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"I know it can’'t've been like that,

but that's what | remember.”

Pat BarkerRegeneration
cited in Schacter (1996)






Introduction

All what we know and what we do has a relation to our prior experiences. People
are not always aware of this, but if we think about processes in everyday life where
we need access to prior knowledge or experiences it is difficult to find a process
that works without a contribution of our memory. Moreover, we will not find such

a process for an adult and healthy person. All what happens, all what we do, and
all what we feel, we do link it with prior experience, knowledge, and opinions.
We are our memories.

To give an example, think about what we have to remember if we want to
meet a friend to go with him/ her to the movies. Not all relevant information can
be captured here. However, to give some examples, we have to remember the
phone number or email-address of the friend (or we have to remember where we
have written down this information), we have to remember a special cinema, and
a special movie. Maybe, we have heard something interesting about one movie
or we know that the friend we will meet does not like a special kind of movies.
We have to know how we will get tickets and we have to be certain that we will
not schedule the meeting for a time when we already have something planned.
Another example for the permanent importance of memory is the situation when
we come across a known person on the street. We remember different things about
this person and behave in an appropriate way (is it our boss or our friend?). We
also use our memory if we meet an unknown person. Some characteristics could
remind us of another person and then we are in favour to think that both persons



behave quite similarly. Such a prejudice, either positive or negative, can influence
our behavior. Given the context (on the street or in an interview) we also know
how we have to behave.

The importance of the memory for our own self-conception and for every-
day life is especially apparent in persons showing memory distortions. Schacter
(1996) described different patients suffering from memory impairments, like or-
ganic amnesia (for an overview of the amnesic syndrome cf. Parkin & Leng,
1993). Amnesic patients have severe difficulties in remembering recent events
and new information, despite preserved intelligence, perception, and language.
For instance, one patient described by Schacter (1996), Frederick, was not able to
learn new episodic information and was not able to form new memory traces. The
patient suffered from a memory impairment called anterograde amnesia. From
earlier conversations Schacter had learned that Frederick liked to play golf and
so they went together to a golf course. Frederick’s golf vocabulary was perfect
(semantic memory) and he was able to hold his own (procedural memory). He
was, however, not able to remember for instance the location of the ball (episodic
memory). As long as he could keep the location of the ball after the tee shot in his
memory, he generally remembered the location. He had problems in remembering
the balls location if the search for the ball was somewhat delayed. After the game,
Frederick had no memory of any shot. Furthermore, when Schacter met him for
their second golf match all memory of the first match was gone.

For a healthy person, memory is generally well adapted to the everyday de-
mands of life. That is not surprising, because our well-being and even our survival
may depend on access to reliable informations about the past. But memories are
not always accurate and especially recently memory’s reputation has been tar-
nished, for instance through reports about false traumatic memories in therapy
patients (Lindsay & Read, 1994, for a detailed discussion of the recovered mem-
ory debate cf. Conway, 1997). Today we also know that it is easy to induce
feelings in persons who appear to remember events clearly that have never hap-
pened (e.g., Ceci, 1995; Loftus & Pickrell, 1995). We can also look in our own



environment. Sometimes when we talk with friends about past experiences it may
happen that the same event is reported in very different ways by two persons. And
both persons are certain that the version he or she told is the correct one.

The present work is concerned with the examination of such false memories
that normally appear in our life. More specifically, it is focused on the question
whether electrophysiological correlates of brain activity are useful to differentiate
between true and false memories using recognition memory tests.

General memory concepts are presented in Chapter 1. The focus will be on
neuropsychological models of long-term memory and on a framework of the con-
structive characteristics of memory processes. Chapter 2 is concerned with the
present knowledge of false memories, reviewing results from behavioral studies,
from neuropsychological studies of brain patients, and from brain imaging stud-
ies of healthy participants. Chapter 3 captures the method of Event-Related brain
Potentials (ERPs) and its use in memory research. Chapter 3 is finished with
a summary of the main questions and aims for the present work, before a first
study examining electrophysiological correlates of true and false recognition is
addressed in Chapter 4. Two follow up studies are described in an article pub-
lished in Cognitive Brain Research. Chapter 5 contains this article (Nessler, D.,
Mecklinger, M. & Penney, T.B., 2001. Event-related brain potentials and illusory
memories: The effects of differential encoding. Cognitive Brain Research, 10,
283-301.), while Chapter 6 contains a second article (Nessler, D. & Mecklinger,
M., under revision). Finally, behavioral results from an additional study per-
formed with patients suffering from frontal brain lesion are described in Chapter
7 (Nessler, D., Mecklinger, A., von Cramon, D.Y. & Matthes-von Cramon, G.,
poster presented at the 8th Annual Meeting of the Cognitive Neuroscience Saoci-
ety in March 2001; see also Mecklinger, A., Nessler, D. & von Cramon, D.Y., in
prep.). Chapter 8 integrates the results from the different studies and finishes with
conclusions and an outlook on future questions of interest.

IFor stylistic reasons the format of the articles was adapted.






Chapter 1

Memory Systems and Processes

Memory processes involve at least three stages: encoding, storage, and retrieval
(e.g., Tulving, 1994). Encoding refers to the acquisition of information. It means
all the processes that mediate between an experience and the formation of a mem-
ory trace for this experience. Storage refers to the maintaining of information over
different time periods and retrieval captures the access to the stored information.
The differentiation between ghort-term memorgnd along-term memorys
one of the oldest and most widely accepted (e.g., James, 1890; cited in Squire,
Knowlton & Musen, 1993, see also Atkinson & Shiffrin, 1968). Some of the best
evidence for distinguishing between these kinds of memory has come from the
study of patients suffering from anterograde amnesia. Such patients show an in-
ability to store new episodic information after the onset of the disorder. Often the
patients perform normally on immediate recall tasks of short lists. However, they
show dramatic impairments if they are distracted between study and test phase,
if studied items are not in the focus of attention for the whole delay period. The
patients can retain information for a short time, they have a functioning short-term
memory, but they cannot transfer information to a long-term memory system (cf.
Milner, 1958; Cave & Squire, 1992).
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The term short-term memory is the more traditional one and refers to one of
the most central findings in early cognitive psychology that people are limited
in the amount of information they can rehearse at any one time. Today most
researchers use the temvorking memorythat was suggested by Baddeley and
his colleagues as an alternative to the term short-term memory (for an overview
of working memory cf. Baddeley, 1994, 1995, 2000; Miyake & Shah, 1999).
It is proposed that working memory consists of a set of mechanisms that work
together to perform strategic processing. Thus, it is more focused on attention
and cognitive processes. Such a view better handles the diversity of the short-
term memory phenomena (for an overview of short-term memory and working
memory cf. Barsalou, 1992, S.92-115).

In the present study processes of long-term memory are examined, so in the
following I will focus on systems and processes involved in this kind of memory.

1.1 Long-Term Memory

At first long-term memory was seen as an unique system, and for instance Lashley
(1950) proposed that it would not be possible to localize different aspects of the
memory in the brain. Some years later this was raised into question by reports
from the patient H.M.. He showed after bilateral medial temporal-lobe resection
amnesia for all events that occurred after the operation (Scoville & Milner, 1957).

It was mentioned already that a differentiation between a short-term memory and
a long-term memory can be concluded from results obtained in patients suffer-
ing from amnesia. Furthermore, H.M. showed an intact memory for experiences
acquired before the operation as well as the intact ability to learn implicitly knowl-
edge or skills. These results indicated that the medial temporal lobe structure is
especially important to form explicit memory for new experiences. Damage to
the medial temporal lobe structure leads to the amnesic syndrome. Other studies
showed that organic amnesia can also result from the lesion of diencephalic struc-
tures such as the mammillary bodies. Patients suffering from organic amnesia are
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not able to store new experience (anterograde amnesia) for later explicit retrieval,
but depending on the extend of the damage they can also show difficulties in the
recall or the recognizing of information related to the pre-morbid period (retro-
grade amnesia). The neuropsychological case of H.M. initiated many research
on the differentiation of various types of memory structures and pointed towards
the importance of clinical-neuropsychological case studies for the creation of psy-
chological theories. Subsequently, long-term memory has come to be viewed as a
complex and diverse collection of separate but interacting systems and processes
that serve different functions. As it is suggested by the data obtained for patient
H.M. as well as for other patients suffering from bilateral hippocampal lesions (cf.
Scoville & Milner, 1957; Cave & Squire, 1992) most authors differentiate between
implicit (non-declarative) andxplicit (declarative) memory. Implicit memory is
obtained when the experience of an event affects later behavior in the absence of
conscious retrieval, while explicit memory refers to the conscious recollection of
that experience.

The differentiation of implicit and explicit memory systems was also used in
the model described by Squire and colleagues (Squire & Knowlton, 1994; Squire
& Zola, 1996, cf. also Squire & Knowlton, 2000). They proposed a taxonomy
of long-term memory and related the different systems to neuroanatomical struc-
tures. As pictured in Figure 1.Implicit memorydescribes a collection of dif-
ferent abilities: memory of skills and habits, simple forms of conditioning, and
priming (for an overview of implicit memory cf. also Schacter, 1994). Implicit
memory is assessed by so called 'indirect’ tasks in which memory for study items
is incidental to task performance and expressed by speeded reactions or iden-
tification accuracy. The critical feature of these tasks is that performance can be
influenced by, but is not dependent upon, explicit memory for studied items. Com-
monly used tasks examining effects of priming are word stem or word fragment
completions. Participants are required to study different words (alge). Sub-
sequently, they are presented with word stems (&b:), some of which belong
to the studied words. Each stem has to be completed with the first word that comes
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to mind. Participants are typically biased to complete stems with studied words,
even if unaware of the relationship between study and test items. Responses to
stems that are completed with study words are also faster than to stems that have
no relationship to the studied words. Amnesic patients can perform normally in
such tasks, while they show impairments for 'direct’ memory tasks such as free re-
call, cued recall, or recognition (for an overview see Squire et al., 1993; Gabrieli,
1998).

These tasks measusxplicit memoryprocesses, which can be divided into
episodicandsemanticstores (Tulving, 1984, cf. also Figure 1.1). Episodic mem-
ory consists of context-specific personal memories (e.g., what one has done yes-
terday), while semantic memory refers to a fact-based store for general informa-
tion, which is not associated with contextual information (e.g., that Germany is an
European country). In explicit or direct tasks participants are exposed to a series
of items in a study phase, and than, after some delay, the retrieval test follows. In
retrieval tests of free recall participants are required to generate the studied items
(OLD items) without a cue, while in retrieval tests of cued recall a fragment of
the item is given. In recognition tests participants are tested with lists that in-
clude the OLD items randomly intermixed with non-studied items (NEW items).
Participants have to decide, for instance, by button press whether each item was
studied before (old response) or was not studied before (new response). There is
another kind of recognition task which does not consist of separated study and
test phases. Instead, items are repeated in one continuous series and participants
indicate to each item whether it had already appeared earlier in the list or not
(continuous recognition paradigm).

There is a great amount of studies examining explicit memory processes. For
instance, one important issue concerns the relationship between how an item is
processed at study and its retrievability. As it is assumed irLdéwels of Pro-
cessing Frameworfcf. Craik & Lockhart, 1972), depth of encoding increases the
memorability and the strength of memory traces. Items processed to the level of
their physical features (shallow encoding) are less likely to be remembered than
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those processed semantically (deep encoding). However, the level of process-
ing manipulation has no influence on implicit memory (Schacter & Graf, 1986).
The strength of memory traces is also enhanced by motor actions. In this field
of episodic memory research, participants are required to (symbolically) perform
different tasks during the study phase, as for exanipat an egg’ Memory,

as revealed by recall or recognition tasks, is strongly enhanced by such subject-
performed tasks (SPT) as compared to verbal tasks (VT) (for an ievesee
Cohen, 1989, Engelkamp & Zimmer, 1994; Engelkamp, 1998). It is assumed that
this enactment effect reflects the good item specific information that is provided
by the performance of the action. In sum, learning instructions that are gener-
ally assumed to be 'memory efficient’ (i.e., imagery, the generation of stories, or
motor actions) result in a better performance in episodic tests (cf. Engelkamp &
Zimmer, 1994).

