented but not when a single item was
presented from a DRM list. Gist-based false memory as
measured by parameter Gr was also affected by the gist
manipulation in the predicted manner.
The results replicate an important ﬁnding reported by
Stahl and Klauer (2008; Experiment 2), who report significant effects on Gr but not on Gt when DRM lists were used
to manipulate gist memory. Note that the DRM lists are
created such that the gist of the list items converges on
the gist of the critical lure. In other words, associations between list items and the critical lure are maximized, such
that the presentation of each list item activates the critical
lure’s gist. In contrast, associations among the list items
themselves are not maximized and are generally much
weaker. This is reﬂected in the pattern of estimates for
the Gr and Gt parameters: Parameter Gr, reﬂecting activation of the critical lure’s gist, is strongly increased when seven additional DRM list items were presented; in contrast,
parameter Gt, reﬂecting activation of ﬁrst list item’s gist, is
not signiﬁcantly affected by the presentation of seven
additional list items.
The results also provide support for the validity of the
guessing parameters. Both guessing parameters were affected in the predicted direction by the manipulation of
the relevant base rates. In addition, the effects on the guessing parameters were opposite in direction, suggesting that
they measure independent and dissociable guessing processes. The predictions of the Bayesian metacognitive
framework were thus conﬁrmed for parameter a: It was
demonstrated that parameter a is sensitive to the ratio of
targets to related distracters on the test list. However, a second possibility should be considered: Although unlikely, it
might be argued that the effect on parameter a was not
due to the manipulation of the ratio of targets to related
probes but to the manipulation of the ratio of old to new
probes. We will address this possibility in Experiment 2.2

2
As suggested by one reviewer, it is possible that the guessing process
modeled by parameter a was affected by the Gist Activation manipulation.
That is, if participants were aware for a given probe how many related
items were presented at study (one vs. eight), this knowledge might affect
their tendency to select the ‘target’ versus ‘related’ responses. That is, it is
more likely that a probe is a target when it is associated with an eight-item
list, simply because there were eight possible targets, as compared with
one target for one-item lists. In terms of processes, guessing ‘target’ versus
‘related’ (parameter a) might be increased for probes from eight-item lists
when the probe’s gist was retrieved together with some information about
the length of the list that is associated with this gist (i.e., a very strong
experience of familiarity, or retrieval of at least two targets from that list).
To address this concern empirically, we ﬁtted models with different aparameters for the strong-gist items. In these models, Vr was ﬁxed to zero,
and Pr was ﬁxed to zero for the Weak-Gist condition only. In a ﬁrst model, a
separate a-parameter was introduced for the Strong-Gist condition. The
separate guessing parameters for the Strong-Gist condition did not differ
from the parameters of the Weak-Gist condition, DG2(2) = 0.19 and 3.31,
for Experiments 1 and 2, respectively, both ps > .19. In a second model, a
separate a-parameter was introduced only for the guessing process
following gist retrieval (i.e., the Gr branch) but not for the guessing process
when gist was not retrieved (i.e., the 1  Gr branch). The separate guessing
parameters could be set equal to those in the Weak-Gist condition,
DG2(2) = 0.19 and 3.35, for Experiments 1 and 2, respectively, both ps > .19.
Thus, we felt it was safe to conclude that there was no difference in the
guessing process modeled by parameter a between the Weak- and the
Strong-Gist conditions.
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An unexpected increase in verbatim memory was observed in the Strong Gist condition. This effect is relevant
because it is a potential threat to the validity of the model.
Speciﬁcally, if a gist manipulation as used here affects
parameter Vt, this parameter cannot be considered a valid
measure of verbatim memory. However, the validity of the
Vt parameter has been demonstrated (Stahl & Klauer,
2008). We believe that the effect on Vt was due to our speciﬁc procedure and reﬂected an actual increase in verbatim
memory in the Strong Gist condition. In the study phase of
Experiment 1, participants were told that they would read
a number of different word lists, and that they should
memorize them for a later test. They were then presented
with DRM lists that were represented by either one or
eight items, with all items from a list being presented in direct sequence. Importantly, the beginning of a new list was
indicated by a row of asterisks. In our view, marking the
beginning of a new list increased the salience of the ﬁrst
list item and induced rehearsal strategies that lead to the
verbatim memory effect. More precisely, because the ﬁrst
items from each list (which were also used as target
probes) were made especially salient, participants tended
to rehearse those items more often than subsequent list
items. They tended to rehearse items from a given list
until a new list was presented. Because presentation of
eight-item lists took longer than presentation of oneitem lists, participants had more time to rehearse the
ﬁrst items from eight-item lists, and their verbatim
memory was better for these items as compared to items
from one-item lists.

