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1. Introduction

In the morning you see a car accident on your veawork; the pizza at lunch tastes
unexpectedly good; a photograph of a plane crasthenevening news on television
makes you wince. Everyday life is punctuated bynéwvehat elicit myriad nuances,
crescendos, and plateaus of feelings. What happbhes we attempt to make contact to
memories of these events? How is later recognaiorecall of the car accident, lunch, or
television news changed because these experiehciésdeaffective reactions when they

first occurred?

Many different, although related, scientific apprio@s (cognitive, neuroscientific) have
been taken to address this issue in recent ye@sing point for these considerations was
the debate about the relation of emotion and cmgnifZajonc, 1980, 1984; Lazarus,
1981, 1984). With the progress of cognitive neursste, and very influential work by
LeDoux (1996) this debate could be answered at \eidis respect to compatibility. Thus,
it hast to be stated that both are right, the riesystems of emotion and cognition are
independent and interdependent. The exact mearfirigi® will be elucidated in the

course of the present thesis.

The question asked with respect to emotion and mgmastly concerned if emotional
memories are remembered more accurately or viditdyn neutral ones (e.g. Ochsner,
2000), if central or peripheral details of memori@® promoted by emotion (e.g.
Christianson, 1992; Safer, Christianson, Autry, &&lund, 1998), if it is the emotional
valence or the degree of arousal that determineg Wwell an emotional episode is
remembered (e.g. Matlin & Stang, 1978). The dat&lf-(eports, behavioral,
neuroimaging) collected with these approaches tlaseribe the conditions under which
memories for affective events and stimuli beconstodied and inaccurate (e.g. Schacter,
1996), the kinds of information and details thatsincesist distortions (e.g. Heuer &
Reisberg, 1992), and how valenced stimuli, mootesteor levels of arousal modulate
these effects (e.g. Bradley, Greenwald, Petry, &d,d1992; Christianson, 1992). Yet it
remains to be fully elucidated and is of enormausrest what exact circumstances lead

to memory enhancements and impairments on the sither




As in other domains of cognitive neuroscience, istudf brain-lesioned patients provide
a core foundation to delineate structure-functielatronships, in this case determining
which aspects of emotional memory depend on thegyiity of the amygdala. In humans,
organic syndromes rarely affect the amygdala dekdgt Key insights have been

provided by post-surgical studies of temporal labexy patients with unilateral damage
to the MTL due to epilepsy, as well as case studfepatients with selective bilateral

amygdala pathology due to Urbach-Wiethe syndrome.

Since the early behavioral findings of Kleinsmitid&aplan (1963), behavioral studies in
healthy adults have shown that memory advantagesniotional materials are sometimes
augmented over time. For example, retention adgastéor emotionally arousing words
relative to neutral ones are greater when memotgsited after long (1 hour to one day)
than after short (immediate) delay intervals (LaBaPhelps, 1998; Sharot & Phelps,
2004). Such observations provide evidence that iemat arousal enhances memory in
part by facilitating consolidation processes, whidke time to emerge. Temporal
lobectomy patients do not show enhanced arousaiategidmemory consolidation but

instead show parallel forgetting rates for arousing neutral words from immediate to 1
hour retention intervals (Phelps et al., 1998). ddtbWiethe syndrome patients show
comparable impairments in recall or recognitiorenfotional words, pictures, and stories
(Markowitsch et al., 1994; Adolphs, Cahill, Sch&lBabinsky, 1997). Thus the amygdala
has proven to be highly relevant for memory enharecd effects.

Emotional arousal has also complementary, immedifieects during encoding that are
time invariant and interpreted to reflect attenéibinfluences on memory (Hamann,
2001). One additional consequence of emotionalsaiois the focusing of attention on
central information of a scene at the expense oplperal details for complex events, as
exemplified in the weapon focus of eyewitness testly research (Steblay, 1992).
Attentional focusing ensures that emotionally sdliéeatures of complex events are
preferentially retained in memory, which conferoletionary advantages. Patients with
amygdala damage do not focus on central gist irition when memory is tested for
audiovisual narratives that describe emotionallgyuaing events (Adolphs, Tranel, &

Buchanan, 2005).

The high relevance of researching the topic of @noand memory is also given in the
desired understanding of psychiatric disorders eored with these two concepts. Of

great importance here is the post-traumatic stokssrder (PTSD). It emerges after




exposure to a traumatic stressor that elicits teamor or helplessness and involves bodily
injury or threat of injury or death to one’s self another person. Diagnostic symptoms
include persistent re-experiencing of the traumadient, avoidance of reminders,
numbing of responsiveness and heightened arousalroRiological models of PTSD
have focused on brain regions and stress hormostersy that are involved in fear,
arousal and emotional memory. Chronic stress in DPT&ntributes to smaller
hippocampal volume and declarative memory defi@emner, Krystal, Southwick, &
Charney, 1995). However, as pointed out by Gilloertst al. (2002), small hippocampi
predict symptom severity in PTSD. Therefore, inat quite clear what exactly causes
what. In order to apply goal-oriented treatmentstfis disorder it is of high interest to
understand the basic functioning of memory in catinoe with emotion to a deeper
extent. Not only therefore the present thesis tteesesolve open issues regarding the
detrimental and augmented effects of emotion on omgnprocesses. Hereby it is of
special interest to tap the exact conditions siteational factors and personal factors that

can lead to pathological emotion processing.

Following this introduction, | will give a theoreal introduction as well as a short review
on the current state of research on the modulatafnencoding, consolidation, and
retrieval processes by emotion (chapter 2). Theeefat first a general introduction into
the topics emotion and memory will be given semdyabefore converging in the
influence of emotion on memory processes. Then,illl gdescribe the main research
guestions of my work following from this state dfetart in chapter 3. Afterwards, the
results of four studies (two behavioral and two borad behavioral-ERP studies)
investigating encoding, consolidation and retrigpadcesses and their neural correlates
will be presented (chapter 4). Experiment 1 death encoding and retrieval processes
for positive and negative pictures, as well asrtheading to neutral contextual features.
In Experiment 2 the assumed encoding mechanismsdfau Experiment 1 are further
examined in a behavioral companion study. Experir8etien tries to address the issues
still open from the preceding two studies by usingdental encoding, high and low
arousing negative stimulus classes, and two retendurations. In Experiment 4 the
tunnel memory phenomenon (Safer et al., 1998) geaieched in specific detail. In the
next chapter | will discuss the results of the msdvith regard to the current state of
research and moreover give an outlook for futursgectives. In the end (in chapter 6) an

illustrative summary of this thesis will be provitim German language.




2. Theoretical background

2.1 Emotion and cognition

Early cognitive psychology let the concept emotielatively untouched. But when asking
the question what characteristics a cognitive systeust contain to flexibly act in and
adapt to a complex environment, emotional phenomenze to be considered. The
concept of attention is closely liked to the invgation of these phenomena. Therefore, at
this stage it is of high relevance to introduce tthree major theories about the influence
of emotion on attention, namely the categoricalatiegy theory (Pratto & John, 1991),
evolutionary threat theory (Ohman, Flykt, & Estev2801), and arousal theory (Lang,
Bradley, & Cuthbert, 1995; Anderson, 2005).

Pratto and John (1991) proposed that people cdhstawvaluate stimuli in their
environment. These evaluations are supposed to pdee automatically, outside of
conscious awareness. Moreover, they are thoughe t@latively simple, leading to mere
categorical distinction between positive and negastimuli. Those evaluated as negative
automatically attract attention because the detedf negative stimuli is more critical for
survival as the detection of positive ones. Clearbt all negative stimuli threaten
survival, but it may have been easier to evolvangplke detection mechanism for all
negative stimuli than a specific detector of theeatg ones. It is assumed that attention is
guided by an initial evaluation of valence, andyotilose evaluated as negative attract
attention. This mechanism does not provide inforomatabout the degree of
unpleasantness along the valence dimension, therrdte categorical information. Thus,
mild and strong negative stimuli have the samecefia attention.

The evolutionary threat theory is based on the sawodutionary argument, the detection
of stimuli that threaten survival has more adaptwatue than the detection of other
stimuli. However, it is assumed that this adaptpressure has resulted in a specific
detection mechanism for threat stimuli. The infleerf emotion on attention should be
limited to stimuli that signal a threat to survivdiring evolution, such as angry faces,
shakes, and spiders.

Arousal theory suggests that responses to affegiisteires form two factors that vary
with the level of valence and arousal of the stusull will give further explanations on
this in the next section considering the dimendiaparoach to study emotion.




Since the present thesis is based on experimesiabpsychological studies that focus on
underlying brain mechanisms of the interactionrabgon and memory, the evolutionary
perspective seems most appropriate here. In thsdwork, neurological theories assume
that emotions are generated by specific brain regibat are specialized for emotional
processes (LeDoux, 1996). The evolutionary perspectviews emotions as
phylogenetical inheritance that developed in otdéiacilitate the survival of individuals
(Bradley & Lang, 2000). The ability to infer intéoris of potential perpetrators from
distance by being able to understand e.g. thelfagressions the person displays has
been highly advantageous. Moreover, in our evahatip past the ability to perceive
emotional signals of our offspring ensured thes$attion of their needs and thereby the
propagations of our genes.

In sum, at a cognitive level, emotions serve thalations and affective appraisal of
events in their specific context. Early perceptpedcesses identify the event with its
emotional value and activate the organism for acti@ter cognitive processes verify the
value of an event in relation to its context andrétation to long-term goals of the
individual. Thus, emotions allow rapid and flexildetion, but also provide information
about the individuals’ inner state to others andreby also have a communicative
function. In sum, emotions can be seen as an aderbetween constantly changing
environmental conditions and the individual. Theyéd a regulatory role in preparing us

for action, shaping future behavior and helpingaumteract in social context.

2.1.2 A conceptual definition of emotion

At a behavioral level emotions can be characterinaghly by two different approaches
(namely the categorical and dimensional approadchmhill be introduced one after the
other). Happy, sad, fearful, anxious, disappointatgry, pleased, disgusted, guilty and
excited are just some of the terms we use to desaur emotional life. Unfortunately,
our rich language of emotion is difficult to traai® into discrete states and variables that
can be studied in the laboratory. Since Darwin’skaan the evolutionary basis of human
behavior, it was proposed to define a finite setioifversal, basic emotions. One of the
more recent attempts to characterize basic emotemmes from the study of the
universality of facial expressions (Ekman & Friesdi971). By examining different

cultures around the world, Ekman and others comrcuthat anger, fear, disgust,
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happiness, sadness, and surprise are the six lasian facial expressions representing
emotional states. Although there is still consibéralebate as to whether any is adequate
to capture emotional experience, it is widely atedpdo investigate the different neural
systems underlying these reported emotional state®ods.

Another way of approaching the categorization obeoms is not to describe them as
discrete states but as reactions to events in trl\ihat vary along a continuum (Lang,
Greenwald, Bradley, & Hamm, 1993). This widely guteel dimensional framework
proposes that affective experiences are best diearsed by a two-dimensional space
(Osgood, Suci, & Tanenbaum, 1957; Russell, 198aglet al., 1993). The dimension of
valence ranges from highly positive to highly negatwhereas the dimension of arousal
ranges from calming or soothing to exciting or aigitg. The interactions between the two
dimensions are specified in the following paragragien introducing the International
Affective Picture System (IAPS). Depending on theése dimensions, some emotions
call for action (e.g. anger, joy) and others do (@g. sadness). Thus, emotions can be
seen as action sets that prepare the organismt o apecific ways (Ohman, Flykt, &
Lundquivst, 2000). Emotions associated with actesd to either approach towards or
avoidance of the event. As action tendencies, emstallow a unique flexibility in the
interaction between the individual and its enviremth A vast majority of studies
investigating declarative memory for emotional égdrave compared memory for neutral
experiences (i.e. events that are neither highgjtipe or highly negative; and that are not
exciting or agitating) with those that are bothumiag (i.e. exciting or agitating) and at an
extreme valence dimension (positive or negativiafy the abovementioned approaches
to define emotions are not adequate to capturenaditional experiences. However, they
are able to provide a beginning framework to beduse scientific investigations.
Depending on the question or issue being addressexl of the described approaches
here, or even another, may be preferable. For gkekeasons of comparability to existing
data, experimental designing and their relatiothéoto-be-addressed concepts of attention

and memory, in the following | will rely on the demsional approach.

2.1.3 The International Affective Picture Syste®RE)

The International Affective Picture System, oridipaleveloped by Bradley and Lang
(1999), is a stimulus collection that in a secoatswon (Lang, Bradley, & Cuthbert, 2005)
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consists of by now 900 color photographs which banused in the study of emotion.
Affective ratings for male and female, as well bddren and elderly have been conducted
in order to get affective norms for these subgroiace the IAPS comprises material
ranging from very pleasant (babies, sports, natiareery unpleasant scenes (mutilation,
death), as well as from very calm, neutral (houkkbbjects) to highly arousing pictures
(guns, erotica), the affective norms also rangen@lthe lines of these dimensions.
Pictures were rated on a scale from 1 to 9 eadf, Wi very unpleasant and 9 = very
pleasant for valence ratings, and 1 = very cal® tovery excited for arousal ratings. As
can be seen in Figure 2.1.2, due to its mean valand arousal ratings each picture of the
IAPS can be assigned within the coordinate plaia¢ i defined by the dimensions of
valence and arousal. There are several intereagpgcts that characterize the shape of
these distributions. By looking at the boomerangp&hl distribution of the IAPS normes, it
Is obvious that affective pictures evoke normatreéence and arousal ratings along the
whole range of these dimensions, for pleasure dsaw@rousal. Considering the different
pleasantness levels, it can be seen that pleagamtgs are accompanied by high as well
as low arousal ratings, a fact that confirms théhagonality of the dimensions.
Unpleasant pictures, however, seem to accumulateeimigh arousing part of the panel,
suggesting that the more unpleasant the picturthéshigher the arousal rating will be.

Neutral slides do not evoke as high arousal ratasgdo emotionally valenced pictures.

International Affective Picture System (IAPS, 2005)
All Subjects
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Pleasure

Arousal

Figure 2.1.3: Normative ratings to IAPS pictures \mlence and arousal dimensions
(Lang et al., 2005).




In addition to affective norms, Bradley and Langdiaonducted a number of studies with
the aim to scrutinize the effects of the photogmamhaterial on physiological variables.
With regard to facial muscle activity the currogatauscle, which is responsible for
frowning, shows significant contraction when negatpictures are seen, whereas it is
relaxed when positive pictures are shown. Zygometiovity is increased when viewing
positive pictures, since this muscle is involvedhe smile response. However, there is
also a tendential increase in the increase of thecha while viewing extremely negative
pictures, which can be explained by the fact thextyJikely a facial grimace will be
prompted (Bradley & Lang, 2000). The classical gratin picture presentation involves a
triphasic response of the heart rate: First, thartheate decelerates, which is usually
interpreted as an orienting process, and then tiseeeceleration, followed by a final
deceleration. When viewing affective pictures, hegre an enhanced initial deceleration
for negative, and acceleration for positive materéa be found (Bradley & Lang, 2000).
Skin conductance response is supposed to be bas& gympathic nervous system and
has thus been shown to be influenced by the ardexsall of the stimulus material. Skin
conductance levels are higher for emotionally vedeh i.e. for pleasant or unpleasant
pictures compared to neutral ones (Bradley & LaB@00). Several studies using
electrophysiological measures (Cacioppo & Berntd®®4; Cuthbert et al., 1998) have
shown that there are cortical event-related pabnt{(ERPs) that can be elicited by
affective picture viewing. Especially positive-ggiERPs tend to be more pronounced for
emotionally arousing compared to neutral pictukdsteover, in PET and fMRI studies, a
significant activation for affective compared toutral pictures in the occipital and
extrastriate cortex could be found (Bradley & Lar®00). All these effects will be
further introduced and discussed in the upcomingimes on electrophysiology and
emotion. Therefore, in order to get a deeper utaledsng of the brain mechanisms that
underlie these modulations, the next paragraphbsilbn the neural structures that have to
be found crucial for the processing of emotionahsti.

After this short theoretical framework, an introtdon into the brain mechanisms
underlying emotion processing will be given. Thag the understanding on how the

privileged processing of emotional content resialtsn appropriate guidance of behavior.




2.2 Neural mechanisms of emotion processing

2.2.1 The limbic system

Early research on the brain mechanisms of emotoddd to see emotion as a unitary
concept and tried to describe the location of eomoitn the brain. The early work of Papez
(1937) defined specific interconnected neuronalcstires that were thought to control the
expression of emotion, named limbic system. Basekinowledge from clinical effects of
damaged brain regions and speculations of the enaifirthe connections within this
circuit, the experience of emotion was explainecadkw of information in a specific
circuit, the Papez circuit. According to this thgosensory information reaches the
thalamus and is directed to the cerebral cortextgmpathalamus. Information that enters
the hypothalamus is further directed to the antehalamic nucleus which connects the
mammillary bodies with the cingulated cortex, aadtlthe cingulate cortex. The latter
sends its outputs to the hippocampus which dirébts information back to the
hypothalamus. It was suggested that emotional expsr could be generated via two
pathways: through a path from the limbic systenthi cortex (stream of thinking), and
through a path within the limbic system (streanfieeling) (LeDoux, 1996). The theory of
the limbic system was then expanded by MacLean Z)198ho proposed that the
amygdala, the hippocampus, the limbic cortex, dmel drea septalis compose major
constituents of the limbic system (see Figure 2.Z2The experience of emotion was
supposed to involve the integration of sensatioams fthe body, occurring in the limbic
system. Despite the later criticism towards thisotty, it is still held on to the idea that
there exists a key structure that mediates a nupfid@asic aspects of emotion processing,
the amygdala (LeDoux, 1996). This structure willdescribed in the following, and its

high relevance for emotion processing will be peihdut undoubtedly.
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Figure 2.2.1: The limbic system (MacLean, 1949).

2.2.2 The amygdala

The amygdala is a small region in the medial temlptobe adjacent to the anterior
portion of the hippocampus, named by early anatismior its almond shape
(Nieuwenhuys, 1988). It functionally belongs to thmbic system and forms a large
nuclear complex (Figure 2.2.2). Specifically, twargs of the amygdala are responsible for
the perception of and the response to an emotgimallus. The lateral nucleus receives
sensory information from the thalamus, primary senpsnd association cortices, as well
as the hippocampal formation. Therefore, this @gartgarded as the sensory interface that
modulates the output response to the central nsichhich is connected to different
subsystems such as the autonomic nervous systemsyatains that control the release of
stress hormones and initiate behavioral resporidiegifenhuys, 1988; LeDoux, 2000).
Via connections to the hippocampus, the amygdaddlis to influence hippocampal input
as well as output. Clinicopathological evidencegasgs that the hippocampus is involved
in learning and memory processes. One suggestedidanof the connection of the
amygdala to the hippocampus is that the formerigesvthe emotional significance of an
event to the latter. This information is then ugsea@ddition to other to build an episodic

memory trace (Emery & Amaral, 2000).
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Figure 2.2.2: Location of the amygdala and its emtions to the limbic system.

In a series of experiments LeDoux (1996, 2000) tifled differential functions of the
amygdala nuclei in the underlying systems undeglyiear conditioning. The auditory
pathways of rats were lesioned experimentally oleoto assess the specific functions of
the neural structures involved in auditory fearditaning. Bilateral lesions of the corpus
geniculatum mediale block fear conditioning towaad®ne. Contrarily, bilateral lesions
of the auditory cortex do not. It was concludedt tthee transmission of signals to the
geniculatum mediale is a necessary condition far éenditioning, whereas it is not to the
auditory cortex. Since lesions of the amygdala lbltear conditioning, the connection
from the corpus geniculatum mediale to the amygudala interpreted as essential. Based
on this, LeDoux inferred that two pathways are takbe low and the high road. The low
road (or subcortical pathway) passes directly ftbencorpus geniculatum mediale to the
amygdala and can by itself support rapid learnihganditioned responses on crude
perceptual stimuli. The high road (or cortical pedly) passes from the corpus
geniculatum mediale to the auditory cortex, leadinglly to the amygdala. This road
allows the discrimination of stimuli on the basiscomplex analyses of their distinctive
features, as well as the acquisition of differdnt@anditioned responses to them (Figure
2.2.3). Studies using single-cell recordings hawaas that learning through the thalamic
way occurs faster than through the cortical wayilQu 995). This led LeDoux to assume
that the subcortical pathway provides a quick asialgf the affective properties of stimuli
that serves as an initial template for subsequerttgssing. The low road thus can be very
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useful in dangerous situations where it is impdrtarreact fast on a potentially dangerous
stimulus. The amygdala is able to process both,ethetional significance of simple
stimuli and complex situations. With respect to thieraction of emotion and episodic
memory, this could be translated to the fact that reoccurrence of a past perpetrator
would be identified quickly without the retrievd any detailed information but sufficient
to gain the information that this person has beangdrous and allowing immediate
preparedness. By means of high road memories ridhdatailed information would be

retrieved in order to evaluate details of the egésim which this person has been met.

MEOCORTEY

LInirmdal

[
» Associaton | .
Primary "-. “‘ I-'q::;,|1:|-;_'||::1._|l
sensory = ) association )
A & |2 i R
/ . | N “u
#x" " | i j'll
7 e - v 3 Entarhinal T
i . o | Ceea g
fi x ] L | #
e £ Y
| Hippacampus |
Lateral nucleus AT LT
1 7 oftheamygdala | 1
___.-'" ==l 4
Sensory i - | Subiculum
thalarmus -) e
*
b
K\
Emotional i Emotional
stimufus . Responses
! Basolatera
‘ i : J Behavioral
nucleus A
: \\_._ ._J.-"':____* AULOMDMIG
Srimmi L'E;(I'EI'IH-"\ ' L < o
1-ERatures Central nucleus | | Endocrine
- (REE F e — '
2-Ohjects Bienmadil 3 of the amygdala
3-Concepts

(LT T
d-Contexts

Figure 2.2.3: The high (1, 2, 3, 4, amygdala) awl toad (1, amygdala) to the amygdala
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In neuropsychological research, a special patieatig has provided new information

about the amygdala in humans, the Urbach-Wietheades a rare genetic disorder that
results in pathology centered in the amygdala.eRttiare characterized by an increase in
emotional lability and childlike affect. Neuropsytbgical studies have shown that these
patients have deficits in identifying emotionalild@xpressions and rate them less intense

than healthy control subjects do. However, theyadie to recognize personal identity.
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Additionally, they are not able to describe feaditbations or draw fearful expressions.
These deficits have been interpreted as a gersalaldf the concept of fear (Aggleton &
Young, 2000). The finding that the amygdala hasuxial role in the recognition of
fearful expressions is further supported by thalifigs of functional imaging studies.
Morris et al. (1998) found left amygdala activityhealthy subjects while viewing fearful
as compared to happy faces. By means of a regreasadysis Morris et al. (1998) found
that the connection between the amygdala and éxaétascortex varied as a function of
the facial expression being perceived. It was gruggested that the amygdala enhances
the activity in extrastriate cortex when fearfucda are encountered. A comparable
pattern of activation is also present when pardictp were not aware of the facial
expressions (Morris, Ohman, & Dolan, 1999). Thisnidine with the animal model of
fear conditioning by LeDoux (1996).

In conclusion, the amygdala seems to processliasisociations between the appearance
of a stimulus and the physiological responses thatstimulus or events elicits and
furthermore modulates perceptual processing inrdbn@n regions when an emotional
stimulus occurs. Moreover, the amygdala has a &leyin emotional learning processes.
Another brain region, the orbitofrontal cortex, mseto be involved in the representation
and control of stimuli that already have acquireifive or negative value (Adolphs,

2002) and will be discussed in the upcoming section

2.2.3 The orbitofrontal cortex

The orbitofrontal cortex (OFC) is a region withimetprefrontal cortex (PFC) situated on
the orbital surface of the frontal lobe (Figure.2)2 Together with lower mesial sectors
the OFC is also described as ventromedial preframatidex. The OFC is interconnected
with limbic structures, including connections witle hippocampus, the amygdala, and
the hypothalamus (Miller & Cohen, 2001). Moreovéreceives input from all sensory
modalities (auditory, somatosensory, and visualy, fsom other areas of the frontal and
temporal lobes that integrate and associate infoomafrom many modalities
(Nieuwenhuys, 1988). Therefore anatomically, theCOB well suited to integrate
information about the affective value of a stimulasd information about situational
factors that might indicate a change in those wluecording to Miller and Cohen
(2001) the PFC is not critical for performing autta behaviors, such as orienting to an

unexpected dangerous object. These automatic lmebhasre innate or develop with
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experience. These bottom-up processes have thatadeathat they can be executed very
quickly without the need of attention. The PFC ionttast is critical for top-down
processes, when behavior must be guided by intstatds, or when actions are weakly
established and must be adjusted to changing eXteronditions. In their biased
competition model the PFC is able to bias processgsual and sensory modalities, as
well as systems for response execution, memorjeveldror emotional evaluation. The
bias signals are very important when stimuli aréigomous, when they activate more than
one representation, or when multiple output chanrmee possible. This is of special
importance in the domain of emotions since autaraliyi elicited response tendencies
must be evaluated in relation to their appropriessnin the given context. It is assumed
that cues in the environment activate internal esgntations in the PFC that allow the
selection of appropriate actions in situations #ratuncertain and when one alternative is
stronger because it is more habitual or saliensuim, an important function of the OFC is
the selection or inhibition of behavior accordirggénvironmental constraints. In most
situations bottom-up emotional responses that meetty mediated by the amygdala are
not always appropriate. Thus, irrelevant processirgmotional stimuli and automatically
elicited responses have to be controlled in ordebgéhave adequately. These control
processes mediated by the OFC enable efficientitwegrfunctioning while inhibiting

irrelevant responses.