As mentioned earlier, it is argued that indirect tasks measure implicit memory,
while direct tasks measure explicit memory. However, it is difficult to ensure that
these two kinds of tasks do fully separate the two kinds of memory. Instead, test
performance can also result from a mixing of both processes (e.g., Gabrieli, 1998;
Rugg, 1995b; Schacter, 1997). This discussion became especially important for
thedual process account of recognition memdBgcause of its special relevance
for the present study this model is introduced in the next paragraph.

1.1.1 Recognition Memory

Recognition memory is seen as a dual process (e.g., Gardiner & Java, 1993; Man-
dler, 1980) claiming that &amiliarity and arecollectioncomponent reflect two
qualitatively different ways in which information about a past experience can be
assessed (cf. also Friedman & Johnson, 2000; Mecklinger, 2000). The familiar-
ity component refers to recognition judgments that are based on a feeling that an
item was recently encoded in the absence of any specific context information of
the actual event. Such a process happens for instance, if we see a familiar face but
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we cannot say the name of the person or in which context we have met the person.
In the case of recollection contextual information about the learning episode is
retrieved, and there is the phenomenological experience of having brought some-
thing back to mind.

Results from different studies support the distinction of familiarity and rec-
ollection. For instance, Hintzmann and Curran (1994) showed different temporal
characteristics for both components. Participants were required to learn words and
to give old/new recognition judgements in a later test. This test included NEW
words, studied words (OLD), and words that were identical to studied words but
were changed with respect to the feature number between the study and the test
phase (similar words). The authors applied the response-signal technique (Dosher,
1984) where patrticipants are asked to give an immediate recognition response
when a signal is presented. This signal follows the test item after a variable delay.
The authors reported a higher proportion of false old responses for similar words
at short delays than at long delays. This was interpreted as a reflection that famil-
iarity arises earlier during retrieval than recollection. Similar but number-changed
words may elicit familiarity quickly after presentation. Recalled information may
become available later and is reflected in the larger amount of correct rejections
in long than in short delays.

Whereas there are no doubts that recollection refers to explicit memory pro-
cesses, some authors argue that familiarity is an implicit memory process (e.g.,
Jacoby & Dallas, 1981; Jacoby, 1991). According to this view, recognition judge-
ments based on familiarity are made when an item is processed relatively flu-
ently’, and such processes are held to be related to those processes which underly
implicit memory. Consequently, only recollection, but not familiarity, should de-
pend on the medial temporal lobe that is seen as the key structure in the explicit
memory system (Squire et al., 1992). Other models assume that both, familiarity
and recollection, are components of an explicit memory system. In support for
this account, Knowlton and Squire (1995) required amnesic patients to indicate
whether a recognition judgement is based on consciously recollected aspects of
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prior experience of the item or not. Patients should indicate whether they have a
vivid memory of the actual presentation of the item (Remember) or whether they
merely belief that a test item had occurred in study without any recollection of
the specific study episode (Know). SucRamember/Know procedu(€ulving,

1985) is seen as a possibility to disentangle familiarity and recollection processes.
While a Remember response is associated with recollection, an association be-
tween a Know response and familiarity is proposed. Amnesic patients were sim-
ilarly impaired in Remember and Know recognition judgements indicating that
damage of the medial temporal lobe impaired familiarity as well as recollection
processes. In line with the increasing evidence that familiarity and recollection
components of recognition memory are functions of the explicit memory sys-
tem and depend on brain systems damaged in amnesia (cf. Haist, Shimamura &
Squire, 1992; Mecklinger, von Cramon & Matthes-von Cramon, 1998; Smith &
Halgren, 1989), the term familiarity is used in the following to refer to an explicit
mechanism only.

1.2 Neuropsychological Models of Long-Term
Memory

Neuropsychological studies of patients with brain damage have given first infor-
mation how different memory processes are associated with different brain struc-
tures. Recently, due to the great technical advances, brain imaging studies of
healthy persons have also been conducted more and more and support the de-
velopment of neuropsychological models. Regarding such empirical evidence,
Squire and colleagues refer their taxonomy of long-term memory (cf. section 1.1)
to neuroanatomical structures, which might be involved in the different processes
(Squire & Knowlton, 1994; Squire & Zola, 1996; Squire & Knowlton, 2000).
Different brain regions are seen to be involved in implicit memory processes
(cf. Figure 1.1). For instance, the striatium might be critical for procedural mem-
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Long-term memory

Implicit (Nondeclarative)

Explicit (Declarative) /I\

Procedural  Priming Simple Nonassociative
(Skills and classical learning
Habits) conditioning

Facts Events /\
Emotional ~ Skeletal
responses musculature

Medial temporal lobe Striatum Neocortex Amygdala Cerebellum Reflex
Diencephalon pathways

Figure 1.1:Taxonomy of long-term memory systems with specific brain structures asso-
ciated with each system (adapted from Squire & Zola, 1996, p.13516).

ory (skills and habits) while the amygdala is involved in emotional learning. Prim-
ing is claimed to be driven by non-frontal neocortical structures. As already dis-
cussed, an important role for explicit memory processes is attributed to the medial
temporal lobe. Reviewing evidence from studies with humans as well as monkeys,
Squire and Zola-Morgan (1991) differentiate further between the brain structures
within the medial temporal lobe. As indicated in Figure 1.2, the medial tem-
poral lobe memory system consists of the hippocampus, the entorhinal cortex,
the parahippocampal cortex, and the perirhinal cortex. The cortical input to the
hippocampal region originates from the entorhinal cortex. The major sources of
projections to the entorhinal cortex (nearly two third) are the adjacent perirhinal
and parahippocampal cortices, which in turn get projections from unimodal and
polymodal areas in the frontal, temporal, and parietal lobes. The entorhinal cor-
tex also receives other direct input from orbital frontal cortex, cingulate cortex,
insular cortex, and superior temporal gyrus. All projections are reciprocal.

It is claimed that the medial temporal lobe system is necessary for the direct
consolidation of information in the neocortex by gradually binding together the
different cortical regions that store memory for the whole event. Thus, the medial
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Hippocampal
Formation

Entorhinal Other direct
Cortex Projections

Perirhinal  |Parahippocampal
Cortex Cortex

4 4
v

Unimodal and polymodal association areas
(frontal, temporal, and parietal lobes)

Figure 1.2:Schematic view of the medial temporal lobe memory system (adapted from
Squire & Knowlton, 2000, p.767). The hippocampal region includes: dentate gyrus (DG),
cell fields of the hippocampus proper (CA3, CA1), subicular complex (S).

temporal lobe might be engaged at the time of learning to form a so called mem-
ory trace. Moreover, to recollect a recent event consciously the memory trace also
must be reactivated via the hippocampal component. This process, called ecphory
by Seamon (1921, cited in Moscovitch, 1992), can occur if a cue automatically
triggers the hippocampal index and interacts with a memory trace. Such ecphoric
processes occur persistently, that means we remember countless daily events with-
out intending to remember them. However, not all memory retrieval seems to be
dependent on the medial temporal lobes. As already mentioned, patients suffering
from lesions in this area are often not impaired in the retrieval of events which oc-
curred some years before the damage. So, it is proposed that the medial temporal
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lobe is only needed at the time of learning and for some time afterwards. When

the consolidation process is finished, retrieval becomes independent of the me-
dial temporal lobe and access to representations of the long-term memaory can be
gained via an extra-hippocampal route. For such retrieval processes and for more
strategic memory search, the frontal lobes are seen as being especially important.

EVENT / CUE

Perceptual
An Other Modules
(Non-Frontal Cortex)

Non-Consciou
Procedural

Systems
[ Conscious Awareness J/’
L

™

- Control or Executive Systemn|s
_Encoding/Ecphory > (Frontal Lobes and
(Hippocampus and relatdd.-* Related Structures)

limbic structures)

Figure 1.3: Neuropsychological Model of Memory (adapted from Moscovitch, 1994,
p.1346). Four essential components are proposedoi-frontal neocortical component
consists of perceptual and interpretative semantic modules and is assumed to be involved
in the performance on implicit tests of memory. Different cortical modulgister the
information as a structural, pre-semantic representation. There are differedtifas, for
instance for reading, for object perception, or for face perception as it is suggested by re-
sults of neuropsychological studies of brain-damaged patients (e.g., Gabrieli, 1998). The
output of the modules is passed on central system structures for early semantieinterp
tation. Degenerations of this central system are observable in demented patients who are
able to read and identify objects on a perceptual level but at the same time do not know
what it means (Chertkow & Bub, 1990, cited in Moscovitch, 1992). This first component
presumed to be located in the posterior and mid-lateral neocortex leaves a perceptual
and semantic record that is regarded to be the basis for perceptual and conceptual repeti-
tion priming effects. Also tapping implicit memory processdmsal ganglia component

is supposed to be involved in performance on sensorimotor procedural tests of memory.
When the information from the first component is apprehended consciously then it will
be picked up by thenedial temporal/hippocampal componenfThis structure covers
encoding, storage, as well as retrieval on explicit episodic tests of memory thatsar
sociatively dependent. éentral system, frontal-lobe componeig seen as involved in
more strategic memory processes (work with memory) and in procedural hestare
rule-bounded.
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This is pointed out in the neuropsychological model proposed by Moscovitch
(cf. Figure 1.3, Moscovitch, 1992, 1994). A frontal system is seen as critical for
strategic memory processes or so called 'working with memory’. Such claims
are supported by results from studies of patients with frontal lesions as well as
with healthy participants (for an overview of memory and frontal lobe function,
cf. Shimamura, 1994). Strategic processes are for instance engaged if the retrieval
cue does not elicit the target memory automatically but provides only a starting
point for a following memory search. The frontal lobes are involved in the se-
lection and implementation of strategies that evaluate the shallow output from the
hippocampal component. Other functions are the determination of the correct
temporal sequence and the spatial context of the retrieved experience. Resulting
information can be used to guide further mnemonic searches, to direct thoughts,
or to plan future actions. The frontal lobes are also involved in encoding, they or-
ganize the input to the hippocampal component. In sum, the frontal lobes are seen
as especially involved in processes which convert automatic triggered retrieval to
an intelligent, goal-directed, and voluntary controlled activity (cf. Moscovitch,
1992).

1.3 Constructive Memory Framework

As indicated in the previous section, strategic aspects are involved in the retrieval
of past experiences. This points to the fact that the brain does not simply remem-
ber stored traces. Instead, the system 'works’ with the features that are remem-
bered. This is in line with approaches claiming that most memory processes are
constructive rather than reproductive (cf. Reyna & Lloyd, 1997). Reproductive
memory refers to the accurate rote production of material from memory, for ex-
ample the retrieval of a learned poem. However, most memory processes are more
reconstructive, which accentuates the active process of filling in missing elements
while remembering. Consequently, errors in such constructive processes, which
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might be more natural in normal life, are not surprising and belong to the act of
retrieval.

Schacter and colleagues (1998a) provideoastructive Memory Framework
(CMF) that outlines the types of problems that the human memory system must
solve to produce mainly accurate representations of the past. This model, empha-
sizing encoding and retrieval processes, is sketched in Figure 1.4 and is described

subsequently.

Constructive Memory Framework CMF
Schacter et al., 1998

[Encoding Retrieval
feature pattern focusing pattern criterion

binding separation completion setting

Examples for errors:

- Non specific retrieval cues,
poor retrieval focus:
false information is retrieved

- Source memory failure

- Recall of general information,
fail to remember item specific

information - lax source monitoring criteria

Figure 1.4:The Constructive Memory Framework (CMF) and some examples for errors
(cf. Schacter et al., 1998a).

