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This chapter describes some of the cognitive processes that
give rise to false memories and beliefs and discusses possible underly-
ing brain mechanisms. Cognitive studies of normal individuals, in
combination with observations from neuropsychology and psy-
chopathology, and with evidence from newer brain imaging tech-
niques, permit a reasonably rich characterization of how distortion
may come about. Such distortions include both everyday errors and
the more profound constructions and fabrications categorized as con-
fabulations and delusions. '

Despite some differences in terminology, theorerical ideas about
normal distortions of memory and belief (for example, Bartlerr, 1932;
Bransford and Johnson, 1973; Ceci and Bruck, 1993; Hasher, Gold-
stein, and Toppino, 1977; Johnson and Raye, 1981; Loftus, 1979;
Roediger, 1996; Ross, 1989; Schacter, 1995; Zaragoza, Lane, Ackil,
and Chambers, 1997) and about delusions and confabulation (Badde-
ley, Thornton, Chua, and McKenna, 1996; Burgess and Shallice,
1996; Conway, 1992; Dalla Barba, 1995; Frith, 1992; Johnson, 1988,
1991; Kopelman, 1987; Maher, 1974; Moscovitch, 1989, 1995; Nor-
man and Schacter, 1996; Stuss, Alexander, Licberman, and Levine,
1978), converge on a common set of themes—for example, the con-
structive and reconstructive nature of memory, the importance of re-
trieval cues, and the need for monitoring mechanisms. Qur discussion
is organized around the source monitoring framework (SMF) (John-
son, 1988, 1991; Johnson and Raye, 1981, 1988), an integrative ap-

3
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proach that incorporates these central themes and also provides a de-
veloped description of the evaluation or monitoring functions that
most theorists agree are critical to understanding confabulations and
delusions.

False Memories and Beliefs

The phenomena in which we are interested include everyday distor-
tions of memory (remembering that a conversation took place in a
restaurant when it actually took place in a car) and erroneous beliefs
(most people on welfare are black), as well as clinically significant
phenomena such as confabulations (remembering a trip on a space-
craft) and delusions (believing that someone is concrolling your
thoughts). For present purposes, we will not make a sharp distinction
berween memory and belief in discussing normal cognition, or be-
tween confabulation and delusion in talking about abnormal cogni-
tion. We believe the cognitive processes described in this paper apply
to both (see also Kopelman, Guinan, and Lewis, 1995). However, it
should be emphasized that what people call memories and beliefs re-
flects the outcomes of these source monitoring processes. People tend
to use the word “memory” when a mental experience or report of a
mental experience is detailed, including information indicating that
one experienced the event oneself, and they tend to use the word “be-
lief” when it does not have contextual details and for a broad range of
mental experiences or reports that seem to assert present or past gen-
eral states of affairs which may or may not involve personally experi-
enced events (including the events from which the belief was derived,
such as reading the newspaper). Nevertheless, where veridicality is
concerned, it is difficult to draw a sharp distinction between the con-
cepts of memory and belief. Memories are beliefs about what hap-
pened, and beliefs are constructed from, and reinforced by, memories.

In the neuropsychological and clinical literatuzes, the term “confab-
ulation” is often used to refer to a false memory and “delusion” to a
false belief, but the usage is not consistent. It is equally likely to be
driven by etiology: distortions of memory and belief that are associ-
ated with known or presumed brain damage tend to be called confab-
ulations, and distortions of memory and belief associated with psy-
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chopathology tend to be called delusions. As evidence accumulates
that patients with psychotic delusions may have brain pathology in
some of the same or related brain areas as do confabulating organic
brain-damaged patients or abnormalities in one or more neurotrans-
mitter systems (Frith, 1992; Gray, 1995), an etiology-based distinc-
tion between delusions and confabulations becomes questionable.

The Source Monitoring Framework (SMF)

Two earlier papers outlined an approach to understanding delusions
(Johnson, 1988) and confabulations (Johnson, 1991) based on theo-
retical ideas derived from cognitive studies of reality monitoring and
source monitoring. According to this view, false perceptions, false
memories, and false beliefs can all be understoad within a common
source monitoring framework.

The characteristics of mental experience that provide it with the
quality of reality are similar for perception, event memories, and
beliefs: sensory detail; embeddedness in spatial and temporal
context; embeddedness in supporting memories, knowledge, and
beliefs; and the absence of consciousness of or memory for the
cognitive operations producing the event or belief. Reality testing
of ongoing perception and reality monitoring of memories and
beliefs are complex judgment processes that are subject to error
and more difficult in some situations than others. (Johnson,
1988, p. 57)

‘A characterization of those judgment processes provided the back-
ground for suggestions about the various ways that distortions in
memories and beliefs could come about through pathological opera-
tion of normal processes (such as rehearsal and embellishment) or dis-
ruption of normal processes as a consequence of brain damage (re-
trieval deficits or failure to access cognitive operations). Because much
of the relevant evidence has been described elsewhere (Johnson,
1997a; Johnson, Hashtroudi, and Lindsay, 1993; Mitchell and John-
son, forthcoming), here we will highlight certain central ideas and fur-
ther consider the brain mechanisms that are implicated (see also John-
son, 1997b).
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The SMF assumes that memories consist of distributed features,
more or less well bound together, that are a result of perceptual pro-
cessing (identifying objects, locations and colors, and the like) and re-
flective processing (imagining a conversation, planning a meeting, ru-
minating on the past).! Errors can be introduced when a memory is
first acquired and anytime thereafter when it is activated and when it
is evaluated. That is, memories are initially constructed from percep-
tions, thoughts, beliefs, and goals active together at the time. Subse-
quently they are reconstructed, often differently, in the context of dif-
ferent goals and different activated information, with the result that
they may be reacrivared incompletely with different features active at
different times, conflated with similar memories from other events,
and embellished or otherwise changed by additional perceptual or re-
flective processing. Because of this indeterminacy about the origin of
various aspects of mental experience, we need inferential processes to
evaluate the veridicality or source of an activated “memory.” The
SMF proposes that we evaluate activated information and infer, from
its phenomenal properties and/or its relation to other memories, be-
liefs and knowledge, that it is veridical or make other source attribu-
tions about it—for example, whether we did X or only thought about
doing it, who said or did Y, where, and so on. Evaluation processes
vary from relatively automaric (heuristic) to more deliberate or reflec-
tively complex (systematic). The parameters of these evaluation (mon-
itoring) processes—such as how different types of information are
weighted in the decision, and whether we rely on a quick heuristic de-
cision or engage systematic processes—vary as a function of the con-
sequences of an error, social factors, and the like.

Distortions Arise from Normal Cognition

Knowing the source of information is an important element in judging
the accuracy or veridicality of that information—it matters if we have
seen something with our own eyes or heard it third hand, or dreamed
it or fantasized it, or if we saw it on the nightly news or in a movie.
But the source of information typically is not something stored as a
propositional tag along with our memories, beliefs, and knowledge.
Rather, we infer source. We use heuristic source monitoring processes
to attribute a source to information based on an evaluation of various
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features of the information. If activated information from the memory
being evaluated has qualities that we expect memories from a certain
source to have, we attribute the information to that source (see
Figure 2.1).

We are not always conscious of these processes. Heuristic source
artributions take place constantly without notice, and are relatively
automatic or effortless. In contrast, the systematic processes engaged
in source monitoring (for example, extended retrieval and reasoning)
require more of the reflective processes (Johnson and Hirst, 1993) that
are likely to give rise to a sense of effort (Hasher and Zacks, 1979) or
control (Posner and Snyder, 1975; Shallice, 1988).

As noted above, we believe aspects of an activated memory are
evaluated with respect to our expectations or beliefs about the distin-
guishing qualities of different sources of memories (for example, how
familiar we expect them to be or the kind of perceptual detail we ex-
pect them to have. Depending on the circumstances of the moment—
our objectives, how important it is to be accurate, the particular sub-
set of features of the target memory that is currently activated—we
may be more or less specific in the information we use to evaluate the
source, and therefore the accuracy, of a reactivated memory.

For example, suppose an advertisement for a movie triggers a vague
memory that someone told us recently that they had seen a good
movie. We may be very cursory in our beuristic source evaluation. We
may decide that the movie in the ad is the movie someone told us
about simply because its name seems familiar, as if someone might
have mentioned it recently; that is, we may use very undifferentiated
information. (And we may be wrong if we stop there, because we may
have seen the movie title in another context or its title may be similar
to that of another movie we have heard about.)

If veridicality is somewhat more important, we will likely require
more specific (differentiated) information to make a particular source
attribution. We may focus on (increase our weightings of) other fea-
tures of the activated information. For example, if the activated infor-
mation, although sketchy, includes a sense of a hallway conversation,
we may conclude it is an accurate memory because it has some small
degree of the detail that we would expect from a recent, possibly brief,
casual event. If we have time to see only one movie this month, we
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Figure 2.1 SMF heuristic processes.

may require yet more specific information and use systematic pro-
cesses to retrieve additional candidate memories of recent social occa-
sions until we find one that seems an appropriate match. It could be a
recent dinner at a particular restaurant with two friends at which we
talked about films—a highly detailed memory, which may in fact be
accurate or inaccurate, but which we infer to be accurate based on its
perceprual, temporal, semantic, and other features. Thus, depending
on our motives, the types of information we expect or require to make
a source decision will vary, whether we are engaging a heuristic
process or systematic processes or both.
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Qualitative Characteristics of Mental Experience

As we have described, heuristic source decision processes often are
based on the phenomenal characteristics of activated information.
Several lines of evidence support the idea that qualitative cues to
source are evaluated in source attribution processes.