Experiment 2
We tested this assumption in a second experiment. If
the effect on Vt is due to the fact that participants were told
when presentation of a new list would begin, removing
this information should eliminate the Vt effect. In Experiment 2, all items were presented in a single sequence uninterrupted by asterisks.
An additional modiﬁcation concerned the base rate
manipulation. In order to test the possible alternative
explanation of the effect on parameter a, we held the ratio
of targets to related probes constant across conditions
while manipulating only the ratio of old to new probes. If
the predictions derived from the Bayesian framework hold
true, parameter a should not be affected; if, instead,
parameter a is sensitive to the ratio of old to new probes,
the same effect on parameter a as in Experiment 1 should
be obtained. As in Experiment 1, parameter b should be
sensitive to the ratio of old to new probes. We therefore
predicted a greater estimate of b in the high b as compared
to the low b condition.
Method
Participants
Twenty new volunteers participated (11 female; ages
18 to 34, M = 22) in exchange for a certiﬁcate of participation or a monetary compensation of 3.50 Euro. Participants’ native language was German.
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Design
A 2 (Base Rate: low b vs. high b)  2 (Gist Activation:
weak vs. strong)  3 (Probe Type: target, related, unrelated) design was implemented with repeated measures
on the last two factors.
Materials
The same materials as in Experiment 1 were used with
the following changes: In Experiment 2, the proportion of
related probes on the test list was not manipulated, thereby holding constant the ratio of target probes to related
probes. Therefore, the test list always contained 12 related
probes (6 for each level of the Gist Activation factor). As a
consequence of our manipulation of the proportion of
unrelated probes, this results in a total of 36 probes in
the high b condition and 72 probes in the low b condition.
Procedure
Procedure was identical to that of Experiment 1, with
the exception that asterisks indicating the beginning of a
new list were not presented in Experiment 2.
Results
Memory parameters were set equal across the Base Rate
factor, and guessing parameters were set equal across the
Gist Activation factor. Model ﬁt was very good, both for
the unrestricted model, G2ðdf ¼6Þ = 3.65, p = .72, and for the
restricted model, G2ðdf ¼8Þ = 4.57, p = .71; restricting Vr = 0
again proved to be justiﬁed, DG2ðdf ¼2Þ = 0.92, p = .63. Parameter estimates and signiﬁcance tests are given in Table 2.
Replicating Experiment 1, phantom recollection (parameter Pr) was again greater in the Strong than in the Weak
Gist condition. Phantom recollection was not signiﬁcantly
different from zero in the Weak Gist condition,
DG2ðdf ¼1Þ = 0.38, p = .54, but it was signiﬁcantly different
from zero in the Strong Gist condition, DG2ðdf ¼1Þ = 17.98,
p < .01. This ﬁnding again implies that the simpler model
depicted in Fig. 1 without a parameter for phantom recollection did not provide an adequate ﬁt to the data,
G2ðdf ¼10Þ = 22.93, p < . 05.
Table 2
Estimates (and 95% conﬁdence intervals) of the parameters of the
simpliﬁed CR model for Experiment 2
Parameter

Weak
alow b
blow b
ahigh b
bhigh b
Gt
Gr
Pr
Vt

DG2(df=1)

Gist activation

.35
.09
.03
.50

(.13,
(.00,
(.00,
(.39,

.29 (.15,
.25 (.18,
.24 (.14,
.41 (.33,
.56)
.26)
.11)
.61)

P

Strong
.42)
.32)
.35)
.49)
.44 (.22,
.65 (.50,
.33 (.20,
.60 (.49,

.67)
.80)
.47)
.71)

0.41
25.22
16.32
1.73

.52
<.01
<.01
.19

Note. Vt = probability of retrieving a target’s verbatim trace given a target
probe; Vr = probability of retrieving a target’s verbatim trace given a
related probe; Gt = probability of retrieving a target’s gist trace given
a target probe; Gr = probability of retrieving a target’s gist trace given a
related probe; b = probability of guessing that an item is either a target or
a related probe; a = probability of guessing ‘target’, Pr = probability of
classifying a related probe as a target based on phantom recollection.

