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This article investigates the relation between misremembering and source judgments in both the mis-
leading information paradigm and the false memory paradigm. A computational model, CHARM
(Composite Holographic Associative Recall Model), is used to simulate source monitoring in both
paradigms. Despite the fact that CHARM stores memories in a composite memory trace, it is shown
that the model can account for source judgements, and can explain the discrepancy between the source
judgement and the recognition data in the misleading information paradigm. It also can account for the
basic phenomena of the false memory paradigm, wherein thematically related items induce a memory
for a nonpresented but prototypical critical item. In two experiments linking these two research lines,
we presented the critical item in a different list from that used to induce the false memory effect.
Although the model predicted that the presentation of the critical item should increase the false
memory effect, its presentation inhibited false memories instead—but only with particular word lists
and in certain treatment combinations. It seems likely that the presence of the critical item in an alter-
nate list allowed people to use an exclusionary rule to inhibit the false memories. Such a rule would be
straightforward to implement in CHARM, and could allow the model to account for this false memory
suppression effect.

INTRODUCTION

Although misremembering may be produced in a
number of different ways, there are two basic para-
digms that have enjoyed extensive experimental
investigation, and which are considered here. The
first is the classic misleading information paradigm,
in which misinformation is actually presented to
the person, and it is this presented information that
is the cause of the person’s memory errors. The sec-
ond is the false memory paradigm, in which the
misremembered information is not presented.
Instead, the false memories result from inferences
or constructions that the person creates internally,
and then later mistakes for events that happened

externally. In this article, we will address both of
these misremembering paradigms. It has been
shown, in the classic misleading information para-
digm, that if people are asked to make judgements
concerning the origin or source (Johnson,
Hashtroudi, & Lindsay, 1993) of the would-be
misleading information they are sometimes able to
sharpen their focus, and discount the misleading
information by attributing it to its correct source.
Thus, in at least one of these paradigms, source
judgements can be used to enhance people’s mem-
ory, and eliminate false information (Lindsay &
Johnson, 1989; Zaragoza & Koshmider, 1989). We
investigate whether such judgements might also be
efficacious in the other paradigm.
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In the misleading information paradigm (of
which there are a number of variants) an incident,
such as a crime, is witnessed and then later, if he or
she is in the experimental condition, the person is
given some misleading information about some
detail in the incident. For example, if the person
originally saw a car go through a red light, it might
later be suggested that the vehicle had been a van.
When given a two-alternative forced choice test
including the correct object and the misleading
suggestion, people who received the misleading
information performed worse than did people who
received no misleading information (Loftus, 1979).
The CHARM model has been used, in the past, to
model situations such as this (Metcalfe, 1990). It
explained these, and related, findings in terms of
the implications of retrieving a superimposed rep-
resentation that contains both the original event
(the car) superimposed on the misleading sugges-
tion (the van). The effect is analogous to a TV
screen showing simultaneously two different
programmes, or to a photograph that has been
double-exposed. When those two exact alternatives
are retrieved and contrasted in this superimposed
manner, at the time of test, the person has difficulty
distinguishing them, and so performance suf-
fers—as has been shown empirically.

A number of researchers have criticised and
modified the original version of the misleading
information paradigm. When the lures given at the
time of test are not identical to the misleading item
that was first suggested, people who received the
misleading suggestion usually performed at about
the same level as did control participants (e.g.
McCloskey & Zaragoza, 1985; cf. Payne, Toglia, &
Anastasi, 1994). The CHARM model—employ-
ing a composite memory trace—can predict these
data (Metcalfe, 1990). Only the misleading item is
superimposed on the correct item at time of
retrieval, so other items tend not to interfere with
the correct item (unless, of course, they are suffi-
ciently similar to the original item, the suggested
item, or both, so that confusion occurs because of a
discriminability problem). There are a number of
other experimental variants on this basic mislead-
ing information paradigm (see, for example, Belli,
1989; Ceci, Ross, & Toglia, 1987; Chandler, 1989;

Christiaansen & Ochalek, 1983; Kroll &
Timourian, 1986; Loftus & Hoffman, 1989;
Tversky & Tuchin, 1989) to which the CHARM
model has been applied with some success. The
composite retrieval characteristic of the model has
allowed it to account for all of the major recognition
and recall findings reported in this paradigm,
except for one.

The only major experimental finding within the
classic misleading information paradigm to which
the model has not been applied, as pointed out by
Lindsay (1991), is source monitoring. Rather than
being tested for only for simple recognition or
recall, in the source monitoring paradigm, people
are asked to remember and report the source of the
memory probe item. This paradigm is of especial
interest for three reasons. First, judgements of
source are a key component to people’s episodic
memory. Second, these judgements allow people to
clarify and improve their memory performance, and
greatly offset their susceptibility to misleading
information (Lindsay & Johnson, 1989). The third
reason for our interest is that the manner in which
the CHARM model retrieves a representation with
information from multiple sources superimposed,
would seem, at first blush, to disallow it from mak-
ing source judgements. Much of the explanatory
power of the CHARM model stems from the con-
struct of a composite trace—including the basic
explanation for the misleading information effect
itself. The challenge to CHARM, then, is that it
would seem that a model that uses a composite trace
as a core construct (as opposed, say, to the more tra-
ditional separate-trace models) might seem intu-
itively to be unable to distinguish the sources. In the
first section of this article, we will show, though,
that CHARM can handle the basic source-
monitoring results without difficulty.

In the second major section of this article we
turn to the other misremembering paradigm.
Roediger and McDermott (1995, and see Deese,
1959) have investigated a paradigm for creating
false memories, in which the false memories are not
explicitly implanted by an outside source, as in the
classic paradigm; instead, the participant appears to
create them by some internal process. Participants
are presented with a list of semantic associates of a
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critical item. They do not study the critical item
itself but, nevertheless, exhibit false memory for it
at test. For example, a person might be presented
with a list of semantically associated words such as
hill, valley, climb, etc., and then be tested on a criti-
cal item such as mountain. This paradigm, which
has been of great interest recently, will be described
in greater detail later in the paper.