1. Source monitoring accuracy is influenced by manipulations that
are specifically designed to vary the qualitative features of memories,
such as perceptual detail, cognitive operations, and semantic informa-
tion (Durso and Johnson, 1980; Lindsay, Johnson, and Kwon, 1991;
Markham and Hynes, 1993). For example, if people imagine in an-
other person’s voice as opposed to their own voice, they are likely to
claim later that that person said those words (Johnson, Foley, and
Leach, 1988); and the more times people imagine an item, the more
times they later think they saw it (Johnson, Raye, Wang, and Taylor,
1979). Visual imagery during reading leads people to say they saw in
a picture what they only read about in text (Belli, Lindsay, Gales, and
McCarthy, 1992; Intraub and Hoffman, 1992; Zaragoza et al., 1997),
and hearing the sound an object makes (for instance, a barking dog)
leads people to err and say they saw a picture of a dog {Henkel,
Franklin, and Johnson, 1998). And increasing the semantic similarity
between two speakers increases source errors {Lindsay, 1991).

2. People often offer specific details of a targer memory as evidence
that the remembered event really happened: “I can remember what
the dentist’s office looked like” or “I can remember how long it took”
{Johnson, Foley, Suengas, and Raye, 1988).

3. When subjects rate the qualitative characteristics of their memo-
ries using, for example, a Memory Characteristics Questionnaire
(MCQ), ratings typically are higher for perceived than for imagined
events, and for correct than for incorrect source attributions (Henkel,
Johnson, and De Leonardis, 1998; Johnson, Foley, Suengas, and
Raye, 1988; Mather, Henkel, and Johnson, 1997; Norman and Schac-
ter, 1997; see also Brewer, 1992; Conway and Dewhurst, 1995; Con-
way, Collins, Gathercole, and Anderson, 1996).

4. Confidence in source judgments tends to be associated with level
of rated detail (Hashtroudi, Johnson, and Chrosniak, 1990) and confi-
dence in autobiographical recall is related to amount of visual infor-
mation recalled (Brewer, 1988).
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5. The more differentiated the information required to make a
source attribution, the more vulnerable the decision is to distuption
from distraction or speeded responding (Johnson, Kounios, and
Reeder, 1994; Jacoby, Woloshyn, and Kelley, 1989; see also Zaragoza
et al. 1997).

Accessing and Weighting Information

According to the SMF, schemas and other prior knowledge (for exam-
ple, about a particular person or about newsprint versus television as
a news source) and categories constructed for the task (Barsalou,
1985; see also retrieval task processing in Burgess and Shallice, 199¢)
help define source-typical exemplars in heuristic source evaluation
processes and in systematic evaluation of consistency and plausibility.
Which features are weighted most heavily can be determined by long-
term experience or by more immediate situational conditions (see
Figure 2.1). )

The MCQ rating procedure can be used to help identify what infor-
mation is available for source discrimination and, together with per-
formance data, to what extent that information is being used. For ex-
ample, subjects who have heard sets of words in which all itemns
within a set are related to a “theme” word that was not presented
(thread, sharp, haystack are all related to needle) are very likely to
falsely recall the theme word or recognize the theme word (needle)
when it is presented as a lure (Deese, 1959; Roediger and McDermorr,
1995). Using the MCQ, Mather, Henkel, and Johnson (1997) found
that correctly recognized words had more perceptual detail than
falsely recognized lure words, but did not have more associative infor-
mation (see also Norman and Schacter, 1997). The high level of false
memories typically found in this paradigm suggests that the weight
given to perceptual information in this situation is less than that given
to semantic, associative information or to familiaricy.

People can flexibly access features or assign different weights to dif-
ferent features, as indicated by the fact that source accuracy varies
with test conditions (Dodson and Johnson, 1993; Hasher and Griffin
1978; Raye, Johnson, and Taylor, 1980). For example, subjects are
less likely to misartribute information suggested in 2 description to a
previously seen picture if they are asked to indicate which of the possi-
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ble sources the information came from (picture, description, both, nei-
ther) than if they are asked only to indicate whether it came from the
picture or was new (Lindsay and Johnson, 1989; Zaragoza and
Koshmider, 1989). One interpretation is that the source identification
instructions induce subjects to more completely or more carefully as-
sess the various qualitative characteristics of their memories in light of
possible sources; thus, they are less likely to say “picture” if the item
is simply familiar or exceeds some minimal threshold for pecceptual
detail. In the SMF, familiarity is treated as a phenomenal quality of
memories that can serve as input to heuristic and systematic judgment
processes. Even when subjects are making source judgments heuristi-
cally based on familiarity, as often occurs in old-new recognition, chey
adjust their criteria depending on expectations about the probability
that an item is familiar and what familiarity signals (Dodson and
Johnson, 1994; Skurnik, 1998).

The weight given to certain characteristics may also change as we
grow older. Hashtroudi et al. (1990, reported in Johnson and
Multhaup, 1992) found that although older and younger adules
showed similar correlations between clarity (a factor derived from
MCQ ratings) and confidence in the accuracy of a memory, older
adults showed significantly higher correlations between emotion and
confidence in accuracy. Johnson and Multhaup suggested that, com-
pared to young adults, older individuals may give more weight to
emotional aspects of memories in evaluating their veridicality.

In general, mental experiences are assessed according to certain ex-
pectations—that is, in light of the weights assigned to various types of
information and the threshold amount or pattern (criceria) required
for any particular attribution.? Both the qualitative and quantitative
standards used to evaluate memories and beliefs may be adjusted in
short-term, situational ways, as when test conditions induce subjects
to look more carefully or to look at information they might have pre-
viously ignored (Lindsay and Johnson, 1989; Mather et al., 1997) or
when subjects adjust to the relative proportions of types of items in a
test set (Dodson and Johnson, 1996). Long-term changes may also
occur in the habitual or default requirements. For example, older
adults may come to require less perceptual information in order to at-
tribute something to memory if they generally have less perceptual de-
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tail encoded, or come to weight emotional detail more heavily because
they find the emotional aspects of events more interesting.

Features Binding

Features that are poorly bound to other features of an event during
initial encoding or not consolidated afterward will be poor cues for
those other features later (Johnson, 1992; Johnson and Chalfonte,
1994). Features of episodes may be poorly bound for any of a number
of reasons, including distraction during encoding (Craik and Byrd,
1982; Jacoby, Woloshyn, and Kelley, 1989) or failure to think about
the event subsequently (Suengas and Johnson, 1988).

Emotion is a particularly interesting factor that can affect the ex-
tent to which other features are bound together during encoding or
during subsequent thinking or talking about events. Suengas and
Johnson (1988) reported evidence that thinking about emotional as-
pects of prior events decreased the availability of perceptual informa-
tion. Hashtroudi, Johnson, Vnek, and Ferguson (1994) had subjects
act in a short play and then manipulated whether subjects thought
about cither the factual aspects of the play or their emotional reac-
tions. Compared to young adults, older adults were less able to iden-
tify the origin (themselves or another person) of statements from the
play when they had thought about emotional aspects, but did not dif-
fer significantly from young adults when they had thought abour fac-
tual aspects. Johnson, Nolde, and De Leonardis (1996) had young
adults listen to two speakers making various statements (such as “I
support the death penalty;” “Interracial relations do not bother me”)
while subjects thought about either how they felt or how the speakers
felt. Later, subjects were poorer at identifying the source of various
statements if they had focused on how they themselves felt.

These studies suggest that when subjects are thinking about their
feelings, they are less likely to be engaged in processes that bind per-
ceptual detail with content than are subjects whose attention is fo-
cused on the factua! aspects (Hashtroudi et al., 1994) or more exter-
nal features of a situation (including other people’s apparent
emotion). Later these weakly bound features, if they are reactivated at
all, are less likely to be sufficient for correctly identifying the source of
statements. That is, a test probe statement is likely to reactivate only
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remembered emotion as a feature of the original event and not reacti-
vate perceptual features of the speaker. Interestingly, Johnson, Nolde,
and De Leonardis (1996) found that when subjects thought about
how they felt, their old-new recognition was berter than when they
thought about how the speakers felt. Their reactivated emotional re-
sponse was a cue for distinguishing experimental sentences from new
sentences (which is a less specific, more general source decision) but
not to distinguishing which speaker said an old item (which is a more
specific source decision). Thus, emotional self-focus can yield memo-
ries that are “strong” but lack the features needed for some source de-
cisions.

Effects of Thinking about Events

A fundamental premise of the SMF is that cognition is constructive;
memories and beliefs are the joint product of perceptual inputs and
the assumptions, knowledge, and motives we bring to them (Alba and
Hasher, 1983; Bartlett, 1932; Bransford and Johnson, 1973; Johnson
and Sherman, 1990; Ross, 1997). Such constructive processes import
elements in the very acts of comprehension and remembering (John-
son, Bransford, and Solomon, 1973), elements that may later be at-
tributed to the wrong source through the normal operation of imper-
fect source monitoring mechanisms (Johnson and Raye, 1981). For
example, in simply understanding the sentence “John pounded the
nail,” one might infer a hammer and later claim to have heard it
(Johnson et al., 1973) or in understanding the word “candy,” con-
cepts such as “sweet” might be activated and later falsely recognized
(Deese, 1959; Underwood, 1965). Similarly, such constructive intru-
sions can happen during remembering, as associative and inferential
processes fill in around incomplete memorial information.