A representation of a new experience is stored as a pattern of features, with
different features representing different facets of the experience. These features,
which are the output from perceptual and semantic modules (cfhdhdrontal
neocortical componenin the model proposed by Moscovitch), are distributed
widely across different parts of the braiReature bindingmeans that these fea-
tures have to be linked together at encoding to form a bound representation, me-
diated by the hippocampal formation (cf. Moscovitch, 1992; Squire & Knowlton,



1.3. Constructive Memory Framework 17

1994). Inadequate feature binding in encoding can resulsouace memory fail-
urein later retrieval (Johnson, Hashtroudi & Lindsay, 1993). In recognition mem-
ory tests such a source memory failure is seen as the inability to assess whether
an association triggered by an item at the test phase is a memory from the study
phase, comes from another episode, or is being generated for the first time at the
test phase. Such a failure describes the inability to assess in which context a re-
trieved feature was experienced. For instance, a person has seen two different
movies on two different days and later the person cannot remember at which day
he or she had seen which movie. Another possibility for source memory failures
is that there is not enough information stored to separate different but in some
features overlapping episoddattern separatior{cf. McClelland, McNaughton
& O’Reilly, 1995) means the processes that are necessary to bind episodes in
such a way that a later differentiation is possible. When pattern separation fails
and episodes overlap extensively only general similarities (Hintzman & Curran,
1994) or so called gist information (Reyna & Brainerd, 1995) might be recalled
perfectly*. In such a situation individuals may fail to remember distinctitem
specific informatiorthat would allow to differentiate one episode from another.
Similar kinds of problems arise when information is retrieved from memory.
Focusingas a part of retrieval means that first the rememberer has to form a refined
description of the characteristics of the episode to be retrieved. Quality and cor-
rectness of focusing depend on the retrieval cue. For instance, a retrieval cue that
matches more than the soughtafter episode can activate false information. After
retrieving different features antbmpleting the patterof an episode a decision
has to be made about whether the information constitutes an episodic memory or
is a generic image. The rememberer has to perforritarion settingprocess
in which the diagnostic value of the different information for the determining of
the origin of the retrieved pattern has to be considered. The use of lax source
monitoring criteria increases the probability of accepting images or fantasies.

1in the following the terngeneral informatioris used to refer to similarities between different
episodes.
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In sum, the act of memory retrieval is seen as the outcome of multiple, fun-
damentally reconstructive component processes suggesting that errors can occur
at every point of the process. Such errors cause the creation of false memories
which are considered in the next Chapter.



Chapter 2

False Memories

"Error production is, after, a part of normal human behavior.”
(cited in Elton, Band & Falkenstein, 2000, p.85)

The following Chapter is concerned with errors in the memory process that
are observable through the creation of false memories. Theftdssmemorys
defined in section 2.1, while I will focus in this Chapter on a special kind of false
memory: false recognition A historical overview about research to the topic is
given (section 2.2). The basic paradigm used for the investigation of false recog-
nition is introduced in section 2.3. In section 2.4 results from behavioral studies
are reviewed. The investigation of patients suffering from brain damage can also
provide useful information about the processes involved in false recognition as
indicated in section 2.5. The Chapter is completed by the review of results from
brain imaging studies with healthy participants (section 2.6).

2.1 What are False Memories?

lllusions of memory are a perennial source of fascination. Also with regard to the
constructive model of memory (CMF, cf. section 1.3), it seems surprisingly how
often and with what confidence people remember things and events that never
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happened. As indicated by the description of the CMF, errors can occur at every
point of the memory process. Such errors can result in the retrieval of false infor-
mation, i.e., can result in so called false memories. To phrase it more specifically,
false memories are seen as the illusion of remembering events that never happened
(for reviews see Schacter et al., 1998a; Schacter, Coyle, Fischbach, Mesulam &
Sullivan, 1995; Roediger, 1996; Reyna & Lloyd, 1997; Lampinen, Neuschatz &
Payne, 1998).

There are two major types of memory distortions that illustrate constructive
processes: That are firgitrusions and confabulationswhere people recall on
their own non-presented information (intrusion) together with previously studied
information or provide narrative descriptions of events that never happened (con-
fabulation). The other type of memory distorsions is cafde recognition In
this case people claim that a presented novel item or event was studied before.
Such false recognition can for instance arise from phonologic (e.g., Reinitz, Ver-
faellie & Milberg, 1996; Rubin, Van Petten, Glisky & Newberg, 1999) or episodic
(e.g., Miller & Gazzaniga, 1998) relations between studied items and non-studied
testitems. | will review some points of all mentioned kinds of memory distortions.
However, in this Chapter | will focus on false recognition arising from a semantic
overlap between study and test items which is most relevant for the issues under
investigation and was also of interest in a majority of studies.

2.2 Historical Overview

Experimental interests in false memories started with the fam@u®f the Ghosts
study from Bartlett in 1932. Participants read an Indian folktale and were required
to recall it repeatedly. Bartlett reported intrusions in the memory of the partici-
pants over repeated attempts to recall the story. Although his results could not
be replicated by other authors (cf. Roediger & McDermott, 1995), many stud-
ies followed the lead of Bartlett in examining errors by using materials that tell
a story. For instance, Bransford and Franks (1971) required participants to study
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different sentences about different features of a story. Some sentences consisted
of only one information, other sentences consisted of more than one information,
but no sentence contained all information about the story. However, in the later
recognition test participants were often convinced that they had heard the sentence
containing all information.

Especially during the past few years interests in memory distortions increased
rapidly, largely released by debates about the accuracy of traumatic memories re-
covered in psychotherapy (e.g., Loftus, 1993; Lindsay & Read, 1994). Itis argued
that certain therapeutic practices can cause the creation of false memories. For in-
stance, Roediger, Wheeler and Rajaram (1993, cited in Schacter et al., 1995, p.17)
required participants to make guesses about what items had appeared in a learned
study list. Later they often believed that many of their incorrect guesses were real
memories. Such results elicited questions whether we can trust our memories and
whether there are special characteristics of a memory. Such characteristics could
tell us whether a remembered event is a real memory or an illusion. Work on
eyewitness testimony is another area where knowledge about occurrence of false
memories is important. The most famous studies in this area are those by Loftus
and her colleagues concerning the effects of misleading post-event suggestions
(e.g., Loftus & Pickrell, 1995; Loftus, Feldman & Dashiell, 1995). In a typical
design, participants first see slides or videotapes of an event. Then questions about
the event follow where some of them contain suggestions of incidents that never
occurred. In the last phase of the design, participants are asked to indicate what
occurred in the original event. In one study by Loftus, Miller and Burns (1978),
participants watched a slide presentation of a car accident. Then misleading infor-
mation that a stop sign was a yield sign was presented to one group of participants
via questionnaire. Later, in the test phase, participants were asked whether a stop
sign or a yield sign was presented in the original slide presentation. While the
rate of correct responses was 75 % for not-misleaded participants, the rate for the
misleaded group was only 41 %. Reports like this indicate that participants can
be disturbed by misleading post-event suggestions. Some authors explained the
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effect as the overwriting of the seen episode, while others claimed that the ef-
fect was due to source monitoring confusion (Johnson et al., 1993). That means
that participants might not be able to differentiate whether the information they

retrieved was presented in the scenes or only occurred in the questions.

Studies of misleading suggestions are a prominent example of false recogni-
tion and are also in the focus of recent interests, especially for research to eyewit-
nesses testimony. However, it was the review and the modification of a paradigm
first introduced by Deese (1959) that leveraged research to semantic false memo-
ries. This was done by Roediger and McDermott (1995), who demonstrated high
levels of false recall and false recognition using word lists of semantic associates.
The basic paradigm which was used subsequently by a large number of exami-
nations is introduced in the next section 2.3 before empirical evidence for false
recognition arising from semantic relations in behavioral studies is reviewed in
section 2.4.

2.3 The Basic Paradigm

The basic paradigm used by most authors examining semantic false recognition
was introduced first by Deese in 1965. Deese tested memory for word lists using
a single-trial free-recall paradigm. He was especially interested in the prediction
of the occurrence of intrusions. Deese developed 36 word lists each consisting
of 12 words that are primary associates of a critical non-presented word (the so
called LURE word. After the study phase, some of the lists reliably induced
participants to recall the LURE word as an intrusion in the later test. Roediger
and McDermott (1995) revived and modified the materials from Deese and de-
veloped a paradigm for the examination of false memories. Subsequently, the so
called Deese paradignwas used in many studies examining characteristics and
processes underlying false recall and recognition of semantically related material.
The procedure in the Deese paradigm is as follows: First, participants learn
different lists of semantic associatives to a critical non-presented word, i.e., the
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Foot - shoe, hand, toe, kick, sock ...
Sweet - sour, candy, sugar, bitter, good...

Slow - fast, stop, delay, traffic...

Figure 2.1:lllustration of the Deese Paradigm (Deese 1965; cf. Roediger & McDermott,
1995). A detailed description is given in the text.

LURE word. As shown in Figure 2.1 participants learn for instarstee, hand,

toe, kick, sandals, soccer, yard, walk, ankle, arm, boot, inch, sock, smell, mouth
words that are all high associates to the LURE wioat, which is not presented

in the study phase. After a delay, recall or recognition memory tests are performed
in which participants often claim that they have also studied the LURE Yoortd

False alarm rates for such LURE words (false recall or recognition) exceeded 70
% in some conditions and were often nearly as high as the true recall or recogni-
tion rate. Participants are often also very confident that they have done a correct
judgement. Different behavioral results, starting with the well known study of
Roediger and McDermott (1995), are reviewed in the next section.

2.4 Behavioral Evidence for False Memories

Roediger and McDermott (1995) used in a first experiment six of Deese’s (1959)
12-item study lists to replicate the high delusion rate for critical LURE words.
Participants were required to learn the lists for a later recall test. In this test partici-
pants often recalled the non-presented LURE words, similar to the results reported
by Deese. The authors found a mean false recall probability of the critical LURE
words of 40 % compared to a true recall rate of 65 %. In a following recogni-
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tion memory test the false recognition rate for LURE words of 84 % approached
even the true recognition rate of 86 %, while the rate of false old responses to
non-related non-studied words (NEW words) was rather small (2 %). In a next
step the authors expanded the original materials to twenty-four 15-item lists and
revealed with these materials 62 % true recall compared to a rate of 55 % false
recall in a second experiment. Participants who performed a recognition memory
test showed 72 % false recognition that was slightly larger than the rate of true
recognition with 65 %. Both recognition rates were enhanced for participants that
performed the recognition memory test after the recall test (true recognition: 79
%, false recognition 81 %). Results suggest that true and false recognition behave
very similar, an assumption that was further supported by the rates of Remember
responses (Remember/Know procedure, cf. section 1.1.1). Participants provided
similar rates of Remember responses to true and false recognition suggesting that
LURE words were retrieved like OLD words. In sum, authors showed a power-
ful false memory effect in both recall and recognition within the same paradigm
using semantic associates. Due to the high rates of Remember responses to false
recognition, it was suggested that LURE items did not just evoke a feeling of fa-
miliarity but instead were consciously recollected as having occurred in the study
phase.

Also in line with this interpretation are results reported by Payne, Elie, Black-
well and Neuschatz (1996). The authors used the word lists from the Deese
paradigm and showed that the critical non-presented LURE words were recalled
and recognized nearly as often as studied OLD items. Participants also indicated
that they experienced the false recognized or recalled LURE words as being sim-
ilar to the recognized or recalled OLD words. Participants also reported without
hesitation whether a particular item had been presented in a male or in a female
voice even when in fact these words had not been presented.

Results of the indistinguishability between true and false recognition support
the idea that participants generate non-presented LURE words at the time of study
in response to an associated word via spreading activation through the mental lex-
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icon. Thelmplicit Associative Response (IAlea was first proposed by Under-
wood (1965) who stated that when participants see a word sublutees they
might think of the associatbread Later, if breadis presented in a recognition
test, participants might claim that they recognize its occurrence in the studied list
because of the earlier implicit associative response.

Given these results, it seems plausible to assume that the more associative
words are studied the higher is the possibility of the activation of the LURE word.
Robinson and Roediger (1997) required participants to study word lists contain-
ing 3-, 6-, 9-, 12-, or 15-associates taken from the Deese lists. Independent from
the length of the word lists, which was held constant in a second experiment by
using non-related filler words, the authors reported decreasing veridical recall and
increasing false recall with increasing numbers of associates. After the recall test,
participants also performed a recognition memory test. Although the recogni-
tion rates might be influenced by the preceding recall test, false recognition also
increased with increasing rates of studied associates. The relation between the
number of studied associates and false recognition was also supported by other
studies (Hall & Kozloff, 1973; Shiffrin, Huber & Marinelli, 1995) and was also
found for words from different semantic categories: In one experiment, Hintz-
mann (1988) required participants to learn different words, varying the number
of words from one semantic category between 0 to 5 items. In the later recog-
nition test, the rate of accurate recognition of studied category members as well
as the rate of false recognition of non-studied members from studied categories
increased as a function of category size in the encoding list.