Replicating the base rate effect obtained in Experiment
1, parameter b was greater in the high b condition than in
the low b condition, DG2ðdf ¼1Þ = 10.76, p < .01. In contrast,
and as predicted, parameter a was not affected by the base
rate manipulation, DG2ðdf ¼1Þ = 0.45, p = .50.
Gist-based false memory (parameter Gr) was again signiﬁcantly greater in the Strong Gist as compared to the
Weak Gist condition. Last but not least, verbatim memory
for targets (parameter Vt) was not signiﬁcantly increased in
the Strong Gist condition.
Discussion
Results were clear-cut. Phantom recollection was again
observed for critical lures from DRM lists from which eight
items had been studied but not for critical lures from lists
from which only a single item had been studied. In addition, the typical gist-based false memory effect on Gr was
obtained, with stronger gist-based false memory for critical lures from eight-item DRM lists than for critical lures
from one-item lists. Verbatim memory was not affected,
supporting our interpretation that the unexpected Vt effect
in Experiment 1 was an artifact of the presentation procedure. As predicted, the base rate manipulation affected
parameter b but did not affect parameter a. This ﬁnding
suggests that the effect on parameter a in Experiment 1
was indeed due to the manipulation of the proportion of
related probes.
Parameter heterogeneity
In the present research, we analyzed data that were
aggregated across participants using multinomial models.
In doing so, it is assumed that parameters are homogeneous across participants. Violations of this assumption
may lead to erroneous rejection of models, and signiﬁcant
results of parameter comparisons may be mere artifacts of
data aggregation (e.g., Klauer, 2006). We tested the homogeneity assumption and, where it was violated, we ﬁtted
latent-class hierarchical multinomial models (Klauer,
2006) that provide an extension of multinomial models
accommodating parameter heterogeneity. This hierarchical framework adopts a ﬁnite-mixture approach: it is assumed that participants belong to a speciﬁed number of
different latent classes, and parameters are assumed to
be homogeneous within latent classes but are allowed to
vary between latent classes. Thus, between-participant
heterogeneity in parameter values is accounted for by
modeling two or more latent classes of participants that
differ with regard to one or more parameters.
Klauer (2006) also introduced statistics to compare the
empirical variance-covariance matrix to the variance–
covariance matrix predicted by the model. Similar to methods used in structural equation models, the (asymptotically v2-distributed) S1 statistic provides a quantitative
description of the discrepancy between the two matrices
(for detail see Klauer, 2006). A model is said to give an adequate account of the heterogeneity in the data when the
discrepancy is negligible (i.e., when the S1 statistic does
not exceed the critical value). If the test is rendered significant for a model that assumes parameter homogeneity—
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that is, a one-class model—then the homogeneity assumption does not hold. In this case, strictly speaking, traditional analyses using aggregated data should not be
performed because of the risks of biased parameter estimates and inﬂated alpha levels. These risks do not apply
to the latent-class framework, which can therefore be used
to model heterogeneous data.
In order to test whether the central ﬁnding—the effect
on Pr—might have been an artifact of data aggregation,
we applied latent-class hierarchical multinomial models.3
These models provide descriptions of the heterogeneous
data by dividing the data into a given number of latent classes with different sets of parameter estimates. In Experiment 1, parameters were heterogeneous across
participants, S1(df=45) = 122.31, p < .001. A latent-class hierarchical multinomial model (Klauer, 2006) with three classes
provided an acceptable ﬁt for the heterogeneity present in
the data, S1(df=26) = 35.43, p = .10. Consistent with the ﬁndings reported above, parameter Pr was greater in the Strong
Gist condition than in the Weak Gist condition,
DL(df=3) = 15.23, p = .001; Pr was greater than zero in the
Strong Gist condition, DL(df=3) = 16.75, p < .001, but not in
the Weak Gist condition, DL(df=3) = 1.33, p = .72, indicating
that the above ﬁndings were not due to artifacts of data
aggregation.
In Experiment 2, parameters were again heterogeneous
across participants, S1(df=45) = 149.10, p < .001. A hierarchical multinomial model with four latent classes provided
a good ﬁt for the heterogeneity present in the data,
S1(df=18) = 8.44, p = .97. Corroborating the above ﬁndings,
parameter Pr was greater in the Strong Gist condition than
in the Weak Gist condition, DL(df=4) = 23.34, p < .001; Pr was
again greater than zero in the Strong Gist condition,
DL(df=4) = 23.32, p < .001, but not in the Weak Gist condition, DL(df=4) = 3.11, p = .54.
Summing up, we found that parameter heterogeneity
across participants was substantial in both experiments.
Latent-class hierarchical multinomial models were able
to account for this heterogeneity. The analyses reported
above were repeated using the latent-class models, and
the main results were conﬁrmed in these control analyses.
We conclude that parameter heterogeneity across participants was present but did not substantially bias the main