In the classic misleading information paradigm
people can use source information to differentiate
suggested from true memories about a particular
scene (Lindsay & Johnson, 1989; Zaragoza &
Koshmider, 1989). We conjectured that source
judgements might also be useful in the false mem-
ory paradigm. To investigate this possibility, our
first step was to model the effect of source-
monitoring in the misleading information para-
digm within the CHARM (composite, holo-
graphic, associative, recall, and recognition
memory) model (Metcalfe Eich, 1982, 1985;
Metcalfe, 1990, 1991a,b, 1993a,b, 1997; Metcalfe,
Cottrell, & Mencl, 1992). We then showed that
this simple model is able to account for the basic
phenomena within the false memory paradigm.
Finally, we used CHARM’s source monitoring
predictions to investigate the impact of the pres-
ence of source information in the false memory
paradigm.

MODELLING SOURCE
JUDGEMENTS WITH CHARM IN THE
MISLEADING INFORMATION
PARADIGM

Lindsay and Johnson (1989) conducted an experi-
ment in the misleading information tradition, in
which they showed that memory could be amelio-
rated by asking participants for source judgments.
In their experiment, the participants viewed an ini-
tial event—a picture taken from a magazine. They
then read a text that was a description of the picture
but which included some misleading information
(as well as other information). Then participants
were either asked to make old/new recognition
judgements about whether each of the probe items
was in the original picture they had seen (in a man-

ner similar to that used in the classic paradigm), or
they were given a source judgement task. In the lat-
ter task, they were asked to say whether a given item
was seen only in the picture, was only in the text,
was in both the picture and the text, or was entirely
new. To equate between the recognition judgement
and the source judgement conditions, the probabil-
ity of saying that an item was seen in the picture (as
given directly in the recognition judgement case)
was taken, in the source judgement condition, to be
the sum of the probabilities of saying that it was in
the picture only and that it was in both.

Technically the two tests were asking the same
question: Was the probe in the picture? Neverthe-
less, the results were quite different. Misled partici-
pants given the recognition test were much more
likely to false alarm to the misleading items that
were presented only in the text than were their
matched controls who were given no misleading
suggestions. In the source judgement condition,
though, misled participants were perfectly well able
to say that these items were only in the text, and
they did not exhibit a tendency to claim that they
had been in the picture. These results, of course, are
of practical interest. But they raise an interesting
theoretical question as well: Can a model that pro-
duces a superimposed retrieved item account for
this discriminative ability? And if it can, how does it
do it?

In this section we will first demonstrate that
there are conditions, mapping onto the experimen-
tal situation in a straightforward manner, that allow
the CHARM model to produce both the recogni-
tion results and the source monitoring results. Not
surprisingly, the model is unable to produce both
patterns of data—those for recognition and for
source judgement—if it does exactly the same
thing. So examination of exactly how the model
produced the two different sets of data is of interest.

Source Simulations of CHARM

Items are represented in CHARM as vectors, and
the elements of these vectors correspond to the fea-
tures of the items. The elements are sampled from a
standard normal distribution and the vectors are
usually normalised to make mathematical analysis
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easier. The vectors created in this way are inde-
pendent of each other, so the similarity of one ran-
dom vector to another, as measured by their dot
product, is 0. The similarity of one vector to another
can be manipulated, however, by setting their dot
product to some fraction greater than 0. Items are
associated by the operation of convolution, and the
resulting vector is superimposed onto an existing
trace, which is initialised to be a noisy random vec-
tor. Items can be retrieved from the trace by corre-
lating it with a probe vector. The resulting vector is
a combination of all the items with which the probe
had been associated. This retrieved vector is then
sent off to a decision routine that distinguishes
among yes/no recognition, forced-choice recogni-
tion, recall, and so on, as dictated by the constraints
of the situation. In yes/no recognition, the retrieved
vector is matched to the probe itself. If the dot
product is greater than a preset criterion, the probe
is considered as having been recognised. In multi-
ple-choice recognition, the retrieved item is
matched to each of the presented alternatives, and
the one that matches best is given as the selection
chosen, as long as it exceeds a criterion (if, in the
experiment, the option to not answer is given). In
recall, the retrieved vector is matched to each of the
vectors in the lexicon. The vector that is recalled is
the vector that provides the largest dot product with
the retrieved vector, if the dot product is above a
preset criterion.

In our first set of simulations, every item was
assumed to have source information linked to it, via
the associative operation of convolution. Source
information consists of the perceptual and other
sensory details that are the setting in which an event
occurs. For modelling purposes, Source, S, is
abstracted into “features” just as content informa-
tion is. For the purposes of demonstrating the
detailed predictions of the model, context or source,
and content will be represented in the following
way: If someone sees a picture of a car, this will be
considered to be encoded in the trace Trace, as:

Trace = Car*Car + Car*SourcePicture,

where Car is a vector representing the mental repre-
sentation of the car, SourcePicture is a vector giving
the mental representation of the picture source, and

“*” is the operation for convolution. When the cue
Car is given, retrieval occurs by correlating (#) the
Trace with Car. In general, the result of retrieval by
any cue, Q, which is correlated with an association
between any two vectors such as X*Y , is that Y is
retrieved to the extent that Q is similar to X, and X
is retrieved to the extent that Q is similar to Y , and
the two components are added to one another. This
occurs for all associations in the composite memory
trace (and all retrieved components are added
together). Thus, in the present case, the result of
correlating the cue Car with the Trace is a vector
which contains both Car and SourcePicture,
specifically:

Car#Trace = Car#[(Car*Car) + (Car*SourcePicture]
= 2Car + SourcePicture (1)

Since the source of the car memory is returned in
the retrieved vector, this vector can be used to make
a source judgment. The source of an item is judged
to be retrieved if the dot product of the source vec-
tor in question and the retrieved vector is above a set
criterion.

In Lindsay and Johnson’s (1989) experiments
the first factor was type of study group—Control or
Misled. The second factor was type of test—Rec-
ognition or Source Judgement. In phase 1, both
groups looked at a slide containing various items,
thus encoding them in a pictorial context. In phase
2, both groups read a narrative describing the slide,
encoding items in a textual context. The Control
group read a narrative that was completely faithful
to the slide, but the Misled group read a narrative
that had additional information in it, items that had
not appeared in the slide. In phase 3, participants
from both groups received either a yes/no recogni-
tion test or a source judgement test. The test items
consisted of items that had appeared only in the
slide (Picture Only), items that had appeared in
both the slide and the narrative (Picture and Text),
items that had appeared in the misleading narrative
only (Text Only) and items that had neither
appeared in the slide nor the narrative (New).