It was shown that the activation of LURE words via IAR might also occur even
when there is no memory for studied items. Seamon, Luo and Gallo (1998) pre-
sented word lists from the Deese paradigm at rates of 2 sec, 250 ms, or 20 ms per
word. In the later recognition test, the authors reported reliable false recognition
even when participants were unable to discriminate studied words (OLD words)
from unrelated non-studied words (NEW words). This result indicates that LURE
words are activated non-consciously. However, the predominance of Remember
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responses for false recognition in the studies mentioned above (Roediger & Mc-
Dermott, 1995; Payne et al., 1996) suggests that the associative response also had
to occur consciously to the participants during encoding. It is argued that memory
traces were also formed for non-presented but semantically related LURE words
and that later recognition was based on a failure of reality monitoring in retrieval
(Johnson & Raye, 1981) or of source memory failure (Johnson et al., 1993, cf.
also section 1.3).

So far, evidence for the high similarity between true and false recognition
was reviewed. There are, however, also other studies reporting differences in the
characteristics of true and false recognition. For instance, Read (1996) required
participants to read 12 associates of the critical non-presented LURESIe®ol
and to recall these words after a short delay. In the test, participants often claimed
that the study list also contained the LURE word. Interestingly, Confidence and
Remember ratings for false recall resembled ratings for true recall only if the
LURE wordsleepwas assigned to an early position in the list.

Similar results were also found in a second experiment, where Read (1996)
manipulated the encoding conditions. One group of participants was focused on
the list order in encoding (serial-learning), a second group should concentrate on
the meaning of the studied words (elaborative-rehearsal), while a third group was
required to keep in mind the last word presented (maintenance-rehearsal). Elab-
orative rehearsal and maintenance rehearsal produced similar rates of false recall
(73 % vs. 76 %, respectively), while the serial-learning condition led to fewer
recalls ofsleep(50 %). Although participants reported high rates of Confidence
and Remember responses for false recall in all three encoding conditions, the rate
was lower than the rate reported for actual studied items. However, like in the first
experiment, differences between these rates were smallest when the LURE word
sleepwas assigned to an early list position.
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That false recall is not always subjectively equivalent to memories of real
events was also supported in a study performed by Mather, Henkel and John-
son (1997). Participants learned auditorily presented word lists of the Deese
paradigm. In the subsequent recognition test, half of the participants completed a
memory characteristics questionnaire (MCQ) for each word called old, while the
other group of participants gave Remember/Know judgements. The MCQ ratings
showed that false recognition was accompanied by less auditory details and less
remembered feelings and reactions than true recognition. Participants also were
less likely to assign Remember responses to falsely recognized LURE words than
to true recognition. In sum, both the MCQ and the Remember ratings indicated
that there were differences between true and false memories (for similar results
cf. Norman & Schacter, 1997). In addition, Mather et al. (1997) reported lower
rates of false recognition for a thematically intermixed word order during study
than for a thematically blocked word order (for similar results cf. McDermott,
1996). The authors claimed that the blocked study-acquisition favors the use of
information that items have in common (i.e., general information) to encode or
recognize items. It is suggested that this information can override perceptual dif-
ferences (i.e., item specific information) that might help individuals to distinguish
true from false memories.

Consequently, these results showing differences in the characteristics of true
and false recognitions are more in line with an explanation of false recognition
using theFuzzy trace modgk.g., Brainerd, Reyna & Brandse, 1995a; Reyna &
Brainerd, 1995). The Fuzzy trace theory maintains that persons may develop two
separate representations during encodingerbatim memory tracand agist rep-
resentationof the semantic context. It is proposed that while true recognition can
be caused by the access of the verbatim representation or of the gist representa-
tion, false recognition might be only based on the gist representation. For instance,
results from a study performed by Gallo, Roberts and Seamon (1997) can be in-
terpreted in line with this model. Authors reported that participants could reduced
their false recognition rate if they were forewarned about the effect. It might be
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that forewarned participants tried to use more verbatim than gist representation
that in turn reduced false alarms to LURE words.

One potential problem for the Fuzzy trace model is that false recall and recog-
nition were experienced as tapping quite specific knowledge by participants in
many studies, even if some studies challenge the similarity between true and false
recognition. For instance, participants claim to remember the actual occurrence
of the items in the lists and are willing to attribute serial positions to these items.
Furthermore, if OLD words were prior studied in different voices, participants at-
tributed one voice to falsely recognized non-studied items (cf. Payne et al., 1996).
However, due to the higher rates of such item specific informations revealed in
studies like the one of Mather et al. (1997) it might be that verbatim and gist
representation exist for true and false memories but that verbatim is larger for
actually studied words. Within the domain of autobiographical memory, Con-
way and Rubin (1993) also referred to different forms of memory, differentiating
betweengeneral event knowledgend event specific knowledganhile general
events are associated with high-level episodes sugjoiag on holiday in Ger-
many event specific knowledge means special episodes within the general event,
like visiting the \blkerschlachtdenkmaWhen this model is accommodated to the
Deese paradigm, then the general event represents the information that matches
between words from a list (i.e., all words have a semantic relation to a non-studied
word) and the specific event would refer to the remembering of the specific item.
Note that also results of the relation between numbers of studied associates and
rates of false recognition can be interpreted in terms of a differentiation between
general and item specific information. The study of more associates could lead
to a larger amount of general information, i.e., is more likely to match with the
LURE word. However, strong item specific memory traces can also suppress the
effect of general information. McDermott (1996) required participants to study
and recall the same lists of semantic associates across five study-test trials. Free
recall of studied words increased systematically across trials whereas false recall
of semantically related words decreased systematically across trials.
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Another study performed by Israel and Schacter (1997) also pointed towards
the usefulness of strong item specific information to suppress false recognitions.
Authors found clear decrease in false recognition after studying pictures rather
than words only. The additional studying of pictures enhanced discrimination be-
tween OLD and non-studied items. Furthermore, rates of Remember responses
for OLD items increased while rates of Remember responses for false recognition
decreased.

In sum, different studies were reviewed showing high false recall and recogni-
tion rates for semantic related materials using the Deese paradigm. Results can be
interpreted in terms of mainly encoding-related processes, that point to the activa-
tion of LURE words in encoding via associative mechanism and the later retrieval
of such intern generated memory traces like true memories. However, behavioral
results from the Deese paradigm also support more retrieval-related assumptions
for the creation of false recognition. In such models, false responses to LURE
words occur because such words have a high overlap with the general information
of the studied words.

2.5 Neuropsychological Studies of Brain-damaged Patients

Neuropsychological studies of patients with brain lesions have long been con-
cerned with memory processes. With the already mentioned constraints such
studies provide an useful source for decomposing and understanding the dynamic
interplay of psychological and biological processes that contribute to memory pro-
cesses (cf. Chapter 1). However, beside observations concerning confabulations
about past experiences in patients with lesions to the ventromedial frontal lobes
and nearby regions in the basal forebrain (for an overview about confabulations
cf. Moscovitch, 1995), the false recognition phenomena was only recently part of
systematic investigations in patients suffering from medial temporal lobe lesion or
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frontal lesion. At first a short overview is given about studies performed with pa-
tients suffering from lesions of the medial/temporal and/or the diencephalic brain
regions, lesions that lead to amnesia. A second section is concerned with empiri-
cal evidence from patients with frontal lobe lesions. As it was indicated in section
1.2 these brain structures are especially important for memory processes.

2.5.1 Medial Temporal/ Diencephalic Lesion

There were several studies performed by Schacter and colleagues examining false
recognition after medial temporal or diencephalic lesions using word lists from the
Deese paradigm. Schacter, Verfaellie and Pradere (1996d) reported fewer rates of
true recognition and higher rates of false alarm to NEW unrelated words for am-
nesic patients than for their matched controls. This result is not surprising because
amnesic patients are highly impaired in the encoding of new information and it
was shown that such patients are highly affected in recognition memory or recall
tests (for an overview, see Parkin & Leng, 1993). More interestingly, amnesic
patients revealed a smaller rate of false recognition than did controls. This result
was replicated (Schacter, Verfaellie & Anes, 1997b) and further extended to per-
ceptual false recognition, where LURE words are physically, rather than concep-
tually, related to previously studied words. Data indicated that medial temporal/
diencephalic structures play a role in storage and/or retrieval of the semantic (or
perceptual) information that drives false recognition in healthy controls. How-
ever, an earlier study performed by Cermak, Butters and Gerrein (1973) in which
related non-studied words were preceded by a single homophone, associate, or
synonym, revealed higher overall levels of false recognition for amnesic patients
than for controls.

It was argued that these varying results are caused by the different experimen-
tal designs. It is likely that controls build a semantic gist and use this general
information for judgements in the test phase after studying word lists from the
Deese paradigm. This should not happen for amnesic patients, who hence show
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reduced levels of false recognition. However, in the single word paradigm con-
trols might not build such a semantic gist. Instead, item specific information may
be more important for the recognition judgements. This provides an explanation
for the smaller level of false recognition for controls than for amnesic patients in
such a paradigm. Another difference between the studies was that Cermak et al.
(1973) examined only patients suffering from the Kor- sakoff Syndrome, a spe-
cial kind of organic amnesia that most commonly arises from chronic alcoholism.
Schacter et al. (1997b) examined mixed groups of non-Korsakoff and Korsakoff
patients. While non-Korsakoff patients show the already mentioned damage to the
medial-temporal or/and diencephalic brain structures, Korsakoff patients exhibit
also widespread reductions in grey matter volumes in the orbito-frontal cortex.

To clarify the described differences and to compare different groups of pa-
tients suffering from organic amnesia, an additional experiment was performed
by Schacter and colleagues (Schacter, Verfaellie, Anes & Racine, 1998b). The
same study lists of semantic associates were repeatedly presented to and tested
on Korsakoff patients, non-Korsakoff patients, and matched controls. Partici-
pants studied six lists of words and performed a recognition test after a delay.
This procedure was then repeated another four times. Reduced true and false
recognition rates for amnesic patients in the first study-test trial compared to their
controls replicated results from prior studies of Schacter and colleagues. Across
study-test trials true recognition increased in all groups. However, while controls
decreased their rate of false recognition across trials (for similar results cf. Mc-
Dermott, 1996, see section 2.4) Korsakoff patients showed an increasing level of
false recognition. For non-Korsakoff amnesics no systematic pattern was found,
they showed fluctuating levels of false recognition across trials.

It was suggested that the repeated presentation of word lists lead to an increas-
ing representation of the semantic gist in all participants. Controls might be able
to use their also increasing item specific information to reject non-studied related
words. This was supported by a signal detection analyses which revealed increas-
ing conservative response criterias across trials for controls (for same assump-
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tions, cf. Israel & Schacter, 1997). Amnesic patients in general cannot use such
item specific information due to their impairment of explicit memory. However,
data revealed an increase in the sensitivity to general information for Korsakoff
patients but not for non-Korsakoff amnesics. Non-Korsakoff amnesics might be
at least partially able to suppress the strengthening influence of semantic gist. The
additional frontal lobe lesion in Korsakoff patients might impair post-retrieval and
verification processes that are necessary to suppress false recognition. An alterna-
tive possibility is that deficits in source memory (Schacter, Harbluk & McLachlan,
1984; Janowsky, Shimamura & Squire, 1989b) are implicated in the observed ef-
fects.

It is indicated by the results obtained for Korsakoff patients that the frontal
lobe structures play an important role in memory processes. In the next section
the involvement of this structures is reviewed in more detail by the description
of results found by patients with intact medial temporal and intact diencephalic
structures but frontal brain lesion.