Batchelder and Batchelder (2008) suggested relevant
metacognitive strategies for the guessing process modeled
by parameter a. Applied to the simpliﬁed CR model, their
framework predicts that estimates of parameter a be sensitive to the ratio of target probes to related distracters
on the test list. This prediction was conﬁrmed in Experiment 1 where the ratio of targets to related probes was
manipulated. Experiment 2 provided evidence for the discriminant validity of parameter a by showing that it is
not affected by the proportion of unrelated distracters on
the test list.
The framework also predicts that parameter a be sensitive to the relative verbatim memory strength for targets
as compared to related probes. Speciﬁcally, the tendency
to guess ‘‘target” (i.e., parameter a) is predicted to be smaller in conditions with greater values of verbatim memory.
This prediction was conﬁrmed in Experiments 5 and 6 of
Stahl and Klauer (2008) where estimates of parameter a
correlated with the ratio of the verbatim memory parameters Vt and Vr. The prediction is also conﬁrmed in the present data, where levels of verbatim memory Vt were greater
in Experiment 1 than in Experiment 2. As predicted from
the metacognitive account, guessing parameter a was, on
average, smaller in Experiment 1 than in Experiment 2.

3
Because the latent-class framework does not yet provide a means to
compare parameters across different groups (i.e., between-subjects effects),
it was not possible to test for the effects of the base-rate manipulations
within this framework. We therefore only report latent-class analyses for
the effects on Pr that are central to the present paper. In order to obtain an
identiﬁable model for a single group, we set recollection-rejection parameters to zero. We deemed this restriction unproblematic because the Vr
parameters were not signiﬁcantly greater than zero in the present data. To
simplify the exposition, we collapsed across the base-rate manipulation
and report only a single latent-class analysis for each Experiment. We also
performed separate analyses for each condition that conﬁrmed that the
effect on Pr was not an artifact of aggregation. Furthermore, to investigate
whether the effects on the guessing parameters a and b were mere artifacts
of data aggregation, we computed separate latent-class analyses for each of
the between-subjects conditions of each experiment and compared mean
parameter estimates descriptively. These analyses corroborated the ﬁndings reported above. Details of these analyses can be obtained from the ﬁrst
author.

4
One reviewer suggested an alternative model in which the Pr parameter
would appear on the ﬁrst branch, leading to a ‘target’ response with
probability Pr. With probability 1  Pr, the same tree as shown in Fig. 1
would then apply. This alternative model yielded an acceptable ﬁt and its
parameter estimates were comparable to those obtained with the model
shown in Fig. 2. Importantly, hypotheses tests yielded the same pattern of
results for the Pr-ﬁrst and the Vr-ﬁrst models. The model depicted in Fig. 2
was preferred here because of its similarity to the original model by
Brainerd et al. (2001). Note that, in both models, signiﬁcant results
regarding parameter Gr depend on restrictions on Vr (i.e., equating Vr across
Gist Activation conditions, or ﬁxing Vr to zero; both assumptions are
theoretically reasonable and empirically supported by model ﬁt). Alternative models in which Vr was left free to vary and Gr was assumed to be
unaffected by the gist manipulation also yielded acceptable ﬁts; this was
true for both the Pr-ﬁrst and the Vr-ﬁrst variants. However, the assumption
that Gr is not affected by a strong manipulation of gist-based false memory
does not make sense theoretically, and our previous research has shown
that it is also not supported empirically.