Figure 2.2.4: Location of the orbitofrontal cort@dark grey). Adopted from Davidson et
al., 2000.
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The complex functional role of the OFC in guidirghlavior can be well understood when
examining patients with lesions in this region.ehestingly, a number of symptoms that
these patients show can be related to impairmengdtéring behavior adequately when
reinforcement contingencies change. The most farpatient described in the literature is
Phineas Gage by the Damasios (1994). After an estihere an iron bar blew up into
his head he could recuperate normal intelligencemory, speech, sensation, and
movement. Despite this, Gage showed a dramatic ggham personality and social
conduct, becoming irresponsible, behaving rudehpatiently, and showed inappropriate
emotional reactions, unable to organize his lifearflasio, 1994; Tranel, 2002).
Remarkably, these patients are not impaired inrtgeneral knowledge about social
conventions or moral reasoning. Thus, their impamtrseems to result from a failure to
apply emotional reasoning in real-life situatiorsspecially in those that involve
ambiguity and social contingencies (Tranel, Beché&aDamasio, 1999). After the
examination of several such patients, Tranel atldagues developed the somatic marker
hypothesis, in which they propose how emotionalisiecs-making is mediated by the
OFC. According to Damasio (1994) the OFC providaseas to feeling states in relation
to past decisions, which can than influence comattes of future decisions. They
developed an experimental task that tests realdiéeision-making situations, the
Gambling task. Here, reward and punishment areadliigtable and delayed response
gratifications are required. Card decks vary adogrdo their risk, one providing large
rewards but also penalties and the other lower nésviaut also lower penalties. The goal
of the game is to maximize profit on play money aedponse selection is guided by
immediate monetary reward or delayed penaltiestifigeghis procedure in OFC patients
and healthy control subjects revealed the latemnieg quickly whereas the patients failed
to shift to low risk decks, persisting on high rmkes. Measurements of skin conductance
responses (SCRs) were taken as index of somate atéivation and revealed that both
patients and controls showed increases in SCR whiamg over a card related to reward
or penalty. The SCR increased over trials for andubjects and became anticipatory
before they turned over a card from the high riekkd This was not true for the patients,
which was taken as a physiological correlate fairtinsensitivity to future outcomes
(Tranel, 2002). OFC patients performed that badh@game not because they failed to
generate affective reactions to analyses of tlesponse options, but because they failed
to activate biasing signals to use as value markedifferentiate choices with good or

bad future outcomes. To assess the functionalablhe amygdala in these processes,
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bilateral amygdala patients were given the Gamltiasyg. They failed to learn to focus on
the low risk deck and to avoid the high risk ongg as the OFC patients did not generate
anticipatory SCRs. But in contrast they additiondHiled to generate punishment and
reward SCRs, which was interpreted as a more basfcit in coupling stimulus
configurations with somatic states triggered by amor punishment. The pattern of
response of the OFC patients was instead interprgeimpairment in acquiring higher

order conditioning (Tranel et al., 1999).

In conclusion, the amygdala and OFC seem to beirtyportant components in a neural
network responsible for detecting the emotionahificance of external and internal

events, but also for guiding behavior accordinghanges in the specific value of these
events. Both components couple external events tdrnal somatic states, but they
involve different types of information. Most impartly, the effects of the amygdala
modulating hippocampal consolidation processes appe be mediated by arousal
(Hamann, Ely, & Grafton, 1999). This is of higheehnce in the current study of the
electrophysiological correlates of memory for emoél events which will be introduced

in the following.
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2.3 Emotion and ERP components

2.3.1 The electroencephalogram (EEG)

The electroencephalogram (EEG) was first measurddimans more than 75 years ago
(Berger, 1929). It is a non-invasive technique wiigh temporal resolution, but low
spatial resolution for evaluating brain activity demlying different brain functions.
Recordings are possible from scalp or cortex saréaw within certain brain regions. The
latter two are designated as electrocorticogramiaingicranial or intracerebral recordings.
As neuronal basis, the EEG at the surface of tladpsis considered to reflect the
extracellular current flow. The extracellular cuntrdlow is associated with summated
postsynaptic potentials in synchronously activategttically oriented pyramidal cells.
Action potentials from firing pyramidal cells, hower, contribute only minimally because
of geometrical reasons and extreme extracellutanaation (Barlow, 1993). The action
potential is transmitted within neurons. It indudke release of neurotransmitter at the
connection to an adjacent neuron — the synapsenditmtransmitter induces a change in
the resting potential (approximately 70 mV) at pustsynaptic membrane of the adjacent
neuron. Dependent on the type of neurotransmitter,resting potential will increase
(hyperpolarisation, i.e. caused by acetylcholindremalin, or glutamate) or decrease
(depolarization, i.e. caused by g-amino butric amdjlycine) (Kolb & Wishaw, 1996).
The hyperpolarisation is called an inhibitory pgstptic potential (IPSP), the
depolarization excitatory postsynaptic potentiaP@P). The EPSP will elicit an action
potential if the membrane potential is lowered bebocertain threshold (approximately -
50 mV). Electric fields caused by IPSPs or EPSHs lma recorded in the EEG. To
measure an electric field at the scalp about 10fams have to be active in synchrony and
need to be aligned in parallel to cause a detextapén electric field (Regan, 1989). If
neurons are not aligned in parallel the resultiahd is a closed one. It has the distribution
of a sphere with zero potential and no field isegated outside. Thus, the electric activity
from such closed fields cannot be recorded at ttwps The condition of parallel
alignment and synchronized activation establishgarpidal cells as the origin of the
EEG. They are organized in parallel in the outetical layers and represent 75% of

neurons in the cerebral cortex (Braitenberg, 1977).
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2.3.2 Event-related potentials (ERPS)

Changes in the EEG which follow or precede a certkassified event with a more or less
potential course are called event-related potemtidiey can be built from the background
activity of the EEG with fluctuates between 0.1ntore than 40 Hz in the silent wakeful
state (Berger, 1929). ERPs are repeatable poteshiifié of the EEG (aroundu¥). The
remaining activity, not specific to the stimuluseat, reflects randomly distributed
background noise (around H¥). To separate ERP and random background noise, th
background noise is reduced by averaging the EE@eaotical or similar trial repetitions,
i.e. from one experimental condition (Rugg & Col&995). The averages EEG time
epochs are usually time-locked to the stimulus bridee averaged ERP consists of a pre-
stimulus, not condition specific, baseline andmetiwindow which covers the time of
certain stimulus processes. This condition spedifite window shows characteristic
deflections or components. To discuss such ERP cners, one has to take into account
that not all neural structures are reflected inEB&5, but may modulate it (i.e. subcortical
structures); scalp potentials allow only for vagmirce localization in the brain; and
component overlap may be possible as a componefiteissummation of electrical
potentials of different sources. These restrictiblase to be considered and demand
careful analyses of ERP components with regard hgsiplogical and psychological
characteristics. The physiological characteristize polarity (positive or negative),
latency (usually measured after stimulus onset ek patency or component onset in
milliseconds), amplitude (maximum or surface inggof the component relative to
baseline), topography (spatial distribution oves #talp), and duration (overhead time
from component onset to offset) of the componemdm@onent labels are usually
composed of polarity and latency, i.e. N100/P108géativity/positivity at 100 ms), or
their order of appearance, i.e. N1/P1 (first negigfpositivity). ERP components can be
categorized as exogenous or endogenous. Althoughdistinction is under discussion
and is not strictly dichotomic, components whiclargee only or mainly after physical
stimulus modifications (e.g. loudness, frequenayloic contrast, etc.) are defined as
exogenous, whereas components which change wipecet psychological factors (e.qg.
relevance, task, probability of occurrence) areingef as endogenous. Especially
components between 100 and 200 ms after stimulsistonay be determined by physical
and psychological stimulus characteristics.
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Figure 2.3.2: Example of EEG recording and ERP aomepts.

2.3.3 Basic ERP components

In visual tasks, P1, N1, and P2 effects are usséligiied in selective attention paradigms.
In various studies the parieto-occipitally disttidéa P1 (90-120 ms) and N1 (around 170
ms) seem to reflect modality-specific processinthevisual pathways that is sensitive to
the direction of attention (Hillyard & Munte, 198Hieinze, Mangun, & Hillyard, 1990).
Both are enhanced in attended stimuli. The N1 effethought to reflect stimulus intake
processes and depends on the strength of a visoallss. The N1 and P2 vary in
amplitude and latency as a function of stimulugnsity, presentation rate, and attention
variation (Naatanen & Picton, 1987). The visualge2ks around 200 ms after stimulus
onset, and is assumed to be exogenous as it vatlethe complexity of stimuli.

The P300 is usually observed in a time window od 30 700 ms, and is distributed
fronto-centrally (P3a) or centro-parietally (P3bepeéndent on the experimental
manipulation. The P3b is elicited by task-relevatimuli with low probability and
assumed to index brain activity required to updatenodify the contents of working
memory (Polich, 1990). The latency of the P3b issttered to be a measure of stimulus
classification speed that is independent from oresponses. The P3a can be recorded in
so-called three-stimulus paradigms in which rargets have to be discriminated from

frequent standards and rare distractor events.PBaehas a shorter peak latency than the
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P3b and can be elicited by distractor events déaiht kinds and modalities (Mecklinger,
Koenig, Ruffing, Reith, Mueller, Kaul, Becker, & B4 2006).

2.3.4 ERP components and emotion

In general, ERPs from affective stimuli suggestt theore attention is garnered by
affective content compared to neutral conditionshawmplitude modulations in early and
late components (Schupp, Cuthbert, Bradley, Birbayur& Lang, 1997; Schupp et al.,
2000; Carretie, Martin-Loeches, Hinojosa, & Merca@d001; Carretie, Martin-Loeches,
Mercado, & Tapia, 2004; Delplanque, Silvert, Hotgdulot, & Sequeira, 2006). These
effects can be obtained in passive viewing as aseHctive response tasks (Cuthbert et al.,
2000). Thus, affective processing can be descrasedn automatic feature of perception
(LeDoux, 1989; Ohman & Soares, 1998). SupportHi hypothesis comes from findings
suggesting that valence category reflects inigdcive attention capture by salient image
content, whereby unpleasant stimuli generally pcedstronger effects than pleasant ones
(Cacioppo, Gardner, & Berntsen, 1999), and suchegadtivity-bias’ may reflect rapid
amygdala processing of aversive information (LeQal895; Morris et al., 1998). The
arousal level of a stimulus is thought to determatientional resource allocation for
emotional picture processing, which has been exgthiin terms of high intrinsic
motivational properties of picture stimuli. Thegpaar to facilitate encoding and memory
storage of the emotional event (Bradley et al.,2192%ng et al., 1993).

At a short latency (100-200 ms) many emotion-relaEERP modulations have been
reported. The P1 and subsequent N1 componentsemstige to physical stimulus
properties and index early sensory processing withe extrastriate visual cortex. When a
stimulus discrimination task is administered, thpstentials respond to manipulations of
selective attention (Clark & Hillyard, 1996; Mangudopfinger, Kussmaul, Fletcher, &
Heinze, 1997). The P1 was found to be sensitiveht® valence dimensions with
unpleasant pictures eliciting larger components fhlaasant ones over occipital sites (e.g.
Smith, Henson, Rugg, & Dolan 2005). These resuksewnterpreted in the way that
negative pictures engage more focal attentionatgmsing than positive pictures, i.e.
negative pictures seem to preferentially attradension early in the information

processing stream.
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The middle latency range (200-300 ms) is thoughetlect early stimulus discrimination
and response selection processes (Di Russo, TAgeile, & Spinelli, 2006). An EPN
(early posterior negativity) has here been repoftedarousing as compared to neutral
stimuli (Schupp, Junghdfer, Weike, & Hamm, 2003h&ap et al., 2004; Schupp, Flaisch,
Stockburger, & Junghofer, 2006). Theoreticallystinterpreted as an index of natural
selective attention, such that evaluation of imi@geures is guided by perceptual qualities
that select affectively arousing stimuli for furthgrocessing (Dolcos & Cabeza, 2002;
Schupp et al., 2004). Its amplitude is modulatethieyarousal level of a stimulus (Schupp
et al., 2003), independent of valence. The EPNusd across different tasks and stimulus
durations, probably occurring automatically alscewlprocessing resources are limited by
rapid presentation rate (Junghofer, Bradley, EJb&riang, 2001; Schupp, Junghdfer,
Weike, & Hamm, 2003). This sensitivity may reflecpid processing of aversive
information of the amygdala (LeDoux, 1995; Morris a&., 1998). Theoretically, the
underlying factor determining these modulationsegective attention to objects within
the affective image that are assumed to be ofmsitrirelevance (Schupp et al., 2006).
This is indirectly supported by studies demonstation-affect perceptual and category-
related ERP modulations in this time window whicérgvattributed to selective attention
mechanisms (Codispoti, Ferrari, & Bradley, 200Gadey, Hamby, Low, & Lang, 2007).
The long latency (300 ms-...) segment is dominatedth®y P300 component and
subsequent positive slow wave. This ongoing pagjtié sometimes labeled LPP (late
positive potential) elicited by arousing stimuliui@bert et al., 2000). Major determinants
of the P300 amplitude are task-relevance, motinatigignificance, arousal level, and the
influence of these factors on mental resource alion (Duncan-Johnson & Donchin,
1977; Polich & Kok, 1995). More specifically, hiseans that task-relevance, the more
motivationally significant a stimulus is, and thgher the arousal of a stimulus, the larger
the P300 amplitude. It was recently proposed tiat P300 reflects noradrenergic
modulatory effects exerted by phasic activity o€ tlocus coeruleus-norepinephrine
system associated with decision-making processesiiié¢nhuis, Aston-Jones, & Cohen,
2005). Emotional arousal effects have been foumdpéssive and active procedures for
stimuli presented as distractors or targets in ddball paradigm (Keil et al., 2002;
Delplanque, Lavoie, Hot, Silvert, & Sequeira, 20D&jplanque, Silvert, Hot, & Sequeira,
2005).

Thus, there is compelling evidence that arousalhahehce modulate cognitive processes

like e.g. attention allocation and encoding. ThePERassociated with these processes
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represent indirect measures of the dimension oftiemoAn even more detailed
description and discussion of these emotion-rela@shponents will be given in the
section on emotion and encoding processes, wheyeatle considered highly relevant.
The upcoming chapter will first of all give an iotluction into episodic memory for
neutral materials, its neural substrates, and ERRlates. This is of particular relevance
when trying to understand the interplay of emotammd memory in the guidance of our
behavior.
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2.4 Episodic memory

Information maintained for a significant time idewed to as long-term memory. There
are two major divisions that reflect the charasters of the information that is stored, and
that take into account the observable fact thataliostored knowledge is the same. The
key distinction is between declarative and non-aletive memory. The former refers to
knowledge to which there is conscious access torl@dwand personal knowledge),
whereas the latter does not imply knowledge withscmus access (motor and cognitive
skills called procedural knowledge, priming, andngie learned behaviors). In the
following | will focus on declarative memory proses. These are further subdivided into
episodic and semantic memory (Tulving, 1985). Egfisanemory involves conscious
awareness of past events, i.e. personal autobieigedpmemory. Contrarily, semantic
memory reflects knowing facts, like world knowledd@nguage knowledge, and object
knowledge. As argued by cognitive theory and sujgaoby neuroscientific evidence
memory therefore is supported by multiple cognitarel neural systems which support
different aspects of memory (e.g. Squire, 1998; &gy & Brown, 1999). The proposed
model by Squire (2004) is exemplified in Figure.Zl4he underlying brain structures of
the different subprocesses also differ dependinthertype of information to be retained
and how it is encoded and retrieved. Hereby, thelimheemporal lobe forms and
consolidates new episodic and semantic memoriesptafrontal cortex is involved in
encoding and retrieval of information, the temparaitex stores episodic and semantic
knowledge, and the association sensory corticesrasponsible for the effects of
perceptual priming (Squire, 2004).

In the following, | will go into more detail in theomain of episodic memory, whereby a
way of experimentally investigating episodic memdegpecially with ERPs) has been

found great support, the so-called dual processyhaf recognition memory.

23



MEMORY

DECLARATIVE NONDECLARATIVE

FACTS EVENTS PROCEDURAL PRIMING SIMPLE NONASSOCIATIVE
(SKILLS AND CLASSICAL LEARNING
AND PERCEPTUAL CONDITIONING
HABITS) LEARNING

EMOTIONAL SKELETAL
RESPTNS ES RESPiJNS ES

MEDIAL TEMPORAL LOBE STRIATUM NEOCORTEX AMYGDALA CEREBELLUM REFLEX
DIENCEPHALON PATHWAYS

Figure 2.4: Taxonomy of long-term memory systemsluding responsible brain
structures, proposed by Squire (2004).

2.4.1 Two-process models of recognition memory

When talking about dual process models of recagmithemory, it seems necessary to
shortly mention that there also exists another yieamely single process models.
According to single process accounts recognitioomorg judgments are based on the
evaluation of a single type of evidence, and atp@sjudgment is made when the strength
of the evidence exceeds a criterion level (Mandl®80). Thus, recognition is supported
by an undifferentiated, strength-like form of infwation. Dual process models, on the
other hand, suggest that recognition memory is dhase two distinct processes:

familiarity and recollection. While recollectionfegs to the conscious retrieval of a prior
study episode, including specific details such patial, temporal, or other contextual

features, familiarity is assumed to reflect thet fassessment of global study-test
similarity. It thus refers to an acontextual forrhmemory which does not imply any

details of a prior encounter of a stimulus or evéntonsiderable body of evidence has
been obtained in the support of proposals of tha-pgrocess account (Yonelinas 2002;
Aggleton & Brown, 2006). There are several techegjand operational definitions that
derive behavioral estimates of familiarity and tésziion from performance parameters.
The most important of these techniques involverémember/know procedure (Tulving,

1985), the process-dissociation procedure (Jactb9l), and the receiver operating
characteristics (ROC) procedure (Yonelinas, 1997).
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Recollection and familiarity were distinguished @physiological level, probably relying
on partly non-overlapping neuronal networks. Thelimeemporal lobe (MTL) generally
is critical for declarative long-term memory. Thipgocampus therein is assumed to be
essential for recollection-based remembering. Harnti-based remembering, on the
other hand, is supported by the surrounding papaici@mpal region, especially the
perirhinal cortex (Gonsalves, Kahn, Curran, Norm&nWagner, 2005; Aggleton &
Brown, 2006). Further support for this dissociatioomes from neuropsychological
studies with brain-lesioned patients. Lesions casimy the whole MTL disrupt both
recollection and familiarity, whereas selective gupampal lesions seem to affect
recollection selectively while leaving familiaritglatively intact (Yonelinas et al., 2002;
Quamme, Yonelinas, & Kroll, 2006). In the integvatineural network model (Norman &
O'Reilly, 2003) the physiological properties of thleovementioned structures are taken as
constraints for computational principles. Famibarjudgments are supported by the
perirhinal cortex on the basis of the relative phass of item representations. While
encoding an item, a sharpening process resultssmaler number of perirhinal neurons
that are specifically tuned to represent a pamicstimulus whereas other neurons are
inhibited. This decreases the total perirhinalatgtiand at test, in response to a familiar
compared to a new item, thus enables familiarityeldarecognition judgments (Grill-
Spector, Henson, & Martin, 2006). It is furthermassumed that the same perirhinal
structures are involved in both representing antraeting stimulus features and
computing familiarity signals. The hippocampus,tba other hand, with its sparse level
of neural firing (Aggleton & Brown, 1999), is proped to be critical for recollection-
based remembering, as it can establish associabehseen overlapping, arbitrarily
paired items that are themselves represented ipehehinal cortex. More specifically,
the hippocampus creates pattern-separated repaiieast of to-be-associated items in
region CA3 that are linked to each other and toy®f the perirhinal input pattern via
region CAl. At retrieval, the hippocampus enablasigon-completion and retrieves a
complete studied pattern in response to a partiel ¢his mechanism may break down
when the overlap between the to-be-associated naon is too high, as pattern-
separated representations cannot be establishetiiancase (Schacter, Norman, &
Koutstaal, 1998).

To conclude, the dissociation of familiarity andalection as two qualitatively different
mechanisms underlying recognition memory is sugablty considerable evidence from

behavioral, neuropsychological, and neuroimagingdies. The perirhinal cortex and
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hippocampus seem to be the critical underlying alesuwbstrates of the two processes.
Additional activation in parietal and prefrontajiens that are frequently found in such
tasks do not seem to be specific for either prodasgsare likely engaged in monitoring or
top-down processes supporting familiarity- and Hection-based retrieval.

The next section will review recent ERP findinggpporting dual process models of
recognition memory. They provide a very useful ghsiinto the spatio-temporal

dissociation of the two qualities of remembering.
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Figure 2.4.1: Schematic drawing of the main conpastbetween the brain regions that
underlie episodic memory. Adopted from Aggleton &®n, 2006.
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2.4.2 Electrophysiological correlates of recogmtroemory

Recollection and familiarity have been found to hesociated with dissociable
electrophysiological correlates. This lends furtheupport to the abovementioned
functional differentiation of the two cognitive messes. There is general consensus that
familiarity is associated with an early (300-500) msd-frontal old/new effect, i.e. more
positive-going ERPs for previously studied as comg@ao new items. Recollection, on
the other hand, seems to be reflected in a late-800 ms) (left) parietal old/new effect
(Mecklinger, 2000; Friedman & Johnson, 2000; Ruggré&nelinas, 2003; Wilding &
Herron, 2006; Mecklinger & Jager, in press).

There is compelling evidence from a large amourdtoélies that supports the distinction
of spatio-temporally dissociable ERP componenimtedl to familiarity- and recollection-
based retrieval. Of great importance here are dny &ndings of Rugg et al. (1998) who
could demonstrate that the mid-frontal old/new @iffe insensitive of depth of processing
effects at encoding, whereas the late parietaheld/effect was of greater magnitude for
deeply as compared to shallowly encoded items.adu2000) found that the mid-frontal
old/new effect was of same size for studied words lurality-reversed lure words that
were judged as old. The late parietal old/new ¢fiestead differentiated between the two
classes of stimuli. Moreover, Nessler, Mecklingerd Penney (2001) reported the mid-
frontal old/new effect to be similar for true aralske recognition of semantically related
but unstudied words, and the parietal old/new éfieng greater for true recognition.
Thus, false recognition of lures happens in cadebigh familiarity which is either
derived from perceptual or conceptual similarityveen study and test items. Vilberg,
Moosavi, and Rugg (2006) demonstrated that thestzrold/new effect is greater when
larger amounts of information are recollected, asygared to the mid-frontal old/new
effect not showing this sensitivity. This is conipbd with a study by Woodruff, Hayama,
and Rugg (2006) where words engendering feelingsawiiliarity in the absence of
recollection gave rise to a mid-frontal old/neweetf but no parietal one. Contrarily,
words that were accompanied by the recollectiospefcific contextual details elicited a
parietal old/new effect that was not modulateddmifiarity.

In sum, the dissociation of the two old/new effeatsl their corresponding characteristics
strongly suggests the existence of two functionallgtinct mechanisms underlying
recognition memory. Thus familiarity- and recoliectbased remembering can be

investigated by means of electrophysiology quitedhghly.
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2.4.3 Associative recognition, item-context bindingnd source memory

As dual process models assume that item recogngisapported by both familiarity and
recollection, traditionally only recollection isdhght to be relevant to support associative
recognition judgments (Yonelinas, 2002). Familiané not seen powerful enough to
discriminate between same and rearranged pairshafhvihe constituting stimuli are all
familiar; therefore recollection seems to be needéareover, only the hippocampus is
assumed to support such recognition judgments. Meryethese points are also
controversially discussed (Mecklinger, 2006; Agglte& Brown, 2006). The hypothesis
initially formulated by Yonelinas and colleaguesof¢linas, Kroll, Dobbins, & Soltani,
1999; Quamme, 2004; Quamme, Yonelinas, & Normam®7pGtates that familiarity,
when the to-be-associated stimuli are encoded @herent whole and form a bound or
‘unitized’ representation, can contribute to asathee recognition memory. In addition, it
is inferred that associations can be retrievedpeddent of the hippocampus, only relying
on the perirhinal region of the MTL. There are reliof ERP studies that support this
general idea (Opitz & Cornell, 2006; Jager, Medkin & Kipp, 2006; Greve, van
Rossum, & Donaldson, 2007). Pre-experimentallyizeat associations (like rain-storm)
and those that were unitized by encoding instrastican thus form familiarity-supporting
representations.

How can this be referred to item-context bindings, is there also familiarity for
contextual information? At least some ERP studiegcate that familiarity is sensitive for
such influences, which is in contrast with the agstion that it represents an acontextual,
item-specific form of recognition memory. Tsivil®tten, and Rugg (2001) found that the
mid-frontal old/new effect was attenuated when igidbbjects were superimposed on
novel, task-irrelevant backgrounds. In addition,két¢c Zimmer, Groh-Bordin, &
Mecklinger, (2007) reported that these contextfiliences on the ERP-familiarity-effect
disappeared when subjects were instructed to predaecting attention to the
backgrounds and therefore focus on the objectss thus likely that attentional and
perceptual factors play a key role in establisiagiliarity-based memories, consistent
with the theoretical view that familiarity subsesvgenuinely acontextual forms of
recognition memory.