2.5.2 Frontal Lobe Lesion

Studies of patients with frontal lobe lesion implicate that this structure plays an
important role in memory for temporal order, source memory, as well as many
other aspects of encoding and retrieval conditions (cf. Janowsky et al., 1989; Shi-
mamura & Squire, 1987; Schacter, 1987; Shimamura, 1994). A number of inves-
tigators have argued that confabulation is associated with frontal-lobe lesion (e.g.,
Kapur & Coughlan, 1980; Moscovitch, 1995) and it was also shown that frontal
lobe damage is associated with high rates of false recognition. Case studies of
patients with ruptured anterior communicating artery aneurysms and associated
frontal-lobe damage report an unusually high number of false alarm responses on
recognition tests which were accompanied by high confidence (Delbecq-Derouesne,
Beauvois & Shallice, 1990; Parkin, Blindschaedler, Harsent & Metzler, 1996).
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The most famous case of frontal lobe lesion was reported by Schacter, Curran
and their colleagues (Schacter, Curran, Galluccio, Milberg & Bates, 1996b; Cur-
ran, Schacter, Norman & Galluccio, 1997, cf. also Schacter, 1996). They de-
scribed a patient B.G. suffering from a right fronto-lateral brain lesion in front of
the precentral gyrus. The patient showed pathologically high rates of false alarms
to non-studied words which were semantically related to the studied items, i.e., to
LURE words. Furthermore, most of B.G.s false alarms were accompanied by Re-
member responses. Schacter et al. (1996b) suggested that B.G.s false recognition
deficit reflects the use of inappropriate decision criteria at test. B.G. said 'Remem-
ber’ if an item matched general characteristics of the study episode, whereas con-
trol participants said 'Remember’ only if they retrieved specific information about
that item’s presentation in study. However, Curran et al. (1997) increased B.G.s
ability to recollect specific details about presented words by providing a semantic
encoding task. In this design all false alarm responses were Know responses, indi-
cating that B.G. was able to discriminate between studied and non-studied words
when he had access to good recollective informations. In an additional experi-
ment Curran et al. (1997) showed that Remember responses to non-studied items
were based on specific information from an inappropriate context. This result is
in line with other studies showing that frontal lobe damage leads to a deficient
source monitoring (e.g., Janowsky, Shimamura & Squire, 1989b). In sum, it was
suggested that B.G. suffered from the overreliance of general similarity between
test items and general characteristics of the study episode.

2.6 Electrophysiological and Haemodynamical
Studies
Compared to the great amount of studies on true recognition performed with

healthy participants (cf. Mecklinger, 2000; Rugg & Allan, 2000, see also section
3.2.2) there are only some studies examining electrophysiological and haemo-
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dynamical correlates of brain activity to false recognition. The former method,
i.e, the measurement of Event-Related brain Potentials (ERPS), provides a high
temporal resolution of the ongoing changes in electrophysiological brain activ-
ity. This great advantage comes along with a relatively poor spatial resolution (cf.
Fabiani, Gratton & Coles, 2000a; Hillyard & Kutas, 1983). In contrast, haemo-
dynamical correlates of brain activity that are provided by functional Magnetic
Resonance Imaging (fMRI) are characterized by a high spatial resolution but a
poor temporal resolution. Another method providing high temporal resolution
by the examination of blood flow changes is the Positron Emission Tomography
(PET) (for an overview about the different methods e.g., Posner & Raichle, 1996).
In the following section studies using ERP, fMRI, and PET measurements will be
described focusing again on false recognition elicited by semantically related ma-
terials.

As it is the case for behavioral studies of false recall and recognition, most
of the studies investigating correlates of brain activity for false recognition, used
variants of the Deese paradigm. Schacter et al. (1996c¢) used PET to examine
blood flow changes within the brain correlated with false recognition. Partici-
pants studied auditory presented words from the Deese lists for a later recognition
memory test in which blood flow was measured. Rates of true recognition (68 %)
were only slightly different from the rates obtained for false recognition (58 %)
and also brain activities for both conditions were quite similar. However, blocks
of OLD items produced more blood flow than blocks of related LURE words in
the left temporo-parietal region, an area that is seen as related to phonological pro-
cessing. Consequently, results are in line with behavioral studies in which more
auditory details for OLD words than for LURE words were obtained (e.g., Mather
et al., 1997). This interpretation has to be made with some caution because of
the proximity of the temporo-parietal region to those implicated in semantic pro-
cessing and the possibility of differential semantic context effects in the Deese
paradigm. LURE words share, by definition, semantic features with many stud-
ied words and are highly associated to all words in the special word lists. Such
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relations are smaller for OLD words, a difference that could be also reflected by
differential blood flow in the left temporo-parietal region (Rubin et al., 1999).
Schacter et al. (1996c¢) also reported a statistical trend for greater blood flow dur-
ing blocks of LURE words in the prefrontal cortex, indicating that this structure
might be involved in the effortful processes necessary to distinguish true from
false memories. Other regions such as the medial temporal lobe showed similar
increases in blood flow for OLD and LURE words.

One problem of the PET study might be that it required a blocked presen-
tation of the different item types, which is not the case for behavioral studies.
To examine directly whether brain activity found in the PET study can account
for the processes occurring in behavioral studies of false memory, Johnson et al.
(1997) studied electrophysiological correlates of true and false recognition in a
random and a blocked test presentation. Behavioral results did not differ between
the both test presentations of OLD, LURE, and NEW words; Rates of false recog-
nition (67 % blocked, 70 % random) and rates of true recognition (66 % blocked,
61 % random) were rather similar and larger than old responses to NEW words
(25 % blocked, 30 % random). Interestingly, differences arose in the measured
ERPs. In the random condition ERPs for true and false recognition were similar,
while ERPs for true recognition were more positive then those measured for false
recognition in the blocked condition. The authors argued that the different pattern
of results for the random and blocked test presentation reflects different response
criteria. It was suggested that participants judged mainly on the basis of an over-
all feeling of semantic familiarity in the random condition, while they more likely
attempted to assess perceptual and contextual qualities of their memories in the
blocked condition. Thus, it was concluded that brain activation found in the PET
study (Schacter et al., 1996c) does not necessarily reflect brain activation patterns
occurring in behavioral studies because test conditions were largely different.

Another ERP study was reported by Diizel and colleagues (1997) who used
a randomized paradigm similar to that used by Johnson et al. (1997). Rates of
false recognition (50 %) were somewhat smaller than the rates of true recognition
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(63%) but both rates were higher than false responses to NEW items (21 %). ERPs
to true and false recognition were similar although a larger N400 was obtained for
OLD words. This result might also be related to differential semantic context
effects for OLD items and related LURE words in the specific implementation
of the Deese paradigm like it was discussed for the results from the PET study
performed by Schacter et al. (1996c¢). As already mentioned, LURE words are
related to a larger number of studied items then are studied items themselves.
OLD words were selected for their semantic relationship to the critical LURE
word but not for their relationship to each other. Consequently, OLD words (e.qg.,
strong provide semantic context for LURE words (e.gnan). However, it might

be that OLD words provide no or even smaller amounts of semantic context for
other OLD words (e.g.beard from the respective Deese list in the recognition
test. Because the N400 amplitude is exquisitely sensitive to the semantic context
(for review Kutas & Van Petten, 1994), this may account for the N400 difference
between true and false recognition observed lydédet al. (1997; cf. Rubin

et al., 1999). Note that the smaller N40O found for false recognition could also
result in an overestimation of the somewhat later occurring positive old/new ERP
effect for false recognition.

Schacter and colleagues (1997a) used fMRI measures to compare haemo-
dynamic responses to OLD words and related LURE words with random and
blocked presentations as it was done by Johnson et al. (1997). Blood oxygena-
tion levels in the left temporo-parietal cortex did not discriminate the two item
types in either format. Also other regions showed no difference for true and false
recognition.

In sum, studies using the Deese paradigm showed similar brain activations for
true and false recognition particularly when random test presentations were used.
Small differences between true and false recognition found in some studies might
reflect the differential semantic relations of OLD and LURE words to other OLD
words in the respective list. Consequently, it seems that false recognition is based
on the same processes like true recognition, supporting the view that LURE words
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were already activated at encoding (IAR, cf. section 2.4) and later retrieved like
studied words. However, it might be that it is the difference in semantic relations
for OLD and LURE words that enhances artificially the activation of LURE words
via associative mechanisms. This could result in equivalent activation for LURE
and OLD words in the encoding phase and, in turn, in equivalent brain activities
for true and false recognition in the test phase. Miller and Wolford (1999) pointed
to an additional problem of the word lists from the Deese paradigm. It was argued
that the asymmetrical relationship between OLD and LURE words could also lead
to different response criterions in the test phase.

The present work examines brain activation patterns for true and false recog-
nition with materials overcoming the limitations mentioned for the lists from the
Deese paradigm. Before questions and aims are introduced at the end of the next
Chapter, an overview about the method of Event-Related brain Potentials (ERPS)
is given. ERPs were used in the present experiments to examine true and false
recognition because this method is well suited for the examination of cognitive
processes involved in memory retrieval.






Chapter 3
Electrophysiology of Memory

The measurement of electric activity of the brain (Electroencephalogram, EEG)
provides a non-invasive method to directly examine brain functions and to make
inferences about regional brain activity. Moreover, Event-Related brain Poten-
tials (ERPs), small voltage oscillations embedded in the background EEG, reflect
activity time-locked to the ongoing information processing of a particular event
(Hillyard & Kutas, 1983). ERPs allow a high temporal resolution and can be used
as a link between neuroscience and cognitive psychology. They are a method to
investigate functionally relevant brain activity. The present Chapter introduces the
electrophysiology of the brain in general and of memory processes in particular.
In the first section, a short overview of the EEG and the ERP approach is given
(3.1.1), and the physiological basis for the electric activity is introduced (3.1.2).
Then different approaches for the identification of ERP components are described
(3.1.3) and inferences that can be made from ERP data are discussed (3.1.4). Fi-
nally, ERP correlates of memory functions are reviewed in section 3.2 focusing
on ERP effects obtained in recognition memory tasks (section 3.2.2) especially
relevant for the present study.

For a comprehensive overview of EEG and ERPs and their use in cognitive
psychology, the reader is referred among others to Andreassi (1980), Hillyard and

39



40 3. Electrophysiology of Memory

Kutas (1983), Cooper, Osselton and Shaw (1984), Coles and Rugg (1995), Luck
and Girelli (1998), Fabiani et al. (2000a). An overview of ERP correlates of
memory functions is for instance given by Rugg (1995b), Johnson (1995), Rugg
and Allan (2000), or Friedman and Johnson (2000).

3.1 Human EEG and ERPs

3.1.1 Overview and Advantages

There has been an increasing interest in the relation between electric activity of
the brain and psychological processes ever since Berger (1929) reported his first
recording of electric activity from the human brain. To obtain an EEG electrodes
have to be attached on the surface of the scalp. The exact location of different
electrodes on the scalp is mainly referenced to the 10-20 system (cf. Figure 3.1,
Jasper, 1958). This system specifies electrodes in terms of their proximity to
particular regions of the brain (frontal, central, temporal, parietal, occipital) and
in terms of the location of the lateral plane (odd number for left, z for midline,
even numbers for right). To get more spatial information the 10-20 system is
usually enhanced by the use of a higher density of electrodes.

First examinations and analyses of electric activity of the brain were con-
cerned with spontaneous rhythmic oscillations, i.e, the electroencephalogram (EEG).
The most common characteristics of the EEG are the frequency and the amplitude
parameters, which depend on developmental conditions as well as on activation
states. In general, the measured brain activity is described with regards to one of
four frequency ranges. Activity at a rate of 8 to 13 Hz with a magnitude of about
20 to 60 microvolts is called thalphafrequency range. Such activity preponder-
ances the EEG if a person is relaxed, has closed the eyes, or is tired. Waves in
the Betafrequency range (14 to 30 Hz) are common when a person is involved
in mental or physical activity. Such brain activity is marked by low amplitudes
of around 2 to 20 microvolts. Furthermore, thietafrequency range (frequency
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Nasion

Inion

Figure 3.1: The 10-20 system for electrode placement (adapted from Coles & Rugg,
1995, p.4). The principal locations are defined in terms of the relative distances (in 10 or
20 percentile values) along two major axes: the anterior-posterior axis (from nasion to
inion) and the coronal axis (from left to right postauricular points). Other locations are
defined in relation to these principal locations.

around 4 to 7 Hz, amplitude of around 20 to 100 microvolt) is obtained during
drowsiness. Th®elta range appears only during deep sleep in healthy individ-
uals. Waves in this frequency range are marked by large amplitudes (20 to 200
microvolt) and low frequencies (0.5 to 3.5 Hz) (for an overview of descriptive
characteristics of the EEG and routine frequency analysis see Davidson, Jackson
& Larson, 2000).