results obtained from the aggregated data in the present
research.
General discussion
Results from two experiments support the validity of
the phantom recollection parameter Pr. Phantom recollection was evident only when eight DRM list items were
studied but not when a single DRM list item was studied.
This ﬁnding is comparable to that obtained by Brainerd
et al. (2001) who obtained strong evidence for phantom
recollection for critical lures when participants studied
14 items from each DRM list. We can therefore conclude
that the simpliﬁed CR model as depicted in Fig. 2 is a valid
measurement model for the assessment of the phantom
recollection phenomenon.4
Guessing processes
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The old correlational and the new experimental evidence, taken together, provide strong support for the validity of the simpliﬁed CR model’s parameter a. It is a measure
of the process of guessing whether an item judged old in
meaning is a target or a related distracter, given that information in memory (verbatim memory or recollection
rejection) is not sufﬁcient to discriminate between these
possibilities.
So far, we have assumed that the guessing process described by parameter a is the same whether gist has been
retrieved (i.e., in the [1  V]  G branches) or not (i.e., in
the [1  V]  [1  G]  b branches). Note that this is a simplifying assumption that may not hold under all circumstances. There is some evidence suggesting that, in the
closely related Source Monitoring paradigm, a related
assumption is violated under certain conditions (e.g., Meiser, Sattler, & Von Hecker, 2007). In the present studies, as
well as in our previous research in the simpliﬁed CR paradigm, this assumption has proven to be tenable (see also
Stahl & Klauer, 2008).5
Predictions were also derived from the Bayesian framework for parameter b that is a measure of guessing
whether an item is old (i.e., is either a target or a related
probe) or new (i.e., an unrelated distracter): parameter b
should be sensitive to the proportion of unrelated probes
on the test list. This prediction was conﬁrmed in both
experiments.
Note that the Bayesian framework makes predictions
not about the actual proportions of targets, related probes,
and unrelated probes, but about the subjective proportions
perceived by the participant; it is the subjective proportions that form the basis for an individual’s guessing strategies. Thus, because the subjective proportions are not
known, a certain amount of uncertainty is inherent in the
predictions derived on the basis of actual proportions. Despite this uncertainty, the predictions derived from the actual proportions were conﬁrmed, suggesting that the
actual proportions were acceptable approximations of the
subjective proportions, at least for the present studies.
Previous research on base-rate sensitivity of guessing
processes in recognition memory has obtained mixed results (e.g., Estes & Maddox, 1995; Heit, Brockdorff, & Lamberts, 2003; Rhodes & Jacoby, 2007); the expected effects
of base rate have sometimes failed to appear. In the present
studies, the effects have been obtained reliably with as little as 20 participants and only 36 observations per participant. The surprising stability of the present base-rate
effects might be for two reasons. First, the model-based
analyses used here might have been especially sensitive.
Speciﬁcally, the model’s guessing parameters might be
more sensitive for the effects of speciﬁc and targeted
manipulations than the false-alarm rate, which may represent a mixture of effects of several (memory and) guessing
processes.

5
To provide empirical support for this argument, we ﬁtted a model with
different a-parameters for the (1  V) * G and (1  V) * (1  G)*b branches
(aG and ab). Vr was ﬁxed to zero, and phantom recollection Pr was ﬁxed zero
in the weak gist condition. In the present studies, the aG and ab parameters
could be set equal without signiﬁcant loss of ﬁt, DG2(2) = 0.74, p = .69, for
Experiment 1, and DG2(2) = 2.88, p = .24, for Experiment 2.