Method
To model this situation, a lexicon of 10 vectors of 63
elements each was created. Vectors 1 and 2 were
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designated W and were associated with the picture
source Sp only. Vectors 3 and 4 were designated X,
and were associated with both the picture source Sp

and the text source St, vectors 5 and 6 were desig-
nated to be Y and were associated with the text
source St only, vectors 7 and 8 were designated Z
and reserved to be new. Two additional items were
added into the composite trace as noise, but were
not tested. Four sets of this lexicon were created,
each with different random vectors. To avoid repe-
tition and enhance clarity, the traces below are
shown with only one set of vectors. In the simula-
tion all four sets were used. Two other vectors were
also created—they were source vectors, specifically
Picture Source Sp and Text Source St. These were
simply set up as independent random vectors.

Two traces were constructed, one for each of the
study groups. The Control trace (Tc) was con-
structed as follows:

Tc = W*W + W*Sp + X*X + X*Sp + X*X + X*St

+ noise

The Misled trace (Tm) was constructed as follows:

Tm = W*W + W*Sp + X*X + X*Sp + X*X
+ X*St + Y *Y + Y*St + noise

The test items W, X, Y , and Z were each correlated
with the traces. An item was classified as having
been recognised if its similarity (measured by a dot
product) to the vector it retrieved from the trace was
above a criterion of 1.2. To enact the source judge-
ment the probe was correlated with the trace and
the vector that was retrieved was matched with the
picture context and with the text context. If the dot
product of either match was above 0.8, then the
model recognised the probe as having occurred in
the corresponding context. If both matches were
above criterion, then the probe was recognised as
having appeared twice, once in each context. If nei-
ther match was above criterion, then the probe was
assumed to be new. The simulation was replicated
500 times, with different random vectors each time.

Results and Discussion
As can be seen from Fig. 1, the model, like people,
produced a high rate of false “attribution to pic-
ture,” in the recognition task only, to those items
that were presented in the text only and were not
given in the picture. In the source judgements task,
however, this error was attenuated, both in people’s
judgements and in the model.
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Fig. 1. A comparison between Lindsay and Johnson (1989) and CHARM of the mean proportion of false attribution to “Picture” of “Text
Only” items.



The reason the model did this was that the rec-
ognition decision was based on matching the item
retrieved to the probe only (as has been the method
of recognition used in many past simulations with
CHARM, e.g. Metcalfe, 1991a), and it did not
consider the source. When only the recognition of
the probe itself is considered, and the source is dis-
regarded, a high false alarm rate to items presented
in the non/pictorial context arises. In contrast,
under the source judgement instructions, the model
was specified to match the retrieved item to both
the picture and the text source, and to make attribu-
tion decisions based on the extent of those matches.
If the retrieved vector failed to match the picture
source it would not be attributed to the picture.
Because the source retrieved by the model for the
misleading item probes was the text and not the
picture (because it had never been associated with
the picture, but had been associated with the text),
the model did not have a high rate of misattribution
of these probes to the picture. It is notable that, in
both the recognition and the source judgment con-
ditions, the item that was retrieved by the model
was actually the same and the source information
was present. In the recognition condition it was not
considered in the decision, however, whereas it was
in the source judgement condition.

Figure 2 shows the pattern of data concerned
with attribution to the picture source, in the experi-
ment and the model, for all probe items rather than
only for the critical misleading items. The match
of the model to the experimental data was good.
Figure 3 shows the distribution of attribution to
“new,” both in the model and in the experiment.

Increased Emphasis on Source in
Recognition Instructions

Lindsay and Johnson (1989) conducted a second
experiment, related to the first, in which their con-
cern was that people had not understood the recog-
nition instructions. Perhaps the participants may
have just thought that they were to call the items old
if they had occurred at all in the experiment. Thus,
in the follow-up experiment they emphasised that
people were to say old only if the item occurred in
the picture, and not otherwise. When Lindsay and

Johnson clarified and emphasised that occurrence
in the picture was crucial, they found that this
manipulation had an effect in decreasing the false
alarms to the items that were presented in the text
but not in the picture context. In CHARM, by
allowing the source assessment procedure to come
into play in the recognition condition, we were
easily able to simulate Lindsay and Johnson’s fol-
low-up experiment. As we will argue, when we dis-
cuss our own experiments, participants may
sometimes use only a simple recognition process
(which some researchers call a “familiarity” judge-
ment, though this too involves retrieval in
CHARM) when the context in which the probe
was experienced is requested, but they may also,
under certain circumstances, voluntarily use the
source monitoring procedure to check their
responses.

Source Judgements When the Misleading
Items are Related to Original Items

An experiment related to that of Lindsay and John-
son (1989) was also conducted by Zaragoza and
Koshmider (1989); in it, participants were pre-
sented with a series of slides followed by a narrative
describing them. Unlike the Lindsay and Johnson
experiments, though, in which the misleading
items were unrelated additions, the misleading
items in Zaragoza and Koshmider’s experiment
were highly related to particular original items. For
example, a screwdriver in the slides would be
replaced with a hammer in the narrative. Partici-
pants then received a source monitoring test in
which the test items were presented as slides, rather
than as text. Test probes could be either original test
items or misleading test items. Participants had to
decide whether they had seen each test probe in the
picture, in the text only, or, if they could not
remember the source, then whether the item was
consistent or inconsistent with what they had seen
in the experiment.

We conducted simulations of this paradigm in
CHARM. The main difference between the previ-
ous simulations and these ones was that the
misleading items, which were themselves auto-
convolved and added into the composite memory
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Fig. 2. A comparison between Lindsay and Johnson (1989) and CHARM of the mean proportion of false attribution to “Picture” of all test
items.

Fig. 3. A comparison between Lindsay and Johnson’s (1989) experiment and CHARM predictions of the mean proportion of false
attribution to “New” of all test items.



trace, and which were also convolved with a vector
representing the narrative context, in this case were
vectors that had considerable feature overlap with
the vectors entered into the composite memory
trace in association with the original context. The
results of these simulations will not be reported in
detail, except to say that they produced results that
were consistent with the data reported by Zaragoza
and Koshmider. Thus, regardless of whether the
misleading items are related or unrelated to the
original items, source judgements are useful in
improving performance. The simple mechanisms
in the CHARM model, used to account for these
differences between recognition and source judge-
ments, are sufficient to account for the results found
experimentally.