More recent research focuses on electric activities that are time-locked to in-
ternal or external events. ERPs are small voltage oscillations (a few microvolts)
embedded in the EEG (about 50 microvolts). They occur in preparation for, dur-
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ing, or in response to sensory, cognitive, and motor events and they provide precise
information about the time course of information processing. The most common
method to extract the ERPs from the background EEG is the averaging of samples
of the EEG that are time-locked to the repeated occurrence of a particular event.
All aspects of the EEG not time-locked to the event are assumed to vary randomly,
and should therefore be eliminated by averaging (for a detailed discussion of the
ERP methodology and averaging techniques cf. Cooper et al., 1984; Coles &
Rugg, 1995; Fabiani et al., 2000a). The excellent intrinsic temporal resolution in
the milliseconds range is the most important advantage of the ERP method, estab-
lishing a link between brain activity and ongoing behavior. Furthermore, ERPs
can be recorded noninvasively from healthy human individuals as well as from
patients. The use of this technique is relatively inexpensive compared to other
brain imaging methods (e.g., fMRI, or Magnetoencephalography, MEG).

These great advantages come along with a relatively poor spatial resolution.
Even with the use of high-density electrode arrays an exact localization of the
generating brain structures is not possible. This is caused by the highly resistive
properties of the skull, which acts as a spatial low-pass filter and smears the elec-
tric activity over broad areas on the scalp. In addition, the measured activity on the
scalp can result from the activation of one structure, from independent activations
of many different structures, or from the combined activity of different structures
in a network. Consequently, there is no unique solution for the question which
structures cause measured ERPs.

Despite these, temporal and spatial changes in scalp recorded activity can pro-
vide useful information on brain-behavior relations, especially on the time course
of neural events underlying changing behavior.

3.1.2 Physiological Basis of Electric Brain Activity

What makes it possible to observe electric activity on the scalp?
The exact physiological background is still an unsolved question (for a discus-
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sion of the physiological determinants of the EEG cf. Nunez, 1981; Allison,
Wood & McCarthy, 1986) but biophysical and neurophysiological considerations
suggest that EEG-waveforms are not generated by single axonal action poten-
tials. Instead, it is assumed that the waveforms do result from a modulation of
dendritic inhibitory or excitatory post-synaptic potentials (IPSP and EPSP, re-
spectively). EEG-waveforms are generated when neurotransmitters bind with re-
ceptors on post-synaptic neurons (cf. Birbaumer, Elbert, Canavan & Rockstroh,
1990; Cooper, Osselton & Shaw, 1984). Further, such post-synaptic potentials
also have a longer duration than action potentials and are more likely to be syn-
chronous. Synchronization is necessary because the electric activity associated
with a particular neuron is very small, so that the neural activity to be recorded
on the scalp requires the integrated activity of a large number of neurons. Neu-
rons also have to be arranged in a parallel orientation, to summate their individual
electric fields. Such orientations are known as 'open fields’ and are obtained in
the cortex, the cerebellum, or parts of the thalamus where neurons are organized
in layers. Such a field can be represented as a single, equivalent current dipole
that causes a passive volume conduction through the conductive medium of the
brain. Because neural tissue and overlying skull act as low-pass filters the field
will diminish with distance from the source and will be visible over broad areas
of the scalp (cf. Davidson, Jackson & Larson, 2000; Luck & Girelli, 1998). In
contrast to neurons in an open field configuration there are also neurons that are
concentrically or randomly organized as it is the case in some mid-brain nuclei.
Such neurons generate electric fields that are oriented in very different, sometimes
opposite directions and therefore will cancel each other. Consequently, no activity
from such structures can be measured on the scalp. Thus, one should be aware of
the fact that only a subset of the entire electric brain activity can be recorded from
scalp electrodes (cf. Fabiani et al., 2000a).
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3.1.3 ERP Components

The voltage by time function resulting from averaging contains a number of pos-
itive and negative peaks (cf. Figure 3.2).
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Figure 3.2: An idealized waveform of the computer-averaged auditory Event-Related
Potential (ERP) to a brief sound (Figure adapted from Hillyard & Kutas, 1983, p.35).

Traditionally these peaks are described as components in terms of their topo-
graphical scalp distribution, their polarity, their latency characteristics, as well as
their amplitude relative to the baseline (i.e., a positive peak obtained around 300
ms after the stimulus is called P300). The baseline is usually defined as the mean
voltage level for a period of time probably not influenced by the event (often pre-
ceding the stimulus). The first 300 ms after the occurrence of the stimulus are
mainly caused by physical properties of the external eliciting event. Such early
deflections are called exogenous types of ERPs. For the analysis of cognitive pro-
cesses endogenous types of ERPs are important. This term labels later deflections
that are determined more by the nature of the interaction between the person and
the eliciting stimuli (cf. Donchin, Ritter & McCallum, 1978).

However, the use of such descriptive terms do not allow an unequivocal in-
terpretation of the functional significance of the ERP deflections. This is because
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volume conduction does not allow us to detect the exact source of the ERPs. One
further consequence of volume conduction is the absence of a correspondence
between the timing of the distinctive features of an ERP waveform and the tem-
poral characteristics of the neural systems whose activity is reflected. Caused
by these difficulties the proposal was made that the term 'component’ should be
reserved for features of the waveform that can be attributed to the activity of spe-
cific neuronal populations. Consequently, gig/siological approactabels only

those parts of ERPs as a component which can be unequivocally related to one
neuronal generator (cf. adtinen & Picton, 1987). To isolate such possible in-
tracranial sources of electric activity measured on the scalp different techniques
are used. For instance, intracranial recordings in humans (c.f., Rugg, 1995a) and
lesion studies (e.g., Mecklinger, von Cramon & Matthes-von Cramon, 1998) were
performed, although such studies do not allow unambiguous inferences on the
function in the non-lesioned brain (cf. Gabrieli, 1998; Mecklinger, 2000). Other
authors directly examined the correspondence between electrode site and under-
lying cerebral structure by using the EEG technique as well as radiographic or
magnetic resonance imaging techniques (e.g., Homan, Herman & Purdy, 1987;
Lagerlund et al., 1993). Results reported by Homan et al. (1987) are displayed in
Table 3.1.

A common method to infer ERP sources directly from the measurements
recorded on the scalp is the dipole localization technique (e.g., BESA2000, MEGIS
Software GmbH, Munich, Germany; CURRY4, NeuroScanLabs; for an overview
of dipole localization see Scherg & von Cramon, 1985; Scherg & Picton, 1991).
The localization of dipoles starts from the assumption that the ERP waveforms
represent the summation of the activity of a number of different sources of fixed
locations within the brain and that these sources can be appropriately modeled as
equivalent dipoles. A dipole solution consists of the specification of the sources
for an ERP waveform (number, location, orientation, time course, and relative
strength of the activity). The similarity between the empirically observed scalp
fields and the scalp fields which can be computed by the proposed source solu-
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tion can be measured and this is called the 'goodness of fit'. However, the source

analysis does not lead to an unequivocal solution. Different patterns of source

activations can be represented in an equal ERP pattern.

Table 3.1:Localization of the scalp electrodes of the 10-20 system according to Homan
etal., 1987, p.379.

Electrode Brodman Cortical structures

position area

FP1, FP2 10 Rostral limit of superior frontal gyrus.

F3, F4 46 Middle frontal gyrus, near superior frontal sulcus;
rostro-caudal location - even with temporal pole.

F7 45 Inferior frontal gyrus rostral portion of pars

F8 46 triangularis.

C3,C4 4 Precentral gyrus, shoulder to wrist area, caudal to
middle frontal gyrus.

P3, P4 7 Superior parietal lobule near intra-parietal sulcus,
superior to posterior portion of supra-marginal
gyrus.

TP3, TP4 40 Inferior parietal lobule, anterior portion of supra-
marginal gyrus.

T1, T2 38 Temporal pole overlapping superior temporal sul-
cus, more in middle than superior temporal gyrus.

T3 21 Overlapping middle and superior temporal gyri,

T4 22 rostro-caudal location - posterior to rolandic fissure.

T5 37 Left-middle temporal gyrus caudal to termination of
sylvian fissure.

T6 19,37,39 Overlapping superior temporal sulcus, with rostro-
caudal location with termination of sylvian fissure.

01,02 17 Occipital lobe, lateral and superior to occipital pole,

overlapping calcarine fissure.

Consequently, it is useful to constrain the locations or parameters of putative

sources in the light of anatomical knowledge. Opitz, Mecklinger, von Cramon and
Kruggel (1999) described the combination of electrophysiological and haemody-
namic measures from one experimental design. Haemodynamic data allowed the
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localization of brain structures underlying specific cognitive functions with a high
spatial resolution. Further, this data were used as constraints for the localization of
dipoles for ERP measures, which provide a temporal resolution with milliseconds
accuracy. (cf. also, Opitz, Mecklinger, Friederici & von Cramon, 1999h).

Another approach to define a component is the use of the relation between a
part or feature of ERPs and a specific psychological process, i.e, the use of the cor-
relation to a cognitive function (e.g., Donchin, 1981; Donchin, Spencer & Dien,
1997). Thepsychological approachllows the identification of a component when
multiple generators, which form a functionally homogeneous system, contribute
to an ERP pattern. Different processing operations are likely to occur parallel
and therefore any feature of an ERP waveform can reflect more than one pro-
cess. Consequently, a subtraction of waveforms obtained in different experimen-
tal conditions should be useful to extract and to isolate unique components, whose
presence differentiate between the conditions. Beside the subtraction method the
Principal Components Analysis (PCA) tries to exploit patterns of covariation in
the ERP data sets. An overview of the subtraction method and the PCA as well
as a discussion of some critical points dealing with the varying latencies in ERP
waveforms are given in Coles and Rugg (1995).

Physiological and psychological approaches were described as if they are ex-
clusive, but for most researchers both approaches are important: Note that both
polarity and topographical distribution implying a consistency in physiological
sources as well as latency and sensitivity to experimental manipulations implying
a consistency in psychological functions are usually used to define a component
(cf. Coles & Rugg, 1995). In the following, two examples of ERP-components
are given that are of special interest for the present work: the P300 and the N400
respectively.
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P300

The P300, first described by Sutton, Braren, Zubin and John (1965), is a positive
ERP deflection after stimulus presentation maximal at centro-parietal locations in
the time window between 300 and 900 ms. The P300 is most easily recorded in the
Oddball paradigmin which participants are presented with two stimuli or classes

of stimuli. The probability of one stimulus is generally less than for the other,
and the task may be to count the rarer of the two stimuli. The basic conclusion
of these kinds of tasks is that the amplitude of the P300 is inversely proportional
to the subjective probability of task-relevant events (Squires, Wickens, Squires &
Donchin, 1976). The amplitude is also influenced by the task relevance at any
level of probability. The more relevant the event is for the task the larger the
P300 is. Also the participant’s resources, invested in the tasks, are reflected in the
amplitude. Latency of P300 may be independent of the time it takes to generate
specific motor or verbal responses to the events (Donchin et al., 1997). Different
modifications of the Oddball paradigm were used and it was shown that the P300
is no uniform phenomena. Instead, the component is seen as the summation of
activity from multiple, functionally independent generators (e.g., Johnson, 1993).
Furthermore, different P300 components could be differentiated (for an overview
cf. Opitz, 1999). The classical centro-parietal P300 to rare, task relevant stimuli
(Sutton et al., 1965), described above, is cab&th. If the stimulus is rare but not
relevant for the task, then the P300 component is more distributed at fronto-central
recording sites and has a shorter latency. This so c&®Baiwas first described

by Squires, Squires and Hillyard (1975). Courchesne, Hillyard and Galambos
(1975) reported an additional P300 component. Participants were shown rare and
frequent numbers, but they were also presented with patterns of colors which were
not task relevant. These novel stimuli elicited also a P300 with a shorter latency
than the P3b. The so callewvel P3is maximal at fronto-central locations. Al-
though the P3a and the novel P3 seems to be rather similar, functional differences
are assumed. Both components are elicited by stimuli not relevant for the task.
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However, while the P3a is elicited by rare stimuli, the novel P3 is elicited by

novel stimuli.