Second, the robust ﬁndings in the present studies might
have been caused not by the base rates themselves as they
were picked up by participants on-line at test, but might
have been based instead on the information provided to
participants about these ratios in the instructions. In other
words, it is unclear whether participants’ knowledge about
the proportion of the different probe types was affected at
all by the actual proportions, or whether it stemmed
mainly from the experimenter’s instructions. An interaction between both factors is also conceivable, with the
information provided in the instructions alerting participants to the possibility of different proportions of probe
types on the test list. This notion is supported by a recent
study suggesting that participants’ awareness of the structure of the test list might be necessary condition to observe
effects on response criterion (Rhodes & Jacoby, 2007).
Whether the present effects were due to actual base rates
or due to information provided about base rates to participants beforehand is not central to the present ﬁndings.
The crucial ﬁnding is that the guessing processes were affected by the information about base rates in the predicted
manner.
Levels of recollection-rejection in the original and the
simpliﬁed CR paradigm
Previous research using the original three-groups CR
procedure and model introduced by Brainerd et al. (1999,
2001) have observed nonzero values of the recollectionrejection parameter in experiments in which the DRM
method was used (e.g., Brainerd et al., 2001; Exp. 1). This
is in contrast to our own ﬁndings obtained with the simpliﬁed CR paradigm (Stahl & Klauer, 2008), in which we have
consistently found estimates of recollection rejection to be
(nonsigniﬁcantly different from) zero. Although not directly relevant to the present ﬁndings, this discrepancy
warrants brief discussion.
Several differences exist between the two sets of studies, including, ﬁrst, the exact materials, procedures, and
participants; second, the different memory tests administered (i.e., the original three-group, between-participants
procedure versus the present within-participants memory
test); and, third, the different models used to analyze the
data. Either one of these differences, or some combination,
could be responsible for the discrepancy regarding the recollection rejection parameters. At this point, we can only
speculate about its cause, because direct empirical comparisons of the present paradigm with the original CR paradigm (Brainerd, 1999), or the repeated-measures
procedure recently introduced by Brainerd et al. (2008),
are not available. Such a comparison study, in which the
ﬁrst two potential causes could be held constant, could
help answer the questions raised above.
A possible reason for the discrepancy is the difference
between models; it can be discussed here without the need
for empirical data. In the original CR model, it is assumed
that, if a verbatim trace cannot be retrieved, but gist memory is available, a related distracter is accepted as ‘old’ with
probability 1. In contrast, the simpliﬁed model assumes
that, in the same situation, a related probe is classiﬁed as
a target with probability a. In other words, leaving aside
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the obvious difference in memory test formats (i.e., old/
new decisions in the original CR paradigm versus classiﬁcations in the simpliﬁed CR paradigm), the original CR
model can be considered a special case of the present model with a = 1. Our previous studies using the simpliﬁed CR
model have shown that estimates of parameter a were
consistently and signiﬁcantly smaller than 1 (Stahl &
Klauer, 2008). These ﬁndings suggest that—at least for
the classiﬁcation test format used in our studies—the
assumption of a = 1 cannot be upheld. This observation
lends support for the simpliﬁed CR model.
The simpliﬁed CR model can be used to derive predictions for the old/new test used in the original CR paradigm.
To see this, note that participants’ ‘old’ response in the original CR paradigm depends on the instruction condition as
follows: Under the T instruction, participants would respond ‘old’ only to targets, whereas under the R instruction, they would respond ‘old’ only to related probes
(under the T+R instruction, they would respond ‘old’ to
both targets and related probes). Using this mapping of
classiﬁcations onto ‘old’ responses, predictions can be derived from the simpliﬁed CR model for the original CR paradigm. If the simpliﬁed CR model is the ‘true’ model not
only for the simpliﬁed paradigm but also for the original
CR paradigm, then ‘true’ values of parameter a smaller than
one should lead to distorted estimates of the other
parameters.
We conducted a small simulation study in which we
generated data from the simpliﬁed CR model (which is
the ‘true’ model in this simulation), and ﬁtted these data
using the original CR model. Typical parameter values were
used, and the value of parameter a was varied between
zero and one. Results showed that (1) the parameters of
the original CR model were biased away from the ‘true’
underlying parameters generated by the simpliﬁed CR
model for all values of a – .5, and (2), Vr was overestimated
for values of a < .5. Given that estimates of parameter a
were consistently below .5 in all our previous studies,
and assuming that the simpliﬁed CR model is the true
model, these results suggest that the nonzero values of Vr
that were found in studies that used the original CR paradigm might reﬂect distortions due model misspeciﬁcation.
Note, however, that at this point these are speculations,
not ﬁrm conclusions. Note further that the original CR
model is at a structural disadvantage because it is not
straightforward to use the original CR model to simulate
data for the simpliﬁed CR procedure; this implies that
the simpliﬁed CR model cannot be put to the same test.
Additional research is required to investigate this issue.
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backgrounds. At test, the same, similar, or new objects
and backgrounds were presented, and participants indicated whether a probe object or background was the ‘same’
as presented, was ‘similar’, or ‘new’. On the basis of separate memory indices for recognition of gist and detail,
the authors concluded that both types of memory were increased for negative over neutral objects, whereas both
types of memory were reduced for backgrounds presented
with negative objects as compared to backgrounds presented with neutral objects.
Due to the similarity in procedures, the present model
can be applied to the data from Kensinger et al. (2007).
In our application of the simpliﬁed CR model to the data,
we found substantial evidence for phantom recollection.6
That is, participants falsely responded ‘same’ to object and
background probes that were not studied but were similar
to studied objects and backgrounds, and they did so more often than would be expected on the basis of familiarity and
guessing processes alone. This ﬁnding illustrates that phantom recollection can be observed in memory paradigms in
which no special procedures were applied to create high levels of gist-based false memory. It also exempliﬁes the additional insight that can be obtained with model-based
analyses.
The above reanalysis also illustrates how the simpliﬁed
CR paradigm can be applied to materials other than DRM
word lists, namely pictures of objects and backgrounds.
In principle, the simpliﬁed CR paradigm can be used with
any type of material for which the three probe types—targets, related distracters, and unrelated distracters—can be
generated. This also applies to more complex materials
such as entire sentences. In a recent paper in this journal,
Singer and Remillard (2008) investigated veridical and
false memory for sentence probes that were taken from,
could be inferred from, or could not be inferred from previously read texts. In a comparison of different models,
the authors show that the phantom recollection process
is necessary to account for performance in immediate as
well as in delayed testing. These ﬁndings further demonstrate that phantom recollection may occur in a variety
of paradigms, using different materials, and they show that
special techniques such as the converging-associates
method implemented in DRM lists to elicit high levels of
false memory are not necessary to obtain phantom
recollection.
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Phantom recollection in other paradigms
Phantom recollection—false recollection of non-presented lures—occurs not only in the DRM paradigm. Using
a procedure similar to the simpliﬁed CR procedure, Kensinger and colleagues (Kensinger, Garoff-Eaton, & Schacter,
2007) have investigated the effects of emotion on memory
for gist and surface detail. In their Experiment 1, participants were presented with pictures of emotionally negative and neutral objects on neutral backgrounds, and
were later tested for their memory for these objects and