A special way of testing contextual recognitiors@irce memory. Source memory refers
to the memory for the episode or context in whiome information was presented or

acquired (for a review, see Johnson, Hashtroudiin®say, 1993). Any aspect of context
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can be considered in testing source memory accyeagy whether an event was actually
experienced vs. imagined; whether a sentence walseespby a male or female voice;
whether a written word was presented in a blueedr font). Such information can be
obtained in an incidental instruction or with thetention to learn, i.e. intentional
encoding. Numerous studies have shown that, inrgenememory for source is less
accurate than item recognition memory (i.e., remsnmlg simply whether one
experienced an item or not) and involves more iieal processing and attention
(Troyer, Winokur, Craik, & Fergus, 1999). Becawsmirce monitoring involves more
intentional processing, and likely depends on fabldbe executive functions (Cycowicz,
Friedman, Snodgrass, & Duff, 2001; Troyer et al99)9 it should be more vulnerable
than item recognition, especially in situationsalwng divided attention. It should be
noted, however, that source monitoring performavages depending on the type of
source monitoring involved (e.g., internally- vsteznally- generated, voice, modality,
font color, etc.), the type and difficulty of thec®ndary task, prior experience with the
source differences that are being tested and a ewunofbother factors (Dornbush, 1968;
Farivar, Silverberg, & Kadlec, 2001; Toth & Daniek902).

As mentioned above, source memory depends on tégrity of the frontal lobes, which
could be demonstrated in several patient and neaging studies (Janowsky,
Shimamura, & Squire, 1989; Glinsky, Polster, & Roeaux, 1995). The additional
putative electrophysiological correlate of sourcenmory retrieval, the LPN (late posterior
negativity), is a posteriorly distributed negatstew wave and frequently obtained in the
test phases of source memory tasks. Former stidies shown that the LPN has a
parieto-occipital maximum, onsets at around thestahwhich a response is given, and is
of equal amplitude for correct and incorrect soyumigments (Johansson & Mecklinger,
2003; Friedman, Cycowicz, & Bersick, 2005; Herr@007). It was proposed that the
LPN reflects the search for and retrieval of cotiakfeatures in tests of source memory,
and retrieval processes that may act to reconstaugtior study episode when item-
context features are not sufficiently recoverecheed continuous evaluation. The likely
generator of this component is the parietal lobkiclv has recently been shown to be
critically involved in episodic memory retrieval @iyner, Shannon, Kahn, & Buckner,
2005). The authors propose three hypotheses cangehrow parietal cortex might
contribute to memory. In case of the retrievaltefri-context bindings the ‘output buffer
hypothesis’ seems especially important. It is assithat regions of the parietal cortex

dynamically represent retrieved information in anfoaccessible to decision-making
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processes. Although long-term memories are noedtan neuronal firing patterns, to
influence decision-making, such memories must lpgessed in active neuronal response
patterns. The parietal cortex could act as theebufito which stored information is
transferred. Moreover, the phenomenon of reinstion suggests that at least part of the
retrieved information is represented in the cormesling sensory areas. Linking these
thoughts to the electrophysiology of source memmatyieval, the LPN seems to be
another piece of evidence that traditional coga#rontrol-PFC models (e.g. Miller &
Cohen, 2001) are not sufficient to explain episadémory retrieval processes.

After focusing on memory retrieval processes, tiéwing paragraphs will deal with
memory encoding. Especially with respect to thelgtf emotion and memory, there are
a line of studies that exclusively investigatedaghieg mechanisms. These are supposed
to represent the hallmark for our behavior andrlaemory relevance Thus, it is of

particular relevance to first explain how neuttahsili are thought to be encoded.

2.4.4 Encoding processes

Episodic encoding refers to the initial informatiprocessing steps whereby a memory
trace is created such that it can subsequentlysstiipe conscious recollection of the past
(Tulving, 1983).

For information to be encoded intentionally, itpiocessed by unimodal and polymodal
cortical areas before being transmitted to the mletBmporal lobe. As processing
proceeds along these pathways, progressively highiel representations of the
perceived information are formed, integrating assiogiating different features of the to-
be-remembered material into a bound representgBanons & Spiers, 2003). At this
stage, the interaction of the mentioned structwéh the prefrontal cortex becomes
important in providing top-down control of encodipgpcesses, guiding, modifying, and
elaborating representations in the medial tempota on the basis of the current goals
and task demands, and ensuring that representatiersaifficiently non-overlapping to be
amenable for long-term storage (Henson, Rugg, 8ballosephs, & Dolan, 1999). The
interaction will involve differential recruitmentf gorefrontal regions depending on the
type of top-down processing required, and its negatateralization will depend on the
verbal or non-verbal nature of the information Igeencoded (Brewer, Zhao, Desmond,
Glover, & Gabrieli, 1998).
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Automatic (incidental) encoding of information, bgirelated to bottom-up processing of
stimuli, happens quite independent of the prefloowatex (Miller & Cohen, 2001). The
PFC is not critical for performing simple, autoncaliehaviors. These behaviors can be
innate or they can develop gradually with expermeas learning mechanisms potentiate
existing pathways or create new ones. These “haedWipathways are advantageous
because they allow highly familiar behaviors toexecuted quickly and automatically,
without demanding attention. However, these beMaviare inflexible, stereotyped
reactions elicited by just the right stimulus. Thdg not generalize well to novel
situations, and they take extensive time and e&pee to develop. Bottom-up thus means
that behaviors are determined largely by the natifiréhe sensory stimulus and well-
established neural pathways that connect theseasitlesponding responses. In the case
of encoding, sensory areas and the MTL memory sygieay a significant role for
memory storage.

A special method of investigating encoding processa fMRI and ERPs with regard to
their direct mnemonic outcome is the subsequent engrparadigm which will be

introduced in the next section.

2.4.5 The subsequent memory paradigm

To investigate the neural correlates of memory dimgp in combination with the
mnemonic outcome at retrieval the subsequent memargdigm is used. In general,
neural responses to distinct stimulus events arerded and then classified based on
testing the subject’s memory for the stimuli aiatet time. The key contrast is typically
between neural responses to stimuli later remerdbend to those later forgotten (Paller
et al., 1987). Differential neural activity based memory sometimes referred to as ‘Dm’
(difference due to memory) provides an index ofrakwomputations at the time of
encoding that are predictive of accurate recalieopgnition. Subsequent memory effects
presumably index pivotal operations at the timdeafning that influence what will be
remembered, and constitute some of the tighteseletions between neural function and
encoding (Paller & Wagner, 2002; see Figure 2.4rlaf schematic description of the
procedure and typical results in the ERP domain).

The configuration of neocortical modules that medencoding varies with the nature of
the stimulus (e.g. Sommer, Schweinberger, & ME91; Mecklinger & Mduller, 1996),
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and with how attention is allocated to differenitnstlus features and types of processing.
A central theoretical focus in memory research bascerned the influence of goal-
directed attentional orientation on encoding, as ba manipulated by instructions to
process stimuli for meaning, phonology, or struaitdorm (Craik & Tulving, 1975). In
one study by Paller (1987) ERPs were examined fondsvstudied under four different
attentional orienting conditions, using two struatitand two semantic tasks. Dm effects,
i.e. enhanced posterior positivity at a latency@®-800 ms for subsequently remembered
words, were greater during semantic than non-semarienting. Together with findings
of Otten & Rugg (2001), this suggests that some diects reflect processing variations
that come into play when subjects maintain a mepbased attentional orientation, and
that different meaning-based goals can differdgtimfluence encoding. On the other
hand, associative or elaborative item processingictw probably demands strategic
rehearsal and manipulations of actively maintairegtesentations may likewise underlie
frontal Dm findings in ERP studies (Mangels, Pi¢t&nCraik, 2001). In their study the
authors found the early N340 to be sensitive tenittn and subsequent memory,
indicating that it represents an attentionally mathd process that is also predictive of
successful encoding. In addition, a posterior swsth potential demonstrated a clear
association with subsequent memory, which waseael&t sustained activation of object
representations just processed. Subsequently reamethlwords also elicited a robust
sustained frontal positivity similar to that fourd previous studies where encoding
processes were explicitly biased towards elabarastrategies (Fabiani, Karis, &
Donchin, 1990; Weyerts, Tendolkar, Smid, & Hein897). A previous study by Karis,
Fabiani, and Donchin (1984) exemplifies the datdeqwell. Subjects reporting simple
strategies while encoding words, larger P300s didissquently recalled than not recalled
items was found. The group of subjects reportirggibe of elaborative strategies instead
demonstrates a memory-sensitive frontal slow waves also receives support from
studies with patients with focal lesions demonstgathe importance of this region for
strategic processing and successful encoding (Stuss 1994).

Thus it seems that there exists a topographictihdison for Dm effects being anteriorly
and posteriorly focused, and reflecting strategicogling operations usually obtained in
intentional tasks versus automatic attentional ae@ns in incidental tasks, respectively.
Timing issues, however, are less well understodd now and remain to be classified in

the abovementioned distinction.
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Figure 2.4.5: Procedure of the subsequent memorgdmgan adapted from Paller &
Wagner, 2002.

2.4.6 Summary

Episodic memory and its electrophysiological catet are fairly well researched with
dissociable ERP old/new effects for two qualitdiiveistinct types of remembering,
familiarity (early frontal old/new effect) and rdtaxtion (late parietal old/new effect).
These are supposed to reflect the different invokmt of underlying neural structures of
the MTL memory system, being the perirhinal coexl hippocampus, respectively.
Encoding phenomena have additionally been invesiigeo a large extent and point to a
significant role of encoding instruction for latenemory processing and relevance.
Hereby, it is of further importance to look at austic and controlled processes
supporting the encoding of information into memaeyealed in topographically distinct

subsequent memory effect in the EEG.

In the following it will be of special interest hothe abovementioned processes are
affected by the emotional valence and arousal stimulus. Are there emotion-specific
brain regions and networks? Therefore, | will shigtit on the processes of encoding,

consolidation, and retrieval in interplay with emaogl arousal.
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2.5 Emotional influences on encoding processes

2.5.1 Attentional and strategic modulations

As already introduced in the last section on eptsatemory and encoding, there are at
least two ways of encoding events, namely bottongiep relatively automatic) and top-
down (i.e. under the engagement of strategic ojp@sgtdriven processing. At the point of
the first encounter, emotionally arousing stimule aisually processed prioritized, i.e.
relatively automatic. Attention may be directed #mds threatening or aversive stimuli
and these may benefit from facilitated processiRgatto & John, 1991; Wentura,
Rothermund, & Bak, 2000; Ohman et al., 2001; Anoler& Phelps, 2001; Kensinger &
Corkin, 2004). There is increasing evidence thet irealized by the modulatory effects
of the amygdala on the MTL memory system and logesrsory areas (e.g. reviewed in
LaBar & Cabeza, 2006). There are relatively fewds that investigated the effect of
only valenced stimuli or directly compared thosettlitionally arousing ones, but there
are reports that the valence dimension is suffitdiemoost (i.e. better and richer) memory
performance (LaBar & Phelps, 1998; Ochsner, 2008ndihger & Corkin, 2004). The
processes contributing to this enhancement, howeeem to be distinct from the former.
These stimuli are found to profit from self-genechiand controlled encoding strategies
that on a neurophysiological level are seemingBlized by a network engaging the
prefrontal cortex (PFC) and hippocampus (KensingerCorkin, 2004). Using the
subsequent memory paradigm with neutral and negatords as test stimuli in a later
recognition memory test, the authors identifieds thetwork in successful encoding of
negative non-arousing words. Contrarily, for thecassful encoding of negative and high
arousing words the amygdala and hippocampus provéd highly relevant. Kensinger
and Corkin were thereby able to find a dissociabbtwo encoding mechanisms related
to valence and arousal in one experiment, whickuremarized in Figure 2.5.1. Panel A
shows that the left amygdala only proved to preslidisequent memory performance for
negative words with high arousal, whereas panehBlicates that the left hippocampus is
relevant for the successful formation of memorikalbkinds of stimuli. The left inferior
PFC (panel C) demonstrated a further dissociatiath wnly being sensitive to later
memory performance for negative non-arousing wadd neutral ones, and not for
arousing ones. Thus, the latter two classes ofusitiemgaged a similar network, whereas

on a behavioral level this only led to a memoryamdement for negative words. Probably
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strategic encoding operations are more efficieatlyendered for these stimuli only. This
elaborative processing could at least take two $orautobiographical and semantic
(Kensinger, 2004). Autobiographical elaborationalwes processing stimuli with regard

to the subject who is seeing it, linking the stioaito autobiographical experiences or
undertaking self-introspection. This is more likébyhappen for valenced as for neutral
stimuli. Semantic elaboration means that subjemtsasitically elaborate on the items, i.e.
think about their meanings or their relation toesthems. Especially the latter is supposed
to be enhanced for valenced items that usuallyesst@onger inter-item associations than

neutral ones.
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Figure 2.5.1: Subsequent memory data from Kensi&georkin, 2004. A represents the
results for the left amygdala, B the left hippocasypand C the left inferior PFC.

There is a current debate about the role of thegdalg in encoding neutral contextual
information (Kensinger, 2004; Adolphs et al. 2009lthough amygdala activity
corresponds with memory for some details (whetheritam was seen or imagined,

Kensinger & Schacter, 2005 a, b), it does not ftmers, e.g. the task performed
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(Kensinger & Schacter, 2006). The authors assumecttntextual information has to be
task-relevant to reach the amygdala and moreovier g@ecial mnemonic relevance.
Another piece of evidence with respect to encogiragesses of emotional stimuli comes
from EEG studies.

As already introduced in the paragraph on elecisiplogy, event-related potential
(ERP) studies consistently found that emotionalypes from the International Affective
Picture System (IAPS; Lang et al., 2005) evoketa pasitive potential (LPP) in stimulus
classification paradigms (Schupp et al., 2006) sTdamponent is additionally modulated
by the level of arousal, with more arousing picsuediciting greater positive potentials
than low arousing ones (Schupp et al., 2000). Qumtentional encoding of a recall test,
Dolcos and Cabeza (2002) found the positivity forogonal stimuli (here positive and
negative arousing) to be modulated by arousal @¢tphand by both arousal and valence
at fronto-central sites. The authors related tbighe abovementioned distinct neural
systems for arousal (amygdala-hippocampus) and neale (PFC-hippocampus)
processing. However, the specific functional sigaifice of the posterior positivity in the
domain of memory remains an open issue. On thes lmdsfiindings that show that the
posterior positivity is associated with the amowtattention paid to the emotional
stimulus being processed (Diedrich, Naumann MagerBecker, 1997) and that the
amplitude of the posterior positivity is positivelgorrelated with the number of
subsequently remembered emotional events (PaloArzailli & Mini, 1997), one could
assume that it reflects some kind of ‘attentiorggdtaring’ that leads to better memory for
stimuli that contain this attention grabbing prds. Moreover going a step further, this
attentional capturing mechanism could also modulflagebuild up of memory-relevant
associations (bindings) between stimuli and confeatures and thus lead to impairment
effects in the domain of source memory.

In conclusion, it has to be noted that alreadynabding valence and arousal seem to have
dissociable effects contributing to a memory adagetfor emotional stimuli which can
be inferred from fMRI and ERP studies. It, howewvemains open how the correlates of
the two methods of investigation are related tcheatber, and how arousal and valence

are to be dissociated specifically.

36



2.5.2 The tunnel memory phenomenon

A frequently discussed phenomenon in the domaencbding and processing emotional
stimuli is the tunnel memory phenomenon. It stét@s$ central aspects of an emotionally
arousing scene are usually better remembered ti@se tof neutral and non-arousing
ones. Moreover, neutral and non-arousing periprespécts tend to be remembered less
well when they are part of an emotionally aroussegne as compared to being part of a
neutral non-arousing scene (e.g., Safer et al.83)19Bhis phenomenon is often also
referred to as weapon focus (Steblay, 1992) andendaectly describes the fact that
witnesses of a crime mostly are able to give detaout the assailant's weapon, but not
e.g. about his clothes. Another distinction is mattein the terms of boundary restriction
and extension. According to Intraub, Bender, anah@éds (1992), while viewing a picture
people automatically activate a perceptual or mesthema that extends the arbitrary
boundaries of the picture. This is supposed to éapp neutral scenes, whereas the

opposite should be true for emotionally arousingfChristianson, 1992).

Figure 2.5.2: Examples of neutral (top) and trauen@iottom) stimuli used by Safer et al.,
1998.
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This effect is usually explained through two diéflet mechanisms. The first is supported
by the special attentional properties of emotignadrousing stimulus material
(Easterbrook, 1959). Attention is focused on thetreé¢ arousing emotional object in a
scene and may therefore result in better encodingfarmation in that location, at the
expense of other less well attended locations. #hisften called a narrowed focus of
attention (Baddeley, 1972) or attentional capturiRgatto & John, 1991) of emotional
material. This finding can be related to bottompupcessing introduced at the beginning
of this paragraph. The second mechanism reliesoprddwn driven processing and is
reflected in a greater elaboration of the meanihgemotional scenes and a direct
enhancement of memory trace encoding as a reswtnaotional arousal at the time of
processing (Cahill & McGaugh, 1995).

To get closer to the underlying mechanisms of thecial encoding characteristics of
tunnel memory phenomenon and to further validagegiéneral phenomenon, most recent
behavioral studies used quite diverging experimatgsigns. Moreover, a relatively small
amount of stimulus material was taken into invegi@n and no really converging
patterns of results on the tunnel memory phenomenemeported as will be described in
the following. Safer et al. (1998) concluded thHeit series of experiments, while using
two different sets of stimuli and three differenétimods of testing recognition, provides
considerable support that subjects remember tracinsaenes as more focused than
neutral ones. However, these claims are build eruie of two test items per subject that
only restrictedly point to the tunnel memory pheemon. Candel, Merckelbach, and
Zandbergen (2003), who tried to validate Safer Iés @onclusions, investigated the
aforementioned phenomenon with a drawing test dmed damera distance paradigm
(according to Intraub et al., 1992). Their resudtgygest that boundary extension for
neutral and emotional photographs is a more robnding than boundary restriction.
Mathews and Mackintosh (2004) brought an importafitence factor into discussion
that might at least partially account for the dgieg results in the domain of the tunnel
memory phenomenon. In a well-designed experimangus much wider range of stimuli
(32 out of the IAPS; Lang et al., 1995) than albwdmentioned studies, they could show
that boundary extension was reduced in high tratieaus individuals for negative scenes
as compared to neutral ones. This was explainezugir the association of high trait
anxiety with selective attention focused on threantent, together with a neglect of
processing other more peripheral details, condistéh bottom-up processing. This is in

accordance with early findings that increased agoe threat leads to reduced attention
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and responsiveness to peripheral cues (e.g. ErdeBiumenthal, 1973) together with
heightened attention and responsiveness to ceotres that were the source of the
increased anxiety (Christianson, Nilsson, Mjorndrayris, & Tjelldén, 1986; Derryberry
& Reed, 1998). Previous research has suggestedhtiegitening stimuli are more likely
than emotionally neutral ones to capture attenfidms particularly is the case in anxiety-
prone individuals (Mathews & MacLeod, 1994). Twoimsources of evidence build the
basis for this conclusion. First, in interferenaskis such as the emotional Stroop, words
with a threatening meaning often cause slowed amoning relative to matched neutral
words (Williams, Mathews, & MacLeod, 1996). Secommdl, attentional search tasks,
targets may be detected faster when they occureirsame location as threatening words
than in the location of neutral ones (Broadbent &dlbent, 1988; Yiend & Mathews,
2001). Preferential attention capture by threahsli has been reported in both clinically
anxious groups and in high-trait anxious non-chhigroups, especially when under
stress. Typically, low-trait anxious individuals dot show the same response to such
stimuli and, indeed, have sometimes tended to sti@wreverse effect, suggestive of
avoidance (Mogg, Bradley, & Hallowell, 1994). Thessults have been used to argue
that individual variations in selective attentianthreatening cues when under stress may
underlie vulnerability to anxiety states, by enhagdhe acquisition of information about
potential dangers in some people and minimizing ibthers (Mathews & MaclLeod,
1994). This argument implies that the finding witineatening stimuli leading to selective
intake of information about danger by anxiety-pramdividuals in everyday life, and thus
representing a causal factor in anxiety disorders.

Very recently, Kensinger, Garoff-Eaton, and Scha@607) tried to disentangle different
memory trade-off effects with regard to memory &notionally arousing scenes. The
authors first defined two types of such trade-dfiees which correspond with the
aforementioned mechanisms: the central/peripheadetoff and the gist/detail trade-off.
The former refers to the fact that subjects areenlikely to remember the negative
visually arousing objects than the neutral objectshe center of a scene, and are less
likely to remember background information shownhwitegative arousing objects than
with those shown with neutral objects. The lateedescribed as an enhancement of the
likelihood that the gist or general theme of anezignce is remembered, while reducing
the probability that specific visual details of tleaent are remembered. In four behavioral
experiments they demonstrate that the centralfpergd trade-off is a very robust

phenomenon whereas the gist/detail trade-off coulg be found with special encoding
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tasks and only for memory for the nonemotional gasknd of a scene. With regard to
the tunnel memory phenomenon this means that it hikedy is based on the attentional
capturing mechanism introduced by Easterbrook (L9%@ipported by bottom-up

processing.

2.5.4 Summary

There are a few ways by which emotional arousal affect encoding. The first is by
modulating the selectivity of attention (Easterlob959). It is proposed that arousal will
lead to the narrowing of attention, i.e. a decreaghe span of cues to which an organism
is sensitive. When observing an emotional evem¢ntbn will be focused primarily on
the arousing details of the stimulus, resultingbitter encoding of those details and
impaired encoding of less relevant ones, resuliing general memory failure. This is
what is supposed to underlie the tunnel memory @memon. The contrary finding,
boundary extension, is usually observed for nestraiuli.

Emotional stimuli may also benefit from conscioaop-tiown encoding strategies, such as
elaboration. This is supposed to be mostly true fon-arousing negative stimuli.
Elaboration refers to the process of establishimgslbetween newly acquired information
and previously stored one. This elaborative prangssould at least take two forms:
autobiographical and semantic (Kensinger, 2004).

On a neural level, the first modulation of encodprgcesses is realized by the amygdala
(e.g. Morris et al., 1998). With its activationappears to also bias sensory processing,
due to its connections with lower-level sensoryaaréAmaral et al., 2003). Moreover, a
further influence on hippocampal activity seemséoresponsible for the often reported
later memory advantage (Kensinger & Corkin, 20@Hntrarily, elaborate processing is
more likely to be mediated by the prefrontal cortard its connections to the
hippocampus.

Emotion may moreover affect memory in other ways, by influencing retention or

consolidation. Therefore, the upcoming sectionsledth these possible mechanisms.
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2.6 Modulation of consolidation processes by emotion

2.6.1 Effects of stress hormones

In the context of consolidation processes of emmatligtimuli, stress hormones have been
discussed as highly relevant. This is inferred frantine of experimental studies with
animals and humans. Stress-hormone systems adtibgtemotional situations serve the
immediate adaptive needs of an organism (Frankeseinei975). Additionally, extensive
evidence suggests that they influence memory stor@dcGaugh, 1992; Cauhill,
McGaugh, & Roozendaal, 1996). Initial animal stgdexamined the effects of post-
training injections of the adrenal medullary hormaoadrenaline on memory for
inhibitory-avoidance training (Gold & Van Buskirk975). Adrenaline enhanced memory
in a dose-dependent way and the effects were tepestlent. Memory was only
enhanced when adrenaline was administered shdtdlly teaining, which was also found
in discrimination learning and appetitively motiedt tasks (McGaugh, 1992). These
effects seem to be mediated by the activation ofoperal B-adrenergic receptors and
additionally might involve the release of gluco&m®ld, 1995).

These studies imply that activation @fadrenergic receptors in humans could influence
long-term declarative memory formation for emotibnaarousing events, which is
supported by several recent studies (Cahill, Pkvisber, & McGaugh, 1994; Nielson &
Jensen, 1994; Van Stegeren, Evereard, Cahill, Mglga& Gooren, 1998). Emotional
arousal also activates adrenocortical hormone selegcortisol in humans). The
adrenocortical response is generally viewed as¢isend wave of the endocrine response
to an emotional event (Lupien & McEwen, 1997). Mastidies have examined the
impairing effects of high, sustained doses of tentones. However, the well-known
inverted-U relationship between dose and retentjperformance (i.e. memory
performance after a given retention interval) sstgethat lower, acute doses of
corticosterone-receptor antagonists should enhar@eory consolidation (Roozendaal &
McGaugh, 1996). Furthermore, adrenomedullary anderextortical hormones on
memory interact in influencing memory storage (Rowaal, Carmi, & McGaugh, 1996).
Thus, the adrenal hormones adrenaline and corticost enhance declarative memory of
arousing experience.

It is documented in several lines of researchttitamygdala modulates memory storage

for emotional stimuli. Goddard (1964) was the fitst show that stimulation of the
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amygdala influences memory consolidation proces3é® amygdala is crucial for
memory-modulating influences of stress hormonesidres block the memory-enhancing
effects of adrenaline and glucocorticoids (McGau@f92; Cahill et al., 1996). The
basolateral nucleus of the amygdala seems to baubtleus most crucially involved in
these modulations (Roozendaal & McGaugh, 1997)prijects prominently to the
hippocampus and entorhinal cortex, which are @liicinvolved in memory processes
(lkegaya, Saito, & Abe, 1996). Moreover, the amygdmodulates memory storage
processes in the neocortex via projections to séwrtical regions (lwai & Yukie,
1987).