N400

The N400 is a negative ERP deflection in the time window between 250 and 600
ms, peaking around 400 ms, which is associated with processes of semantical clas-
sifications. The component was first observed by Kutas and Hillyard (1980), who
recorded ERPs in a sentence-reading task. Participants were required to silently
read serially presented words in order to answer questions at the end of the exper-
iment. Some sentences ended with a semantically incongruous (but syntactically
correct) word and elicited a N400 component that was larger than that elicited
by words that were congruent with the meaning. There appeared to be a cor-
respondence between the amplitude of the N400 and the degree of incongruity.
Moderately incongruous words elicited a smaller N40O than strongly incongruous
words. These results have been replicated and extended repeatedly (cf. Kutas &
Van Petten, 1994). It is assumed that the N400 is an obligate reaction of a word,
which can be reduced if the meaning of a word is predicted by the former con-
text. N40O-like components were also found with non-verbal materials as pictures
(e.g., Barrett & Rugg, 1990) and faces (e.g., Bentin & McCarthy, 1994). In gen-
eral, research on the N400 shows that this component is sensitive to the violations
of semantic expectancies and is independent of the kind of the stimuli.

3.1.4 Inferences from ERP Data

The goal of cognitive psychology is to identify cognitive processes that medi-
ate between the environment and overt behavior. Cognitive processes are imple-
mented by the brain and it is assumed that the measurement of brain activity can
provide insights into their nature. It is assumed that the high temporal resolution
of ERPs makes it possible to distinguish between subprocesses underlying differ-
ent cognitive functions, which cannot be differentiated with behavioral measures
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alone. Consequently, differences in timing and scalp topographies of particular
ERP components are used to make inferences about the timing and the spatial
configuration of the brain activity involved in cognitive processes (cf. Rugg &
Coles, 1995; Fabiani et al., 2000a). Different steps are necessary to infer the func-
tional significance of an ERP component. At the first the component has to be
'discovered’. Then antecedent conditions have to be proposed. Such conditions
refer to those experimental manipulations that will produce consistent variations
(amplitude, latency, scalp distributions) in an ERP component. This step is fol-
lowed by inferences about the psychological and/or neurophysiological functions
of the interesting ERP component (cf. Fabiani et al., 2000a).

For instance, to examine whether two conditions differ temporally, appro-
priate separations along the time dimension have to be chosen (time windows).
Furthermore, the comparison of topographical scalp distributions of the observed
components under different experimental conditions can provide useful informa-
tion about the reflected cognitive processes. ERP effects show topographical dif-
ferences, if their neural generators differ with respect to their localization. Are
the topographical distributions similar but ERP effects differ with respect to their
magnitude, then it can be inferred that respective experimental conditions engaged
the same population of generators with different strength of their activity (John-
son, 1993).

In sum, in the section 3.1 it was shown that despite some limitations, the
measurement of ERPs provide an useful method to investigate physiological as
well as psychological processes. ERPs "...can serve as ...'windows’ on cognition
- and can serve as ... 'windows’ on the brain”(cited in Coles, 1989, p.251).



3.2. ERP Correlates of Memory Processes 51

3.2 ERP Correlates of Memory Processes

The study of human memory is hampered by the covert nature of the processes
which allow us to remember past experiences: encoding, storage, and retrieval
(Johnson, 1995). Behavioral measures alone cannot specify all brain processes
involved in the given cognitive processes, because they occur after all sensory,
cognitive, and motor processes are completed. Over the last 20 years, numerous
studies have shown that ERPs are sensitive to mnemonic processes. Consequently,
there is a great interest to define exactly what aspects of memory are reflected in
the ERPS. ERPs allow an exact description of the neuronal activity in relation to

an event. The high temporal resolution of the ERP method makes this technique
ideal for studying brain mechanism involved in memory. The following section
provides a summary for knowledge about electrophysiological correlates of en-
coding as well as of retrieval processes. Because recognition processes are most
relevant for the present study, this will be considered in more detail in section
3.2.2.

3.2.1 Electrophysiological Correlates of Encoding

Memory encoding refers to the processes that lead to the formation of a memory
trace for an experience. But not everything what is experienced is later remem-
bered. Consequently, it is of interest whether the measurement of ERPs reveal
differences during encoding that might shed light on why some items are remem-
bered and other items are forgotten. The ERP technique allows to sort items on the
basis of whether the items are remembered in a subsequent memory test or not.
Using this possibility, Sanquist, Rohrbaugh, Syndulko and Lindsley (1980) were
the first who reported that during encoding subsequently successfully recognized
items elicited more positive going ERPs (around 500 ms post-stimulus and later)
than subsequently not recognized items. The so c8lidisequent Memory Effect

INote that we can only detect processes that are time-locked to an event. This is for instance not
always possible for rehearsal or free recall.
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(SMEY was replicated in many studies (for reviews see Johnson, 1995; Rugg,
1995b), thereby at least two temporally and topographically different components
could be differentiated. These are a parietal SME in the time range of the P300
and a late frontally distributed SME, which are assumed to be associated with
differential processes involved in encoding.

A dissociation in two different encoding-related ERP components was for
instance described by Karis, Fabiani and Donchin (1984). They usedothe
Restorff paradigm in which some study trials (isolates) deviate in at least one
feature (e.g., different size) from the other study items. This should result in
better memory for the isolates. Isolates and non-isolates showed more positive
going ERPs (between 500 and 900 ms) for subsequently recalled as opposed to
unrecalled words, although the P300 amplitudes were smaller for the non-isolated
words. Interestingly, participants showing largen Restorffindices (recall ad-
vantage of isolated over non-isolated words) reported rote mnemonic strategies,
while other participants reported the use of more elaborative strategies. A posthoc
comparison of the SME for isolates between this two groups of participants re-
vealed a parietal maximal positivity (in the range of the P300) for the group re-
porting rote memory strategies. However, a positive SME was only found in a late
time window (starting around 800 ms) at frontal locations in the group with more
elaborative strategies.

The differential topographical distribution of the SME could be further sub-
stantiated in a study manipulating encoding strategy directly. Fabiani, Karis and
Donchin (1990) required participants either to rehearse study items by rote (re-
peating the words silently) or by elaboration (connecting or organizing the words,
by making sentences, or forming images or pictures). SME was found for isolates
as well as for non-isolates. However, this effect was confined at posterior loca-
tions between 350 and 800 ms in the rote condition, while SME was evident at
frontal locations between 800 and 1180 ms in the elaborative condition. In sum, it

2The positive ERP effect for subsequently recognized items is sometimes also labeled 'Dm’
(difference due to memory) effect.
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was claimed that non-elaborative mnemonic strategies lead to a subsequent mem-
ory effect arising from the modulation of the P300 component, while elaborative
mnemonic strategies are associated with frontal-maximum positive ERP differ-
ences. The frontal effect was seen as an index of extended processing that over-
writes the encoding process reflected by the P300. The P300 subsequent mem-
ory effect may reflect variations in item distinctiveness which causes subsequent
memory in the absence of elaborative strategies (Donchin & Fabiani, 1991, for a
critical discussion cf. Rugg, 1995b).

Mecklinger and Miller (1996) found no evidence for the overwriting effect of
the frontal SME. The authors reported a SME comprised of a P300 and a frontally
located slow wave following the P300 for objects. In a spatial task, thought to
invoke less mnemonic strategies, no SME was revealed.

Many other studies focused on that part of the SME which temporally over-
lap the P300. It was shown that the parietal positivity, identified as SME, can-
not be accounted in terms of the modulation solely of the P300 (e.g., Friedman,
1990b; Paller, Kutas & Mayes, 1987a). The parietal part of SME is larger for
tasks requiring semantic processing than for task which do not (Paller et al.,
1987a). Furthermore, the parietal part of SME is suggested to be correlated with
the strength of encoding (Paller, McCarthy & Wood, 1988) and is suggested to
reflect elaboration (Cycowicz & Friedman, 1999; Friedman, Ritter & Snodgrass,
1996; Friedman & Trott, 2000). There are also claims suggesting that the effect
indexes memory encoding processes for explicit memories but not for implicit
memories (Paller, 1990, but cf. Paller, Kutas, Shimamura & Squire, 1987).

In sum, many studies report more positive going waveforms for items subse-
quently retrieved than for items not subsequently retrieved. Although this SME
is seen as reliable, the positivity is not consistently found and conditions which
modulate the effect are unclear. Maybe, the connection of EEG and fMRI-studies
is a way to clarify unsolved questions in future research.
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3.2.2 Electrophysiological Correlates of Retrieval
General Overview

Beside the attempts to assess electrophysiological correlates of encoding there are
many ERP studies which concentrate on ERP effects during memory retrieval.
Numerous experiments have been conducted using incidental or intentional re-
trieval tasks.

Incidentalretrieval is assessed with indirect tagké section 1.1) in which
stimulus repetition is irrelevant for the response. Participants are not required to
indicate or even be aware that the item has been presented earlier (e.g., Bentin &
Peled, 1990; Penney, Mecklinger & Nessler, 2001; Van Petten & Senkfor, 1996).
For instance, participants have to respond to occasional target items (e.g., non-
words) embedded in non-targets (e.g., words), which are repeated over intervals
of less than a minute. ERPs elicited by repeated items are usually more positive-
going than ERPs to the first presentation of the items (cf. Figure 3.3).

Cz

- First presentation
10 v

—— Second presentation

+

0 400 ms

Figure 3.3:The ERP repetition effect (adapted from Rugg, 1995b, p.146) Grand-average
ERPs from a mid-central electrode Cz elicited by the first and by the second presentation
of a non-target word (inter-item lag of six). Participants were asked to press arbtdto
infrequently occurring targets.

The question arises whether these so called ERP repetition effects reflect the
same processes that are responsible for repetition priming effects on task perfor-
mance (cf. section 1.1). Although behavioral priming and ERP repetition effects
are observed in very similar tasks, it cannot be certainly assumed that these ef-
fects reflect the same processes. Behavioral priming effects are observable even
hours or even days later (e.g., Jacoby, 1983), but ERP repetition effects are rather
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short-living, they disappear in less than 15 min (e.g., Rugg, 1990). Thus, there
is no clear association between incidental ERP effects and implicit memory pro-
cesses. One cannot be certain whether the ERP effect is really related to implicit
processes or whether the participants are aware of the prior presentation of the
item and explicit processes are reflected in the positivity.

The latter suggestion seems possible, because also ERPs elicited by repeated
stimuli in intentionalmemory tests (cf. direct tasks, section 1.1) are usually more
positive than the ERPs elicited by the initial presentation. This positive effect
starts around 300 ms and is calleRP old/new effeqffor an overview see John-
son, 1995; Rugg, 1995b; Rugg & Doyle, 1994; Rugg & Allan, 2000). In inten-
tional memory tasks (cued recall or recognition) stimulus repetition is relevant for
the task. Participants are required to indicate whether an item has been presented
previously in the experiment. Thus, ERP old/new effects are seen as reflecting
explicit memory processes.

Most cued recalltasks use word stems which have to be completed by partic-
ipants with studied words. If participants do not remember a studied word they
are required to provide the first word that comes in mind. For instance, Allan and
Rugg (1997) reported more positive going waveforms for completed stems cor-
responding to a studied item than for stems completed with non-studied words.
The positive ERP effect started around 300 ms and continued until the end of the
recording epoch at 1950 ms. This effect was shown to be absent for ERPs elicited
by stems completed with unstudied items falsely recognized as belonging to the
study list as well as for ERPs elicited by correct completions not recognized as
such (implicit memory) (for an overview of ERP studies using cued recall, see
Allan, Wilding & Rugg, 1998; Rugg & Allan, 2000).

Tasks ofrecognitionusually use study-test paradigms in which the study and
the test phase are separated by a delay or continuous paradigms in which items
were repeated in one continuous serie. Beside the advantage that the ERPs can
be directly related to the participant performance, one critical point in old/new
recognition tasks is that participants make differential responses (old vs. new) to
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the items of greatest experimental interest. However, studies reporting an absence
of positive ERP effects for old judgements to NEW items and for new judgements
to OLD items (e.g., Allan et al., 1998 Neville, Kutas, Chesney & Schmidt, 1986;
Smith, 1993; Van Petten & Senkfor, 1996; Walla, Endl, Lindinger, Deecke &
Lang, 2000) support the view that ERP old/new effects are related to retrieval
processes and are not related to the execution of the different responses (old vs.
new) or simple to the item repetition.