The logic of incorporating source information
into memory encoding and decisions, in at least one
of these three forms, can also be implemented other
models, such as those of Hintzman (1988), Ayers
and Reder (1998), or Reyna and Brainerd (1995).
These models have very different conceptual bases
from CHARM, but can plausibly handle these
source monitoring data. It is especially pleasing,
though, that models relying on a composite mem-
ory trace can account for the source monitoring
results since the nature of the composite trace and
composite retrieval—which have many interesting
conceptual spin-offs—makes this capacity un-
intuitive for this class of models.

THE FALSE MEMORY  PARADIGM

The second half of this article focuses on the second
paradigm for misremembering—the false memory
paradigm—in which people are presented with a
variety of related items, and tend to false alarm on
critical items that were not presented, but which are
highly related to those items that were. For exam-
ple, a person might be presented with a list of items
including sugar, cake, honey, and chocolate. Later
they would be tested with the critical (unpresented)
item sweet, which is a high associate of the pre-
sented items. Roediger and McDermott (1995)
reported false alarm rates in recognition ranging
from 58% to 81% for such critical items, though

Roediger, Gallo, Watson, and Balota (1998) have
recently shown much more variability. Robinson
and Roediger (1997) showed that the rate of false
attributions increases monotonically with increases
in the number of associates in the study list. Nor-
man and Schacter (1997) showed that older adults
are more vulnerable to these kind of false memories
than are younger adults.

Perhaps surprisingly, given the data with older
adults, Korsakoff and non-Korsakoff amnesics
showed reduced levels of false memories (Schacter,
Verfaellie, Anes, & Racine, 1998). Interestingly
enough, as the level of remembrance for true mem-
ories increased, the Korsakoff amnesics also
showed an increase in their level of false memories.
In the same experiment, though, with normal con-
trols, as the level of true memory increased, the rate
of false alarming to the critical item decreased.

Several experiments have shown that repetition
of the study list (with normals) results both in an
increase in true memory and a decrease in false
memories (McDermott, 1996). Furthermore,
other manipulations that increase the distinctive-
ness of the items in the to-be-remembered list also
decrease the probability of false memories. Israel
and Schacter (1997) showed that the pictorial
encoding of the inducing list items—which were
presented in the form of line drawings—decreased
the false memory effect. However, there is some
indication that neither repetition nor pictorial
encoding are effective in obviating the effect in
elderly subjects (Kensinger & Schacter, this issue;
Koutstaal & Schacter, 1997; Schacter, Kaszniak,
Kihlstrom, & Valdiserri, 1991).

CHARM and False Memories

The most straightforward way to handle the false
memory paradigm in CHARM is to consider it to
be a special case of prototype formation, which has
been modelled formally in CHARM (Metcalfe
Eich, 1982; and see Metcalfe, 1991b). In that para-
digm, as in the false memory paradigm, a number of
items that are highly similar to one another—call
them I1, I2, I3, I4, etc., and to an item that might be
called either a “critical item” in the false memory
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paradigm) or a prototype—call it Ip (for proto-
type)—are autoassociated and added into the com-
posite trace. Thus, the composite trace is:

T = I1*I1 + I2*I2 + I3*I3 + I4*I4 + ... + noise (2)

The predictions of the model, in this situation, are
straightforward. If Ip is used as the retrieval cue,
each of the encoded I’s will be retrieved as a function
of their similarity to Ip. Furthermore, they will all be
superimposed (see Metcalfe, 1991b, for some illus-
trations of superimposed representations going
back to Galton’s (1878) seminal work on composite
photography and “family resemblance”). Ip, then,
will retrieve something that closely resembles a pro-
totype, and if that resultant retrieved item is
matched to Ip, itself, the extent of match can be very
high indeed, depending upon the similarity of the
encoded items (I1, I2, etc.) to Ip, and also upon how
many such items were encoded. If very few related
items were entered into the trace, then the generali-
sation to the critical item will be low, but as more
and more highly/related items are added into the
composite trace the generalisation to the critical
item increases. This finding in the model (see
Metcalfe Eich, 1982, for simulations) corresponds
nicely to Robinson and Roediger’s (1997) findings.

It also follows that if people are remembering
very few of the presented items, they may have
encoded only a few items. Even though a large
number of the related items might have been pre-
sented, if only a few of those items were encoded
and entered into the trace, then the situation is the
same as if only a few related items were presented.
In the model, when one item is encoded in the list,
and an item that is similar to it is presented as the
cue, the retrieved item will match the cue item as a
function of the degree of similarity between the
two, but there is no convergent generalisation from
multiple items. Similarly, with only a few encoded
items, there may be insufficient information in the
composite trace to support the generalisation to the
critical items, and no false memory effect will be
manifest. Thus some degree of true memory is
needed if people are to demonstrate false memories,
since the “false” memories themselves depend upon
superimposed retrieval of the true memories. As the
level of overall memory increased with the amnesics

in Schacter et al.’s (1998) study, presumably the
number of encoded items increased, allowing
generalisation to the false memory. Thus, the find-
ing that amnesics may fail to show a false memory
effect with low levels of true memory, but then
show the false memory effect with higher levels of
true memory, may be strongly related to the finding
of Robinson and Roediger (1997)—that false
memories increase with an increase in the number
of associates presented. Furthermore, as the induc-
ing items are made more and more similar to one
another and to the critical item, the model predicts
that false memory for the critical item should also
increase.

At the other extreme, if the individual items in
the list are extremely well discriminated, that is,
they are either not highly related to one another, or
if they are encoded such that their distinctive fea-
tures are emphasised, the false memory effect
should be offset. This can be captured in the model
either by using items that are not highly similar to
one another (see Metcalfe Eich, 1982, for simula-
tions), or by allowing a high proportion of distinc-
tive features (and not just the most typical features)
to be encoded by a selective feature-sampling pro-
cess (see Metcalfe, 1991b, for details of feature
sampling in the model, and some of the implica-
tions). High levels of distinctive encoding could
allow discrimination of the critical item from the
presented items. Thus, at extremely high levels of
learning of the individual items—as long as that
learning entailed emphasis on the distinctive fea-
tures—the false memory effect may disappear.
(There are conditions under which the false memo-
ries may not disappear, however. The explanation
forwarded here is that, with many presentations,
people are intentionally forging distinctive mental
representations that distinguish the presented
items from one another and from the critical item.
Looking for, and encoding, the differences among
the items is likely to be under voluntary control,
however, and if the participants in the experiment
are not doing it, but are simply strengthening the
canonical representational forms of the presented
items, then high levels of true memory may still give
rise to high levels of false memory, as in the experi-
ments conducted on ageing people, cited earlier.)
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This interpretation is consistent with that of
Schacter, Israel, and Racine (1999).