Considerable evidence from both animal and humanlief lends support to the
perseveration-consolidation hypothesis first intreed by Miller & Pilzecker (1900). It
states that neural processes initiated by an expeiperseverate and consolidate over
time with emotional arousal activating neurobiotaji processes that modulate the
consolidation of memories of recent experience® ddirenal stress hormones, adrenaline
and corticosterone (cortical in humans), normadliieased by emotional arousal enhance
long-term memory when administered to rats or nsicertly after a training experience
(McGaugh & Roozendaal, 2002). These stress hormanfBigence noradrenergic
activation within the basolateral region of the aagla, and amygdala activity in turn
modulates memory processing in other brain regiers,the hippocampus via long-term
potentiation (lkegaya et al., 1996; Cahill & McGaud998). Human studies have also
reported that memory is enhanced by administertdngraaline shortly after learning or by
inducing stressful conditions that release adrapalCahill & Alkire, 2003). Drugs that
prevent the actions of adrenaling-gdrenergic antagonists) block the memory

enhancement by emotional arousal (see Figure 2.6.1)
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Figure 2.6.1: Schematic representation of modulatcd memory consolidation by
emotional arousal-induced release of stress horsnand noradrenergic activation of the
amygdala (McGaugh, 2006).

2.6.2 Retrograde memory enhancement (RME) andtreteduration

When discussing effects of emotional arousal orsclidation processes, it seems worth
mentioning that there are a few studies that caol@ichonstrate the modulatory power of
arousal on memory for neutral events when admmadtémely associated. Livingston
(1967) proposed that memory for neutral items piggeemotionally arousing items are
enhanced. In many studies influences on attenti@meoding and those on consolidation
are confounded, especially when emotional itemsiseel as test probes. In a recent study
(Anderson, Wais, & Gabrieli ,2006) the authorsdri® research consolidation effects
selectively, i.e. unconfounded by encoding proces$&abjects encoded neutral and
emotional (both positive and negative) picturese Tétrmer were presented either 4 or 9
seconds before arousing (or neutral) stimuli. Dyirnrecognition test administered one
week later, remember/know judgment had to be ginamory performance for the
emotional stimuli varied directly as a function safbjectively experienced arousal with
more arousing pictures remembered to a greaterntextean low arousing ones.
Additionally, memory for neutral pictures precedihg emotional ones by 4 seconds (not
by 9 seconds) also varied with the emotional intgredf the emotional pictures, i.e. the
greater the emotional arousal of the emotionaupi;tthe better the memory performance
of the preceding neutral one. This was termeddggade memory enhancement’ (RME)

by the authors. Moreover, specific recollectiontlud neutral pictures, but not judgments
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of familiarity, was directly related to the degrekarousal of the pictures. The authors
pointed out that it is unlikely that adrenal strassmones played a role in mediating these
effects, because stress hormone release is probablglow to influence amygdala’s
functioning within the 4 second window of effectivss. Also, as peripherally released
stress hormones remain active for many minutey, woaild have been influential during
the presentation of neutral as well as emotiomailst

Retention duration seems to be a critical expertalerfiactor for proving that
consolidation processes are highly relevant inttpec of emotional arousal (LaBar &
Phelps, 1998; Sharot & Phelps, 2004; Sharot & Yiaas| 2008). These studies showed
that a recognition advantage for negative aroustmguli as compared to neutral ones
could only be observed after a great delay (att Isageral hours), but not in immediate
testing. This effect could be observed for recatl eecognition memory tests using words
and pictures as stimulus materials. Moreover, Shard Yonelinas (2008) demonstrated
partially no forgetting or even enhancements fauaing stimuli over a 24 hour interval
as compared to immediate testing. This means thgbing consolidation processes are
beneficial for emotional stimuli to be stored in mmy and later facilitate retrieval
operations. However, these studies did not inva&ighe underlying neural correlates of
this phenomenon which seems to be highly relevamolbtaining an association with the
abovementioned modulatory effects of stress horsare consolidation processes for
emotional stimuli. Moreover, these studies lackfitml differences in the valence and

arousal characteristics of different stimulus nmatsr

In sum, there is compelling evidence that stresmboe systems and the amygdala play a
key role in the modulation of consolidation pro@sssnediated by emotional arousal.
Such modulations engage ongoing central as wefleaipheral neurohormonal systems
and seem to promote memory for emotional stimudi, exemplified in a retrieval

advantage over time.
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2.7 Emotional influenceson retrieval processes

2.7.1 Quantity of remembering

The emotional salience of an event has proven tarbenportant modulator of memory
performance, as it is usually more likely to rememigvents containing emotional
relevance than those that do not. This memory erdmeant effect has been shown for a
large class of stimuli in diverse tests of memdéyyobust pattern in free recall tests is that
emotional stimuli are recalled to a greater extbah neutral stimuli (Cahill et al., 1996;
Hamann, 2001; Buchanan & Adolphs, 2002). Simildeat have been noted within the
autobiographical memory literature. When individuale asked to generate memories in
response to a cue word, the retrieved memories oftkn be rated as personally
significant and emotional (e.g. Conway, 1990). Aitoof further investigation is the
extent to which the valence of an event (positiveegative) differentially influences the
likelihood that an event is remembered. Often, blo®st in recall or recognition is
comparable for both kinds of stimuli (Bradley et 4992; Kensinger, Brierley, Medford,
Growdon, & Corkin, 2002). However, in some studiegative items are more likely to
be recalled than positive ones (e.g. Charles, MatkeCarstensen, 2003). Yet other
studies, those on autobiographical memories, redeile opposite pattern, an advantage
for positive events (D’Argembeau, Comblain, & Vaar dinden, 2005).

However, recognition memory enhancements are lessistently reported (reviewed in
Christianson, 1992). In a behavioral study Ochs{2800) reported higher old-new
discrimination for negative pictures than for bqibsitive and neutral ones after a two-
week test delay. Moreover, he obtained more libezaponse biases for negative and
positive pictures as compared to neutral ones. dstroases, hits and false alarms are
enhanced for emotional material. Moreover, the ated ‘emotion-induced recognition
bias’, i.e. a more liberal response criterion foro&ional as compared to neutral stimulus
materials often is accompanied by comparable Puegal(i.e. old/new discrimination
performance) for neutral and emotional stimuli (dfmann & Kutas, 2001; Johansson,
Mecklinger, & Treese, 2004), or even worse perforoceafor negative words (Maratos,
Allan, & Rugg, 2000). The latter study examined ith@roposed underlying
electrophysiological mechanism that emotional slimshare stronger inter-item
association strength than neutral ones and by l#ad to illusory recollection. This

phenomenon could be demonstrated behaviorally,t@dexamination of ERPs in the
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recognition phase of their experiment supported thew that memory for emotional and
neutral words is not mediated by different cogmitaystems and operations. In contrast,
after having made an effort to equalize the intiemi relatedness for the stimulus classes,
and still obtaining a more liberal response biasfegative as compared to neutral words,
Windmann and Kutas (2001) argued that the diffezeincresponse bias rather reflects
flexible criterion setting triggered by emotionablence that works to ensure that
especially negative stimuli are not missed or takemrelevant. This was inferred by the
finding that, although ERP old/new effects were diferent for negative and neutral
words, waveforms for ‘old’ responses (hits anddatarms) revealed ERP differences in
an early time window (300-500 ms) only for neutit@ims at frontal sites. This was
interpreted as a reflection of response bias effentERPs linked to recognition memory.
The authors proposed that the non-existing diffezefor negative words reflects a
disinhibition of prefrontal control mechanisms whithus leads to an enhanced false
alarm rate for these stimuli. A further study witbgative, positive, and neutral faces as
stimuli (Johansson et al., 2004) supported thisrpretation. Again, emotional valence
did not influence old/new discrimination accuralbyf response bias. In addition a similar
frontal ERP modulation as in the Windmann & Kut28(Q1) study could be observed.
Some of these conflicting findings may be explair®ed the proposal that memory
mechanisms evolved to facilitate the encoding atdeval of the affective information
that is most relevant to one’s goals (e.g. LeDoi896). Remembering a negative
experience often may be more relevant to survivalell-being. In these instances, more
attention may be paid to the negative item, enmananemory for this kind of
information. However, there likely are instanceswhich positive events are just as
relevant as or even more relevant than negative.dnesupport of this is evidence that
individuals (e.g. older adults) who seek positiialgstates show enhanced memory for
positive as compared to negative items (reviewelather & Carstenson, 2005).

To reflect this of an experimental point of viewl, @ovementioned studies used diverse
kinds of test materials (words, pictures, facesleiEnt encoding instructions (intentional,
incidental), and methods to test recognition penfoice (pure old/new discrimination,
old/new discrimination together with the remembeolk procedure). Moreover, they did
not disentangle effects of valence and arousal,dighanostly use immediate testing, not
delayed (where advantageous effects for emotiot@ub are found to be extremely
pronounced (e.g. Sharot & Phelps, 2004)). Espgciat last two points seem to be of
high importance and may account for the inconsesten results. Thus in the following,
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the quantity of remembering for emotional picturedl be researched. This kind of
stimulus material is not used very often in mereogmition memory paradigms, but
seemingly has several advantages as compared tswehotos of real-life objects and
situations are far more realistic to induce emaliarousal and therefore deserve special
attention in the following research.

The next section will present results on the gualitremembering, which will provide a
valuable tool for a deeper understanding of thehaeisms by which emotion modulates

recognition processes.

2.7.2 Quality of remembering

Although quantitative assessments of memory hawen bastrumental in laying the
groundwork for investigations of emotion-memoryeictions, they may underestimate
the influence of emotion. Not all remembrances @eated equal. Many of emotion’s
effects on memory become apparent only when thétgud a memory is considered.
Thus, in addition to a change in the quantity eheenbering, modulatory effects are also
described as a boost of recollective experiencég@er, 2000; Sharot & Yonelinas, 2008;
Sharot, Verfaellie, & Yonelinas, 2007) for emotiipaarousing stimulus materials as
compared to neutral ones. This means that emotioeahories are usually experienced
more vividly than neutral ones. Ochsner (2000) rpreted this finding from an
evolutionary point of view, where it might be adtageous to reexperience negative
events more detailed than positive or neutral odMseover, he pointed out that the
immediate personal relevance of the (picture) medtenight play an important role,
having negative scenes containing the most survetal’ant information. Neuroimaging
studies (Sharot, Delgado, & Phelps, 2004; Dolce®dr, & Cabeza, 2005) have provided
evidence that this enhanced feeling of remembeiongemotionally arousing stimuli is
dependent on activity of the amygdala and the Mdnmary system and accompanied by
a feeling of arousal and enhanced perceptual fluenc

An ERP study (Johansson, et al., 2004) using emaltimces selectively found the (left)
parietal old/new effect, the assumed correlate @foliection-based remembering
(Mecklinger, 2000; Friedman & Johnson, 2000), fagative faces as compared to
positive and neutral ones that only elicited arlyefiontal old/new effect, the supposed
reflection of familiarity-based remembering (Curré&®©00; Mecklinger, 2006). Figure
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2.7.2 shows this finding at frontal and pariet&ctiodes separately for the three stimulus
classes. This is in concert with the findings amdéenpretation of Ochsner (2000).
However, in addition with other studies (Maratdsale, 2000; Windmann & Kutas, 2001)
ERP data have provided a less consistent pictutteeaf®IR| data, as the latter two studies
did not find different ERP old/new effects for nelitas compared to negative words.
There moreover is no study that compared the retogmrmemory ERP correlates for
emotionally arousing stimuli at two different tirpeints of retrieval, which is thought to
be an important condition to elicit memory advaetgfor emotional stimuli.
Additionally, as with regard to consolidation, teeis no clear distinction between
emotionally arousing and nonarousing only valemuli to be found in the literature. As
encoding processes are affected by this poingi@at extent, it seems likely that retrieval

is based on a similar differentiation.
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Figure 2.7.2: ERP old/new effects in the Johanssoral. (2004) study for neutral,
negative and positive pictures.
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A recent study on the retrieval of valent contekimBrmation found associated enhanced
effective connectivity from hippocampus to amygdgaith, Stephan, Rugg, & Dolan,
2006), which provides a strong proof for dynamiteractions between these regions.
Importantly, there are a number of studies on ewnatisource memory in which neutral
items are presented in either neutral or emotiooatexts (Maratos & Rugg, 2001; Smith
et al., 2004; Smith et al., 2006). These constititker presenting a neutral picture in
context of an emotional one, or presenting a newrad in an emotionally valenced
sentence. On the one side, these studies reliatyodstrate a positive effect of the
emotional content of information on source memaoegy,when the contexts to be retrieved
are themselves emotional (Smith et al., 2006). l@nother side, specific ERP effects are
observed for correctly retrieved emotional contdkiaratos & Rugg, 2001; Smith et al.
2004). The question arises if this is also truenfmn-emotional contextual information. In
behavioral tests of source memory there are repmfrtenhancement and impairment
effects. The former have been shown in studieshichvthe contexts used to test were
themselves emotional (e.g. Smith et al., 2006).r&memory impairments refer to the
fact that peripheral elements of a scene or otlmr-emotional elements of a study
episode are remembered less well when they werempied together with emotionally
arousing information (Kensinger, Piguet, Krendl,Gorkin, 2005; Adolphs, Tranel, &
Buchanan, 2005). Thus far, all studies have testece memory only after a short while

after encoding and it remains open what happees afiong retention interval.

2.7.4 Summary

The ways in which retrieval processes are affettgcemotional arousal are not well
understood. Although there is the general notiorrdiancement effects of memory for
emotional materials, there are several points Ibhiaig doubt to the generability of this
claim. First, it seems to be of special relevamctest memory after a delay, as immediate
testing showed a mixed pattern of results, fromaaohment to decrement effects (Sharot
& Phelps, 2004). Moreover, the kind of test progedplays an important role, as recent
studies imply that the lack of memory enhancemgnarousal at immediate test may be
specific to cued recall and recognition tests (Ridson, Strange, & Dolan, 2004) rather
than to free recall (Strange, Henson, Friston, &app 2000). In addition to this, the

enhancement of recollective experience for emolipr@aousing stimuli is a more robust
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pattern. Nevertheless, it remains an open issemdtional arousal enhances (Smith et al.,
2006) or impairs (Kensinger et al., 2005; Adolplsak, 2005) the binding to context
features (tested in source memory tasks).

In the present thesis these issues are to beiethtid a greater extent via the use of
behavioral and event-related potential measurasgygictures of differing valence and

arousal for two different retention durations.
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3. Research Questions

Following this empirical background of the modutgtieffects of emotion on memory
processes, many questions remain open and neéeérfetucidation. Therefore, the focus
of the upcoming four experiments is on the exaterplay of encoding, consolidation, and
retrieval processes when emotional valence andsat@we considered.

More specifically, the experiments seek to find tectrophysiological correlates of
encoding emotional events and to directly set ti@mrelationship with recognition and
source memory performance. If special attentionali$ing mechanisms for emotional
materials are set in train at a first encountezy thould be visible in their ERP correlates
as compared to neutral materials. This is examwwéd respect to manipulations in
encoding instruction (intentional vs. incidentalje amount of arousal and valence of the
stimuli (neutral vs. positive vs. negative), thetaxt features of the study episode used to
test later source memory performance (study losatstudy time, study task), and the
retention duration being immediate or 24 hoursrlak®r this purpose, event-related
potential measures are obtained for the encodidgetnieval phase of Experiments 1 and
3. These are fairly researched for emotional pesueind therefore supposed to give a

deeper insight into the mechanisms that underéeatiovementioned phenomena.

In more detail, Experiment 1 investigates the ERRetates of encoding and retrieving
emotional events, i.e. negative and positive aspesad to neutral pictures. Using a
source memory test procedure, it is the aim to @atif recognition memory performance
on an item level is enhanced for emotional as coetpao neutral pictures. If so, it
remains to clarify if this happens as a consequehedtentional capturing at encoding or
via the engagement of controlled encoding operatidrhat is, | will take a look at
encoding activity via the use of event-related pt#ds which up to now has been fairly
done. Additionally, the question how emotion modtiesa ERP recognition memory
old/new effects expressing differences in the quali remembering remains open from
the introduced studies that used words and facesiraslus materials. Moreover, | will
examine the binding mechanisms by which the emalignctures are supposed to be
bound to the neural context features study locadimh study time. From the current state
of research it is not clear if these associaticas loe enhanced or if emotional arousal

leads to attenuations.
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Experiment 2 is then supposed to test the contabudf controlled processing to the
encoding of positive and negative events while gisirdivided attention manipulation at
encoding. This is done to prevent the engagemenomwirolled encoding operations and
aims at resulting in the receipt of effects that esen be obtained under capacity-limited
conditions. These are to be different for high do@ arousing stimuli due to their

assumed different ways on encoding.

Experiment 3 is concerned with disentangling thieat$ of valence and arousal on
encoding processes and recognition memory perfaendike Experiment 1 did. To
answer the remaining open questions experimentalittons are applied that presumably
influenced the unexpected findings of ExperimentSpecifically, retention duration is
manipulated as being either immediate or 24 hoaoogeition to test if consolidation
processes are needed to lead to memory enhancéneetgative pictures. Moreover, as
opposed to Experiment 1, | will use incidental ehng instructions to allow for
automatic attention-driven effects. Additionalllgetcontext feature ‘study task’ is used to
test the binding of negative high and low arougitgures to a different neutral part of the
study episode. Thus, Experiment 3 tries to giveesamswers to the unresolved issues of
Experiment 1.

Finally, in Experiment 4 the detailed investigatiohthe encoding phenomenon tunnel
memory and attentional capturing mechanisms ar¢henscope. We designed a new
experimental paradigm and took individual factouslsas trait anxiety of the subjects
into account to examine the focusing on emotionalyusing aspects of a scene while
neglecting neutral ones in the periphery. If atterdl mechanisms are responsible for this
effect, high trait-anxious individuals should derswate it very clearly as these

individuals are said to be especially affectechigirtattentional capacities.

Even detailed descriptions of the single objectivethe experiments are to be found in

the corresponding section ‘Question’ inherent mgtory in each of the four studies.
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4. Experiments

4.1 Experiments 1A and 1B

4.1.1 Questions

In the first experiment | set out to investigate timpact of emotional content on encoding
and retrieval processes in more detail, tryingrk the electrophysiological correlates of
those processes with memory performance. Spedyficaree issues are addressed: First,
it is of special interest to find out whether thesterior positivity for emotional pictures
during encoding is directly associated with enhdntem memory on the one side and
attenuated source memory performance on the ditare specifically, it is predicted that
to the extent to which the posterior positivityleets attentional capturing mechanisms for
emotional events, it should result in facilitatetteding for positive and negative pictures
relative to neutral pictures. Simultaneously, dtteral capturing by emotional pictures
could attenuate the binding between these picamdghe features of the context in which
they are presented and lead to impaired source myepeformance. Second, it is of
guestion to what extent the ERP old/new effectshim test phase are modulated by
valence and arousal of the studied material. Ctargisvith the findings of Johansson et
al. (2004) and Ochsner (2000), a larger amounteabllection-based memories for
negative as compared to positive and neutral evemiedicted. This should be evident in
a larger (left) parietal old/new effect, i.e. thetgtive ERP correlate of recollection
(Friedman & Johnson, 2000; Mecklinger, 2006). Thikith regard to source memory it
should be examined how the late posterior neggti{tiPN) is modulated by source
retrieval demands for emotional events (JohanssdvieRklinger, 2003; Herron, 2007).
This component is repeatedly found in source mertaslys and has been associated with
search for and retrieval of attribute conjunctiomghe retrieval phase of these tasks. Two
source retrieval conditions, which are frequentigdiin experimental and clinical studies
on memory (Mayes et al, 2004) are examined: Timd Bcation. These features
constitute core elements of every experienced dpissnd are both derived from the
external world (Simons, Gilbert, Owen, Fletcher,B&rgess, 2005), but should recruit
differential posterior brain circuitries, in recongting of context-specific features from a

study episode (Johansson & Mecklinger, 2003).
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4.1.2 Methods

Participants

Twenty volunteers (10 female) between 18 and 23rsyed age (mean 21 years)
participated in this study. They were students aarf@nd University, native German-
speakers, right-handed (as assessed by the Edmibiagdedness Inventory; Oldfield,
1971) and had normal or corrected-to-normal visidata of four other participants were
excluded due to excessive eye-movement artefatitpaRicipants gave written informed

consent.

Experimental material

Stimuli consisted of 480 pictures taken from th&ednational Affective Picture System
(Lang et al.,, 2005) which were divided into thremegories: negative, neutral and
positive. They all differed with regard to valengegative: 2.97; neutral: 5.09; positive:
7.13). Positive and negative pictures were equalbyising (positive: 5.04; negative: 5.2)
and more arousing than neutral pictures (3.43)ANI®OVA on the valence scores yielded
a significant main effect of valenc&(R,318) = 2394.15p < .0001], and post hoc tests
showed significant differences between the valesmmes of all three categorigs €
.0001). A second ANOVA on the arousal scores ofatieg, neutral, and positive pictures
revealed a significant main effect of aroudg,318) = 255.14p < .0001], and post hoc
tests showed significant differences between tlbesal scores of positive and negative
pictures with those of neutral picturgs< .0001), but no significant differences between

positive and negative picturgs ¥ .05).

Procedure

Participants took part in two sessions separatedt byast three but not more than seven
days. In each session they completed one of twaceauemory tests each consisting of a
study and a test phase. Before starting the expeatahsession, each participant passed a
practice run. Pictures used here were not usedgitine experimental session. Subjects
were comfortably seated in a dimly lit chamberront of a monitor at a distance of 100
cm on which they saw the pictures. In the ‘timessen they saw two lists of 60 pictures
each with a break of 7,5 min in between in whickytperformed a visuo-motor tracking
task. During study pictures appeared in the cepofrehe screen for 2 s and the

participant’s task was to memorize the picture ghss list in which it was presented
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(before or after the break, i.e. list 1 or list Ayditionally, the participants had to indicate
via button press whether the depicted scene hagpadeor or outdoor. This procedure
was used to constrain the variability of possibleemonic strategies during study and to
ensure an appropriate encoding for each picturéhdnest phase (administered 2,5 min
later) the 120 old and 120 new pictures were ptesefor 500 ms each. The participants
made an old/new decision. In case of an ‘old’ respoa source decision (list 1 or list 2)
was triggered by the appearance of three '?’ inddwatre of the screen. After a ‘new’
response, a fixation cross appeared to initiatenéxe trial. The test phase of the ‘location’
session was identical to the ‘time’ session ank tplace at the same computer. But
during study we placed patrticipants in one of twoths. These chambers were two small
rooms sized about 3 m2 equipped with a desk andn&éartable chair. To rule out the
possibility that time would be entirely predictioé location participants had to change
between the two booths three times so that theynsaach of them twice. Booth order,
source task order and response buttons were cbatdaced across subjects. For a

schematic illustration see Figure 4.1.2.

study phase test phase

location - S - o

Figure 4.1.2: Schematic illustration of the studd &est phases.

EEG recordings

EEG was recorded using Ag/AgCl electrodes mountedn elastic cap from 60 scalp
sites at locations of the extended 10-20 systenarfbugh et al., 1990). The ground
electrode was placed at AFz. The EEG from all sitas recorded with reference to the

left mastoid electrode, and re-referenced off-linethe average of the left and right
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mastoids. The vertical and horizontal EOG were néet from electrodes located below
and above the right eye and at the outer canthesadfi eye. Electrode impedance was
kept below 5 kOhms. EEG and EOG were recorded mootisly with a band pass from
DC to 70 Hz and were sampled at a rate of 500 Hz.

Data analysis

Data were analyzed with repeated measures anabfseariance (ANOVA) using a
significance level ot = .05. For all effects with two or more degreedreédom in the
numerator, | adjusted for violations of sphericihich are inherent in analyses of
variances (ANOVASs) according to the formula by Gieeuse and Geisser (1959) when

appropriate.

Behavioral data

The data analysis was based on reaction time mesagRil) for all correct responses, i.e.
item hits and correct rejections. Item hits werén#gl as correct ‘old’ responses at test to
pictures already presented during study, irrespedaif the correctness of the subsequent
source judgment. Correct rejections were definedc@sect responses to new items
presented at test for the first time. Recogniticouaacy was estimated by means of Pr
values (Snodgrass & Corwin, 1988). Pr is a meathak estimates the degree of true
memory judgments by subtracting the false alarrg, ra¢ an estimate of guessing, from
the hit rate. Therefore, a Pr value of 1 indicgtedect recognition performance, whereas
a Pr value of O indicates chance performance.

For the second (source memory) response accurasy cafgulated by dividing the
probability of a correct source judgment by thebadauility of a correct ‘old’ response
[p(correct source)/p(correct source + incorrectrce).

ERP data

ERPs were computed separately for each subjecll ae@rding sites with epochs
extending from 200 ms before stimulus onset ur@DA (study phase) or 2000 ms (test
phase) thereafter. The 200 ms before stimulus @eseed as a baseline. EEG trials with
artefacts (criterion: +/- 40 mV) were rejected. Bjimk artefacts were corrected using a
linear regression approach (Gratton, Coles, & Donchi983) implemented in the
EEProbe software package (A.N.T. Software BV).
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For statistical analysis, a hypothesis-driven agpinowas chosen. On the basis of prior
studies, for the evaluation of the posterior pesitiand other emotion-specific effects in
the encoding phase, | employed the mean amplitudésee different time windows that
were derived by visual inspection of the grand-agerwaveforms: 250 to 450 ms, 450 to
650 ms and 650 to 850 ms. The mean amplitudesei2%0 to 450 ms time interval will
be referred to as posterior positivity in the fallnog. For the quantification of the ERP
old/new effects in the test phases, the mean amdpkt in two different time windows
were used. Based on visual inspection of the gearetage waveforms and consistent
with prior studies (reviewed in Friedman & Johns@000 and Mecklinger, 2006), the
early frontal old/new effect was examined in a tim@&dow between 350 and 500 ms,
whereas the parietal old/new effect was definedvéenh 500 and 650 ms. This analysis
aimed primarily at tapping the old/new effects tetato familiarity and recollection,
respectively. Consistent with prior studies (Friesinet al., 2005; Cycowicz & Friedman,
2003; Leynes & Bink, 2002), the LPN was examined iate time window between 1000
and 2000 ms. For the statistical evaluation ofdtugly and test phase ERPs | employed
twelve electrode sites in the overall ANOVA: lefitarior-frontal (AF3), middle anterior-
frontal (FZ), right anterior-frontal (AF4), leftdnto-central (FC3), middle fronto-central
(FCZ), right fronto-central (FC4), left centro-patal (CP3), middle centro-parietal (CPZ2),
right centro-parietal (CP4), left parieto-occipif@O3), middle parieto-occipital (POZ),
and right parieto-occipital (PO4). The LPN was eiad at more electrode sites to allow
a more sensitive analysis of possible topograpluitedrences: AF3, AF4, FZ, FC3, FCZ,
FC4, C3, CZ, C4, CP3, CPZ, CP4, P3, PZ, P4, POZ, PO4, O1, OZ, O2. In order to
test whether the topography of the LPNs for the $worce retrieval conditions differed,
the ANOVAs were conducted on the rescaled diffeeewaveforms (source hits minus
correct rejections) such that amplitude differenisesveen the two contrasted conditions
were removed (McCarthy & Wood, 1997).