6
Given that the distribution of responses were very similar for neutral
and negative new stimuli, we decided to set guessing parameters equal
across neutral and negative stimuli in order to be able to evaluate model ﬁt.
Model ﬁt for the object data was not acceptable for the model depicted in
Fig. 1 that lacks a phantom recollection parameter, G2(2) = 15.82, p < .05.
Model ﬁt was good when a phantom-recollection parameter was added to
the model, G2(1) = 0.18, p > .05. Phantom recollection was estimated at Pr =
.29; this estimate was signiﬁcantly greater than zero, DG2(1) = 15.66,
p < .05.
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Appendix A

Brainerd et al. (2001) in that there is no parameter for erroneous recollection rejection, Et. From the perspective of a
model including a parameter Et, the present model can
be seen as a special case in which it is set to zero (see also
Stahl & Klauer, 2008).

A.1. Extending the simpliﬁed CR Model: Phantom recollection

A.2. Identiﬁability

A.1.1. Data representation
In the simpliﬁed CR paradigm, the memory test list consists of target probes, related probes, and unrelated probes.
The participant is required to classify each probe as either a
target, related, or unrelated probe. This yields the following 3  3 frequency table F,

The above model is not globally identiﬁed because it
has seven parameters for six free empirical probabilities.
More speciﬁcally, the model is not identiﬁed because, in
the tree for related probes (Eq. (2)), three memory parameters are used to model two free empirical probabilities
(note that the guessing parameters are identiﬁed from
the responses to unrelated probes, as shown in Eq. (3)). Given that there are only two free empirical probabilities,
only two of the three memory parameters can be estimated from the data of a single condition. For Pr to be identiﬁed, a restriction therefore needs to be imposed upon at
least one of the memory parameters for related probes,
Vr or Gr. Setting Vr to zero is the most straightforward
restriction here that can be maintained as psychologically
plausible in certain situations (see main text).
From Eqs. (1)–(3) it follows that Pr is a function not only
of the pij but also of Vr. Parameter Pr is given by Eq. (4). Gr is
also a function of Vr as shown in Eq. (5) (equations for the
other parameters are given in Stahl & Klauer, 2008).

The research reported in this paper was supported by
grant Kl 614/31-1 from the Deutsche Forschungsgemeinschaft to the second author.
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where Fij is the frequency of event Eij, that is, of a response
of type j to a probe of type i.
A.1.2. Model equations
A multinomial model is created by expressing the probability pij of an event Eij as a function of latent parameters
that represent the psychological processes that are to be
measured. In a multinomial processing tree model, the
probability of an event is expressed as the sum of the probabilities of the branches that lead to that event. The following model equations can thus be easily derived from Fig. 2.
For target probes, the empirical probabilities are given by
the following three equations:

p11 ¼ V t þ ð1  V t ÞGt a þ ð1  V t Þð1  Gt Þba
p12 ¼ ð1  V t ÞGt ð1  aÞ þ ð1  V t Þð1  Gt Þbð1  aÞ

ð1Þ

p13 ¼ ð1  V t Þð1  Gt Þð1  bÞ
For related probes, the empirical probabilities are modelled as follows:

p21 ¼ ð1  V r ÞPr þ ð1  V r Þð1  Pr ÞGr a
þ ð1  V r Þð1  Pr Þð1  Gr Þba
p22 ¼ V r þ ð1  V r Þð1  P r ÞGr ð1  aÞ