There are other experimental manipulations
that appear to give rise to distinctive encodings,
where distinctive means that the features that are
different across items are particularly emphasised.
Pictures may evoke a more distinctive and unique
event encoding than do words. Several experiments
have shown that pictorial encoding is less likely to
evoke false memories than is verbal encoding (Israel
& Schacter, 1997; Schacter et al., 1999). The idea
that the difference between pictures and words, in
this paradigm, is a function of the distinctiveness of
the two kinds of materials, leaves open the possibil-
ity that one might be able to choose pictures to be
nondistinctive, in which case they may be as good as
words at producing false memories. The disappear-
ance of the false memory effects at high levels of
memory, then, is for reasons quite different from
those accounting for its failure to occur at very low
levels of memory.

Theoretical Predictions about False
Memories and Source

There may be other situations that could allow a
person to discriminate a false memory from events
that were present in the episode under study. Our
hypothesis, in the present experiment, was that
source information may provide a clue that, at least
under some circumstances, may serve as
discriminative information.

The paradigm investigated here was devised to
produce potentially paradoxical effects. We
thought that by presenting the critical item itself we
might, under some very constrained situations, set
the stage for people to inhibit false memories con-
cerning that item. However, although these were
our expectations, they were not the straightforward
predictions of CHARM, and so this paradigm
holds especial interest for us. The paradigm was one
in which the human participants (and the model)
were presented with two lists. One list contained
the highly related items like those usually used to
induce a false memory effect. We will call this list
the Inducing List. In the Other List we either pre-
sented (in the Experimental Condition) or did not

present (in the Control Condition) the critical
item.

To instantiate this situation in the model, each
of the related items in the Inducing List is
autoconvolved, and also convolved with the
Inducing List source vector, and all of these convo-
lutions are added into the composite memory trace.
Thus, the situation resembles that given in Equa-
tion 2, except that each item is also convolved with
its list source vector. The items in the Other List are
also autoconvolved and each is convolved with an
item representing the Other List source. In the
equation given below, though (because, aside from
the critical item itself, the content of the vectors in
the other list is irrelevant) we will simply call these
associations that comprise the associations from the
Other List “noise”. The Inducing List Source is
notated Si (for inducing); the source vector repre-
senting the Other List is notated So (for other). In
the Experimental Condition the critical item,
which is notated as Ip (or prototype item, as given in
Equation 2) is encoded as a member of the Other
List. In the control condition the critical item is not
encoded at all. Schematically, then, the experimen-
tal trace, Te, and the control trace, Tc, are as follows:

Te= I1*I1 + I1*Si + I2*I2 + I2*Si + I3*I3 + I3*Si +
... + noise (from the rest of the Inducing List
and from preexperimental sources) ... + Ip*Ip +
Ip*So + noise (from Other List)

Tc = I1*I1 + I1*Si = I2*I2 + I2*Si + I3*I3 + I3*Si

+ ... + noise (from the rest of the Inducing List
and from preexperimental sources) ... + noise
(from Other List)

The crucial difference between the two traces is in
whether or not the critical item itself (Ip*Ip), as well
as its association to the Other List source vector
(Ip*So), is or is not included

At time of retrieval, the critical item, Ip is corre-
lated with the composite trace, and, under recogni-
tion instructions, the vector that is thereby retrieved
is compared to the probe (as is usual in recognition
in the model). The match between the retrieved
item and the critical item probe, in the Control
Condition, is high (by virtue of all the highly related
items retrieved from the Inducing List). But the
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match between the retrieved item and the critical
item probe, in the Experimental Condition, is even
higher, because in addition to all of the information
retrieved in the Control Condition, the presented
critical item itself is also retrieved. Thus
CHARM—like all other models of simple recogni-
tion—predicts that under conditions of recogni-
tion—as long as people are only considering the
information about the content of the item itself and
are disregarding source information, the probabil-
ity of saying “yes” to the critical item should be
higher in the experimental condition than in the
control condition.

What about the predictions when the task is
source monitoring? The answer is straightforward
if people are making a judgement as given in the
simulations presented in the first section of this
article. In the Control Condition, there is a great
deal of retrieved information converging on the
Inducing List as the source of the critical item,
since each of the inducing items was associated
with the Inducing List Source vector. There is no
information pointing to any other source for the
critical item. Thus, the model predicts that people
should think that the critical item came from the
Inducing List, and not from the Other List or from
both lists. The model will sometimes allow that the
source is “neither” if the resonance criterion is not
reached.

In contrast, in the Experimental Condition,
while all of the information pointing to the
Inducing List as the source is present in the Experi-
mental Condition as it was in the Control Condi-
tion, in addition, the presented critical item was
associated with the Other List source, and hence,
via this association the probe also retrieves the
Other List source. Given that both of these sources
are retrieved, then, the model predicts that people
should give all three responses—Inducing List,
Other List, and especially BOTH lists—as the
source of the critical item.

Thus, to summarise, the predictions of the
model were that under recognition conditions, peo-
ple should be more likely to affirm that the critical
item was in the Inducing List if it was presented in
another list. The experimental condition should
produce higher false recognition of the critical item

than should the Control Condition. If asked for the
source of the critical item in the Control Condition,
people should say it was from the Inducing List. In
the Experimental Condition they should say that it
was present in both the Inducing List and the
Other List.

Experiments 1 and 2
We ran two separate experiments, both of which
conform to the basic design such that the critical
item is presented in the alternative list in the Exper-
imental Condition, or is not presented in the Con-
trol Condition. The results of these experiments
will be presented individually because certain inter-
actions appear in one experiment and not in the
other. The first experiment was run on the com-
puter, using PsyScope; the second was run on flash
cards. The second experiment was conducted
because the first experiment did not allow us to
investigate the fate of the exact same materials in
the experimental and control conditions. Roediger
et al. (1998) have shown that there can be extreme
differences in results in the false memory paradigm
as a function of the exact word lists used, and so
we were concerned (correctly, as it turns out) that
this aspect of the experiment be carefully con-
trolled before reaching any conclusions. In the first
experiment participants were tested both for source
judgements and for yes/no recognition. In the
second experiment we tested only for yes/no
recognition.