For the study phase, the overall repeated-meastig&3VA included the following
factors: EMOTION (negative, neutral, positive), TR§source task time, source task
location), LATERALITY (left, middle, right), ANTPOSanterior-frontal, fronto-central,
centro-parietal, parieto-occipital) and WINDOW (2850 ms, 450-650 ms, 650-850 ms).
In the case of significant main effects and inteaas involving the factors EMOTION or
TASK, subsidiary one-way ANOVAs and planned paievc®mparisons were performed

to examine the effects in more detail.
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For the guantification of the old/new effects fowettest phase, two repeated-measure
ANOVAs (factors: EMOTION, TASK, LATERALITY, ANTPOS)were performed for
each of the two time windows with the additionattta RESPONSE TYPE (hit, correct
rejection). Again, in the case of significant mafifects and interactions involving any of
these factors, subsidiary one-way ANOVAs and pldnpairwise comparisons were
performed to examine the effects in more detaik #he calculation of the LPN, the
ANOVA involved the factors EMOTION (negative, nealtrpositive), SOURCE TYPE
(source hit, correct rejection), TASK (source tatikne, source task location),
LATERALITY (left, middle, right) and ANTPOS (frontafronto-central, central, centro-
parietal, parietal, parieto-occipital, occipital).

4.1.3 Results

4.1.3.1 Behavioral data

An overview of item, source memory performance agalction time data is given in
Figure X and Table 4.1.3.

The ANOVA performed on the Pr values for the twarse tasks (time, location) and the
three emotional conditions (positive, negative,tra@)irevealed a significant main effect
of EMOTION [F(2,38) = 5.33,p = .009], suggesting that the emotional statushef t
pictures influenced participant’'s ability to acdetg discriminate between old and new
stimuli. The subsidiary one-way ANOVAs and planpaarwise comparisons showed that
this effect was attributable to the fact that pesipictures were better remembered than
both neutral [F(1,19) = 9.70p = .006] and negative pictureS([L,19) = 7.24p = . 0145].
The analysis of response bias measures (Br) ravealesignificant effect involving the
factors EMOTION and TASK.

The ANOVA on the reaction-time measures for hitd aorrect rejections gave rise to a
main effect of RESPONSE TYPHE(1,19) = 32.95p < .001], confirming that correct
rejections were faster than hits. There also wasam effect of EMOTION [F(2,38) =
13.52,p < .001]. Decomposition of this effect revealedt tiraespective of response type,
responses to neutref(l,19) = 40.43p < .0001] and positive item$(1,19) = 7.96p =

.011] were given faster than to negative items.
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source

Pr performance
sour ce
task negative  neutral positive | negative neutral positive
time 0.67 (.04) 0.65(.04) 0.71(.03) 0.60(.03) O.&3). 0.63(.03)

location | 0.60 (.04) 0.65(.04) 0.69(.04) 0.57(.03) O0.82). 0.57 (.02)

correct
hit reection
sour ce
task negative  neutral positive | negative neutral positive

time 978 (34) 948 (34) 962 (41) 884(26) 846(25)  8&)(2

location | 1044 (44) 978 (34) 985(40) 908 (30) 864 (28)  8EH(

Standard errors of the mean (SEM) are given inrphesis.

Table 4.1.3: Pr, source performance data and ceatithes for the test phases separately

for negative, neutral, and positive pictures. Readimes are displayed in milliseconds.

For source memory performance an ANOVA with thetdex TASK and EMOTION
revealed a marginally significant effect for TASK(],19) = 3.03p = .098], suggesting
that performance tended to be better in the ‘titask than in the ‘location’ task. The
emotional status of an item did not seem to modusaurce memory performance which
was also well above chance level (i.e. > p®alues < .05) in both tasks. tIn light of the
tentatively higher source memory performance intthve task, it could be argued that
source discrimination in the time task may havenlfeeilitated especially for those items
presented at the extremes of time, i.e. at thenbégg of the first and the end of the second
list. To examine this, | compared source memorygoerance for high separated items
(the first 20 trials of list 1 plus the last 20ats of list 2) and low separated items (last 20

items of list 1 plus the first 20 items of list Hource memory performance was .62 and
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.59, for the high and low separated items, with thiference not being significarm,>. 05.
On the basis of this post hoc analysis | feel $avanclude that source discrimination was

not selectively facilitated for highly distant item

location time
0,80 0,80
T
0,70 - T 0,70 |
a &
0,60 - 0,60 - -
0,50 - ‘ ‘ 0,50 -
NEG NEU POS NEG NEU POS

Figure 4.1.3: Pr results in the location and tiaektfor negative, neutral, and positive
pictures.

4.1.3.2 ERP data

Encoding phase

The grand average ERP data of the encoding pheparately for the two source tasks
and the three emotion conditions, are depicteddarg 4.1.4. The overall morphology of
the waveforms was similar for positive, negative aeutral pictures in both the time and
location task and was characterized by a N300-F300-complex. More specific
examination of the grand average ERPs reveals thiséact effects:

The first effect starts at around 250 ms post-dtisionset at frontal sites and lasts until
the end of the recording epoch (1000 ms). In thisrval, the ERPs were more positive-
going for positive as compared to negative andrakgictures at anterior-frontal and
fronto-central recording sites in both source tasitseit smaller in the time than in the
location task.

The second effect is manifested in more positiviegovaveforms for positive and

negative pictures as compared to neutral oneseitottation condition at parieto-occipital
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sites in an early time window (lasting from 250480 ms) which is consistent with our

previous definition of the posterior positivity.

The third effect is characterized by a posterialigtributed positive slow-wave that was

only obtained for positive pictures in the locatitask, starting at around 450 ms and

lasting until the end of the epoch.

PO3

Time task

POZ

PO4

PO3

L

-0.2

02 04 06 08

PO4

= POSITIVE
== NEGATIVE
— NEUTRAL

Figure 4.1.4: Encoding ERPs for the time (a) amation task (b) elicited by positive,
negative, and neutral pictures at anterior andepiostelectrodes.
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Table 4.1.4 shows the results of the initial ANOVPerformed for the encoding phase.
Significant main effects for the factors EMOTIONATERALITY, and WINDOW were
obtained. Additionally, two interactions emergedM@TION by ANTPOS, and
EMOTION by WINDOW. For the first interaction, subdsary ANOVAs and planned
pairwise comparisons revealed that a main effedMOTION was present at anterior-
frontal [F(2,38) = 14.61p < .0001] and fronto-central siteB(R,38) = 13.28p < .0001].

It reflects significant differences between the efavms elicited by positive and neutral
(p < .05) and positive and negative pictur@s<{ .05), with no differences between
negative and neutral picturep & .05). Investigation of posterior sites reveaksu
EMOTION by WIN [F(2,38) = 9.49p = .0005] and an EMOTION by TASKF[2,38) =
3.61, p = .039] interaction. Decomposition of these eleshowed that in the time
window of the posterior positivity as well as irettwo other time windows, there was a
main effect of EMOTION in the location task € .05), but not in the time tasg ¢ .05).
Further analyses of the EMOTION effect in the |lamattask revealed that in the time
window of the posterior positivity, the waveforméicked by positive and negative
pictures were more positive-going than those taraépictures | < .05). In the middle
and late time window | found that in the locati@sk positive pictures gave rise to more
positive-going waveforms than both negative andtmaépictures (with no difference
between the two)p(< .05). Contrasting the two task versions revedhed in all of the
three time windows, waveforms for positive pictuvesre comparable in the location and
time task p > .05), whereas those of neutral and negativeuf@stwere more positive-
going in the time task than in the location tgsk (05).

Effect df F p
EMOTION 2,38 10.85 .0004
LATERALITY 2,38 6.22 .0046
ANTPOS 3,57 78.69 <.0001
WINDOW 2,38 22.04 <.0001
EMOTION X ANTPOS 6,114 3.05 .036
EMOTION X WIN 4,76 3.56 .019

Standard errors of the mean (SEM) are given inrphesis.

Table 4.1.4: ANOVA results for the study phase.
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Retrieval phase

Grand averages for correct responses to old and pietures in all three emotion
conditions for the ‘time’ and ‘location’ task arésplayed in Figure 4.1.5. As expected,
correctly recognized old pictures elicited more ifpos-going ERPs than correctly
rejected new pictures. This old/new effect startaraund 250 ms post-stimulus and lasts
until 700 ms at posterior electrodes. Remarkablgsé effects appear to vary as a function
of emotional condition, time, and task with neutrat positive pictures showing an early
frontal and a late parietal old/new effect irrespecof task and negative pictures eliciting
only a frontal old/new effect in the location tagkile showing the same effects as neutral
and positive pictures in the time task.

Table 4.1.5 shows the results of the initial ANOMV#eformed for each time window.

Time window and Effect df F p
350-500 ms

EMOTION 2,38 14.81 <.0001
RESPONSE TYPE 1,19 31.09 <.0001
LATERALITY 2,38 4.56 0.018
ANTPOS 3,57 66.12 <.0001
EMOTION X ANTPOS 6,114 14.54 <.0001
RESP TYPE X ANTPOS 3,57 33.42 <.0001
500-650 ms

EMOTION 2,38 14.36 <.0001
RESPONSE TYPE 1,19 81.36 <.0001
ANTPOS 3,57 40.33 <.0001
EMOTION X TASK 2,38 3.31 .059
EMOTION X ANTPOS 6,114 3.64 .019
RESP TYPE X ANTPOS 3,57 14.24 <.0001

1000-2000 ms
SOURCE TYPE 1,19 46.21 <.0001

Standard errors of the mean (SEM) are given inrpghesis.

Table 4.1.5: ANOVA results for the test phase.
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Figure 4.1.5: Retrieval ERPs for the time (a) anchtion (b) task for positive, neutral,
and negative pictures at a fronto-central and meig@lrieto-occipical electrode.

Analyses performed on the early time window (35G@0 ms) revealed main effects of
EMOTION, RESPONSE TYPE, LATERALITY and ANTPOS. Adidnally, two
interactions emerged: EMOTION by ANTPOS and RESPENSPE by ANTPOS. For
the first interaction, subsidiary ANOVAs revealedimeffects of EMOTION at all levels
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of the ANTPOS factorg < .05) and of RESPONSE TYPR € .05) at all sites besides
parieto-occipital. In this early time window oldimeeffects seem to be prominent at
anterior-frontal, fronto-central and centro-parietdectrodes for all of the emotion
conditions in both source tasks.

For the late time window (500 to 650 ms) the follogv main effects were obtained:
EMOTION, RESPONSE TYPE and ANTPOS. Here, additiontractions involved the
factors EMOTION by TASK, EMOTION by ANTPOS and RESRSE TYPE by
ANTPOS. On the basis of these interactions threg-MdOVAs (EMOTION, TASK,
and RESPONSE TYPE) were performed for each levil®ANTPOS factor. At parieto-
occipital electrodes, | found interactions of tlaetbrs EMOTION by TASK(2,38) =
4,56, p = .025] and EMOTION by RESPONSE TYPE(2,38) = 3.32,p = .053].
Decomposition of these interactions confirmed tiseial impression that the late old/new
effect was present for all emotional conditionghe time task < .05), whereas in the
location task it was present for neutral and pesifd < .05) but not for negative events (
> .05).

Visual inspection of Figure 4.1.6 showing the ER®she test phase for a duration of
2000 ms reveals a large and posteriorly distribwtiedll for source hits as compared to
correct rejections in a time window from 1000 ur@000 ms in both tasks. This
topographical distribution is well in agreementtwéarlier source memory studies (e.g.
Johansson & Mecklinger, 2003; Friedman et al., 20D%cowicz & Friedman, 2003;
Leynes & Bink, 2002) and ANOVAs performed on thifeet reveal a highly significant
main effect of SOURCE TYPE (source hits vs. corre@ctions, Table 3). The LPN was
not modulated by emotional context as none of thalyged factors revealed an
interaction with the factor EMOTION.
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Figure 4.1.6: Retrieval ERPs for source hits comgdo correct rejections in the time (a)
and location (b) task at posterior electrodes.

Figure 4.1.7 depicts the topographic maps showhegdistribution of the LPN for the
time and location task in a time window from 10@02000 ms. As can be seen in the
figure, the distribution of the LPN is more frontentrally accentuated in the time task
than in the location task, although the maxima othbeffects seem to be at parieto-
occipital sites. This observation is confirmed bypast-hoc ANOVA on the difference
waveforms (source hits minus correct rejectionfippsed across the emotion factor with
the factors TASK (time vs. location), ANTPOS (7 és) and LATERALITY (left,
middle, right) with amplitude normalized data (Me®y & Wood, 1997). This analysis
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revealed an interaction TASK by ANTPOS(§,114) = 3.17p = .03], supporting the
view that the LPN in both tasks was generated figréint underlying neural circuits.

Time task Location task

source hits - correct rejections 1000 - 2000 ms

Figure 4.1.7: Topographical distribution of the LR the source tasks time and location
separately.
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4.1.4 Experiment 1C: Post-hoc rating study

Given the unexpected findings of no memory enhaecgrfor negative pictures relative to

neutral ones, in a first step, it was examined ivaethe valence and arousal induction via
the IAPS stimulus materials influenced the grouppafticipants of students at Saarland
University in the intended way. Even though theuast levels of positive and negative

pictures were equated pre-experimentally by meétiseod APS ratings, on the basis of the
present results it cannot be excluded that theviddal arousal levels of our group of

subjects were higher for positive than negativéupes.

31 !

[=5) el

Figure 4.1.8: The self assessment manikins (SAMJl der the valence (top) and arousal
(bottom) rating according to Lang et al., 2006.

The 20 subjects were reinvited to rate the 480upgst used in the experiment using the
SAM-procedure (Lang et al., 2005). In contrasthi® KAPS ratings, the arousal ratings for
negative and positive pictures differed in the whgt positive pictures were far less
arousing than negative pictures (3,23 vs. 5,73)falet, positive pictures were only
marginally significantly different from neutral pices in their arousal ratings (3,23 vs.
2,56). This was confirmed by an ANOVA which indiedtarousal differences between
positive and negativep(< .05), negative and neutrgh € .05), and only a marginally
significant difference between positive and neupiatures p < .10). In contrast to the
arousal ratings, the valence ratings of our grdugubjects were analogue to the one from
the IAPS. This means that the effects of the piesttdy may be attributable to
differences in the amount of arousal experienced piositive and negative stimulus

materials.
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Figure 4.1.9: Results of the arousal rating frora group of subjects at Saarland
University as compared to the normative ratinghef lAPS.
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4.1.5 Discussion

The electrophysiological correlates of encoding aewlieving emotional pictures and
context features of the study episode were examim#us first experiment. Specifically,
three issues were addressed: First, it was exptoredhich extent the posterior positivity
for emotional pictures during encoding is assodiatgth item memory and source
memory performance. On the assumption that it ctfleattentional capturing by
emotional events, it was tested whether the pasteositivity at encoding is associated
with enhanced item memory for emotional eventstendne side, and attenuated source
memory for neutral context features on the othée.sbecond, it was of high interest to
what extent the old/new effects in the test phdgberecognition task are modulated by
valence and arousal of the studied materials. Weetitative ERP correlates of familiarity
and recollection differentially influenced by thenational status of an item? Third, it was
examined if the LPN is modulated by different seuretrieval demands for emotional
events.

The emotional status of the pictures affected reitmy memory performance with better
memory performance for positive pictures than redutr negative ones. Unexpectedly,
the predicted pattern of results of the postermsitvity being associated with enhanced
item memory and attenuated source memory was niatinglol. Rather, the posterior
positivity was found in the 250 to 450 ms time mte for positive and negative pictures
in the location task, whereas no such modulatioasevobtained in the time task. The
finding that memory performance was enhanced faitpe as compared to negative
events irrespective of task, whereas the posteneitivity was obtained for positive and
negative events in the location task only, is irststent with the attentional capturing
view of the posterior positivity. A more direct cespondence between emotion-induced
ERP effects at study and item recognition memorjop@ance was obtained for the ERP
effects in the middle and late time intervals (fem 450 to 850 ms). At anterior
recording sites, positive slow wave activity wasanted for positive stimuli in both tasks
for which enhanced memory performance was obtaiAesimilar pattern was found at
posterior recording sites, at which the better malmered positive events were associated
with enhanced encoding related ERP positivities.

An additional albeit less direct link between erantinduced ERP modulations at study
and recognition memory performance can be derivedh fthe analysis of the ERP

old/new effects. While a parietal old/new effectswaresent for all positive and neutral
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pictures irrespective of source task, no such ERfhew effect was found for negative
events in the location task, for which positivenslvave activity between 450 and 850 ms
at anterior and posterior recording sites was Baamitly reduced (i.e. not present) in the
encoding phase. It is generally assumed that tignituae of the parietal old/new effect
Is associated with the amount of information oftadg episode being retrieved on the
basis of recollection (e.g. Wilding & Herron, 2006Jowever, in the present study
subjects showed lower hit rates to negative pistutean to positive pictures in the
location task (67 and .75, respectivglys .05). Also, the proportion of guess responses
(estimated from the false alarm rates (SnodgrasSo&win, 1988), which were .08 for
negative pictures and .05 for neutral pictupes (05)) was presumably larger for negative
than for neutral events. This suggests that thena#tted parietal old/new effect for
negative pictures more likely reflects the smalerountof negatively valenced items
retrieved on the basis of recollection.

With respect to the third issue addressed in theeotistudy, the ERP correlates of source
retrieval requirements for emotional events, proed late posterior negative slow wave
activity (i.e. the LPN) for correctly retrieved mtesource associations was obtained in
both tasks. While the amplitude of the LPN was aft#cted by source type or emotional
status of the pictures, the LPN in the time task were fronto-centrally distributed than
in the location task. This suggests that even thgogrformance differences in source
memory were only marginally significant, a diffecenin underlying brain activity for the
retrieval of item-context associations in the latease of the retrieval phase could be
observed.

Given the unexpected findings of no memory enhaecerfor negative pictures relative
to neutral ones, in a first step, it was examinéetiver the valence and arousal induction
via the IAPS stimulus materials influenced our grad participants in the intended way.
Even though the arousal levels of positive and tegapictures were equated pre-
experimentally by means of the IAPS ratings, foe tjroup of subjects at Saarland
University the arousal ratings for negative anditpas pictures differed in the way that
positive pictures were far less arousing than megatictures (3.23 vs. 5.73). In fact,
positive pictures were only marginally significantlifferent from neutral pictures in their
arousal ratings (3.23 vs. 2.56). In contrast toatwisal ratings, the valence ratings of the
group of students at Saarland University were anadao the one from the IAPS. This
means that the effects of the present study mathbutable to differences in the amount

of arousal experienced for positive and negativewdtis materials.
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A hint towards an interpretation of the presentltssin light of these valence and arousal
ratings is given by a recent study by Kensinger &kih (2004). Using fMRI and
behavioral measures, they found that distinct rmagoitive processes contribute to
memory for highly arousing versus only mildly arimgsemotion words. An amygdala-
hippocampus network was active during the encodirgghly arousing words, whereas a
prefrontal-hippocampal circuitry was engaged ing¢heoding of non-arousing words. This
is in agreement with the interpretation of DolcosC&abeza’s (2002) ERP results of an
amygdala (related to arousal) and a prefrontgbégampus network (related to valence),
and lends further support to a dissociation of made and arousal-related brain systems.
An additional behavioral study by Kensinger & Caorkevealed that memory for highly
arousing words was still enhanced even when a elivattention manipulation was used at
study, whereas memory for low arousing words dedliwhen encoding resources were
devoted towards a secondary task. It is arguedniieatory enhancement for valenced but
non-arousing materials relies on controlled anftgeaherated encoding processes such as
elaboration and rehearsal whereas memory enhantefoerarousing words occurs
automatically. On an electrophysiological levelstis confirmed by the anterior positivity
that was obtained for positive pictures irrespextof task, and only a late posterior
positivity for positive pictures in the locationsta Even though inferences from the scalp
topography of ERP effects on underlying neural gaioes in most cases are problematic
and comparisons can only be speculative, the antecalp distribution and the sustained
nature of the anterior positive slow wave to pusitpictures resembles the inferior PFC
activity to low arousing emotion words in the Kargar & Corkin (2004) study and may
reflect enhanced PFC activation devoted to the dingoof positive and low arousing
emotional stimulus materials. The high relevancehef PFC in situations in which the
retrieval of emotional information is task relevamas recently also demonstrated in a
study examining the effective connectivity betwdeain regions relevant for processing
mnemonic and emotional information (Smith et al00&). In a condition in which
emotional contexts of a study phase had to beidiswted, the authors found enhanced
effective bidirectional connectivity between hippogus and amygdala and enhanced
activity in the orbitofrontal cortex which in tunmcreased the hippocampus-amygdala
connectivity. This suggests that the requirementretrieve emotional information
constitutes a cognitive set that modulates rettieva top-down manner. An interesting
issue to be pursued in further studies would kextomine whether the retrieval of high and

low arousing emotional events is mediated by difieicognitive sets and brain circuitries.
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Negative and highly arousing pictures evoked a laimposterior positivity as positive
pictures in the location task in an early, 250 5 4ns time interval, suggesting that the
initial attentional capturing mechanisms were hygkimilar for both classes of stimuli.
However, while positive stimuli were subjected t@mb®rate encoding processes as
revealed by sustained positive slow wave activityl @nhanced recognition memory
performance for these stimuli, negative picturepaagntly did not enter this processing
stage.

To further test the idea of controlled and top-daiviven encoding processes for positive
and low arousing pictures, | conducted a subsegonembhory analysis (for a review see
Paller & Wagner, 2002). In such an analysis, th& &Rt encoding are sorted according to
memory performance at test (remembered vs. fongptiEhere is some consensus that
parts of ERP subsequent memory effects reflectdtaypn driven processing like
attentional orienting towards events or elaboratesemonic strategies in support of
episodic encoding (Paller & Wagner, 2002; Mecklngeviuller, 1996). If controlled and
top-down modulated encoding strategies were engageddare reflected in the anterior
slow wave, then this component should be sendititke later memory status. To test this
assumption, | sorted the trials according to tHeiter memory status being either
‘remembered’ (hits at retrieval) or ‘forgotten’ (sses at retrieval). As Pr values were not
significantly different between source tasks, tiPE of both source tasks were collapsed
for this analysis. It was found that the anteriosipive slow wave (450 to 850 ms) was
larger for later remembered positive pictures aspared to later forgotten ones, whereas
the posterior positivity (250 to 450 ms) was notdmated by subsequent memory
performance (see Figure 4.1.10). The anterior pdgyitelicited by positive pictures was
tested in a repeated-measures ANOVA with the fadieMORY STATUS (remembered,
forgotten) in the 450-850 ms time window at FZ aedealed a significant main effect of
MEMORY STATUS [F(1,19) = 3.56,p < .05]. The posterior positivity was tested in a
repeated-measures design with the factor MEMORY BJ3 (remembered, forgotten) in
the 250-450 ms time window at POZ and revealedgrnifant result F(1,19) = 0.14p >
71].

This selective modulation of the anterior positislew wave by subsequent memory
performance confirms the view that it reflects thgwn driven encoding processes for
positive and low arousing events. In contrast, plosterior positivity may reflect the

automatic bottom-up-driven attentional capturingalent stimuli.
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Figure 4.1.10: Dm effects for positive picturesaafronto-central and middle parieto-
occipital electrode.

The finding that no memory enhancement was obtaioedegative stimuli, even though
they were rated as highly arousing in the IAPS #@nadpost-experimental rating studies,
could also be accounted for by the characterisidhe memory task used in the present
study. There is increasing evidence for the vieat themory enhancement for highly
arousing stimuli is especially pronounced in mentests with a longer retention interval
(LaBar & Phelps, 1998; Sharot & Phelps, 2004). Assolidation of memory occurs over
a period of time, and in case of emotional material’/olves noradrenergic mechanisms
(McGaugh, 2006), the effect of arousal on memomysotidation will be apparent only
following a delay. The exact duration of this cdidation process is uncertain, but
behavioral effects may be evident as soon as ldftemrencoding (LaBar & Phelps, 1998)
and are expected to be visible at least 24 houes IBharot & Phelps, 2004). The
combined item and source memory requirements in study did not allow longer
retention intervals than 2 to 3 minutes and by thesy have wiped out arousal related
memory enhancements.