An important dynamic in constructive memory is that we not only
are able to think while we are experiencing events, but we also are
able to think back on them (ruminate) after the fact. Suengas and
Johnson (1988) showed that thinking about events maintains the
vividness of memories, and that thinking about imagined events can
have the same impact on vividness ratings as thinking about perceived
events. They suggested that if one were to selectively rehearse imag-
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ined events, the vividness of these memories would begin to approxi-
mate that of memories of perceived events.

Suggestibility effects are a major case of thinking about events in
which new information is introduced via a description or questions re-
ferring to a prior event, and the new information is later misattributed
to the original event—for example, on the basis of perceptual or other
details that were imagined when the suggestion was processed (Belli
and Loftus, 1994; Hyman and DPentland, 1996; Loftus, 1579;
Zaragoza and Lane, 1994). Furthermore, repeating suggestions in-
creases the likelihood of false memory for the suggested events
(Mitchell and Zaragoza, 1996).

Conflating Information

As discussed above, heuristic source attributions may rely on specific
feature evidence (for example, auditory information if we are trying to
decide if we heard something) or on less specific, more global assess-
ments (perceptual information in general if we are deciding whether
we imagined or whether we perceived something). For example, hear-
ing something (say, a dog barking) increases the changces subjects will
claim to have seen something (a dog) they only imagined (Henkel,
Franklin, and Johnson, 1998). Also important is that normal memory
distortion can arise through the combination of elements that have no
obvious semantic or referential relation to each other. For example,
Henkel and Franklin (1998) showed that seeing one object (for in-
stance, a magnifying glass) increased the chances subjects claimed to
have seen a perceptually similar item they had only imagined (a lol-
lipop). Such false conjunctions of features (the semantic detail associ-
ated with a lollipop along with perceptual information about a round
object) may be a consequence of poor binding as described above {see
also Reinitz, Lammers, and Cochran, 1992).

More Systematic Processes

A number of investigators have noted that remembering can be an ex-
tended process involving systematic (or strategic) retrieval using self-
presented cues, problem-solving strategies, and reasoning (Baddeley,
1982; Burgess and Shallice, 1996; Conway, 1992; Johnson and Raye,
1981; Reiser, 1986; Williams and Hollan, 1981). Source attributions
are often made on the basis of evaluating an activated “memory” in
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relation to other knowledge, beliefs, and supporting memories related
to the target. This additional information used to assess the veridical-
ity of a memory is sometimes activated by cues that are self-generated.
Such reflective (effortful, intentional) use of a retrieval strategy from a
repertoire of strategic possibilities that help elaborate or constrain re-
trieval cues (as going through one’s day to remember where one left
some object) is a process that we include in the category of systematic
source monitoring processes. It should be noted that we view the ac-
tual activation of memories and knowledge as an associative process
that is directed by current goals or agendas; the existing associative re-
lations among memories, knowledge, and beliefs; and active retrieval
cues including self-generated cues and external cues (stimuli). Either
or both systematic and heuristic evaluation processes may operate, in
different ways, on the activated (retrieved) information.

In addition to the self-generation of retrieval cues, a second impor-
tant function of systematic source monitoring processes is another
type of source evaluation process. We have sometimes referred to the
systematic evaluation of additional sourceinformation as extended
reasoning because, compared to heuristic processes, it often relies on a
broader range of abstract relational knowledge as well as on event in-
formation and more complex comparisons of the two: noting the in-
ternal consistency or inconsistency in a memory, or between it and re-
lated memories; noting the reliability or unreliability in recall of an
event at different times, noting the degree of consensus with other
people’s memories; or evaluating the plausibility of a memory based
on general knowledge or beliefs (Johnson, 1988; Johnson and Raye,
1981) (see Table 2.1). For example, people may decide that a social
event happened because they remember noting it on their calendar be-
forehand or talking about it later to others. Or they may decide that a
dream about a scientific discovery did not happen because it is not
consistent with what they know to be possible (Johnson et al., 1988).
These more effortful or systematic processes are more likely to be ob-
served in studies of autobiographical recall than in studies using sim-
ple laboratory materials because of the greater complexity of the
memories and the longer retention intervals involved.

As with heuristic source processes, systematic processes may rely
on less-differentiated information (for example, simply the fact that
additional information is or is not retrieved; or the amount of infor-
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Table 2.1 Systematic processes used in making source monitoting judgments

While heuristic source monitoring processes rely on a relatively nondeliberative
comparison of phenomenal characteristics of an activated target memory to a set
of expected or prototypic characteristics, systematic processes are responsible for
a more reflective reerieval of additional knowledge, beliefs, and memories, and
more deliberative reasoning about the target memory with respect to the addi-
tonal information.

Examples of Systematic Processes

Reflective generation of retrieval cues—use of knowledge to generate retrieval
cues to gain additional information relevant to the particular source question at
hand, for instance:

* in trying to remember who told you a work-related fact, you might generate re-
trieval cues based on members of your department or tecent phone calls and
e-mails;

to remember the source of a news item, you generate news sources, TV, radio,
and so on.

Retrieving supporting memories—retrieving other memories related to the targer,

and the inability to retrieve additional information related to the target memory,

for example:

e remembering a conversation about the event which took place soon before or
after the event;

¢ “I know I said X because | remember my train of thought at the time™;

* you decide you must be wrong in thinking that person X told you a particular
fact a little while ago because you cannot recall any recent occasion when the
two of you met or spoke.

Noting consistency or inconsistency in remembering from one time to another
time (reliability), in remembering from person to person (consensus), or among
the attributes of a specific memory (internal coherence), for instance:

* if in recounting a dinner party you realize that you recall Sam was there but re-
called Phil was there the last time you described the party, you conclude you do
not remember the event well;

 when your account and another’s differ, you know one of you must be wrong;

¢ when you realize that some perceptual details in the memory reveal a perspec-
tive that you could not have, given other components of the memory (you did
not go backstage at the play, yet you have vivid perceptual details of the dress-
ing room).

Evaluating plausibility or likelibood of the target memory, given what is generally

known or believed, for example:

* *It"s not the kind of thing I would say, therefore [ could not have said it”;

 you remember seeing a politician give a speech at a park when you were young,
but then you realize that you were not yet born at the time of the speech.
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mation retrieved) or may require a more critical evaluation of specific
information for coherence, plausibility, or consensus (Johnson, 1988;
Ross, 1997). A new senator recently described his emotional response
to a political speech that he had heard as a child in the park where it
was given. If he had been more cautious and used a higher criterion to
judge the veridicality of whatever he was about to say to the press, he
might have invoked more systematic evaluation processes and real-
ized, before the press pointed it out, that he was not born at the time
of the speech.

Binding deficits operating when memories are encoded will, like
strategic retrieval deficits, affect the success of retrieval cues and will af-
fect the quality of related memories that are available to be retrieved.
Like heuristic evaluation, systematic evaluation (plausibility and consis-
tency checks) will suffer from polluted input, caused for example by ru-
mination. How memories are thought about later will of course deter-
mine if veridicality is strengthened or weakened. As noted above, some
types of emotional focus during or after an event potentially decrease
the likelihood that perceptual features are bound together. In addition,
emotional focus may produce memory deficits by increasing the chances
that elaborations, interpretations, or constructions take place, thus in-
creasing the chances for later source confusions. For example,
Hashtroudi et al. {1994) found that both younger and older adults were
more likely to include elaborations in their recall of a short play in
which they had parricipated if they had thought about their affective re-
actions than if they had thought about factual details. Consistent with
these findings, data recently collected by Mather (1998) suggest that
subjects who focus on how they feel while reading a story are later more
likely to show recall protocols that distort the story in ways that make it
more consistent with their expectations than are subjects who focus on
the factual aspects of the story. Again, both heuristic and systematic
source attributions would be expected to be negatively affected by ru-
mination that distorts the content of memories.

By capitalizing on the potential effects of rumination in creating the
conditions for source monitoring errors (for example, increasing rela-
tive vividness of some features, elaboration and embedding in other
memories and beliefs), some subjects can be induced to report con-
structed or fabricated complex autobiographical memories (Ceci,
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Crotteau Huffman, Smith, and Loftus, 1994; Ceci, Loftus, Leichtman,
and Bruck, 1994; Hyman, Husband, and Billings, 1995). In these stud-
ies people are asked to think about long-past events, including some that
they did not actually experience (going to the hospital with an ear infec-
tion or gerting lost at a shopping mall). These tend to be events for
which there is reasonably rich schematic or script knowledge (what hos-
pitals and malls are like), which should make it relatively easy for sub-
jects to imagine specific details of the situation. In a particularly com-
pelling demonstration, Ceci and colleagues showed that with repeated
tellings, some children came to produce vivid and coherent accounts of
fictional events, and that clinicians and researchers who viewed video-
tapes of children describing events could not discriminate above chance
between accounts of real and fictional events.

Interaction of Processes

Heuristic and systematic source monitoring processes often interact.
Memories and other information may be revived via relatively effort-
less associative processes or via cues generated through the reflectively
controlled use of systematic retrieval strategies. As shown schemati-
cally in Figure 2.2, the activated information may then be subject to
heuristic evaluation, or may be more systematically evaluated for co-
herence or plausibility.