Methods
Participants. Participants were students in an Intro-
ductory Psychology course at Columbia University,
who received partial course credit for participating
in this experiment, or were paid volunteers (also
Columbia University students) who were given $10
for their efforts. There were 67 participants in Ex-
periment 1 and 26 in Experiment 2. Data from two
participants, in Experiment 1, were eliminated be-
cause these individuals did not follow the instruc-
tions.

Design. Participants studied two lists in every trial.
Each list consisted of seven associated “inducing”
words that were related to a critical item and two
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words that were unrelated to the general theme of
the list. In the Experimental Conditions, one of
these two words was the critical word for the alter-
native list. In the Control Conditions, both of these
words were unrelated both to the theme of the list in
which they were presented and to the theme of the
alternative list. The two lists were not related to
each other. Thus, each participant was tested on
what was basically a 2 ! 2 within-subjects design.
The two factors were: Presentation of Critical Item
(presented in the alternate list in the Experimental
Condition or not presented in the Control Condi-
tion) and Test List (either List 1 or List 2).

Test List 1 means that the inducing
words—cake, sugar, honey, etc.—were presented in
List 1, and that subjects were instructed, in recogni-
tion, to say yes only to words that had occurred in
List 1. On experimental trials, the critical word
“sweet” would be presented in the second list; on
control trials nothing else related to the first list
would be presented in the second list. Conversely,
Test List 2 implies that List 2 was the inducing list
and that the critical item appeared—if the particu-
lar trial in question was one in the Experimental
Condition—in the first list.

In Experiment 1, 33 participants were tested
exclusively on a yes/no recognition task and 32 par-
ticipants received exclusively a 4-choice source
judgement task. In Experiment 2, all participants
were tested on yes/no recognition only.

There were several other factors included, for
control purposes, in the first experiment. A
between-participants factor was Trial Type. For 33
participants, the list pairs comprising each trial
were structured such that on each trial only one crit-
ical item was presented. The other 32 participants
saw trials in which both lists contained critical
items, or neither contained critical items. These
two methods of linking the two lists were initially
conducted as separate mini-experiments and run
sequentially during the semester, but they are pre-
sented here as one experiment since there were no
effects of this variable. Another factor was the Set of
Materials used. Set B reversed the ordering of pairs
of linked lists that were used in Set A, such that the
lists that were first in Set A were second in Set B.
The word lists that were used in each treatment

combination in Set A were also rotated, as a block,
to a different treatment combination in Set B.
Although this materials manipulation did put dif-
ferent critical items into different treatment combi-
nations, it did not provide a direct contrast on the
same materials between the experimental manipu-
lation. (This necessary control condition was
implemented in Experiment 2). Finally, each of the
four main experimental conditions was replicated
six times within each participant, and the “critical
item” data are proportions based on six
observations.

In Experiment 2, the 48 lists from Experiment 1
were randomly repaired. Six such pairs were
assigned to each of the four treatment combina-
tions—Experimental Condition Test List 1,
Experiment Condition Test List 2, Control Con-
dition Test List 1, Control Condition Test List 2.
In Set B the exact lists that had been used in the
Experimental Conditions in Set A (except that the
critical words were now replaced by random, unre-
lated words) were used in the corresponding Con-
trol Conditions, and the exact lists that had been in
the two Control Conditions in Set A were used in
the corresponding Experimental conditions in Set
B. Thus, if in Set A, in some trial the “sweet” list
had been presented first and the “chair” list second
in the Experimental Condition Test List 1 (such
that the word “sweet” was presented in the second
list), the related trial in Set B would again have the
“sweet” list presented first, the “chair” list presented
second, and the first list would again be tested.
However, now this trial would be in the Control
Condition, and the critical word “sweet” would not
be presented in the study lists.

Materials. Twenty-four lists were constructed using
the materials of Roediger and McDermott (1995),
and 24 additional lists were formed from the Uni-
versity of Florida associate norms database (Nelson,
McEvoy, & Schreffier, 1994). Each list consisted of
the seven highest associates of a critical item. Two
unrelated words were also inserted into the list. In
half of the lists, one of the unrelated words was the
critical item. This item always occupied one of the
middle three positions in the 7-item list, in Experi-
ment 1, and was on average in position 6 in Experi-

DODHIA AND METCALFE

500 COGNITIVE NEUROPSYCHOLOGY, 1999, 16 (3/4/5)



ment 2. In the computer-generated experiment
List 1 words were always presented in blue at the
top of the screen, and were surrounded by a thick
oval border. List 2 words were in red and in a differ-
ent font from the List 1 words. They appeared at
the bottom of the screen and were surrounded by a
rectangular border. In Experiment 2, List 1 items
were always presented on blue cards and List 2
items on pink cards. These contextual differences
were intended to help participants discriminate be-
tween the two lists.

In Experiment 1, the test lists consisted of 12
words: the critical item for both lists, two old List 1
words, two old List 2 words, a new word that was a
low associate (the 8th-ranked associate) of the criti-
cal item related to List 1, a new word that was a low
associate of the critical item related to List 2, and
four new unrelated words. The order of these words
within the test list was randomised across trials and
across participants. In the yes/no task, List 1 was
assigned to be called “old” in half the trials, and List
2 was “old” in the other half. Counterbalancing
across all the within-particpants factors was main-
tained during this assignation.

In Experiment 2, eight words on each trial were
used as test probes: the critical items from Lists 1
and 2, two presented exemplars from each of the
two lists, and two unrelated new words.

Procedure. In Experiment 1 the trials were presented
on a computer monitor. Participants received the
following instructions verbally:

You will be doing the same task over 24 trials. For each trial, this
is what you will do: First, click the mouse button to begin the
trial. Then you will see a list of words appearing at the top of the
screen. They will be in blue, and will appear one by one, rather
quickly. After the list of blue words is over, you will see a number
in the middle of the screen. Count backwards, and aloud, in steps
of 3 from this number. For example, if you see 100, you would
say, “97 ... 94 ... 91... and so on.” Then the red list will begin.
Words will appear at the bottom of the screen, one by one, in red.
After this list is over, you will do the counting backwards task
again. Then you will see a third list of words. Instructions on the
screen will inform you about what to do. In half the trials, you
will have to click on the “Yes”, button if you saw the word in the
blue list, and click “No” otherwise. In the other half of the trials,
you will have to click on the “Yes” button if you saw the word in
the red list, and click “No” otherwise. Remember, the instruc-
tions on the screen will inform you about which list you are sup-

posed to say “Yes” to. After this test is over, you can begin the
next trial.