Additionally, prior studies showed that encodingtiactions can be a critical variable for
the occurrence of memory enhancements and impatsnfen emotional materials. In
support of this view is a recent study by Kensingeal. (2005), which revealed that under

incidental encoding instructions, where subjects amaware that their memory will be
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tested subsequently, young adults show good mefoorgrousing central elements of a
scene and poor memory for non-arousing periphdsahents. This memory trade-off
disappears under intentional encoding instructionbere young adults show same
memories for peripheral features of emotional amatmral scenes. In light of these findings,
the result that no impairments of source memoryefaotional materials was found in the
present study could be accounted for by contradlecbding strategies, set in train by the
intentional encoding instructions. Subjects mayehassociated the emotional stimuli with
the features of the source task (where and whenawaaticular event encountered) and
this may have overwritten the attentional capturefects for emotional events and
detrimental effects on source memory performanée finding of slow wave activity at
frontal sites for positive material only, beingateld to subsequent memory performance, is
consistent with this view.

The observation that the presentation of negaticteiges initiated a similar early posterior
positivity as the presentation of positive picturasy suggest that similar attentional
capturing mechanisms were initiated during the dimgpof both classes of stimuli. As no
memory enhancement was obtained for negative ptut is conceivable that negative
events due to their high arousing characteristi@y rhave initiated the retrieval of
autobiographic memories or personal experiencemsi-irrelevant events (e.g. the last
personal encounter with a given object) and by wase subjected to controlled encoding
operations to a lower extent than positive and naéwgvents. This phenomenon could
reflect the higher biological relevance of negatstenuli which in an evolutionary sense
may guarantee that biologically relevant eventsnateignored or taken as irrelevant. The
fact that an attenuated parietal old/new effect whserved for negative pictures is
consistent with such a memory distraction functiwin highly arousing events. This
distraction function of highly arousing events aled in the present study may just be
another instance of the automatic capture of atterity emotional events as for example
observed in form of interference effects of ematibnvalenced words in the emotional
stroop paradigm (Pratto & John, 1991). The absesfca parietal old/new effect for
negative events could also be due to an enhancsiiviig to correct rejections that
presumably elicited spurious or ‘illusory’ episoaiemories (Maratos et al., 2000) and by
this were indistinguishable from the hits.

There are a number of studies on emotional soueary in which neutral items are
presented in either neutral or emotional contektarétos & Rugg, 2001; Smith et al.,

2004, Smith et al., 2006). On the one side, thésdies reliably demonstrate a positive
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effect of the emotional content of information @usce memory, i.e. when the contexts to
be retrieved are themselves emotional (Smith e2806). On the other side, specific ERP
effects are observed for correctly retrieved emmaticcontexts (Maratos & Rugg, 2001,
Smith et al. 2004). As these studies consisterglgduneural items (presented in either
emotional or non-emotional contexts) and the preserly employed emotional items in
neutral context, the aforementioned studies andptiesent study differ in important
aspects. By this the latter findings do not spegéirest the present interpretation of an
attentional capturing function of negative and hygirousing events. Rather, the findings
of both experimental approaches suggest, that dépgron task characteristics and
retrieval demands, the emotional content of infdroma exerts differential mnemonic
effects. It is conceivable that attentional captgrmore likely occurs for high levels of
arousal and the high salience and high arousal tdv@e negatively valenced pictures in
the present study may have enhanced the attenti@medwing and mnemonic distortion
effects of these stimuli.

A final issue addressed in the present study wagxitent to which the LPN, a posteriorly
distributed negative slow wave frequently obtaimedhe test phases of source memory
tasks, is modulated by source retrieval requirem@nicase of emotional events. Former
studies have shown that the LPN has a parieto-bacipaximum, onsets at around the
time at which a response is given, and is of eguaplitude for correct and incorrect
source judgments (Johansson & Mecklinger, 200&drnan et al., 2005; Herron, 2007). It
was proposed that the LPN reflects the searchridrratrieval of contextual features in
tests of source memory, and retrieval processdsnthg act to reconstruct a prior study
episode when item-context features are not suffiierecovered or need continuous
evaluation. Consistent with prior studies, the pnéstudy revealed a pronounced LPN in
both source tasks, underlining the high relevariddis component in the search/retrieval
of attribute conjunctions. Interestingly, even tgbu_PN amplitude was not affected by
the emotional contents to be associated with etihe or location characteristics of the
study episode, it differed in scalp topography lestw the two source memory tests.
Retrieving/searching conjunctions between pictuaesl study time elicited a more
widespread LPN than between pictures and theiryskochtion, suggesting that a wider
range of contextual attributes are relevant foonstructing the point of time when an item
occurred as compared to where it occurred. Howeaveannot be excluded that deeper
brain circuitries were activated during time disgnation and that this may have

contributed to the more wide spread scalp topograpkhe time task. Notably, as recently
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pointed out by Urbach and Kutas (2006), infererdrasvn from topographical differences
of ERP effects on underlying brain generators imeacases (e.g. differences in pre-
stimulus baseline potentials) have to be made edthtion.

In conclusion, the present study sheds new lightherissue of how encoding mechanisms
for emotional events affect subsequent item andceomemory performance. Negative
and positive events elicit a posterior positivigtlween 250 and 450 ms that presumably
reflects attentional capturing of emotionally valed stimuli. Positive events gave rise to
additional anterior and posterior slow wave acgfias compared to neutral and negative
events and also showed enhanced recognition merfrotyght of a post-experimental
rating study that revealed that positive eventthan present study were perceived as less
arousing than negative events, | take the lattsult® to suggest that positive and low
arousing events enter controlled and elaborateddemg processes which are beneficial
for recognition memory performance. The high arbe$anegative events however, may
interfere with controlled encoding mechanisms attdnaate item recognition and the
quality of remembering. Finally, topographicallystinct LPNs were obtained in both
source tasks, suggesting that this component teffgocesses in service of reconstructing
the study episode by binding together contextudiailde with an item, and these
mechanisms vary with the kind of episodic detaibéoretrieved.

Elaborative

Attentional capturing encoding strategies

he]

posterior positivity

Amygdala-(hippocampus)- PFC-hippocampus-
network network

Figure 4.1.11: A proposed model derived from thia @d Experiment 1. Initial attentional
capturing mechanisms are engaged for both negatik positive pictures. However,
additional elaborative encoding strategies are @y necessary to lead to effective
encoding promoting later recognition memory perfance (found for positive pictures).
Neutral pictures rely on elaborative encoding styegs that are not as powerful as those
engaged by positive pictures due to the lack oftemal content.

.
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4.2 Experiment 2

4.2.1 Questions

To further test the interpretation of the engagemérontrolled encoding elaborations set
in train by positive pictures, and leading to aogtion advantage, a divided-attention
manipulation is employed. Dividing attention atdstus supposed to limit the resources
available for encoding (Craik, Govoni, Naveh-Benjan& Anderson, 1996) and has been
shown to have a greater impact on self-generatategic encoding processes and a less
pronounced effect on relatively automatic procegseselinas, 2002). Using fMRI and
behavioral measures, Kensinger and Corkin (200dhdothat distinct neurocognitive
processes contribute to memory for highly arousiagus only mildly arousing emotion
words. An amygdala-hippocampus network was activeng the encoding of highly
arousing words, whereas a prefrontal-hippocampauitiy was engaged in the encoding
of non-arousing words. This is in agreement witke ihterpretation of Dolcos and
Cabeza’'s (2002) ERP results of an amygdala (relawedrousal) and a prefrontal-
hippocampus network (related to valence), and léadker support to a dissociation of
valence- and arousal-related brain systems. Antiaddl behavioral study by Kensinger
and Corkin (2004) revealed that memory for hightgusing words was still enhanced
even when a divided attention manipulation was westudy, whereas memory for low
arousing words declined when encoding resources devoted towards a secondary task.
It is argued that memory enhancement for valenagdhbn-arousing materials relies on
controlled and self-generated encoding processel sis elaboration and rehearsal
whereas memory enhancement for arousing words ®ectomatically. It is assumed that
the same types of these self-generated controlieddeng processes are engaged while
encoding neutral items, but that subjects are nhigedy to elaborate on or rehearse
stimuli containing valent information as comparedtose that do not. Thus, if controlled
encoding operations were responsible for the erdmaant effect for positive and low
arousing pictures in Experiment 1, this enhancersleotid be disproportionately reduced
by the divided-attention manipulation quite selegy for this class of stimuli. Neutral
pictures may be inclined to a lesser degree, akasebspecially negative high arousing
ones that instead profit from automatic processaing encoding due to their arousal

content.
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4.2.2 Methods

Participants

Twenty volunteers (10 female) between 19 and 28syed age (mean 24 years)
participated in this study. They were students aar@nd University, native German-
speakers, right-handed (as assessed by the Edmlblagdedness Inventory; Oldfield,
1971) and had normal or corrected-to-normal visiél. participants gave written

informed consent.

Experimental material

Stimuli consisted of 480 pictures taken from th&ednational Affective Picture System
(Lang et al.,, 2005) which were divided into thremegories: negative, neutral and
positive. They all differed with regard to valengegative: 2.97; neutral: 5.09; positive:
7.13). Positive and negative pictures were equalbyising (positive: 5.04; negative: 5.2)
and more arousing than neutral pictures (3.43)cdmtrast to the IAPS ratings, for the
group of subjects in Experiment 1 the arousal gstifor negative and positive pictures
differed in the way that positive pictures were l@ss arousing than negative pictures
(3.23 vs. 5.73). In fact, positive pictures werdyanarginally significantly different from
neutral pictures in their arousal ratings (3.232:86). In contrast to the arousal ratings,

the valence ratings of our group of subjects weadague to the one from the IAPS.

Procedure

Participants took part in two sessions separatedtbgast one but not more than seven
days. In each session they completed a sourcengiomgmemory test each consisting of
a study and a test phase. Before starting the emeetal session, each participant passed
a practice run. Pictures used here were not usedgdilhe experimental session. Subjects
were comfortably seated in a dimly lit chamberront of a monitor at a distance of 100
cm on which they saw the pictures. In the full atittn (FA in the following) session
during study participants were placed in one of tvemths. These chambers were two
small rooms sized about 3 m2 equipped with a deskeacomfortable chair. To rule out
the possibility that time would be entirely predietof location participants had to change

between the two booths three times so that theyinsatach of them twice. Pictures
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appeared in the centre of the screen for 2 s angdhicipant’s task was to memorize the
picture plus the list in which it was presentedaihol or booth 2). Additionally, the
participants had to indicate via button press wirethe depicted scene happened indoor
or outdoor. This procedure was used to constranvariability of possible mnemonic
strategies during study and to ensure an apprepeiatoding for each picture. In the test
phase (administered 2.5 min later and at a compuitside of the two booths) the 120 old
and 120 new pictures were presented for 500 ms @&ehparticipants made an old/new
decision. In case of an ‘old’ response a sourcéstec(booth 1 or booth 2) was triggered
by the appearance of three ‘?’ in the centre of sbeeen. After a ‘new’ response, a
fixation cross appeared to initiate the next tridie study phase of the divided attention
(DA in the following) session was run through a$ol@s: Participants were instructed
that they had three tasks (instead of only twohie EA session) which were of equal
significance. One was to encode the picture plsisbdoth, the second considered the
indoor/outdoor decision and three was about a nunuigdgment. In the first 2000 ms in
which they saw each picture, a four-digit numbes wshown left to the picture, whereas it
disappeared in the last 1000 ms when another osesh@vn on the right of the picture.
Afterwards, participants had to decide via buttwasp whether the two numbers were
identical. Half of the number pairs were identieald the other half were not. The test
phase of the DA session was identical to the FAisasBooth order, encoding task (FA

and DA) order and response buttons were countertedbacross subjects.

Data analysis

Data were analyzed with repeated measures anabfsgariance (ANOVA) using a
significance level ot = .05. For all effects with two or more degreedreédom in the
numerator, | adjusted for violations of sphericitshich are inherent in analyses of
variances (ANOVASs) according to the formula by Gieeuse and Geisser (1959) when
appropriate.

The data analysis was based on reaction time mesagRil) for all correct responses, i.e.
item hits and correct rejections. Item hits weréngl as correct ‘old’ responses at test to
pictures already presented during study, irrespedcif the correctness of the subsequent
source judgment. Correct rejections were definedc@sect responses to new items
presented at test for the first time. Recogniticouaacy was estimated by means of Pr
values (Snodgrass & Corwin, 1988). Pr is a meathak estimates the degree of true

memory judgments by subtracting the false alarr, ras an estimate of guessing, from
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the hit rate. Therefore, a Pr value of 1 indicggedect recognition performance, whereas
a Pr value of O indicates chance performance.

For the second (source memory) response accurasy caigulated by dividing the
probability of a correct source judgment by thebatality of a correct ‘old’ response

[p(correct source)/p(correct source + incorrecrce).
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4.2.3 Results

The performance on the secondary number judgmskitas .81 (.02). This suggests that
participants were able to perform this task togethéh the other demands, but that it was
not to easy to be completed.

An overview of the memory performance data by eamoaind encoding task is given in
figure 4.2.3. The repeated measures ANOVA on thecBres with the factors TASK (full
attention, divided attention) and EMOTION (negatiweutral, positive) reveals a main
effect of TASK F(1,19) = 34.52,p < .0001] as well as an interaction TASK by
EMOTION [F(2,38) = 7.19,p < .003]. This firstly reflects the fact that Prlves were
higher in the FA task than in the DA task. Secatetomposition of the interaction brings
up that in the FA task positive pictures were retoed to a greater extent than negative
ones F(1,19) = 11.29,p < .0033], with no differences for the other congams.
Importantly, in the DA task the advantage of pesitpictures disappears. This is even
better reflected in the difference scores (Pr sdote Pr score DA), where another
analysis revealed significant differences betweesitive (0.21) and negative (0.12)
[F(1,19) = 12.32p < .0023] and positive and neutral (0.16) pictyfe4d,19) = 5.50p <
.03].

pr by emotion
0,90
0,80 -
ODA
0,70
BFA
0,60 -
0,50
neg neu pos

82



pr by task

0,90

0,80

0,70

0,60 +—

Oneg
Oneu

H pos

0,50

DA

FA

Figure 4.2.3: Pr results split by emotion (top) atigntion task (bottom) at encoding for

negative, neutral, and positive pictures.

Source memory performance, moreover, was additoafflected by diverting attention

at encoding. A complementary ANOVA as for the PFuea revealed that there were main

effects of TASK F(1,19) = 26.24p < .0001], EMOTION F(2,38) = 4.84p < .016], and

an interaction between ther(R,38) = 3.30p < .05]. Source memory performance was
generally better in the FA than in the DA sessam in the FA session it was highest for
positive pictures, both compared to negativgl[19) = 28.82p < .0001] and neutral ones

[F(1,19) = 7.82p < .012], with no difference between the lattere A session showed

no differences.
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Figure 4.2.4: Source memory performance split byoteon (top) and attention task
(bottom) at encoding for negative, neutral, andtp@spictures.
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4.2 .4 Discussion

To further test the post-hoc interpretation of Eipent 1, | here looked at the effects of
dividing attention at encoding on the recognitioemory performance for negative and
high arousing, positive and low arousing, and rauytictures. In a within-subjects design,
| let participants in the one session encode thtups without a secondary task, and in
the other with a secondary number judgment tasle lalter was supposed to prevent
participants to engage controlled encoding strategivhich were the putative means by
which positive and low arousing pictures gainedgsition advantage in Experiment 1.
More specifically, it was predicted that with theeuof elaborated encoding operations,
positive and low arousing pictures will be recoguizto a greater extent than both
negative and high arousing and neutral ones irfuhattention session. As follows, this
effect should be diminished in the divided attemession.

| was successful in replicating the recognition rognperformance for positive and low
arousing as compared to negative and high aroysatgres in the full attention session
(Experiment 1, Koenig & Mecklinger, 2008). Even mamportantly, in the divided
attention session there was no difference in thecBres of the three emotion conditions.
Performance as a whole decreased for all the gondiais compared to the full attention
session, but this was especially pronounced fortipegictures. This is clearly expressed
in the higher difference scores of the two Pr valas compared to both negative and
neutral pictures. Moreover, a comparable effect dJource memory performance was
obtained, which in the full attention session waghbst for positive pictures, and not
existing when attention was divided at encoding.

These results are in line with the interpretatibthe results of Experiment 1. The anterior
slow wave at encoding and the recognition memoryaathge at test suggested that
positive and low arousing events entered contradled elaborated encoding processes
which are beneficial for recognition memory perfamoe. As recently demonstrated by
Kensinger and Corkin (2004), dividing attention estcoding diminished the memory
advantage for in their study negative nonarousingda. Kensinger and Corkin’s fMRI
data suggest that memory for nonarousing words evdmnced because of additional
recruitment of the same types of self-generatedrotbed processes as are used to encode
neutral words. Participants may be more likelyladberate on, or to rehearse, the negative
nonarousing words as compared with neutral oneis. Aypothesis is supported by their

fMRI data as activation in regions associated wihtrolled encoding processes (i.e. the
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PFC) was greater for negative nonarousing words tbhaneutral ones, and the relation
between activation and subsequent memory in thexggens was stronger for the former
than the latter. The same seems to be true intody $or positive low arousing pictures.
The same pattern of results was also obtaineddiarce memory performance. | did not
have hypotheses on this measure, as source perfoemia Experiment 1 was not
modulated by the emotion status of the items. H@aweit fits the idea that source
judgments require even more frontal lobe resouraed, more "effortful processing” than
item recognition judgments (Troyer at al., 1999)these were engaged especially for
positive low arousing pictures and their encodimgtext, source memory should be
affected in a similar way as item recognition foede stimuli does.

For negative and high arousing pictures, | did fired an enhancement in recognition
performance, but a reduction as compared to pegietures in the full attention session,
as in Experiment 1. This again is surprising, litst to the early data by Kleinsmith and
Kaplan (1963) and recent ones obtained by ShamtRirelps (2004), who found that
arousing words at immediate testing were recogniaeallesser extent than neutral ones.
There are two possible explanations for this effdt¢te first is along the lines of the
action-decrement theory by Walker (1958). The actlecrement is a refractory state that
follows performance of a response, correlating whbk amount of learning that has
accumulated at that same response over time. Tperisu consolidation due to high
arousal is advantageous over time, but it prodwcesore intense refractory state in
immediate tests. Thus, information learned undgh larousal is relatively inaccessible at
early test. The second explanation is accordingR&velle and Loftus’s tick-rate
hypothesis (Revelle, 1989; Revelle & Loftus, 19@Mjch suggests that arousal increases
the rate at which a scene is sampled, interferiitly accessibility in immediate memory.
However, an increase in the rate at which the ttebmed material is linked with internal
and external context may aid long-term retrievaladidition to these two accounts, recent
studies imply that the lack of memory enhancemgnarousal at immediate test may be
specific to cued recall and recognition tests (Ridson, Strange, & Dolan, 2004) rather
than to free recall (Strange, Henson, Friston, &iDp2000). It is thus hard to say what
might have driven the decrement for negative agtl hrousing pictures in our study.

To summarize, | was able to replicate the resultseon memory enhancement for low
arousing positive pictures of Experiment 1 in thi &ttention session, and moreover and
importantly, to show that this effect fades wheteraion is divided at encoding. In the

divided attention session, Pr values were comparéd all three emotion conditions.
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This is in line with the interpretation of strategncoding operations that are supposed to
be engaged for positive low arousing stimuli wh#erdion is not limited by a secondary
task. In accordance with the anterior slow waventbtor these pictures in Experiment 1
and together with the prefrontal cortex activatairKensinger and Corkin (2004), | feel
save to conclude that controlled operations werehf® recognition advantage of positive

and low arousing pictures.
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4.3 Experiments 3A and 3B

4.3.1 Questions

The present study aims at investigating the immdotmotional arousal and retention
duration on recognition memory and its neural dates. While experiments 1 and 2
primarily shed light on the encoding and retriewachanisms supporting recognition
memory for positive low arousing words, the obtdimesults for negative stimuli are not
entirely understood by now. Therefore, the upcongrgeriment focuses on this kind of
stimulus material. More specifically, | will condeate on the following five issues: The
first concerns the differential effects of low ahegh negative arousal on encoding
processes. Highly arousing negative stimuli ared stb be processed fast and
automatically while negative low arousing ones rety controlled encoding operations,
which should be dissociable on an electrophysickldevel. The second issue deals with
the question of how crucial a long retention dwrais to build up a memory advantage of
emotionally arousing stimuli, and how low and higtousal differ in this regard. These
stimuli have proven to benefit from lasting condation processes (e.g. Sharot & Phelps,
2004) and result in a mnemonic advantage as comhpareeutral materials through this
mechanism. The question is if valence alone is@afft to produce such advantage or if
arousal is a necessary characteristic of the stisnarhird, | want to clarify the topic of
the quality of remembering of emotionally arousexgents via the use of event-related
potentials. 1 would like to find out if recollectiebased remembering is unique to
emotional stimuli and if a retention delay of 24uh®is necessary to produce differences
as compared to neutral stimuli. Experiment 1 reagtaécollection-based remembering (as
revealed by the assumed underlying ERP correlatdg)for neutral and positive pictures.
Fourth, a subsequent memory analysis will be ruthendata to see if the to-be-obtained
dm-effects are different for valence and arousathé successful encoding of valent and
arousing information dissociable on an electropblggjical level as it is on a functional
imaging one (Kensinger & Corkin, 2004)? The finalrqt deals with source memory and
possible influences of retention here. If memoryb@osted for emotionally arousing
stimuli due to enhanced consolidation, it mightoamsodulate contextual details of the

study episode.
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4.3.2 Methods

Participants

Forty volunteers (20 female) between 19 and 28syebage (mean 24 years) participated
in this study. They were students at Saarland Usitye native German-speakers, right-
handed (as assessed by the Edinburgh Handednesstdny Oldfield, 1971) and had

normal or corrected-to-normal vision. Data of twher participants were excluded due to

excessive eye-movement artefacts. All participgatge written informed consent.

Experimental material

Stimuli consisted of 300 pictures taken from th&ednational Affective Picture System
(Lang et al., 2005) and another source (Ecker.e2@07) to equate for visual complexity
between negative and neutral pictures. They wereleli into three categories: neutral,
negative and high arousing, negative and low angughs illustrated in Figure 4.3.1, a
post-hoc rating experiment with the forty above-trmred participants revealed that
neutral and both negative picture conditions détewith regard to valence (negative and
high arousing: 2.8; negative and low arousing: 8&jtral: 5.8) and arousal: negative and
high arousing pictures (5.2) were more arousing thegative and low arousing pictures
(4.1) and both of them more arousing than neuti@upes (2.2). An ANOVA on the
valence scores yielded a significant main effectadénce F(2,198) = 521.91p < .0001],
and post hoc tests showed significant differeneds/iden the valence scores of all three
categories < .0001). A second ANOVA on the arousal scorethefpictures revealed a
significant main effect of arousaF(2,198) = 292.42p < .0001], and post hoc tests
showed significant differences between the arossales of all three categorieg €
.0001).
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Figure 4.3.1: Results of the post-experimentahgatif valence and arousal of the pictures
used in the experiment.

Procedure

Participants were divided into two groups: the shetention group and the long retention
group. The short retention group passed an incdlestudy phase and a test phase
separated by 5 minutes in which they filled out tila& version of the State-Trait Anxiety
Inventory (STAI; Laux, Glanzmann, Schaffner, & Sberger, 1981). Subjects were
comfortably seated in a dimly lit chamber in frafita monitor at a distance of 100 cm on
which they saw the pictures. During incidental gtutb0 (50 of each condition) pictures
appeared in the centre of the screen for 1000 memithlom order and the participant’s task
was either to indicate via button press whetherdégicted scene happened indoor or
outdoor (the indoor/outdoor task) or if the disgldyobject was smaller or larger than the
screen (the smaller/larger task). Both was demairnyettial by trial cuing in random
order. This procedure was used to make the memasly hon-predictable and to
nevertheless ensure an appropriate encoding of@etthre. In the test phase 150 old and
150 new pictures were presented for 500 ms eaoh.pérticipants made an ‘old-source
task indoor/outdoor’ / ‘old-source task smalledier' / ‘new’ decision by pressing one of
three buttons. Thereafter, they rated all the g@etmres according to the SAM-procedure
(Lang et al., 2005). The long retention group reegithe very same tasks, but here study
and test phase were separated by approximatelp@4.hn both groups subjects reported

to be unaware that memory would be tested aftestilndy phase.
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Figure 4.3.2: Schematic illustration of the studyd aest phases for the two groups of
subjects.

EEG recordings

EEG was recorded using Ag/AgCl electrodes mountedn elastic cap from 60 scalp

sites at locations of the extended 10-20 systenarfbugh et al., 1990). The ground

electrode was placed at AFz. The EEG from all sitas recorded with reference to the
left mastoid electrode, and re-referenced off-linethe average of the left and right

mastoids. The vertical and horizontal EOG were née from electrodes located below
and above the right eye and at the outer canthesadi eye. Electrode impedance was
kept below 5 kOhms. EEG and EOG were recorded montisly with a band pass from

DC to 70 Hz and were sampled at a rate of 500 Hz.

Data analysis

Data were analyzed with repeated measures anabfseariance (ANOVA) using a
significance level ot = .05. For all effects with two or more degreedreedom in the
numerator, | adjusted for violations of sphericitshich are inherent in analyses of
variances (ANOVAs) according to the formula by Greeuse and Geisser (1959) when

appropriate.
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Behavioral data

The data analysis was based on reaction time mesagRil) for all correct responses, i.e.
item hits and correct rejections. Item hits werérael as correct ‘old’ responses at test to
pictures already presented during study, irrespedcif the correctness of the subsequent
source judgment. Correct rejections were definedc@sect responses to new items
presented at test for the first time. Recogniticouaacy was estimated by means of Pr
values (Snodgrass & Corwin, 1988). Pr is a meathae estimates the degree of true
memory judgments by subtracting the false alarr, ras an estimate of guessing, from
the hit rate. Therefore, a Pr value of 1 indicggedect recognition performance, whereas
a Pr value of O indicates chance performance.