Figure 2.2 also illustrates that heuristic and systematic processes
serve as checks on each other (Johnson, 1991; cf. Burgess and Shal-
lice, 1996, and Norman and Bobrow, 1979). For example, the inap-
propriate heuristic use of familiarity can be countered by more sys-
tematic processing (Jacoby, 1991). If a2 memory has much derail, it
may pass a heuristic check but fail a more systematic check for plausi-
bility. Conversely, if a memory seems very plausible but has no spe-
cific detail, one might question whether it is, in fact, a veridical mem-
ory. A related point is that source information is not only useful when
it appears to specify source unambiguously; when source monitoring
processes are working normally, ambiguities and vagueness in mental
experiences provide meaningful information as well. The lack of clear
detail or of coherence signals “caution, this might not be an accurate
memory of an actual event or defensible belief.” If 2 memory or belief
has inconsequential implications, it can be ignored or treated as a cu-
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Figure 2.2 Interaction berween systematic and SMF heuristic processes.

riosity. If it is important, additional efforts can be made to gather
more information through further retrieval efforts, consulting records,
documents, other people’s memories and beliefs, and so forth. With-
out such confirming evidence, it may be better not to “act” on such a
memory or belief.

One way that cognitive monitoring mechanisms could be disrupted
is if such cautionary signals were ignored or misread. For example, it
probably would be a mistake to assume that vague memories signal
that something significant has been forgotten or repressed. Even sup-
posing that one were especially likely to forget highly salient but un-
pleasant experiences, the quality of ambiguity or vagueness would not
be a particularly reliable cue that a memory is meaningful. This is not
to say that there are no important life events for which memories are
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dim or unavailable, only that there are a great many dim or unavail-
able memories that are not particularly important or accurate.

Both heuristic and systematic monitoring processes are embedded
in an interindividual social context and a broader cultural context
that influence the nature of the events we experience initially. They
also affect how we interpret those events, what we subsequently think
about them (including how we embellish memories), and the criteria
we use (both what we focus on and the amount of evidence required)
later in making attributions about their origin. For example, the im-
pact that the social interaction berween therapists and patients can
have on the source monitoring of patients is at the heart of recent con-
troversy over the recovery of repressed memories. Lindsay and Read
(1994) draw on the SMF to discuss the potential for inducing false
memories in a therapeutic situation.

Brain Mechanisms

Insofar as binding processes are crucial for creating event memories,
and retrieval and evaluation processes are vital for monitoring them,
it seems reasonable to suppose that those areas of the brain that have
been identified as important for feature binding (medial-temporal
structures—Cohen and Eichenbaum, 1993; Johnson and Chalfonte,
1994; Kroll, Knight, Metcalfe, Wolf, and Tulving, 1996; Squire and
Knowlton, 1995) and strategic or executive functions {frontal areas—
Daigneault, Braun, and Whitaker, 1992; Shallice, 1988; Stuss and
Benson, 1986) are critical for veridical memories and beliefs (see Bad-
deley and Wilson, 1986; Johnson, 1991, 1997a, 1997b; Moscovitch,
1995). Indeed, confabulations and delusions have been associated
with neuropathology in these regions (Baddeley and Wilson, 1986;
Stuss, Alexander, Lieberman, and Levine, 1978).

Frontal Patients

Disrupted processes. Brain damage from head injuries, tumors,
aneurysm of the anterior communicating artery (ACoA), and other
diseases and traumas affecting frontal and adjacent subcortical brain
regions have wide-ranging effects on cognition (Shimamura, 1995;
Stuss, Eskes, and Foster, 1994). Of particular interest are those effects
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that would be expected to reduce the veridicality of memories and be-
liefs by affecting processes critical for source monitoring.

Frontal damage can result in various source memory deficits: re-
membering modality, visual versus auditory (Shoqeirat, 1989, cited in
Deluca and Diamond, 1995), speaker identification (Johnson,
O’Connor, and Cantor, 1997), temporal judgments (Milner, 1971;
Shimamura, Janowski and Squire, 1990}, and identifying whether
facts were learned in an experiment or known preexperimentally
(Janowsky, Shimamura, and Squire, 1989; Schacter, Harbluk, and
McLachlan, 1984). There is also evidence that systematic encoding
and retrieval processes are likely to be disrupted. For example, Parkin,
Leng, Stanhope, and Smith (1988) reported an ACoA patient, JB, who
performed very poorly on a paired-associate learning task but im-
proved dramatically when instructed to use imagery. This result sug-
gests that frontal patients may fail to engage more systematic encod-
ing processes that might be effective if they were engaged. And
certainly some of the above judgments, especially temporal discrimi-
nations among autobiographical or historical events, may depend on
systematic retrieval and extended reasoning processes.

Systematic retrieval deficits of frontal patients are especially apparent
in their generally poor recall of autobiographical events (Baddeley and
Wilson, 1986). For example, Johnson, O'Connor, and Cantor (1997)
compared three patients with left frontal damage and three age-matched
controls on autobiographical recall of preexperimental events {a vaca-
tion) and recall of complex experimental “minievents” {hammering a
nail, imagining curting out a paper snowflake). Relative to the controls,
the frontal patients showed typically impoverished memories (they were
less likely to recall an event and events, when recalled, had fewer details)
and they tended to profit from additional cues.

Johnson and colleagues also found that although the amount of de-
tail reported by the frontal patients was much lower than that re-
ported by the normal controls, the distribution of characteristics (rela-
tive frequency of mention of actions, perceptual derails, affect, spartial
information) was about the same as for the normal controls. These re-
sults suggest that in these patients retrieval was not selectively dis-
rupted for one or another type of information; rather, it was generally
disrupted because the deficits were distributed across scoring cate-
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gories. Such an unselective deficit argues for dysfunction of the
processes that initiate and guide strategic retrieval, not of access to
any particular type of information. Because additional cues did help
autobiographical recall, at least some of the deficits appear to be re-
lated to poor self-initiated cueing (Baddeley and Wilson, 1986;
Moscovitch, 1995; Norman and Schacter, 1996).

In furure work with larger patient groups, a systematic comparison
of the qualitative characteristics of autobiographical recall of right,
lefr, and bilareral frontal patients would be quite interesting, to see if
this unselective deficit pattern is general or is specific to left frontal
patients.

In addition to their disrupted contextual and temporal memory,
and strategic encoding and retrieval deficits, some frontal patients
may use inappropriate feature weights and/or lax criteria in evaluating
memories. Schacter, Curran, Galluccio, Milberg, and Bates (1996) re-
ported a patient, BG, who had an infarction of the right frontal lobe
and who showed an unusually high false recognition rate on old-new
tests involving words, sounds, pronounceable nonwords, or pictures.
When the distractors were drawn from a different semantic category
than the studied items, this patient had a normal false recognition
rate. It was as if he remembered that he had seen items of a given type,
and then said “old” to any items of that type on the recognition test.

With the usual recognition test in which distractors are drawn from
the same class(es) as studied items, this simple heuristic evaluation
would lead to a high false recognition rate. If BG had only categorical
information (as a consequence of poor feature binding or selective,
schematic encoding), then the best heuristic he could adopt would be
to give the greatest (or only) weight to categorical information. On the
other hand, if he had additional potentially discriminating informa-
tion, then category information would have been weighted inappro-
priately highly.

Given these various deficits in information or processes that have
been shown to be important for normal source memory, it is not sur-
prising that frontal patients may become confused about the origin of
information, conflate elements from various sources (including, very
likely, their own imaginations, television programs, dreams, and the
like) and may produce quite bizarre and fantastic confabulations and
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delusions (Baddeley and Wilson, 1986; Damasio, Graff-Radford,
Eslinger, Damasio, and Kassell, 1985; Luria, 1976; Moscovitch, 1995;
Stuss, Alexander, Lieberman, and Levine, 1978).

Nevertheless, only some frontal patients confabulate, not all. The
three frontal patients in Johnson, O’Connor, and Cantor (1997) illus-
trate that severe source deficits (including poor temporal information)
and autobiographical recall deficits do not necessarily produce con-
fabulation. Similarly, in spite of the high false recognition rate, the
Schacter group's patient BG did not confabulate. However, the ab-
sence of confabulation in such patients is not difficult to understand
from the perspective of the SMF.

According to the SMF, various mechanisms together constrain the
extent to which memories and beliefs can get out of control or become
distorted. Avoiding confabulations and delusions is not the specific re-
sponsibility of any one of these mechanisms. If, for example, certain
pieces of temporal or spatial contextual information are missing, one
might retrieve other related information that would allow the correct
source to be identified based on plausibility. Or without retrieving ad-
ditional related confirming or disconfirming information, one might
remember some particular striking detail that would suggest the mem-
ory was veridical. If sufficient detail and supporting or disconfirming
information are not available, an appropriate set of weights and crite-
ria might indicate that one should remain in doubt. Recognition that
one has poor memory or judgment processes (or feedback about this
problem from others) might even cause one to adjust weights and
tighten criteria in order to avoid mistakes. Thus, deficits in systematic
retrieval alone, for example, would not necessarily produce confabu-
lation.