Then they went through a practice trial before
beginning the 24 experimental trials. Participants
began each trial by clicking on a mouse button. List
1 then appeared, one word at a time, at a rate of
2.5sec per word. At the end of the list, participants
saw a number in the middle of the screen and
counted backwards aloud from this number in steps
of three for 16 seconds. This task was meant to
minimise rehearsal of the list they had just studied.
Then List 2 started, and the words appeared at the
same rate as in List 1. The counting backwards task
was repeated after this list, and then the instruc-
tions for the test appeared on the screen.

The instructions for recognition were: “For each
of the following words, click on the ‘yes’ button only
if the word previously appeared in the blue [red] list.
Otherwise click ‘no’.” Blue was always List 1 and red
was always List 2. These instructions appeared in
blue if they were for List 1, and in red if they were for
List 2. The test words appeared one at a time and
participants used the mouse to choose between
“yes” and “no.” Participants could then begin the
next trial, or take a break for a few seconds.

The participants performing the source judge-
ment task received these instructions: “Please indi-
cate in which list(s) the following words appeared.”
They then used the mouse to click on one of four
buttons as each test word was presented. The but-
tons were labelled “Blue only”, ”Red only”, “Blue
and Red”, “Neither.”

The procedure was similar in Experiment 2,
except that subjects were only asked for recogni-
tion. At the end of List 2, on each trial, they were
presented with the instruction card indicating
which list they were to remember.

Experiment 1 Results

Recognition. The main finding of interest was that
the presentation of the critical item was found to in-
hibit false memories to that item. The main effect
of Presentation of Critical Item [F(1,29) = 9.61,
MSe = 0.39], was significant. There was also a main
effect of Test List, [F(1,29) = 7.85, MSe = 0.46],
such that the false memory effect was stronger
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when List 2 was tested than when List 1 was tested.
These main effects were qualified by the interaction
between them [F(1,29) = 4.52, MSe = 0.36], such
that participants were more likely to show false
memory suppression, attributable to presentation
of the critical item, when List 1 was tested than
when List 2 was tested. This interaction is shown in
Fig. 4.

In half of the trials, when the critical item was
actually presented, the recognition instructions
tested not the Inducing List, but the Other List.
The person would, under these instructions, be cor-
rect to call the presented critical item old. Under
these conditions, the probability of calling the criti-
cal item old, when it occurred in List 2, was 0.60.
When it occurred in List 1 the probability of calling
the critical item old in this condition was .40. The
difference between the two conditions was signifi-
cant [t(32) = 4.61].

This result may simply indicate that items
appearing in List 2 were better remem-
bered—enjoying a recency effect. However, there
was no analogous difference between other old
items presented in either List 1 or List 2, as is

shown in Table 1. Thus, the simple recency effect
explanation of the difference in the memorability of
the critical items seems unlikely. The alternative,
and more active, explanation for this difference is
that after having experienced a large number of
related words in one list, participants may have
experienced the critical item, presented afterwards
in a list that had a different theme, as an unexpected
solution to a puzzle. Indeed, some participants
reported to the experimenter, at time of debriefing,
that they experienced surprise at the critical item
word having been sometimes presented in the
wrong list—after the list in which its compatriots
were presented—and especially noted its
occurrence.

The enhanced memory for the second list criti-
cal items might be related to the false memory inhi-
bition effect in this experiment. It is notable that
the critical items that were remembered better were
also the items that produced false memory inhibi-
tion. Perhaps it is necessary that the actual presen-
tation of the critical item itself remembered crisply,
(presumably also with the information that it
occurred in a context different from the inducing
list) if it is to be useful in inhibiting the false
memory.

Source Judgements. When attribution to the induc-
ing list was considered in isolation in the source
judgement data, there was a main effect of the Pres-
ence of the Critical Item, such that when the critical
item was present in the alternative list there was an
inhibition effect. People were less likely to say that
the critical item had been in the Inducing List when
it had been presented in the Other List than when it
had not been presented at all [F(1,31) = 19.58,
MSe = 0.02]. People were also less likely to attrib-
ute the critical item to the Inducing List if they were
tested for List 1 than if they were tested for List 2
[F(1,31) = 40.93, MSe = 0.03]. There was an inter-
action between the Presence of the Critical Item
and Test List [F(1,31) = 4.81, MSe = 0.02], such
that the false memory inhibition effect due to the
presence of the critical item in the alternate list was
larger when the test list was List 1 than when it was
List 2. These results are shown in Fig. 5.
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Figure 5 also shows the proportion of attribu-
tions to “both lists.” People never made an attribu-
tion to both lists in the control conditions, that is,
when the critical item was not presented in the
alternative list. The main effect of Presence of the
Critical Item was significant [F(1,31) = 35.98,
MSe = 0.01]. The attribution to both lists was
greater when the first list was tested than when the
second list was tested [F(1,31) = 52.92,
MSe = 0.01]. In addition, the interaction between
the Presence of the Critical Item and the Test List
was significant [F1,31) = 37.66, MSe = 0.01].

As can be seen by comparing Fig. 4 and 5, the
“both” judgements in the source judgement task did
not seem to translate into what seems like the logi-
cal affirmation that the critical item had in fact been
presented in the first list, as well as the second, in
the recognition task. Instead, the items that were
thought to have occurred in both lists seem to have
been subtracted out of the simple recognition
judgements, such that the source judgments made
to “Inducing List only” correspond closely to the
recognition data. It is as if when participants felt, in

the source monitoring task, that the critical item
had been present in both lists, this assessment led to
the conclusion, in the recognition task, that the
item had not occurred in the first list.

Other Test Items. Table 1 gives the attribution to the
Inducing List for the other five test items: the old
words from List 1 and List 2, the extra list low asso-
ciates of List 1 and List 2, and the new words.
Tables 2 and 3 show the attribution of old List 1
words and old List 2 words, respectively, to each of
the four possible choices in the source judgment
task. New items were rejected (attributed to
Neither) at levels ranging from .97 to .99 in all
conditions.