For the second (source memory) response accurasy caigulated by dividing the
probability of a correct source judgment by thebatality of a correct ‘old’ response

[p(correct source)/p(correct source + incorrectrce).

ERP data

ERPs were computed separately for each subjecll ae@rding sites with epochs
extending from 200 ms before stimulus onset ufldms thereafter. The 200 ms before
stimulus onset served as a baseline. EEG trials aviefacts (criterion: +/- 40 mV) were
rejected. Eye blink artefacts were corrected usitigear regression approach (Gratton et
al., 1983) implemented in the EEProbe software ageKA.N.T. Software BV).

For statistical analysis, a hypothesis-driven agpihowas chosen. On the basis of prior
studies, for the evaluation of the late posteriosifivity and other emotion-specific
effects in the encoding phase, | employed the neeaplitudes in two different time
windows that were derived by visual inspectionhs grand-average waveforms: 350 to
600 ms and 600 to 850 ms. As incidental encodinglshnot differ between the short and
long retention group, | averaged them for the agaljpere. For the quantification of the
ERP old/new effects in the test phases, the meaplitades in two different time
windows were used. Based on visual inspection efghand average waveforms and
consistent with prior studies (reviewed in Friedn&ardohnson, 2000 and Mecklinger,
2006), the early frontal old/new effect was exardimea time window between 300 and
500 ms, whereas the parietal old/new effect wameefbetween 500 and 700 ms. This
analysis aimed primarily at tapping the old/neweef$ related to familiarity and
recollection, respectively. For the statistical leafion of the study phase ERPs |

employed twelve electrode sites in the overall ANO\eft frontal (F3), middle frontal
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(FZ), right frontal (F4), left central (C3), middieentral (CZ), right central (C4), left
parietal (P3), middle parietal (PZ), and right ptai (P4). For the test phase the following
electrodes formed an anterior and a posterior RQI:FZ, F4, FC3, FCZ, FC4 (anterior),
CP3, CPZ, CP4, P3, PZ, P4 (posterior). The analgéathe dm effects included the
following two time windows: 400-600 ms and 600-888. Three ROIs were established
being anterior (F3, FZ, F4), central (C3, CZ, G#d posterior (P3, PZ, P4).

For the study phase, the overall repeated-measthig3VA included the following
factors: EMOTION (negative and high arousing, negaand low arousing, neutral),
LATERALITY (left, middle, right), ANTPOS (anteriogentral, posterior) and WINDOW
(350-600 ms, 600-850 ms). In the case of significarain effects and interactions
involving the factor EMOTION, subsidiary one-way ANAs and planned pairwise
comparisons were performed to examine the effeatsare detail.

For the guantification of the old/new effects fowettest phase, two repeated-measure
ANOVAs (factors: EMOTION (negative and high arougimegative and low arousing,
neutral), LATERALITY (left, middle, right), ANTPOSfrontal, parietal), WINDOW
(300-500 ms, 500-700 ms) were performed for eadh@ftwo retention groups with the
additional factor RESPONSE TYPE (hit, correct reémg. Again, in the case of
significant main effects and interactions involvitige factor EMOTION or RESPONSE
TYPE, subsidiary one-way ANOVAs and planned paienxé®@mparisons were performed

to examine the effects in more detail.

In order to tap the dm effects, a repeated-mea8N@VA for each of the retention
groups was conducted. It included the followingtdes: EMOTION (negative and high
arousing, negative and low arousing, neutral), REMRF (remembered, forgotten),
LATERALITY (left, middle, right), ANTPOS (anterior,central, posterior), and
WINDOW (400-600 ms, 600-800 ms). In the case ofifigant main effects and
interactions involving the factors EMOTION or REMRQsubsidiary one-way ANOVAs
and planned pairwise comparisons were performeadmine the effects in more detail.
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4.3.3 Results

4.3.3.1 Behavioral data

An overview of item (Pr and percent correct), seuncemory performance and reaction

time data is given in Table 4.3.3.

sour ce
Pr hits mem
neg neg neg
ret high neglow high neglow high neglow
group| arous arous neut | arous arous neut | arous arous neut
0.63 0.63 0.62| 0.76 0.70 0.74| 0.66 0.62 0.67
short | (0.03) (0.03) (0.02)] (0.03) (0.02) (0.03)| (0.02) (0.02) (0.02)
0.46 0.44 0.36| 0.66 0.56 0.52| 0.56 0.56 0.56
long | (0.04) (0.04) (0.04)| (0.04) (0.04) (0.04)| (0.02) (0.02) (0.03)
correct
regections hits
retention | neg high  neglow neg high neg low
group arousing arousing neutral arousing arousing neutral
short 1166 (35) 1102 (37) 1121 (39) 1735(56) 1672 (55) 1590 (50)
long 1097 (55) 1049 (53) 1015 (51) 1646 (1101640 (113) 1567 (94)

Standard errors of the mean (SEM) are given inrpghesis.

Table 4.3.3: Pr and source performance data as agelleaction times (displayed in

milliseconds) for the short and long retention grou
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The ANOVA performed on the Pr values for the thEBdOTION conditions (negative
high arousal, negative low arousal, neutral) whi# between-subject factor RETENTION
GROUP (short, long) revealed a significant maineeffof RETENTION GROUP
[F(1,38) = 20.71p < .0001] and EMOTIONH(2,76) = 3.68p < .031], and an interaction
between the twoH(2,76) = 2.41,p < .098]. The subsidiary one-way ANOVAs and
planned pairwise comparisons showed that the sétmtion group performed better than
the long retention group, and that performance tetser for negative high arousing
pictures and negative low arousing than neutrat gaeross groups)-(1,38) = 6.92p <
.012], [F(1,38) = 4.82p < .034], with no difference between the two negatonditions
[F(1,19) = 0.03p > .85]. In the short retention group all threevRiues were comparable
[F(2,38) = 0.12p > .88], but in the long retention group | obtaiveorse performance for
neutral pictures than both classes of negative ,amegative high arousingF(1,19) =
11.40,p < .003], negative low arousingF(L,19) = 6.51,p < .02]. In each emotion
condition there was a difference between the loryshort retention group insofar as the
latter performed on a higher level, negative highuaing: F(1,38) = 10.57p < .003],
negative low arousingF[1,38) = 14.24p < .0005], neutral:f(1,38) = 26.44p < .0001].
Running the same analysis on the hits (percentctrishowed that there were also
differences between the two negative conditions [Sgure 4.3.3). | obtained as for the Pr
values an effect of RETENTION GROURF([L,38) = 13.17,p < .0008] and one of
EMOTION [F(2,76) = 11.40p < .0001], as well as an interaction between thE(R,[6)

= 4.70,p < .013]. Subsidiary one-way ANOVAs revealed themsaesults as for the Pr
values except for the fact that both within thersfamd long retention group more hits
were obtained for high arousing than low arousiagative picturesH(1,19) = 9.16p <
.007], [F(1,19) = 10.75p < .004].

The analysis of response bias measures (Br) reveateain effect of EMOTIONH(2,76)

= 18.37,p < .0001] which means that Br was higher for negahigh arousing pictures
(short: 0.36, long: 0.35) than neutral (short: 0.l82g: 0.25) F(1,38) = 5.04p < .031]
and negative low arousing ones (short: 0.17, |@20) [F(1,38) = 47.76p < .0001], i.e.

a more liberal response criterion for high arousiegative pictures than neutral and low
arousing negative ones.

The ANOVA on the reaction-time measures for hitd aorrect rejections gave rise to a
main effect of RESPONSE TYPE(L,38) = 201.49p < .0001] and EMOTIONK(2,76)

= 19.02,p < .0001] as well as an interaction between thé2,f6) = 3.73p < .029].
There were no interactions with the between subfpartor RETENTION GROUP. This
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means that overall correct rejections were givestefathan hits. This is probably due to
the additional source decision inherent in the “oksponses. Moreover, post-hoc tests
revealed that responses to neutral items were dgaster than those to negative low
arousing F(1,38) = 8.69p < .017] and negative high arousing onie€l[38) = 37.04p <
.0001] with the latter even slower than the forij#gf,38) = 19.66p < .002]. This means
that the emotionally arousing status of the picurdluenced the reaction times of the
subjects.

For source memory performance | only obtained dacefof RETENTION GROUP
[F(1,38) = 11.77p < .002]. Source memory performance was bettethi@ishort retention
group than the long retention group irrespectivehefemotional status of an item.

hits
0,8
0,7
W short
O long
0,6 -
05 [ ]
hneg Ineg neut

Figure 4.3.3: Proportion of correctly recognized wéms for the short and long retention
group for negative high arousing, negative low anog, and neutral pictures.

4.3.3.2 ERP data

Encoding phase

The grand average ERP data of the encoding phaseaged across the two retention
groups and separately for the three emotion canditiare depicted in Figure 4.3.4. The
overall morphology of the waveforms was similar feggative high arousing, negative

low arousing and neutral pictures and was chaiaetkiby a N300-P300-SW complex.
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More specific examination of the grand average ER®sals two distinct effects: The
first effect is a large positivity for negative higarousing pictures (as compared to
negative low arousing and neutral pictures) andsstd around 350 ms post-stimulus with
a broad scalp topography and lasts until the enthefrecording epoch (1000 ms). The
second initiates at around 600 ms and can be descdas a positivity for negative low

arousing pictures as compared to neutral onesanittoad scalp distribution.

short long

cZ

PZ

=10 nY

]
@T N E‘E R N
1

-2 I 0T 04 0% 08 * * hneg
10

* identical at all electrodes neutral

Figure 4.3.4: Encoding ERPs for the short and latgntion group elicited by negative
high arousing, negative low arousing, and neuti@upes at frontal, central, and parietal
electrodes.

Table 4.3.4 shows the results of the initial ANOWArformed for the encoding phase.
Significant main effects of EMOTION, LATERALITY, ANPOS and WINDOW were
obtained. Additionally, two interactions emergedM@&TION by ANTPOS and
EMOTION by WINDOW. For the first interaction, subdsary ANOVAs and planned
pairwise comparisons revealed that main effecEMOTION and WINDOW, as well as
an interaction between them, was present at fr¢ha(al78) = 49.36p < .0001], F(1,39)

= 77.03,p < .0001], F(2,78) = 9.92p < .0004]; central f(2,78) = 79.54p < .0001],
[F(1,39) = 37.02p < .0001], F(2,78) = 11.65p < .0001]; and posterior siteB(R,78) =
70.52,p < .0001], F(1,39) = 8.99,p < .005], F(2,78) = 14.09p < .0001]. Further
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examination showed that the second abovementiartechction includes main effects of
EMOTION and ANTPOS, as well as an interaction betwéhem in both time windows,
350-600 ms: [(2,78) = 71.72p < .0001], F(2,78) = 132.91p < .0001], F(4,156) =
5.00,p < .005]; 600-850 ms:H(2,78) = 68.49p < .0001], F(2,78) = 49.94p < .0001],
[F(4,156) = 3.58p < .023]. In more detall, this means that in batetwindows and at all
investigated electrode sites negative high aroupiotures give rise to more positive-
going waveforms than both negative low arousing aedtral ones. Negative low
arousing pictures are more positive-going than maéuwines in both time windows at
frontal sites and in the late time window at cenémad posterior electrodes. This means
that already at incidental encoding negative higth law arousing pictures seem to differ

in topography and timing.

Effect df F p
EMOTION 2,78 78.10 <.0001
LATERALITY 2,78 7.86 .0008
ANTPOS 2,78 94.51 <.0001
WINDOW 1,39 25.96 <.0001
EMOTION X ANTPOS 4,156 4.57 .0016
EMOTION X WINDOW 2,78 13.40 <.0001

Standard errors of the mean (SEM) are given inrphesis.

Table 4.3.4: ANOVA results for the encoding phase.

Retrieval phase

Grand averages for correct responses to old and pietures in all three emotion
conditions for the short and long retention group displayed in Figure 4.3.5. As
expected, correctly recognized old pictures elititmore positive-going ERPs than
correctly rejected new pictures. This old/new dffgarts at around 250 ms post-stimulus
at frontal sites and lasts until 700 ms at posteslectrodes. Remarkably, these effects
appear to vary as a function of retention group ambtional condition with an early
frontal and late parietal old/new effect for altdb conditions in the short retention group
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and early frontal effects for all conditions as meet a selective late parietal effect for
negative high arousing pictures in the long retengroup.

negative high arousal negative low arousal neutral

FzZ * Fz

¥4 Pz PZ

: 300-500 ms and 500-700 ms
-0.2 02 04 06 08 B Item hit

.. Correct rejection

negative high arousal negative low arousal neutral

W

*

l PZ

300-500 ms and 500-700 ms

_ Ttem hit
.. Correct rejection

Figure 4.3.5: Retrieval ERPs for the short (topd bong retention group (bottom) elicited
by negative high arousing, negative low arousimgl aeutral pictures at a fronto-central
and centro-parietal electrode.
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Table 4.3.5 shows the results of the initial ANOM#esformed for both retention groups.
Analyses performed for the short retention groweaéed main effects of EMOTION,
RESPONSE TYPE, ANTPOS and WINDOW, and a three-witgraction EMOTION by
RESPONSE TYPE by WINDOW. For this interaction, sdizsy ANOVAs and planned
pairwise comparisons showed that there was an é&antyal as well as a late parietal
old/new effect for negative high arousirfg(1,19) = 30.09p < .0001], F(1,19) = 73.96p

< .0001]; negative low arousingr(1,19) = 31.54p < .0001], F(1,19) = 5.57p < .03];
and neutral pictures=[1,19) = 24.99p < .0001], F(1,19) = 6.72p < .02]. For the long
retention group | obtained significant main effeofsEMOTION, RESPONSE TYPE,
ANTPOS and WINDOW, and the following interactionMBTION by RESPONSE
TYPE by ANTPOS by WINDOW. For this interaction, sidiary ANOVAs and planned
pairwise comparisons revealed an early frontalnaa/ effect for negative high arousing
[F(1,19) = 5.98p < .02], negative low arousind-(1,19) = 6.72p < .02] and neutral
pictures F(1,19) = 4.82p < .04], and a selective late parietal old/new ctfflor high
arousing negative pictureB(fl,19) = 9.62p < .006].

Effect df F p

short retention group

EMOTION 2,38 99.84 <.0001
RESPONSE TYPE 1,19 81.59 <.0001
ANTPOS 1,19 85.86 <.0001
WINDOW 1,19 33.20 <.0001
EMO X RESP TYPE X WIN 2,38 9.37 .0005

long retention group

EMOTION 2,38 55.59 <.0001
RESPONSE TYPE 1,19 18.00 .0004
ANTPOS 1,19 112.93 <.0001
WINDOW 1,19 35.28 <.0001
EMO X RESP TYPE X ANTPOS X WIN 2,38 4.46 .023

Standard errors of the mean (SEM) are given inrpghesis.

Table 4.3.5: ANOVA results of the retrieval phase.
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Dm effects

To get even closer to the relationship between @ingoactivity and later memory
performance, | additionally ran a dm-analysis fathbretention groups. Therefore, |
sorted the encoding trials according to their lat@mory status being either remembered
(hits) or forgotten (misses).

As can be seen in Figure 4.3.6, ERPs to later rdyaesd pictures were more positive-
going than those to later forgotten ones. Thiscgffeowever, was differently pronounced
for the three emotion conditions and two retentiooups. Whereas no dm effect could be
obtained for neutral pictures in either retentiooup, it was present for high and low
arousing negative pictures at anterior and cesttas in a time window from about 400
ms until the end of the epoch in both groups. Adtenor electrodes, interestingly, high
and low arousal as well as retention group couldisgociated.

The ANOVA for the short retention group thus reeehimain effects of EMOTION,
REMFOR, ANTPOS, and WINDOW, as well as an inteactEMOTION by REMFOR
by WINDOW. Decomposition of this three-way inteiiaot revealed dm effects for
negative high and low arousing pictures at allssitethe late time window (afis < .05),
but no such effect in the early time window at past sites |§ > .10). Here, the effect
was only prominent at anterior and central ele@sodhigh arousing anterioF(1,19) =
7.05, p < .016], high arousing centrafF(1,19) = 6.28,p < .02], low arousing anterior
[F(1,19) = 8.35p < .009], low arousing centralF(1,19) = 5.23p < .04], as indicated by
the interaction REMFOR by ANTPOS for the ANOVA obietearly time window. No dm
effects could be obtained for neutral pictures.

For the long retention group similar effects weldamed: main effects of EMOTION,
REMFOR, ANTPOS, and WINDOW, as well as the intdax EMOTION by
REMFOR by WINDOW and EMOTION by REMFOR by ANTPOSod®-hoc tests
showed that there were dm effects at anterior &telsoth high and low arousing pictures
in the two time windows: high arousing early timendow [F(1,19) = 7.88p < .012],
high arousing late time windowF(1,19) = 7.62,p < .013], low arousing early time
window [F(1,19) = 5.65p < .03], low arousing late time window(1,19) = 5.46p <
.03]. For negative low arousing pictures, there waly an additional one at central sites
in the early F(1,19) = 4.21p < .054] and late time window~{1,19) = 5.33p < .03],
whereas for high arousing pictures, such effecteevpeominent at central sites in both
time windows: earlyf(1,19) = 11.41p < .003], late F(1,19) = 12.43p < .002], as well
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as at posterior sites in the late time windé{1[19) = 3.67p < .07]. Again, no dm effects
could be obtained for neutral pictures.

Effect df F p

short retention group

EMOTION 2,38 10.01 <.007
REMFOR 1,19 9.30 .0003
ANTPOS 2,38 34.87 <.0001
WINDOW 1,19 7.39 <.014
EMO X REMFOR X WIN 2,38 5.05 <.013

long retention group

EMOTION 2,38 12.49 <.0001
REMFOR 1,19 16.31 .0007
ANTPOS 2,38 89.66 <.0001
WINDOW 1,19 19.56 .0003
EMO X REMFOR X ANTPOS 4,76 5.61 .0005
EMO X REMFOR X WIN 2,38 2.74 0.80

Standard errors of the mean (SEM) are given inrphesis.

Table 4.3.6: ANOVA results of the dm analysis.
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Figure 4.3.6: ERPs for the dm analysis in the slamd long retention group for
negative high arousing, negative low arousing, @&wtral pictures at frontal, central,
and parietal electrodes.
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4.3.4 Discussion

Emotionally arousing events tend to be better aondennichly remembered than neutral
ones. This effect seems to be especially pronoundeh testing memory after a delay.
Here | tried to disentangle possible differentiffi¢ets of valence and arousal at encoding,
during consolidation and at retrieval via the ubbahavioral measures and event-related
potentials. In more detail, five issues were adslrds The first concerned the influences
of low and high negative arousal on encoding preegsHigh arousing stimuli are said to
be processed fast and automatically while onlyntabmes rely on controlled operations,
which should be dissociable on an electrophysichkgievel. The second point dealed
with the question of how necessary a long retentioration is to build up a memory
advantage of emotionally arousing stimuli, and ighh and low arousal produce
differences here. The question was if valence alenesufficient to produce such
advantage or if arousal is a crucial charactergtithe stimulus. Third, | wanted to take a
look at the quality of remembering of emotionallpasing events via the use of event-
related potentials. | wanted to find out if recotlen-based remembering is unique to
emotional stimuli and if a retention delay of 24uh®is necessary to produce differences
as compared to neutral stimuli. Fourth, a subseguemory analysis was run on the data
to see if the to-be-obtained dm-effects are difiefer valence and arousal, as well as for
the short and long retention group. The final paealed with source memory and their
possible influences of retention. If memory is Hedsfor emotionally arousing stimuli on
an item level due to enhanced consolidation, ithinadso modulate contextual details of
the study episode.

Emotional arousal and retention duration had a rabdy effect on encoding,
consolidation and retrieval processes. For thetstedention group, | found that high
arousing negative, low arousing negative and neuytretures were equally well
remembered as indexed by comparable Pr valuesng aksole look at the hits however
revealed a higher percentage of negative high argukan neutral pictures. The long
retention group, which on the whole performed wattsgn the short retention group,
displayed a different pattern of results. Negafvetures (high and low arousing ones)
exhibited a recognition advantage as compared wralepictures. This was revealed by
higher Pr values that did not differentiate betwede two negative conditions.
Investigating the hit rates displayed more remeedbetems for negative high arousing

than both low arousing and neutral pictures. Thig{s to the fact that the former pictures
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produced the highest false alarm rate and thereharenost liberal response bias (Br) in
both retention groups. Source memory performance edter in the short than in the
long retention group, but did not bring up any eliénces with regard to the arousal status
of the items. Thus behaviorally, emotional arousald retention duration had a
converging effect on recognition memory performarieeent-related potential measures
revealed an early frontal (supposed to index famili-based remembering) and late
parietal old/new effect (the assumed correlateeobltection-based remembering) for hits
as compared to correct rejections for negative ligiusing, negative low arousing and
neutral pictures in the short retention group whistd of resembles the behavioral results
obtained in this group. Dissociable results cowdddund for the long retention group: an
early frontal old/new effect for all three condit®and a late parietal old/new effect for
high arousing negative pictures only. Remarkablgh megative arousal had a positive
influence on the quantity and quality of remembgraiter a 24 hour retention interval.
Encoding ERPs for negative high arousing picturedbaoth an early and a late time
window and with a broad scalp topography gave tosmore positive-going waveforms
than both negative low arousing and neutral onegahve low arousing pictures were
more positive-going than neutral ones in both tmmedows at frontal sites and in the late
time window at central and posterior electrodese Hubsequent memory analysis
revealed dm effects for high and low arousing negagpictures at anterior and central
sites in a time window from about 400 ms until #rel of the epoch in both groups. At
posterior electrodes, interestingly, high and lowuaal as well as retention group could
be dissociated. Whereas there were significantesfia the short retention group for both
types of emotional stimuli in a late time windowujst effect was not present in the high
retention group for low arousing negative pictutast for high arousing. Negative high
arousing pictures thus seem to gain prioritizecc@ssing already at incidental encoding
which then becomes memory-relevant at long reterdigation.

The behavioral advantage for negative high and d@using pictures as compared to
neutral ones only exhibited over time, which is gietent with prior studies comparing
two time points at test (LaBar & Phelps, 1998; 8ha:. Phelps, 2004; Sharot &
Yonelinas, 2008). These studies however did notpaoe high and low arousing stimuli
which here seem to differ with regard to the amaafritits and false alarms. Both were
given to a greater extent to high arousing itentsckvis consistent with prior studies on
the emotion-induced recognition bias (Windmann &d&y 2001; Windmann, Sakhavat,
& Kutas, 2002) that compared neutral with emotiostahulus materials. Moreover, the
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qguality of remembering was modulated by the arowssatus of negative pictures as
revealed by a selective parietal old/new effecthigh arousing stimuli. This is consistent
with the boost in recollective experience for sutdms in general, i.e. immediate
(Kensinger & Corkin, 2003; Sharot et al., 2004) adwlayed testing (Ochsner 2000;
Sharot & Yonelinas, 2008; Sharot et al., 2007). Mees are said to produce an
enhancement of vividness, as well as an increaserifidence, and consist of more detail
(Ochsner, 2000; Sharot et al., 2004). However, rallgh boost in memory for the task
performed during encoding was not observed. Thigasts that emotion does not provide
a general enhancement of recollection, but ratber ia a selective manner. Thus, given
that the increase in recollective experience is abwvays accompanied by better
recognition accuracy (Ochsner, 2000; Sharot et 2007) or memory consistency
(Talarico & Rubin, 2003), emotional arousal may amte this experience without
necessarily improving memory for contextual feasurehe same results were obtained in
a very recent study by Sharot and Yonelinas (2008) also investigated study task as
context information. Negative low arousing pictureshibited the same recognition
advantage on a behavioral level, but ‘only’ seerbéaemembered familiarity-based (as
revealed by the selective early frontal old/neweetlf. This is remarkable and provides
evidence for a distinction between high and lowuanog pictures for their mnemonic
relevance, which has until now only been obsenadehcoding effects (Kensinger &
Corkin, 2004). However, there are other reportt ihis specifically arousal that is
related to the boost in recollection-based remem@€Dolcos, LaBar, & Cabeza, 2005)
which fits well to our data. Neutral pictures, thegre remembered much less well than
negative ones, seem to be done so on the basmulidrity after the 24 hour delay.
There are only two ERP studies that have invesithtlie effect of retention interval on
neutral stimulus materials (Curran & Friedman, 200lk et al., 2006), and reported an
early frontal and a late parietal old/new effect fth time points of testing. The
discrepancy from our results might stem from ttet fhat these studies only used neutral
materials and no additional emotionally arousingthat may compete for processing
capacities.