Of course, the more of these “reality constraints”™ that break down,
the more likely one should be to show confabulations and delusions.
Consistent with this hypothesis, Fischer, Alexander, D'Esposito, and
Otto (1995) found that clinical judgment of severity of confabulation
was correlated with extent of lesion in ACoA patients. If we assume
that various reality monitoring processes (such as assessing specific
feature qualities, retrieving additional information, maintaining ap-
propriate criteria) are mediated by different frontal regions (presum-
ably in combination with more posterior projection areas), increased
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likelihood of confabulation with disruption of more frontal regions
would be expected (see Johnson, Hayes, D’Esposito, and Raye, forth-
coming).

The Johnson, O'Connor, and Cantor (1997) study included a
fourth ACoA patient, GS, who had bilateral frontal damage and who
confabulated. Like the nonconfabulating unilateral frontal patients,
GS showed deficits on speaker identification. In addition, he showed a
greater deficit than the other frontal patients on autobiographical re-
call—his ability to report specific autobiographical details was ex-
tremely impoverished. Bilateral damage may be especially disruptive
to recursive retrieval or retrieval and evaluation processes; interhemi-
spheric cooperation may be necessary to keep information refreshed
while new cues are generated, new information is retrieved, or re-
trieved information is evaluated.

One finding suggests that GS had particular difficulty self-generating
retrieval cues or sustaining a recursive retrieval strategy: when spe-
cific memories were cued, he did much better. In fact, he produced
somewhat more detailed reports of the minievents than did the other
frontal patients. In addition, when asked to recall a specific anniver-
sary party several months earlier, his recall was quite detailed (but
also included some confabulated elements). Another factor that may
have been critical is that his reports of memories of events he had been
asked to imagine in the lab (cutting out a paper snowflake) were more
detailed than those of other frontal patients (cf. David and Howard,
1994). Thus, the combination of poor contextual memory, disrupted
ability to self-initiate retrieval processes, and a propensity to vivid
imagination may have combined to produce confabulations in this pa-
tient.

Qualitative characteristics of confabulations and delusions. In addi-
tion to comparing confabulators to nonconfabulating control pa-
tients, we can also try to compare the qualitative characteristics of a
confabulating patient’s veridical and nonveridical recall. Questions of
interest include: Do confabulations have the same phenomenal char-
acteristics as real memories, and hence seem real to the patient? Do
they have the same coherence and embeddedness in supporting
knowledge and beliefs as real memories? What is the relative impor-
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tance of vividness and embeddedness in creating the sense of reality
for a patient? (Johnson, 1988, 1991). A few studies provide prelimi-
nary evidence regarding such issues.

Dalla Barba (1995) tested whether a confabulating patient’s real
memories and confabulations differed in the phenomenal experience
of “remembering” versus “knowing,” or R/K (Tulving, 1985). In this
technique, when a memory is recalled, individuals are typically asked
to judge its qualities and answer “Remember” if they recollect specific
characteristics of the event and “Know" if the memory is familiar but
they cannot recall specific details (Gardiner and Java, 1993; Rajaram
and Roediger, 1997). Dalla Barba emphasized “remembering” as the
conscious experience of a particular episode of one’s life (rather than
recollecting detail) and found that a confabulating patient, MB, was
as likely to indicate that he “remembered” a confabulated event as an
actual event.

From our point of view, R/K judgments are based on an evaluation
of features similar to source judgments, albeit perhaps with a differ-
ent, lower criterion (see also Conway et al., 1996). If a confabulation
is reasonably detailed and does not have strong cognitive-operations
information associated with generating it, then it would be judged ei-
ther “real” in a source monitoring judgment or R in an R/K judg-
ment—and neither judgment alone might be sensitive enough to show
qualitative differences between real and confabulated memories (sce
Mather et al., 1997). That is, it could be that confabulated memories
have characteristically different details (features) but about the same
number of details, or they may have less detail than true memories but
still enough to qualify for a “remember” (or “perceived”) response
rather than a “know” response.

Johnson, O'Connor, and Cantor compared confabulated and real
memory by asking two independent raters to use an MCQ to evaluate
the qualitative characteristics of GS’s confabulated memory for the
cizcumstances of his aneurysm, and his real memory for a party that
he had artended that same week. The confabulated memory had a
level of qualitative detail similar to that of the veridical memory.
However, this is just one case. It might be useful to see if confabulat-
ing patients could rate their own confabulations and real memories
using an MCQ and compare subjective with objective MCQ ratings.



58  Cognitive, Neurological, and Pathological Perspectives

Damage in other brain regions. Right hemisphere damage in non-
frontal cortical regions appears to lead to perceptual and attentional
deficits that can, especially in combination with frontal damage, pro-
duce confabulations and delusions of recognizable types. For example,
quite bizarre or illogical confabulations and delusions sometimes cen- -
ter around misidentifications of place (right posterior temporoparietal
lesions associated with reduplicative paramnesia), misidentification of
persons (right inferior temporal lesions associated with Capgras syn-
drome), or somatic distortions (anterior right parietal lesions associ-
ated with infestation or somatic delusions) (Malloy and Duffy, 1994,
p. 212); or they are associated with neglecr (right inferior parietal le-
sions associated with anosognosia for hemiparalysis—Heilman, 1991;
Ramachandran, 1995) and may represent responses to disrupted
perceptual-attentional information (Maher, 1974).

These syndromes are generally consistent with a model such as the
SMF in which (a) source attributions are made on the basis of qualita-
tive features of experience and (b) either the input into, or the func-
tioning of, evaluation/monitoring processes can be selectively dis-
rupted for different types of information. Inasmuch as we assume the
evaluation-monitoring processes to involve frontal systems, the neu-
ropsychological findings suggest that discuption can occur in the in-
formation received by frontal regions from other cortical regions, or
in the ability of frontal regions to either access or assess the informa-
tion from various other regions, or both—thus resulting in a variety of
confabulatory or delusional syndromes.

In summary, there is general consensus that confabulations and
delusions shown by frontal patients involve disruptions in encoding,
retrieval, and evaluation or monitoring processes {Baddeley and Wil-
son, 1986; Burgess and Shallice, 1996; Dalla Barba, 1993; Frith,
1992; Johnson, 1991; Moscovitch, 1989; Norman and Schacter,
1996; Stuss, Eskes, and Foster, 1994). Furthermore, neuropsychologi-
cal studies of frontal patients find disruptions in various processes
central for source monitoring (see also Schacter, Norman, and Kout-
staal, 1998), Because of the multiple constraints arising from the mul-
tiple source monitoring factors outlined in the SMF, the kinds of se-
vere confabulations and delusions seen in some patients may require a
breakdown in more than one type of information or process. For ex-
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ample, poor contextual memory (especially, perhaps, poor temporal
memory) in combination with other factors—such as strategic re-
trieval deficits, evaluation deficits (inappropriate feature weights or
criteria), and a propensity for vivid imagery in some individuals—
could contribute to false memories and beliefs through their effects on
source monitoring attributions. The specific regions most frequently
implicated in confabulation include the ventromedial frontal area,
basal forebrain, and anterior cingulate (DeLuca, 1993; DeLuca and
Diamond, 1995; Johnson, 1991; Johnson, Hayes, D’Esposito, and
Raye, forthcoming; Moscovitch, 1995). These would be the most
likely candidates or “regions of interest” in future attempts to sort out
which brain systems are associated with which processes in the SMF.

Schizophrenic Patients
Neuropathological, neuropharmacological, neuroimaging, and neu-
ropsychological approaches to determining the brain correlates of
schizophrenia have not produced a consensus (sce, for example, An-
dreasen, 1997; David and Cutting, 1994; Frith, 1996; Weinberger,
1988). Nevertheless, the brain areas that tend to be implicated
(frontal and temporal cortex, hippocampal formation, basal ganglia,
and other basal forebrain structures) overlap with areas of brain dam-
age associated with confabulation and delusions in cases of docu-
mented brain damage. Furthermore, damage in more posterior brain
regions, especially in combination with frontal dysfunction, can pro-
duce a range of exotic delusions such as reduplicative paramnesia and
Capgras syndrome. Such disruptions in experience could provide the
grain of sand around which more complex delusional syndromes form
(Maher, 1974), perhaps through selective rumination (Johnson,
1988). For example, the fact that Capgras syndrome is common in
schizophrenia (Cutting, 1994) implicates underlying brain pathology
in atr least some cases of schizophrenia (Ellis and De Pauw, 1994;
Fleminger, 1994). Insofar as perceptions of (and memory for) qualita-
tive characteristics of experience provide the inputs for evaluation and
source attribution, distorted inputs may lead to false perceptions,
memories, and beliefs.

The most prevalent hypotheses today relative to a neural basis
for schizophrenia focus on possible defects in neurotransmitter (dop-
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amine) systems {Andreasen, 1997; Fibiger, 1997; Gray, 1995). So-
called positive and negative symptoms of schizophrenia respond to
different drug therapies and differ by other assessments of brain corre-
lates as well. For example, negative symptoms (apathy, lack of initia-
tive) seem more likely to be associated with neuropsychological tests
of frontal function (Frith, 1996). Positive symptoms of schizophrenia
(hallucinations, delusions) do not show strong associations with neu-
ropsychological tests of frontal function, nor with neuroimaging evi-
dence of frontal pathology. However, positive symptoms appear to re-
spond to neuroleptics that block dopamine, especially in the lateral
septal nucleus and nucleus accumbens (Fibiger, 1997). Notably, these
two structures are in the basal forebrain area, which is also generally
implicated in confabulation resulting from brain damage (DeLuca and
Diamond, 1995).