Experiment 2 Results
As was the case in Experiment 1, in Experiment 2
there was a significant false memory inhibition
effect such that presenting the critical items in the
alternate list decreased the chance that people
would false alarm to those same critical items as
members of the Inducing List [F(1,24) = 9.08,
MSe = 0.41]. However, this inhibition effect was
dependent upon interactions with the set of
items used. There was an effect of Test List
[F(1,24) = 9.51, MSe = 0.45], an interaction
between Set and Presentation of the Critical Item
[F(1,24) = 4.73, MSe = 0.21], and a large and sig-
nificant three-way interaction among Set, Test
List, and Presentation of the Critical Item
[F(1,24) = 23.05, MSe = 0.55]. As is shown in Fig.
6, the words in Set B exhibited an inhibition pattern
like that found in Experiment 1. However, as is also
shown in Fig. 6, Set A produced a different pattern,
unlike that found in the first experiment.

To make the interpretation of the results clearer,
we rearranged the presentation of the triple interac-
tion data to show what happened with each of the
fours groups of word lists, first when presented in
the Experimental Condition (with one group of
participants) then in the Control Condition (with
other participants). A listing of the 24 critical
words, divided into these 4 groups, are given on the
abscissa of Figure 7. As can be seen from the data
given in the figure, the first two word groups
showed the inhibition effect when the critical word
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was presented, whereas the last two groups did not.
We have spent many hours pondering the reasons
for this particular breakdown, and have found no
obvious explanation. It is notable, though, that
Roediger et al. (1998) reported that there are large
and apparently idiosyncratic differences among
particular words in the probability of production of
the basic false memory effect. At the present time,
we know of no coherent explanation for either of
these findings.

In summary, then, in both Experiment 1 and
Experiment 2 we found inhibition of the false
memory effect when the critical word was presented
in an alternate list. However, the effect is condi-
tional and rather fleeting—occurring in the first
experiment only when the critical word came after
the Inducing List, and in the second experiment
only for a subset of the word lists. It is possible that
the appearance of the inhibition effect depends on
the salience of the presented critical word, as well as

DODHIA AND METCALFE

504 COGNITIVE NEUROPSYCHOLOGY, 1999, 16 (3/4/5)

Table 1. Proportion of Attributions to the Inducing List in the Yes/No Recognition Task (Expt. 1)

Experimental Condition
———————————————————————————–

Inducing List is List 1 Inducing List is List 2
———————————— ————————————
Critical Item Critical Item Critical Item Critical Item

Test Item Absent Present Absent Present

Old List 1 words .68 .74 .09 .07
Old List 2 words .10 .09 .67 .73
List 1 low associate .05 .06 .02 .02
List 2 low associate .02 .02 .04 .05
New words .04 .02 .01 .02

Table 3. Attributions of Old List 2 Words in the Source Judgement Task (in Proportions) (Expt. 1)

Experimental Condition
———————————————————————————

Inducing List is List 1 Inducing List is List 2
———————————— ————————————
Critical Item Critical Item Critical Item Critical Item

Test Item Absent Present Absent Present

List 1 only .04 .04 .06 .07
List 2 only .77 .79 .74 .75
Both lists .00 .01 .00 .02
Neither list .19 .16 .21 .16

Table 2. Attribution Fate of Old List 1 Words in the Source Judgement Task (in Proportions)
(Expt. 1)

Experimental Condition
———————————————————————————–

Inducing List is List 1 Inducing List is List 2
———————————— ————————————
Critical Item Critical Item Critical Item Critical Item

Test Item Absent Present Absent Present

List 1 .77 .79 .79 .79
List 2 .03 .03 .02 .03
Both .00 .00 .01 .00
Neither .20 .17 .18 .17



on the participant registering that it is out of the
context of the Inducing List. This conjecture, while
appealing, would require further empirical
investigation.

CONCLUSION

People appear, at least under some conditions, to be
able to use source information to sharpen and
improve their memories in both of the mis-
remembering situations investigated in this article.
In the misleading information paradigm, when
asked, they are able to use source information to
indicate that the misleading information did not
actually occur in the event in question. Similarly, in
the false memory paradigm, in which a memory is
induced by a number of related items, the salient
presence of the real critical item in a context other
than that of the inducing list itself can sometimes be
used to suppress false alarms to that critical item
that is only induced (see Johnson & Raye, 1981;
and Johnson, Kounios, & Reeder, 1994 for discus-

sions of reality monitoring). In the latter case, the
exact circumstances both of when the critical item is
presented, and of which particular words are used,
appear to be important. Even so, it seems that the
highly salient and memorable occurrence of the
critical item in the wrong context may allow people
to disconfirm it as a member of the inducing list.

A phenomenon similar to the one observed
here—that people reject an item based on the fact
that they remember it as having occurred in the
wrong context—can be found in the Jacoby (1991)
exclusion condition of the process dissociation par-
adigm. In that paradigm, participants were explic-
itly told that if they remember an item as having
occurred in a particular list it means that it defi-
nitely did not occur in the other list. Although the
participants in our experiment were not told this,
and did, in fact, subscribe incorrectly to the double
presentation of the critical item in two lists when
they were asked for source judgements, the para-
digm we used did conform, in some respects, to
Jacoby’s process dissociation paradigm (Jacoby,
1991; Jacoby & Kelley, 1992; Jacoby, Toth, &
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Yonelinas, 1993; Yonelinas & Jacoby, 1996), inso-
far as items never actually occurred in both lists.

It is possible that participants, under our recog-
nition instructions, used the exclusion logic to their
advantage in this experiment—deciding that an
item was not in the inducing list if he or she remem-
bered that it was in the alternate list. The source
monitoring data seem to weigh against this expla-
nation, at least on the face of it. People, in the
source judgement task, freely told us that they
thought (incorrectly) that many of the critical items
had been presented in both lists. Had they been
using a strict exclusion rule, even on the source
judgement task, they presumably would not have
subscribed to the “both” option. On the other hand,
participants often mentioned at time of debriefing
that, although it had seemed as if certain items that
had been presented in both lists, they had
responded under the hypothesis that this phenom-
enology was illusory, and hence they had used an

exclusion rule. We could easily model the exclusion
rule in CHARM, and hence account for the data in
these experiments. Such a rule would have some-
thing of a post hoc quality, given the instructions in
the experiments, but even so, if it is the rule people
were using, it would be entirely reasonable to
include it in the model in this situation.
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