Also results from Curran (1999) reaffirmed this claim. In this study, partic-
ipants were required to learn words and pseudo-words. ERPs were recorded in
the later test phase, where participants performed either a recognition memory
task (intentional task) or a lexical decision task (incidental task). Task condition
was manipulated within participants by the use of six different study-test blocks.
Previously studied words elicited more positive going ERPs than NEW words.
That was true for both task conditions. The ERP pattern was identical whether
an intentional or an incidental task was used. Thus, results support the claim that
ERP old/new effects are related to retrieval processes and are not simply related
to different responses. Results do also assume that ERP repetion effects in inci-
dental tasks are related to explicit memory processes as it is the case for effects of
intentional tasks (cf. above). Since an influence of retrieval intention was present
in other studies (e.g., Paller & Gross, 1998), it has been suggested that the similar
ERP effects for both tasks might be specific for the used conditions (for a detailed
discussion cf. Curran, 1999).

So, arecent study by Rugg et al. (1998a) provide some evidence for the claim
that ERP effects related to implicit or explicit processes can be differentiated.
They compared electrophysiological correlates of implicit and explicit memory in
a task with similar conditions and a procedure that ensured that neural correlates
of implicit memory were not influenced by explicit memory. Participants were
required to learn words for a later recognition memory test. In the test phase,
ERPs from frontal electrode sites were more positive for recognized OLD words
than they were either for NEW words or for unrecognized OLD words reflecting
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explicit memory. However, in the same time range ERPs from parietal locations
were more positive-going for correctly detected OLD words as well as for missed
OLD words than ERPs for NEW words. This early parietal effect, equivalent for
recognized and unrecognized OLD items, is seen as a neural correlate of memory
in the absence of conscious recognition, i.e., of implicit memory.

After this overview of electrophysiological correlates of retrieval, recognition-
related activity is described in more detail in the next section.

Electrophysiological Correlates of Recognition Memory

It was already mentioned that true recognition elicits more positive ERP wave-
forms than correctly rejected NEW words in explicit old/new recognition tests.
These effects are assumed to comprised of different spatio-temporally ERP old/new
effects that are associated with distinct cognitive processes underlying true recog-
nition. Smith and Halgren (1989) were the first who proposed that the recognition-
related positivity is formed by a frontally focused N400-like component that is
reduced with repetition and a late positive component at parietal locations that is
enhanced by repetition (e.g., Friedman & Johnson, 2000; Mecklinger, 2000). Al-
though the close time relation between both ERP old/new effects makes it some-
times difficult to distinguish between them, they show different sensitivities to
test-manipulations suggesting that both effects are associated with different sub-
processes of recognition memory.

The attenuation of the frontally focused N400-like component, the so called
early frontal old/new effectmay occur because access to conceptual and per-
ceptual information related to the test word is facilitated for OLD words due
to prior studying and results in a feeling tEmiliarity. This early frontal ef-
fect starts around 300 ms, lasts approximately 200 ms, and cannot be explained
by perceptual priming. This was indicated by studies showing that the change
of the modality for the materials from study to test does not affect this old/new
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ERP difference (e.g., Domalski, Smith & Halgren, 1991; Richardson-Klavehn
& Bjork, 1988; Wilding, Doyle & Rugg, 1995). The second parietal deflection,
called parietal ERP old/new effecistarts around 400 ms and lasts for several
hundred milliseconds. This effect, which is usually left lateralized or bilateral,
is associated with consciously controlleztollection (for reviews see Johnson,
1995; Rugg, 1995b). Thus, the early frontal and the somewhat later arising pari-
etal ERP old/new effect are seen as associated with both processes, familiarity
and recollection, as proposed in dual-process accounts of recognition memory
(cf. 1.1.1).

Evidence for such a differentiation was provided by many studies. For in-
stance, Smith (1993) required participants to study words for a later old/new
recognition memory test. ERPs were recorded in the test phase in which partici-
pants additionally gave a Remember/Know response (cf. section 1.1.1) in the case
they have recognized an item. Smith (1993) found that ERP old/new effects for
recognized items associated with Remember responses and for items associated
with Know responses did not differentiate before 550 ms. While early old/new
effects were similar for both item types, ERPs for Remember items were more
positive going than ERPs for Know items between 550 and 700 ms. This sup-
ports the view of an electrophysiological dissociation between early familiarity
and somewhat later arising recollection processes (for similar resultsisas D~
et al., 1997). The earlier electrophysiological sign of familiarity is also in line
with the earlier start of familiarity processes found for reaction time data (cf. sec-
tion 1.1.1, Hintzman & Curran, 1994).

Johnson, Kreiter, Russo and Zhu (1998) used four repetitions of a study-test
recognition paradigm to examine electrophysiological correlates of recognition
memory. Participants learned words and gave old/new recognition judgments af-
ter a short break. To study the effects of learning on the memory-related ERP
activity the study and test phase were each repeated four times using new lists
of NEW words for each test. Johnson et al. (1998) reported more positive-going
ERPs to correct responses to OLD words than to correct rejections of NEW words
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at frontal locations between 400 and 490 ms. Neither the amplitude nor the la-
tency of this activity varied as a function of true recognition rate, which increased
with the number of test repetitions. Given this, Johnson et al. (1998) associated
the early frontal effect with familiarity assessment. A second old/new effect was
found at parietal locations maximal between 500 and 700 ms. This parietal effect
was positively correlated with the true recognition rate as well as with decision
confidence (cf. also Johnson, Pfefferbaum & Kopell, 1985) indicating that this
effect may reflect recollection processes.

Strong evidence for a differentiation between the early frontal and the mid-
dle parietal effect was also reported by the study of Rugg et al. (1998a), de-
scribed above. Words in the study phase were learned either during a shallow or a
deep encoding task. Thus, beside the differentiation between implicit and explicit
memory processes (see above), it was also possible to differentiate subprocesses
involved in explicit memory. Rugg et al. (1998a) found more positive going ERPs
for recognized OLD words than for correctly rejected NEW words starting around
300 ms. ERP differences were insensitive to the depth of processing manipula-
tion at frontal recording sites between 300 and 500 ms. However, deeply studied
recognized items showed larger parietal positivities than shallowly studied recog-
nized items from around 500 ms onwards (for similar results e.g., Paller, Kutas
& Mclsaac, 1995). These results support the association between the frontal ERP
old/new effect and familiarity assessment and between the parietal ERP old/new
effect and conscious recollection.

ERP results of the study of Curran (1999, see above) also support the differen-
tiation of at least two processes involved in recognition memory. Curran found a
frontal maximal N400-like ERP old/new effect (FN400) between 300 and 500 ms
post-stimulus that was similar for words and pseudo-words. The parietal old/new
effect between 400 and 700 ms, however, was larger for words. Given the evi-
dence that words are more likely to be recognized on the basis of remembering
whereas pseudo-words recognition is more driven by knowing (e.g., Gardiner &
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Java, 1990), the parietal effect was associated with recollection and the FN400
was seen as reflecting familiarity assessment.

Results obtained in a study by Ullsperger et al. (2000), in which a directed
forgetting paradigm was used, are in line with the differentiation between an early
frontal and a middle parietal effect. Study items were followed by an instruction
eitherto forgetor to remembetthe item. In the later recognition memory test,
which consisted ofo rememberas well as ofto forgetitems, both item types
were expected to evoke feelings of familiarity. However, recollection should only
occur forto remembeiitems which were prior intentional encoded. As it was
suggested both item types elicited topographically comparable frontal old/new
effects between 350 and 550 ms, but a parietal effect between 550 to 850 ms was
only obtained foito remembebut not forto forgetwords.

In sum, empirical evidence support the differentiation between an early frontal
ERP old/new effect reflecting familiarity assessment and a middle parietal ERP
old/new effect associated with conscious recollection. Since the effects disappear
after damage of the medial temporal lobe (e.g., Mecklinger et al., 1998) this struc-
ture is seen as crucial for the occurrence of both effects. However, it is very un-
likely that the generators of both old/new effects are localized within the medial
temporal lobe as scalp electrodes appear to be largely insensitive to ERP activ-
ity generated in the hippocampus and adjacent structures. Scalp recorded ERP
old/new effects rather reflect the activity of cortical regions responsive to input
from the medial temporal memory system (cf. Rugg, 1995a).

Wilding, Rugg and colleagues (Wilding et al., 1995; Wilding & Rugg, 1996,
1997) reported an additionalht frontal ERP effectrising somewhat later and
sustaining longer in time than the parietal ERP old/new effect. For instance, Wild-
ing and Rugg (1996) required participants to learn words which were spoken ei-
ther by a female or by a male voice. Later participants performed a recognition test
including visually presented studied (OLD) and non studied (NEW) items. Fur-
thermore, for each recognized item participants were required to judge in which
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voice the word was studied. Wilding and Rugg (1996) found more positive go-
ing ERPs for recognized than for NEW items. Moreover, the ERP old/new effect
between 500 and 800 ms was larger for items which were in addition attributed
to the correct source (male/female voice). That supports the association of the
effect with recollection of item specific information from the study phase. More
interesting, the authors also reported a later positive effect maximal at right frontal
locations extended up to the end of recording epoch (1400 ms). This later effect
was larger for recognized words which were also accompanied by a correct voice
judgement than for words with incorrect voice judgement. It was suggested that
this effect indexes operations on the products of the retrieval process and is nec-
essary for the recovery of contextual information. Furthermore, the larger effect
for correct source judgements suggested a relation to retrieval success. Wilding
and Rugg (1996) assumed that the frontal positivity might be mediated by struc-
tures of the frontal lobe with a greater contribution coming from the right than
the left hemisphere. This is in agreement with findings that prefrontal lesions
are associated with poor source memory (e.g., Janowsky et al., 1989b). Further-
more, this suggestion also matches with functional neuroimaging studies showing
activation in the right dorsolateral prefrontal cortex during tasks of episodic mem-
ory retrieval (e.g., Rugg, Fletcher, Frith, Frackowisk & Dolan, 1996; Henson,
Rugg, Shallice, Josephs & Dolan, 1999; Schacter, Alpert, Savage, Rauch & Al-
bert, 1996a, for an overview see Ranganath & Paller, 1999; Wagner, Desmond,
Glover & Gabrieli, 1998).

However, the experimental procedure used by Wilding and Rugg (1996) re-
quired two responses to be made to each item judged old. Thus, it is arguable
that the right frontal old/new effect is a consequence of the double-response pro-
cedure. This issue was addressed in a follow up study where participants also
studied words spoken by female or male voice (Wilding & Rugg, 1997). In the
recognition memory test an 'exclusion’ task was used (cf. Jacoby, 1991) in which
only a single response was required for each test word. In this exclusion task par-
ticipants were asked to respond with one button to visually presented, recognized
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target words (either all words studied in the male voice or all words studied in the
female voice, randomized for participants). The other button had to be pressed
by the participants if the items were NEW or OLD words which were studied in
the other, non-target voice. Although both classes of OLD words elicited parietal
old/new effects which were somewhat larger for the target OLD words, only tar-
get OLD words elicited a late right frontal effect. Thus, results further support the
association between the parietal ERP old/new effect and processes necessary for
recollection as well as the association between the right frontal effect and success-
ful retrieval. However, the latter effect is not an obligatory correlate of successful
source discrimination. Participants appear to be able to classify accurately non-
targets without the benefit of the processes reflected in the right frontal old/new
effect. Some later studies replicated the findings of Wilding and Rugg supporting
the view that retrieval success is reflected in the late right frontal positivity (e.g.,
Rugg, Schloerscheidt & Mark, 1998b; Mecklinger & Meinshausen, 1998). But
there are also other studies which did not find frontal ERP effects that distinguish
between accurate and inaccurate source judgements (cf. Senkfor & Van Petten,
1998; Penney, Mecklinger, Hilton & Cooper, 1999). Moreover, Ullsperger et al.
(2000) reported larger late right frontal effects for words associated with a forget
instruction indicating a relation to retrieval effort. Ranganath and Paller (1999)
also found a late frontal ERP effect for NEW words.

These findings argue against a unitary functional account of the late right
frontal ERP old/new effect. Although there is no doubt on the relation to recogni-
tion re