Positive symptoms of schizophrenia, like the confabulations and
delusions of frontal patients, can be viewed as a product of normal
source monitoring processes applied to unusual input (for example,
vivid perceptual or strong affective features from imaginarions) or
dysfunctional processes applied to usual input (for example, lower cri-
teria) or both. According to the SMF, source monitoring processes not
only assess information about visual, auditory, semantic, affective,
and other features, they also assess information about cognitive oper-
ations associated, for example, with imagery in various modalities,
inference, or reflective initiation and manipulation of images and
thoughts (Johnson and Raye, 1981).

Cognitive operations (self-generated or reflective processes) are im-
portant for identifying oneself as the origin of thoughts or actions (see
also Johnson and Reeder, 1997). Disruptions in either the quality of
the cognitive operations information available, or in the ability to
evaluate it, lead to self-generated experiences that one would not have
the sense of having initiated or controlled. For example, the disrup-
tion of brain regions associated with either the cognitive control of or
the initial phenomenal experience of cognitive operations, or with the
evaluation of cognitive operations features associated with a mental
experience, could lead to a variety of psychotic experiences such as
hallucinations, beliefs about thought insertion, and delusions of exter-
nal control.
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Consistent with this idea, Bentall, Baker and Havers (1991) pro-
posed a reality monitoring deficit specific to cognitive operations to
account for hallucination in schizophrenia patients. They found that
hallucinating patients, compared to psychiatric controls and normals,
were more likely to attribute self-generated items to the experimenter.
This effect was especially noticeable on items that required more ef-
fort to generate and that should have had the most cognitive opera-
tions information, suggesting that the hallucinators did not store or
were less able to access information about cognitive operations in
making source attributions. :

Frith's (1992) suggestion that first-rank symptoms of schizophrenia
result from disorders of self-monitoring of willed intentions is similar
to the SMF idea that deficits can occur selectively in monitoring cogni-
tive operations (Bentall et al., 1991; Johnson, 1988, 1991). This
theme is also present in Gray’s (1995) proposal that positive symp-
toms may result from a limbic-basal ganglia-based system that com-
pares expected and actual outcomes, and in which a disruption could
make self-initiated events appear novel or unexpected.

Based on the SMF, deficits can occur in different ways in monitor-
ing cognitive operations. One possibility is that lictle or no cognitive
operations information may be associated with hallucinatory or delu-
sional phenomenal experiences. Of course, normally, some thoughts
seem to occur spontancously, without conscious effort or intention,
much as dreams do or as images may arise while reading a novel.
Nevertheless, in most waking thought, the modulating influence of
goals and agendas typically restrict conscious cognitive activity to rel-
evant information {Shallice, 1988).

Spontaneous thoughts may occur more frequently in schizophrenia
for several reasons. For example, reduced inhibition of weak or unin-
tentional mental experiences (Hasher and Zacks, 1988) or a reduced
ability to maintain the task-relevant context, and thus less goal-
directed modulation of cognitive activity (Cohen and Serven-Schreiber,
1992), could render conscious that which ordinarily would not be
conscious. Thus source evaluation processes may be presented with
many more candidates than normal that have no cognitive operatians
features and hence are more likely to be attributed to other agents or
sources—for example, aliens or a radio transmitter implanted in the
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head. If these ordinarily inhibited ideas were to include vivid perceptual
or affective detail as well, they might seem especially compelling. An in-
crease in the frequency of spontaneous mental experiences would not
necessarily be accompanied by a decrease in the cognitive operations in-
formation associated with deliberate goal-directed thoughts. Thus,
schizophrenic patients may show greater deficits in identifying them-
selves as the origin of unintentional thoughts than as the origin of inten-
tional thoughts.

Another possibility is that information about the cognitive opera-
tions that produced a delusion or hallucination is present but is un-
available to or not used in reality-monitoring evaluation processes.
For example, Johnson {1991) proposed that two reflective subsystems
(R-1 and R-2) ordinarily cooperate (monitor each other), but their
ability to communicate could be disrupted, thereby reducing access of
one subsystem to the cognitive operations information from the other.

Insofar as initiating and later reactivating reflective operations such
as those involved in agenda-controlled thoughts and actions are
frontally based (Shallice, 1988), and monitoring (evaluation) pro-
cesses also are frontally based, an inability to access or use cognitive
operations information might be expected to result from disruption of
frontal functioning, particularly if two or more cooperative processes
or systems underlie these functions. If R-1 and R-2 processes are dis-
proportionately represented in the right and left hemispheres respec-
tively (Johnson, 1997), deficits in the interaction of the two systems
would be consistent with characterizations of schizophrenia that
emphasize some kind of hemispheric imbalance or disconnection
(Cutting, 1990). Alternatively, systematic R-2 processes important for
source monitoring may require interhemispheric cooperation (Nolde,
Johnson, and Raye, 1998).

Although a reality-monitoring deficit specific to cognitive opera-
tions information could lead to experiences of sensory hallucinations
and delusions of external control, more complex delusions, such as
delusions of persecution, are likely to involve additional factors. Espe-
cially important, we believe, in more complex delusions and other
psychotic syndromes is the role of repetition and rumination. Think-
ing about events (both real and fantasized) can make them more vivid,
make them come to mind more readily, and embed them in related
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thoughts and beliefs that will then be taken as evidence of their veridi-
cality (Johnson, 1988). .

David and Howard (1994) addressed such issues in a study of the
phenomenal experiences of four patients with delusional memories
(three late paraphrenia cases and one person diagnosed with schizoaf-
fective psychosis). These researchers compared patients’ MCQ ratings
for their delusional memories with their ratings for nondelusional
memories from the same period. Delusional memories had higher rat-
ings on aspects such as clarity, contextual information, and feelings.
High ratings on these arttributes were correlated with ratings of fre-
quency of rehearsal, and patients indicated that they had rehearsed
the delusional memories more frequently than the real memories. Of
course, delusional ideas may be rehearsed because they are vivid
rather than the reverse, but David and Howard's findings are at least
consistent with laboratory findings on the effects of rehearsal (Suengas
and Johnson, 1988).

One’s worldviews, schemas, and chronic anxieties are likely to in-
fluence one’s rumination, as well as the way various features of expe-
rience, including memories, are likely to be weighted in any monitor-
ing process. Thus a number of cognitive, social, and motivational
mechanisms exist by which clinically significant confabulations and
delusions can occur in the absence of or in combination with specific
brain damage (Kopelman, Guinan, and Lewis, 1995; O’Connor, Wal-
bridge, Sandson, and Alexander, 1996).

Aging and Memory Distortion
Because normal aging is likely to be accompanied by neuropathology
in medial temporal and frontal regions, studies of older adults provide
one way of investigating the brain mechanisms underlying disruption
of source monitoring processes. There are many more people older
than age sixty-five than there are amnesics, frontal patients, or schiz-
ophrenics. Furthermore, healthy older individuals can engage in a
wider range of tasks, so they constitute 2 promising population for
studying the processes involved in true and false memories and
beliefs.

Numerous studies show that older adults have deficits in source
memory. For example, older adults are less likely to accurately re-
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member contextual features of events such as the speaker (Bayen and
Murnane, 1996; Ferguson, Hashtroudi, and Johnson, 1992), the color
or font of the stimuli (Kausler and Puckett, 1980; Park and Puglisi,
1585), the location of items (Light and Zelinski, 1983; Pezdek, 1983),
the origin of trivia facts (Craik, Morris, Morris, and Loewen, 1990),
whether something was seen in a video or a photograph (Schacter,
Koustaal, Johnson, Gross, and Angell, 1997), and the orienting task
performed (De Leonardis and Johnson, 1997).

Chalfonte and Johnson (1996) found that even when older and
younger adults had apparently equivalent informatioa about individ-
ual features (item and color), the older adults were less likely to bind
those features to each other. Chalfonte and Johnson suggested that
such binding deficits might be related to neuropathology in the
medial-temporal regions associated with aging (Ivy, MacLeod, Petit,
and Markus, 1992), but their study provided no direct evidence for
such a link. )

Henkel, Johnson, and De Leonardis (1998) explored the potential
link between source memory and age-related deficits in medial-
temporal and frontal-lobe function.

The subjects in their study viewed some pictures and imagined oth-
ers, and then were given a source monitoring test {older adults were
tested after a fifteen-minute retention interval and younger adults after
a two-day interval, to equate groups on old-new recognition).
Whereas older adults were no more likely than young adults to claim
to have seen imagined items that were unrelated to any other items,
they were much more likely to claim to have seen imagined items {for
example, lollipop or banana) that were perceptually (or conceptually)
related to perceived items, for example, magnifying glass or apple.
Thus, older adults were not simply more confused in general, but suf-
fered in particular from similarity among features of candidate memo-
ries. Henkel and colleagues suggested that such memory distortions
arise because certain memory records of features (for example, round
shape) are not tightly bound to the context of their occurrence, which
can affect judgment about the source of another memory. As would
be expected based on the likelihood of age-related neuropathology in
medial-temporal regions, source memory scores of older adults were
correlated with their scores on a neuropsychological battery of tests
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often used to assess medial-temporal function (Glisky, Polster, and
Routhieaux, 1995). .