ð2Þ

þ ð1  V r Þð1  Pr Þð1  Gr Þbð1  aÞ
p23 ¼ ð1  V r Þð1  Pr Þð1  Gr Þð1  bÞ
For unrelated probes, the empirical probabilities are
modelled as follows:

p31 ¼ ba
p32 ¼ bð1  aÞ

ð3Þ

p33 ¼ 1  b
Together, Eqs. (1)–(3) specify how the simpliﬁed CR model
(Stahl & Klauer, 2008) is extended by an additional parameter Pr for phantom recollection of related probes. Note further that this model differs from the model introduced by

p32 ð1  V r Þ  p32 p23  ðp22  V r Þð1  p33 Þ
p32 ð1  V r Þ
ðp22  V r Þð1  p33 Þ þ p23 ðp32  p32 =p33 Þ
Gr ¼
ðp22  V r Þð1  p33 Þ þ p23 p32
Pr ¼

ð4Þ
ð5Þ

From Eqs. (4) and (5) it can be seen that both Pr and Gr are
identiﬁed (i.e., they can be expressed as a function of the
empirical probabilities pij) when the value of Vr is not estimated from the data but instead ﬁxed to zero or some
other constant. In case Vr = 0, Eqs. (4) and (5) simplify to:

p31
p ; and
p32 22
p ð1  p33 Þ þ p23 ðp32  p32 =p33 Þ
Gr ¼ 22
p22 ð1  p33 Þ þ p23 p32
Pr ¼ p21 

This demonstrates identiﬁability of Pr and Gr for the case
Vr = 0.
Other possible solutions involve setting Vr equal to constants other than zero. In principle, it would also be possible to obtain an identiﬁable model by imposing a
restriction on parameter Gr. However, given that both Pr
and Gr are measures of phenomena of gist-based false
memory, such a restriction would be problematic in most
cases. For example, setting Gr equal to zero will rarely be
justiﬁed psychologically in a condition in which substantial Pr is expected.
Another possible way to obtain an identiﬁable model is
to equate parameters across conditions. That is, Vr (or Gr)
can be set equal to the respective parameter in another
condition in which it is identiﬁed. For example, when
phantom recollection is thought to occur in a condition A
(with parameters Pr and Vr), an additional condition B
can be included in the design (with parameters P0r and
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V 0r ) in which phantom recollection is likely to be negligible,
P 0r = 0, but recollection rejection is at levels comparable to
those in condition A. In this situation, the restriction
Vr = V 0r would be justiﬁed. This restriction would yield an
identiﬁable model because the parameter V 0r in condition
B is identiﬁed (as shown in Stahl and Klauer, 2008; Appendix, Eq. 7). In Eqs. (4) and (5), Vr can then be replaced by a
constant value of V 0r as computed from the empirical probabilities obtained in condition B (or, alternatively, by the
right side from Eq. 7 in Stahl & Klauer, 2008). In the resulting equations, the parameters Pr and Gr are expressed only
in terms of empirical probabilities; this demonstrates their
identiﬁability.
In the present studies, an identiﬁable model was obtained by setting the memory parameters equal across
the levels of the base-rate factor, which was implemented
as a between-subjects manipulation. As a result of this
restriction, the memory parameters in the tree for related
probes are identiﬁed, as will be shown next. Assume that
Eq. (2) describes the data from level 1 of the base-rate factor, and that Eq. (2a), with

p021 ¼ ð1  V 0r ÞP0r þ ð1  V 0r Þð1  P0r ÞG0r a0
0

þ ð1  V 0r Þð1  P 0r Þð1  G0r Þb a0
p022 ¼
þ ð1 
 P0r ÞG0r ð1  a0 Þ
0
þ ð1  V 0r Þð1  P 0r Þð1  G0r Þb ð1  a0 Þ
0
0
0
0
p023 ¼ ð1  V r Þð1  Pr Þð1  Gr Þð1  b Þ
V 0r

V 0r Þð1

ð2aÞ

describes the data from level 2 of that factor. Setting the
memory parameters equal across both levels amounts to
setting V0 r = Vr, G0 r = Gr, and P0 r = Pr. Solving for Pr yields

Pr ¼

p032 ð1  V r Þ  p032 p023  ðp022  V r Þð1  p033 Þ
p032 ð1  V r Þ

ð4aÞ

After equating the right sides of Eqs. (4) and (4a), we
can solve for Vr:

Vr ¼

p32 ðp032 p023  p022 þ p033 p022 Þ  p032 ðp32 p23  p22 þ p33 p22 Þ
p032 ð1  p33 Þ  p32 ð1  p033 Þ
ð6Þ

This demonstrates identiﬁability for Vr. In Eq. (4), Vr can
now be replaced by the right side of Eq. (6) to yield an
expression of Pr in terms of empirical probabilities. The
identiﬁability of Gr can be shown analogously by replacing
Vr in Eq. (5) by the right side of Eq. (6).
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