A second group of older adults were tested after a two-day delay. In
addition to a correlation between source accuracy and medial-temporal
scores, a correlation was found between source accuracy and scores on
a neuropsychological battery of tests often used to assess frontal func-
tion (Glisky et al., 1995). Henkel, Johnson, and De Leonardis suggested
that this correlation reflects the greater importance of systematic re-
trieval and evaluation processes after a delay, and is consistent with ev-
idence for age-related neuroanatomic and neurochemical changes in
frontal-lobe regions (Kemper, 1984; West, 1996) and with other obser-
vations of correlations between source memory and frontal measures in
older adults (Craik, Morris, Morris, and Loewen, 1990; see also
Mather, Johnson, and De Leonardis, in press).

These results are consistent with the idea that medial-temporal and
frontal regions play somewhat different roles in source memory, with
medial-temporal regions more important for binding features into com-
plex memories and frontal regions more important for evaluation and
systematic retrieval (Johnson et al., 1993; Moscovitch, 1995). Of
course, this is an oversimplification because frontal and medial-tempo-
ral regions typically work together. Thus frontal damage can interfere
with binding processes by disrupting the agendas that affect binding—
for instance, reflectively controlled agendas that promote rehearsal and
claborative encoding. Similarly, medial-temporal damage can decrease
the effectiveness of elaborative frontal processes at encoding and self-
cuing at retrieval because fewer features are bound together.

In any event, the combination of mediai-temporal and frontal dam-
age should be particularly devastating because of the combined effects
of poor binding of features and disrupted reflective processes that
maintain agendas and retrieve and evaluate information. In fact, some
of the most severe cases of confabulation come from patients with
both medial-temporal and frontal damage (Baddeley and Wilsan,
1986; DeLuca and Diamond, 1995).

Brain Activity and Source Memory Processes
Techniques for recording metabolic (positron emission tomography or
PET; and functional magnetic reasonance imaging, or fMRI) and elec-
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trical (event-related potentials, or ERPs) brain activity offer an oppor-
tunity to bridge the gap between evidence and theoretical ideas de-
rived from the study of normal individuals in cognitive tasks, and
those derived from the neuropsychological study of brain-damaged
patients and from clinical studies of psychiatric patients (for reviews
of brain imaging research see Buckner and Tulving, 1995; McCarthy,
1995; Nolde, Johnson, and Raye, 1998; Rugg, 1995; Ungerleider,
1995). Evidence suggests that these techniques will be useful in ex-
ploring the heuristic and systematic processes that go into the con-
struction and reconstruction of memories and beliefs, including the
agenda-driven selective probing for and weighting of memory features
and their evaluation in light of task goals.

Selective access and weighting. Johnson, Kounios, and Nolde {1996)
reported a study in which subjects saw pictures (line drawings) and
words under one of two orienting tasks. Subjects in the Function task
rated the number of functions they could think of for each item on a
scale from 1 to 3 or more, and subjects in the Artist task rated how
difficult a picture would be to draw (for picture items), or they imag-
ined a picture (for word items) and rated how difficult that would be
to draw on a scale from 1 (easy) to 3 (difficult). Subsequently, ERPs
were recorded while subjects were shown words and for each one in-
dicated whether it corresponded to an item previously presented as a
picture, previously presented as a word, or was new.

Johnson and colleagues found marked negativities at about 400
milliseconds following the onset of the test stimulus that appeared at
occipital sites in the Function group and at frontal sites in the Artist
group. They suggested that this different topographical pattern was
consistent with the idea that different attributes of memory are dis-
tributed in different regions of the neocortex (Damasio, 1989; see also
Martin et al., 1995), and that the two groups differentially probed or
weighted different types of information in their judgments. It appears
that Function subjects were making picture/word judgments largely
on the basis of the amount of visual detail evoked by the stimulus,
hence the large occipital negativity. In contrast, although Artist sub-
jects presumably encoded as much (and probably more) visual detail
about the stimuli, the amount of remembered visual detail was not 2
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particularly diagnostic cue for source because the test subjects gener-
ated visual details (imaged line drawings) for objects represented by
word stimuli as well. Artist subjects were thus more likely to probe for
information about the cognitive operations engaged at encoding
rather than the visual detail stored as a result of that encoding, hence
the frontal negativity.

A subsequent study by Nolde (1997) supported this interpretation
that the observed negativities reflected selective access and/or weight-
ing of different artributes. Subjects at acquisition engaged in the Func-
tion task for some items and the Artist task for other items, then were
given the same source monitoring task as in the previous study. If our
interpretation of the earlier study is accurate, the ERP data in the
Nolde study should not show a difference in information probed as a
function of acquisition task, since in that study it was not possible for
subjects to adopt a selective strategy at test (any individual test item
might have been in the Function or the Artist condition). Our predic-
tion was correct; test trial ERPs for Artist and Function items did not
differ in topographical distribution of activarion. For both Artist and
Function items, both occipital and frontal negativities occurred, sug-
gesting that subjects were using the two types of information. Also, re-
sponse latencies were slower in this more complex decision situation,
as would be expected if subjects were considering both types of infor-
mation. Taken together, the two studies suggest that people adjust the
information that they probe or evaluate to fit the particular conditions
of the source discrimination task (see also Johnson, Nolde, Mather, et
al., 1997).

Retrieval versus evaluation. Recent brain imaging studies have
yielded hemispheric asymmetries, with the right frontal areas more ac-
tive than the left in episodic memory tasks (Buckner, 1996). Such
asymmetries have led to the suggestion thac retrieval is a right frontal
function (Shallice, Fletcher, Frith, Grasby, et al, 1994; Tulving,
Kapur, Markowitcsch, Craik, Habib, and Houle, 1594). One possibil-
ity-is that this right lateralized activity represents a “retrieval mode”
that is engaged during the test stage of episodic tasks (Nyberg,
Cabeza, and Tulving, 1996). Or the right frontal activity may repre-
sent the amount of retrieval effort required by a task (Schacter, Alpert,
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Savage, et al., 1996). Still a chird possibility is that the right frontal ac-
tivity represents not retrieval processes per se, but evaluation or moni-
toring of the outpur of activation and retrieval processes (Shallice et
al., 1994). Sorting out these possibilities is a challenge because every
episodic memory study is a source monitoring study, just as every
episodic memory study is a retrieval study; that is, every memory that
is attributed to some particular past event is so ascribed on the basis
of source attribution processes.

The ERP study by Johnson, Kounios, and Nolde ( 1996) provides
some evidence that the righe lateralized activity seen in PET and fMRI
studies may not reflect either a retrieval mode or retrieval per se, but
perhaps some component(s) of postretrieval evaluation of the acti-
vated information. In addition to the subjects who made source moni-
toring judgments at test, other subjects had the same acquisition con-
ditions (Function or Artist task) and then received an old-new
recognition test. In that test, all old items (pictures and words) and
new items were presented as words, and subjects were asked to iden-
tify items as “old” (from the previous list) or “new.”

_Collapsed across subjects who were given old-new and those given
source identification tests, test-trial ERPs showed a frontal, right-
lateralized asymmetry. However, this frontal asymmetry was greater
in the later interval of individual trials, suggesting it did not reflect an
overall retrieval mode adopted for the task. Also, the asymmetry was
larger starting at a point past where critical access probes for specific
information evidently took place (around 400 milliseconds, as dis-
cussed above). Further, the degree of hemispheric asymmetry did not
interact with whether subjects were making old-new judgments or
more specific source judgments (picture, word, new). Because this lat-
cralized activity did not vary berween test tasks, we believe it may rep-
resent commonalities in the evaluation processes of old-new recogni-
tion and source identification. Nevertheless, despite commonalities,
these processes are not necessarily identical (Johnson and Raye, 1981;
Raye, 1976). Is there further evidence that reflects differences in old-
new and source decision processes?

Although the frontal, right-lateralized effect was nor different for
old-new and source monitoring conditions, Johnson, Kounios, and
Nolde (1996) did find a marked difference in ERP waves (superim-
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posed on the right-lateralized effect mentioned above) between old-
new recognition and source identification groups that was frontally,
but bilaterally, distributed (see also Senkfor and Van Petten, 1998).
Source identification typically is a more difficult source monitoring
task than is old-new recognition—that is, it requires more differenti-
ated information, or a closer inspection of the nature of the activated
information, or the atrempted retrieval of additional information
{Johnson et al., 1994). Thus, this late frontal, bilateral difference be-
rween recognition and source identification suggests that difficult
source monitoring tasks require the activation and perhaps coopera-
tion of both hemispheres (for relevant evidence see Nolde, Johnson,
and D’Esposito, 1998; Nolde, Johnson, and Raye, 1998).

In short, these ERP studies are consistent with the behavioral evi-
dence suggesting that not all information in memory is equally ac-
cessed or weighted during remembering (Lindsay and Johnson, 1985;
Hashtroudi et al, cited in Johnson and Multhaup, 1992; Mather et
al., 1997). Brain imaging in combination with ERPs can provide con-
verging evidence about where in the brain and when in the processing
(during memory access, during evaluation) agendas are having their
impact.

We speculate that the right-frontal effect in episodic memory tests
seen with brain imaging may index a common component of heuristic
evaluation processes that operates on activated information in light of
whatever task agenda has been set. For example, a target representa-
tion in perceptual cortical sites (say P-2 in MEM; Johnson, 1992)
might be evaluated by frontal heuristic reflective processes (R-1 in
MEM) for familiarity in old-new recognition, or for amount of per-
ceptual detail in source identification. (In fact, there is some evidence
that the right hemisphere may be better than the left in discriminating
at test between old items and similar items—Metcalfe, Funnell, and
Gazzaniga, 1995; Phelps and Gazzaniga, 1992).

We further speculate that the bilateral frontal effect we observed
represents intechemispheric cooperation or coordination. We would
expect more systematic R-2 type processing (or processing that re-
quires coordination becween R-1 and R-2 subsystems) to be necessary
more often in source identification than in old-new recognition tasks.
This expectation is not specific to source monitoring, of course. Other
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reflectively demanding tasks, such as recall, should require interaction
berween hemispheres as well (see Phelps, Hirst, and Gazzaniga, 1991).

The example of heuristic processing above illustrates “metaprocess-
ing” in MEM, whereby one representation (in this case a P-2 targer) is
taken as the object of another (in this case a reflective R-1 agenda)
(Johnson and Reeder, 1997; ¢f. Nelson and Narens, 1990). (Similar
ideas are Jacoby and Kelley’s 1987 notion of memory as “object,”
and Frith’s 1992 concept of “metatepresentation.”)

Our example of bilateral systematic processing also illustrates
metaprocessing. Again assume that a targét representation is activated
in a P-2 representation system. If a decision cannot be made quickly
{heuristically), the activared information will need to be kept refreshed
while, perhaps, other recent items are systematically retrieved in order
to make a judgment that is consistent with other recent judgments.
One hemisphere may be needed to keep the activated information re-
' freshed while the other is retrieving additional information. Or one
hemisphere may represent and keep refreshed information (such as
perceptual detail) while the ocher hemisphere retrieves other informa-
tion (perhaps semantic interpretations or elaborations; see Metcalfe et
al.,, 1995). According to the SMF, information represented in or re-
trieved by the two hemispheres would be weighted and evaluated in
order to yield a source attribution.

We further speculate that certain types of reasoning, problem solv-
ing, or cyclical retrieval (that is, activities involving subgoals) involved
in autobiographical recall and in evaluating memories for plausibility
or coherence with other memories would also involve cooperation be-
tween hemispheres. Thus, we expect that these complex (reflective
R-2) retrieval and evaluation processes are more likely to require in-
terhemispheric cooperation. They should therefore be particularly
likely to be disrupted by bilateral frontal damage (as in the case of GS
described above, Johnson, O'Connot, and Cantor, 1997) or by dis-
ruption in the communication between the two hemispheres as in
split-brain patients (Metcalfe et al., 1995). That is, if intechemispheric
cooperation is central to more difficult source judgments, or those
that depend on the retrieval and integration of various sources of in-
formation, that fact would explain why bilateral fronral damage can
produce severe confabulation. Hemispheric imbalance and disrupted
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communication have also been proposed as basic deficits in schizo-
phrenia {Cutting, 1994).

SMF functions and brain regions. The broad outlines of a model re-
lating brain mechanisms to the cognitive processes involved in remem-
bering can be described and would have reasonable consensus (see
Table 2.2). Memories result from a complex balance between medial-
temporal and frontal brain regions, in interaction with other cortical
and subcortical regions that encode information about visual, audi-
tory, spatial, affective, and other features of events. The accuracy of
memories and beliefs is determined by feature-binding processes medi-
ated by medial-temporal regions, often in the service of frontally
mediated agendas, and by frontally mediated strategic retrieval and
evaluation processes, themselves dependent on medial-temporal reac-
tivation of bound features. Thus this delicate system can be disturbed
by the disruption of brain regions supporting any of these processes or
perceptual processing or their interaction, as indicated by studies of
aging and of brain-damaged patients. Confabulations and delusions
seem particularly likely when damage to more than one part occurs,
especially when damage includes the basal forebrain region and in-
creases in frontal regions. Similarly, drugs that target neurotransmitter
systems critical to these regions, especially dopamine circuits, have
therapeutic effects on positive symptoms of schizophrenia.

We can also begin to propose some more specific aspects of a cog-
nitive model of these processes (Figures 2.1 and 2.2) and of their
neural mapping. Processes mediated by frontal systems adjust weights
for possible types of evidence—for features such as visual or auditory
detail, location, and so forth. Confidence in the accuracy of a memory
is especially related to the amount of evidence in the most heavily
weighted features. Decision criteria determine how discrete judgments
or attributions are mapped onto the weighted evidence. Consistent
with these ideas, ERP studies show differential brain activation related
to the presumably differential weighting of features in memory source
decisions (Johnson, Kounios, and Nolde, 1996; Johnson, Nolde,
Mather, et al., 1997).

Among the various types of information available during perceiv-
ing, remembering, and thinking, we have suggested that evidence from
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Table 2.2 Brain regions and cognitive functions important in evaluating

veridicality

Brain area

Cognitive functions

Evidence cited

Cerebral cortex
(various cortical
arcas)

Medial-temporal
area (e.g., hippo-
campal formation)

Frontal regions

Right frontal
cortex

Bilateral frontal
cortex

Feature perception

Distributed feature
representation in
memory

Feature binding, re-
activation {nondeliber-
ative)

Reflective processing
(e.g., self-generated
cognition)

Heuristic evaluation
processes (e.g., heuristic
source monitoring
attributions)

Systematic processes
{e.g., cue generation,
strategic retrieval,
evaluating consistency
or plausibility)

Clinical syndromes
caused by brain damage
(e.g., Capgras, neglect)

Brain damage, PET, ERP
studies

Brain damage (amnesia
patients), aging

Brain damage (Korsakoff,
frontal patients), aging,
schizophrenia (positive
symptoms)

ERP, PET studies, brain
damage

ERP, PET, fMRI studies,
brain damage

reflective cognitive operations is especially important in distinguishing
real from imagined events, memories, and beliefs (Johnson, 1992;
Johnson and Raye, 1981). Disruptions in the deliberative control of
mental operations or in the ability to evaluate this information as evi-
dence of source of an experience or memory could produce hallucina-
tions, delusions, or confabulations. ERP data showed frontal brain ac-
tivation when individuals attempted to use information about past
cognitive operations to make source decisions, and activation in pos-
terior brain regions when decisions could be based on remembered vi-
sual information (Johnson et al., 1996). These data could indicate that
stored cognitive operations are represented frontally.

Frontally maintained agendas not only modulate feature weights
and criteria, they initiate further processing if the task goals are not
met. The further processing that might be needed—for example,
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strategic retrieval or comparing the relative amounts of evidence con-
tained in mental experiences on the current trial with those from past
trials—also requires a frontally maintained agenda. Processing is said
to be heuristic when a relatively simple agenda or a single reflective
subsystem is sufficient for the task. Processing is said to be systematic
when two or more synchronously interacting agendas or reflective
subsystems are required. ERP, fMRI, and PET dara suggest that right
prefrontal regions are disproportionately involved in heuristic pro-
cessing during source monitoring and other memory tasks, and that
lefe and right prefrontal regions coordinate when more complex or
systematic processing is required (Nolde, Johnson, and D’Esposito,
1998; Nolde, Johnson, and Raye, 1998).

Conclusion

A common set of themes has arisen from neuropsychological and clin-
ical studies of confabulations and delusions. A number of these are
similar to ideas that have arisen in the study of normal cognition and
have been proposed as mechanisms by which false memories and be-
liefs come about. The source monitoring framework provides a way
of integrating these two traditions. The SMF points to the importance
of encoding and consolidation processes, cognitive events and experi-
ences that happen after events (such as rumination), and cue condi-
tions and agendas (schemas, plans, and the like) that are active at both
encoding and test. These factors determine which information will re-
ceive selective processing, how much additional strategic processing
takes place, and how elements of mental experiences are evaluated.
Normal distortions in perceptions, memories, and beliefs arise because
these processes are not perfect and because they are subject to the in-
fluence of cognitive contexts and motivational and social factors.
Clinically significant confabulations and delusions arise when these
imperfect processes are further disrupted by brain damage and func-
tional abnormalities. Such clinical findings have provided valuable in-
formation identifying general brain regions implicated in remembering
and believing.

As additional data become available from brain imaging and ERP
studies designed to isolate various components of critical cognitive
processes underlying memories and beliefs, the exact nature and loca-
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tion of the transactions or brain circuits required for binding, reacti-
vating, retrieving, and evaluating information of various types should
become more apparent. We will then come closer to characterizing the
brain activity associated with the phenomenal experiences of remem-
bering and believing.
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Notes

1. We assume features of memories are distributed in those brain areas that
originally processed the information (see for example Damasio, 1989).
When we say that features must be “bound” together to form memories,
we are not implying that a new single representation replaces these fea-
tures. Rather, we mean that a process (“binding”) relates the feature repre-
sentations in such a way that they are more likely to be activated rogether
later {Cohen and Eichenbaum, 1993).

2. We sometimes use the words “criterion” and “criteria” in an everyday
sense to include what features are considered and how different features
are weighted, as well as the threshold amount (or match of such informa-
tion to a standard) that is required for a given source ateribution. This
usage may confuse some readers because the same terms are sometimes
employed in the literature to refer to the decision threshold in a signal de-
tection analysis of old-new recognition in which information is assumed to
vary only along a single dimension (such as strength). In the SMF, both the
qualitative and quantitative characteristics of mental experiences affect
source actributions. Here we refer to “weights” when emphasizing flexibil-
ity in which qualities of mental experience are given the most focus or
highest importance, and to “criteria” when we are emphasizing flexibilicy
in the nature (amount or patrern) of information that is required for a par-
ticular source attribution. The two factors together are components of
overall evaluative processes that make attributions about the nature of

mental experiences.
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