Encoding activity in our study using incidental tmgtions is comparable with the
stimulus classification paradigms of Schupp e(2000; 2006). They consistently found
the late posterior positivity to be modulated by tbvel of arousal with increasing arousal
producing greater positivities. In a recent studyng combined ERP and fMRI recordings

(Sabatinelli, Lang, Keil, & Bradley, 2007) the Igtesterior positivity was shown to be a
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reflection of activity in visual cortical structiwedemonstrating a higher perceptual
sensitivity to the relevance of emotional visuatrses. Our ERP results seem to entirely
fit to the data of Schupp (2000; 2006) with a larigeée posterior positivity for negative
high arousing than low arousing pictures, but aold#lly modulated anterior electrodes in
the same manner. Hereby, a dissociation of lowsaingupictures with regard to timing
and topography was evident. | assume that evenoutitthe intention to encode the
pictures, subjects felt different for low arousthgn high arousing pictures that thus were
processed in separable ways. This may be due itotyaaf the amygdala and the MTL
memory system and accompanied by a feeling of at@ml enhanced perceptual fluency
for high arousing stimuli only realized via the @ufatic attention capture of these stimuli.
For the low arousing pictures subjects may bemnedito elaborate on this information or
to rehearse it (Kensinger & Corkin, 2004). This nimey reflected in the later onsetting
posterior positivity and the long lasting anterglow wave in our data, even though
inferences from the scalp topography of ERP effectainderlying neural generators in
most cases is problematic and comparisons canb@ngpeculative. When comparing the
current results with Experiment 1 (Koenig & Meckjar, 2008) using intentional
encoding instructions and positive and negativéupgs as stimulus materials, they might
make additional sense. Here, the anterior slow walieited by low arousing positive
stimuli) was assumed to be a reflection of contibkncoding strategies and the posterior
positivity (present for low arousing positive anighter arousing negative pictures) one of
attentional capturing mechanisms. The selectivatadion of the latter however did not
lead to enhanced recognition memory performancenémgative pictures after a short
delay, whereas the additional anterior slow wawk fdr positive ones. For the current
results this could mean that for high arousing tiegaictures (even higher arousing than
in the aforementioned study) attentional captunmgchanisms were initiated and in
addition with anterior (most likely controlled PFa&tivity) operations were successful
and led to the recognition memory advantage in tjtyaand quality. Low arousing
negative pictures here produced a smaller antediow wave and a later onsetting
posterior positivity which both may contribute toecognition advantage as compared to
neutral pictures that was nevertheless not as proeal as for negative high arousing
ones.

The dm effects obtained for high and low arousiiogupes in the short and long retention
group mirror the recognition memory performance.efélas the anterior and central parts

of the effect were comparable for the two groupd e two classes of negative stimuli,
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the posterior part showed a dissociation. This éll vm agreement with the findings of
Dolcos and Cabeza (2002) who found an earlier tingesubsequent memory effect for
positive and negative pictures as compared to aleores. They conducted the first study
of this kind and postulated that the emotional enhtgranted a privileged access to
processing resources that resulted in a betterdamg@f high arousing stimuli. This in
turn, resulted in better retrieval of these picturkdapted to the present experiment, this
could fit the finding of the more widespread andder lasting dm effect for high arousing
negative pictures in the long retention group tladégo showed the best memory
performance. It can only be speculated about theahgenerators of this ERP effect, but
there is reason to believe that the amygdala, ustltonnections to several neocortical
regions (Amaral et al., 1992) is responsible, thgetvith other regions like the prefrontal
cortex and parietal regions associated with ematiprocessing (LaBar et al., 1999; Lang
et al., 1998). The similarity of the subsequent mgneffect for high and low arousing
pictures at anterior and central sites may sugtiest these ERPs reflect comparable
involvement of the same neural generators as theseciated with successful encoding in
fMRI studies (Brewer et al., 1998; Wagner et &099).

In sum, it could be shown that the recognition ai@ge for emotionally arousing pictures
and the enhancement in recollective experiencefivdnem the operation of a time-
dependent process consistent with consolidatior. [atter was only true for negative
high arousing pictures and in addition with enhangpesitivities during encoding for
those pictures | assume that high arousal has eiasp@fluence of the processes
underlying memory formation which is manifesteclastages of processing. Moreover, a
24 hour retention duration seems to be necessaryeweal such dissociations as
immediate testing did not show up clear differenbesween negative high arousing,

negative low arousing and neutral pictures.
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4.4 Experiment 4

4.4.1 Questions

With the experimental approach of this study | wembnce more focus on an encoding
phenomenon. For this reason, | set out to clahfy éxistence of the tunnel memory
phenomenon. A new experimental design is createdtakes into account individual
factors such as trait anxiety and individual stinsufatings, as these seem to differently
affect the processing of emotionally arousing stinferevious studies used a variety of
designs and testing procedures. Mostly only a fizwudi were used and thus conclusions
drawn out of these data do not seem to be genabddizTesting procedures also varied
quite a lot, from forced-choice recognition (Sadé¢ral., 1998) and drawing tests (Candel
et al., 2003) to the camera distance paradigmaiibtiet al., 1992). Moreover, all existing
experimental designs did not allow investigatingcteon times (RT), which could be a
crucial means to get closer to the underlying meismas contributing to the tunnel
memory phenomenon. Therefore, it is of high intetesbuild up a test design that
resembles common memory testing procedures intdratlre.

To this end, it was predicted that neutral pictuned be remembered with extended
boundaries while negative ones should result iestriction of the pictures boundaries.
However, as recently found by Mathews and Mackimt¢28004), negative pictures
presumably only lead to a smaller boundary extensfiect as neutral pictures do.
Moreover, it is an open issue if averaging residtsa high number of test pictures still

lead to the early effects described for only omawus out of a story line.
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4.4.2 Methods

Participants

36 volunteers (19 female) between 19 and 30 ydamge (mean 25 years) participated in
this study. They were students at Saarland Uniyersiative German-speakers, right-
handed (as assessed by the Edinburgh Handednesstdny Oldfield, 1971) and had

normal or corrected-to-normal vision. All particiga gave written informed consent.

Experimental material

Stimuli consisted of 96 pictures taken from theeinational Affective Picture System
(Lang et al., 2005) which were divided into twoegiries: negative and neutral (each
containing 48 pictures). They differed with regaadvalence (negative: 2,92; neutral:
5,38) and arousal (negative: 5,03; neutral: 3,52)canfirmed by ANOVA testing.
Separate ANOVAs on the valence and arousal scasds Yelded a significant main
effect of valenceH(1,47) = 840.81p < .0001] and arousaF{1,47) = 107.82p < .0001].
Each of the pictures was reproduced in three vessioe. three zoom levels. We crated
two additional versions from each original pictufast, we removed parts of the original
picture’s periphery. The resultant image was d ficom of the original picture, focusing
on its central objects. Second, we removed morts pduithe periphery of this first zoom
creating a second zoom. The percentage of the rednoarts varied between the pictures,
as it was individually adjusted to each picturee Thean size for the first zoom was 56%
of the original picture and for the second zoom 8% of the original picture. Then, the
resultant images were expanded to the size of tiggnal. Exemplars of each valence

category are shown in Figure 4.4.2.
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Figure 4.4.1: How stimuli were distributed to th#atent stimulus categories.
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Figure 4.4.2: Examples of stimuli used in Experitnén
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Procedure

Participants took part in a session comprising tfatery of several little tests. To run
through it, subjects were comfortably seated ateskdand if necessary in front of a
monitor at a distance of 100 cm on which they dasvpictures.

First, they filled out the shortened form (12 it¢msf the “Mehrdimensionaler
Befindlichkeitsfragebogen” (MDBF; Steyer, Schwenkmer, Notz, & Eid, 1994), a
German multidimensional mood questionnaire to a&sdbe effectiveness of mood
induction. The MDBF assesses three mood dimensigiisasantness (pleasant-
unpleasant), calmness (calm-restless), and walegsilawake-sleepy). Using a 5-point
Likert-scale, participants rated the degree to Whmmod was experienced at a particular
point of time (here before and after the memort) tes

Second, participants encoded the 96 pictures umibgdental instructions to rate the
pictures according to a three-point valence scie third of the pictures of each valence
category were presented in each of the zoom veygibn2 and 3). Debriefing at the end
of the entire experiment revealed that all subjegese not aware of the upcoming
memory test.

Third, as a filler task subjects completed a qoestaire for about ten minutes to create a
retention interval between study and test.

Thereafter, they underwent a surprise memory Retticipants were shown 24 pictures
they already saw during study (old pictures) arel rdmaining 72 were presented in a
different zoom version (to-be-called new picturesiter the appearance of each picture
they had to decide whether they saw it in that esatne zoom level (old) or if the
pictures was closer or farther than the one seemgigtudy (new). A second response
should tap the confidence of their judgment and triggered through the appearance of
‘sicher/unsicher’ (certain/uncertain) on the screbmwo response buttons served as ‘old’
and ‘new’ and ‘certain’ and ‘uncertain’ response.

After filling out the MDBF for the second time, theompleted the trait version of the
State-Trait Anxiety Inventory (STAI; Laux et al981).

Finally, subjects rated the 96 pictures used indkperiment plus 48 positive pictures
(taken out of the IAPS, Lang et al., 2005) accaydimthe SAM-procedure used by Lang
et al. (2005) for arousal and valence. This wasedortap individual differences in these
two dimensions and elucidate possible divergences) fthe normative IAPS rating.
Positive pictures were included to prevent a boesneutral pictures to be rated ‘positive’
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as participants would likely use the entire nineapscale ranging from very negative to

very positive.

Data analysis

Data were analyzed with repeated measures anabfseariance (ANOVA) using a
significance level ot = .05. For all effects with two or more degreedreEdom in the
numerator, | adjusted for violations of sphericitshich are inherent in analyses of
variances (ANOVAs) according to the formula by Greeuse and Geisser (1959) when
appropriate.

The data analysis was based on reaction time mesag¢RT) for hits, corrects rejections
and false alarms. Hits were defined as correct ‘ddponses at test to pictures already
presented during study in this exact same zoonl.|&a@rect rejections were defined as
correct ‘new’ responses to items presented atiteatdifferent zoom level. Recognition
accuracy was expressed through the amount of iitd@ means of Pr values (Snodgrass
& Corwin, 1988). Pr is a measure that estimatesidgree of true memory judgments by
subtracting the false alarm rate, as an estimatgie$sing, from the hit rate. Therefore, a
Pr value of 1 indicates perfect recognition perfanece, whereas a Pr value of O indicates
chance performance. In our study it is supposeaetinterpreted with caution as on the
one hand our test phase did not include the sammeuof old and new items and as on
the other hand those ‘new’ items were not reallw it a different version of an old
item. Therefore, we take the hit rates as a molid waeasure of recognition performance
here. False alarms were further subdivided inttricti®ns (choosing a closer version of
the original picture) or extensions (choosing dhfar version of the original picture) of
which the relative values are reported. Additionallhe ‘extension value analysis’
operates on coded values ranging from -2 (totaticeen) to 2 (total extension). Here a
value of -1 means that subject incorrectly clasdifan item as ‘old’ that was presented in
zoom level 2 at study and in zoom level 1 at teidtewise, positive values refer to the
classification of such an item presented in a smalbom level at study than at test (see
Figure 4.4.3). These analyses were run on the s@lerategories according to the
individual ratings of each subject. The latter @ous a more specific and precise
analysis. Additionally, I set them into relationshvith the individual trait anxiety scores

of each subject.
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Study item Test Response ,old" Score

Small Hit

Small Medium Extension 1

Large Extension 2

Small Restriction -1
Medium Medium Hit

Large Extension 1

Small Restriction -2

Large Medium Restriction -1
Large Hit

Figure 4.4.3: Boundary scoring for the thzeem versions of pictures.
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4.4.3 Results

Rating, STAI, and MDBF

The subjects’ rating on arousal and valence of dtiauli revealed that negative and
neutral pictures differed with regard to valence8(2vs. 5.03) f(1,47) = 479.37p <
.0001] and arousal (5.13 vs. 2.3E)1,47) = 2191.90p < .0001]. These rating scores did
not significantly differ from those of the IAP$ ¢ .05).

The mean score of the trait scale of the Statet-Puaxiety Inventory (STAI; Laux et al.,
1981) for our group of subjects was 38.5 (SD: 8WVhen performing a median split the
critical value was 38, which created a low-anxigtgup with a mean score of 31.8 (SD:
4.4) and a high-anxiety group with a mean scoretmP (SD: 6.5). This fits to the
procedure performed by Mathews & Mackintosh (2004p designated all subjects with
a higher score than 40 as high-anxious.

The self-rated MDBF scores for the dimensions @letrgess, calmness and wakefulness
for the two assessed time points were as followeagantness (before the memory test:
15.6; after the memory test: 14.9), calmness (kefdb.2; after: 15.2), wakefulness
(before: 13.3; after: 12.7). ANOVA testing reveald#tht subjects’ pleasantness was
affected by the memory test (before > aft&i(1[35) = 5.25p < .03]), whereas there was
no change in calmnesB(fL,35) = 0.00p = 1] or wakefulnessH(1,35) = 1.57p > .22].

Reaction times

The reaction-times are listed in Table 4.4.3. AnGARA on the reaction-time measures
for hits, correct rejections and false alarms (esi@ns and restrictions) revealed a
significant main effect of RESPONSE TYPH?2,70) = 10.13p < .0003]. Decomposition
of this effect revealed that, irrespective of emwotihits were given faster than both false
alarms F(1,35) = 7.29p < .011] and correct rejections(fL,35) = 14.22p < .0006], and
false alarms faster than correct rejectioR@l[35) = 5.51p < .025]. This indicates that
boundary extension and restriction (false alarme)ewot followed by an extremely long-
lasting decision process, and thereby were not tjustproduct of guessing, but of a
relatively automatic and confidently given old respe to a pictures in a different zoom

version.
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hits false alarms pr
negative neutral negative neutral negative neutral
.79 (.02) .79 (.02) 49 (.01) .56 (.02) .30 (.02) 23(.03)
hits correct reections false alarms
negative neutral negative neutral negative neutral
930 (91) 1006 (83) 1308 (105) 1217 (109) 1159 (93) 1099 (89)

Standard errors of the mean (SEM) are given inrphesis.

Table 4.4.3: Behavioral results and reaction tim& ddisplayed in milliseconds).

Memory data analysis

An overview of the memory performance data is giwerTable 4.4.3. The ANOVA
performed on the hit rates for the factor EMOTIONdative, neutral) revealed no
significant main effect f(1,35) = 0.02,p > .88], which indicates that there was no
difference between negative and neutral items. ther false alarms, the ANOVA
demonstrated a significant main effect of EMOTIORN(1,35) = 12.22,p < .001],
confirming that there was a higher rate of falssrrak for neutral than negative items.
Both these results lead to a higher Pr rate foatieg than neutral item$-(1,35) = 9.04,

p < .005]. Additional analysis with ANXIETY GROUP iffn, low) as between subject
factor did not reveal any significant effect wiggard to memory performance.

When investigating the types of false alarms madaerformed an ANOVA with the
factors EMOTION (negative, neutral) and ZOOM (exien, restriction). This revealed a
main effect of EMOTION F(1,35) = 19.18p = .0001] and ZOOMH(1,35) = 20.79p <
.0001], and an interaction between the two facf{é#4,35) = 11.40,p < .002]. This
reflected the fact that extensions were more fretjyeanade than restrictions, and that
there were more false alarms for neutral than megéems. Moreover, planned pairwise
comparisons revealed that more neutral than negatitensions were made € .0001),

there was no difference among restrictiops>(.10), for neutral items there were more
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extensions than restrictiong € .0001) and no such differentiation for negatwes p >
.10). When taking ANXIETY GROUP (high, low) as atlween subject factor into this
ANOVA | did not obtain any interaction with falsaems.

An ANOVA on the confidence rating after each givesponse in the memory test with
the factors EMOTION (negative, neutral) and TYPEr(ect rejection, false alarm, hit)
revealed two main effects. Responses to neutnaisiteere given with more confidence
than those to negative ones (0.74 vs. 0.69),B5) = 8.73p < .006]. Moreover, the type
effect [F(2,70) = 68.24p < .0001] revealed that false alarms were giverh \kigher
confidence than correct rejections (negative: On@@itral: 0,77 vs. negative: 0,55, neutral:
0,59) [F(1,35) = 41.49p < .0001] and hits (negative: 0,82, neutral: 0,8¥&n more
confident than both types of responses to new iféifis35) = 37.28p < .0001] F(1,35)

= 107.16,p < .0001], all across emotion. This is an importiimtling since one cannot
claim that boundary extension and restriction weoé just given by high levels of
uncertainty and additionally these results fit well.e. confirm the reaction time data.

Extension value analysis on individually valence-rated pictures

The extension value analysis revealed that thers b@undary extension (and not
restriction) for neutral and negative pictures 20a8d 0,10), as both values were positive.
Moreover, there was more boundary extension foividdally as neutral rated than as
negative rated picture&(1,35) = 6.3p < .017]. This is well in agreement with the above-
mentioned false alarm data analysis. When takingKllNY GROUP (high, low) as a
between-factor into this analysis, a main effecaitiety group [f(1,34) = 7.44p < .01]
and EMOTION [F(1,34) = 6.64,p < .015] was obtained and a marginally significant
interaction between these factoF{1,34) = 2.92p < .097]. This means that the high-
anxiety group all over has lower extension valdemtthe low-anxiety group (0,08 vs.
0,33). Moreover, neutral pictures have comparaktension scores in both groups (low:
0,38; high: 0,26) F(1,34) = 1.15p > .29], whereas negative pictures differ extremely
(low: 0,30; high: -0,10)F(1,34) = 7.92p < .008]. An illustration of this effect is given i
figure 4.4.4. Thus | succeeded in obtaining a bawmndestriction effect for negative
pictures for the high-anxiety group selectively. @&dditional analysis revealed that for the
over all group STAI score correlated with the esten score for negative picturagss -

42,p = .01. That is, the more trait-anxious the sulsjege the less boundary extension
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(and more boundary restriction) they show for negapictures (see Figure 4.4.5). STAI
did not correlate with the extension score for reugictures  =.-28,p > .10).

anxiety group split
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Figure 4.4.4: Results of the median split by STAL.
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Figure 4.4.5: Correlation STAI and score negative.
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4.4 .4 Discussion

The present study aimed at investigating the tunmehory phenomenon (also referred to
as boundary restriction as compared to boundamgneidn) with a new design and taking
individual factors like trait-anxiety into accourithe main result was that the emotional
content of a scene did have an impact on the bovuradension effect. Moreover, the
emotional reactivity of the perceiver (trait anyletnodulated this effect in a specific
manner. In more detail, three main results weraiobt. First, negative pictures were
found to be remembered to a greater extent thatrahenes, which is well in line with
studies on memory for emotional materials (e.g.<beh 2000; Berntsen, 2002). Here,
especially the central details seem to be recodrszgeriorly. Second, subjects showed
reduced boundary extension to negative as companeeutral scenes. This replicates the
findings of Mathews and Mackintosh (2004) and edgethem by showing that the effect
is independent of the trait anxiety status of thigjects. Finally, only the group of subjects
with high trait anxiety demonstrated boundary restm for individually negative rated
pictures. This finding further extends the datdMatthews and Mackintosh (2004) as they
could only show reduced boundary extension, butrestriction in high trait-anxious
individuals.

The modulation of processing by emotional arous@ady happens at the point of the
first encounter, at encoding. When confronted vath amount of sensory information
attentional networks are required to select theveeit information to which one should
attend. Critical effects of emotional arousal Iéaé modulation of attention. Attention is
focused on the emotionally arousing stimuli whiale #hen processed facilitated and
prioritized (Dolan & Vuilleumier, 2003). Thereforadividuals are more likely to attend
to emotional elements in a scene together withaosiglg other neutral ones. This should
lead to enhanced memory for the former parts ataue (see Kensinger et al., 2005). In
the present study this is revealed by the smalheoumt of boundary extensions for
negative arousing pictures as compared to neutr@$.oSubjects less often demonstrate
errors (i.e. false alarms to pictures changed onzeersion from smaller to larger) in this
direction when encountering a negative than a akpicture. However, hit rates were
comparable for both types of pictures and thus iggmecognition performance does not
seem to be affected by the emotional status oftaing.

Boundary extension seems to be a general phenomehen remembering scenes

(Intraub et al., 1992). According to the authors #&ffect is due to the fact that pictures
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are perceived as being part of the real world wghce beyond the limits of the picture,
also known as the perceptual schema hypothesmjlmt Gottesman, & Bills, 1998). To
bring this together with the effects of emotionfe8aet al. (1998) argued that selective
processing of central emotional details should wagkinst boundary extension (see also
Christianson, 1992). Our results support this claiime amount of boundary restriction,
on the other hand, was not affected by the emdtstatus of the pictures in the analysis
of occurrence of false alarms. However, when psriog the extension value analysis
(comparable to the one used by Mathews and Maatint2004) on individually negative
rated pictures, | found a large overall differermween negative and neutral pictures
(0.10 vs. 0.32). Nevertheless, as no negative saboelld be obtained, pure boundary
restriction was not apparent when all participangse considered. However, the group of
subjects with high trait anxiety showed boundarstrietion (-0.10) and the negative
correlation of the STAI and the extension scoreeupiths this point: the higher trait-
anxious the less boundary extension (i.e. resingti In accordance with the
abovementioned possible mechanisms underlying ghesnomenon (Kensinger et al.,
2007), it seems that attention in these individualsnore likely to be focused at the
location of the central threat, in addition with neglect of processing other more
peripheral aspects. Individuals with low anxietprss, on the other hand, may be more
able to shift their attention away from such threantent and towards more peripheral
aspects. This fits well to the results of otherapggms that have shown that individuals
with high trait anxiety are more likely than othdos selectively attend to and encode
emotionally threatening stimuli (Mathews & MacLedd®94; Derryberry & Reed, 1998;
Yiend & Mathews, 2001). Here, this happened whilest individuals accept close up
versions of negative arousing pictures as ‘old’ en@ronounced than the reverse
(accepting a more distant picture) and as compareeutral pictures. Thus it seems that
negative pictures were already encoded in a marest format, whereas neutral ones
with extended boundaries (Intraub et al., 1992)e Hecond underlying mechanism
considered in the theoretical background chaptargeeater elaboration of the meaning of
emotional scenes and a direct enhancement of metnacg encoding as a result of
emotional arousal at the time of processing (C&iicGaugh, 1995). It however seems
to be quite neglectable as this should not havedeehcoding failures (what boundary
restriction really is). Hereby the results obtaimedur study could not be explained via
the tendency of emotion to enhance the likelihdwat the gist (i.e. general theme) of a

scene is remembered, while reducing the probabihigt specific visual details are
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remembered (Adolphs et al., 2005). According ts time of argument, it is quite unlikely
that high trait-anxious subjects may have elabdrtte critical objects in a negative scene
more thoroughly (because they were of special itapoe for them) and therefore at test
accepted the close-up version of such pictures.

Altogether, this study shows that the tunnel menpdrgnomenon is not a stable effect but
depends on several critical variables. The spetafit design, test stimuli and method of
analysis as well as the emotional reactivity of #pectators seem to modulate its
occurrence. Here reduced boundary extension coelddémonstrated for negative
arousing pictures as compared to neutral onesemwtiole group of subjects, as well as
boundary restriction for negative arousing pictuoe$y in those with high trait anxiety.
This speaks for the fact that in these individwtention is more likely to be focused on
the location of the central threat and less likelyoe developed elsewhere. | assume that
these negative pictures are already encoded ag bkrer to the critical object of the

scene.
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5. General Discussion

5.1 Summary

The present thesis intended to lend contributionsetveral debates in the current research
on emotion and memory. How does our cognitive syssecceed in adaptive behavior?
How are we guided by emotional experiences? Whidteisole of automatic attention? To
answer these questions, it is of particular intei@&ind out how emotional stimuli achieve
prioritized processing. Clearly it is functionaliglevant not to miss threat signals and
positive chances, but how does our cognitive syseateed in the guidance of adaptive

behavior?

To gain a deeper understanding of this, | analyhednodulation of memory processes by
emotionally arousing stimuli. These memory proceskem an essential means when
examining the general influence of emotion on bairain the present four experiments, it
was of particular motivation to create experimentahditions that test recognition
memory performance for positive, negative and a¢@vents. Moreover, | wanted to find
electrophysiological correlates of encoding ematlagvents and to directly set them into
relationship with recognition memory performanceder the assumption that attentional
focusing mechanisms for emotional materials areirsdtain at a first encounter, they
should be visible in their ERP correlates as coexgbao neutral materials. This was
examined with respect to manipulations in encodingtruction, the availability of
attentional resources for encoding, the amountrafisal and valence of the test stimuli,
the context features of the study episode useektddter source memory performance, and
the retention duration being immediate or 24 haftsr encoding. Additionally, event-
related potential measures were obtained for theodng and retrieval phase of
Experiments 1 and 3. These were supposed to gdeeper insight into the mechanisms
that underlie the abovementioned phenomena, irethfo retrieval phases especially the
contribution of familiarity- and recollection-basedmembering. Of particular interest
were the dissociation of valence and arousal ofpiftueessed stimuli in general, which

proofed to be of significant relevance, but alsdipalar difficulty.

Experiment 1 shed new light on the issue of howodimg mechanisms for emotional
events affect subsequent item and source memofgprpemce. Negative and positive
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events elicited a posterior positivity between 28 450 ms that presumably reflected
attentional capturing of emotionally valenced sfimiPositive events gave rise to
additional anterior and posterior slow wave acgfias compared to neutral and negative
events and also showed enhanced recognition menvety.a post-experimental rating
study revealed that positive events in the presardy were perceived as less arousing
than negative events for our group of subjectshWaspect to this result it was suggested
that positive and low arousing events enter coletiohnd elaborated encoding processes
which are beneficial for recognition memory perfame. The high arousal of negative
events however, may have interfered with controledoding mechanisms and attenuated
item recognition as well as the quality of remenmugr Finally, topographically distinct
LPNs in both source tasks were obtained, suggedtiag this component reflected
processes in service of reconstructing the studgodp by binding together contextual
details with a test item. These mechanisms may watythe kind of episodic detail to be
retrieved, but did not prove to be susceptibléhtinfluence of emotion.

Experiment 2 was undertaken to test the interpogtadf the engagement of controlled
encoding strategies for positive low arousing stireelectively. By the implementation of
a secondary task during encoding (i.e. a dividitbtgrdion manipulation), the capacities for
these strategies were supposed to be diminishedsufomarize, the results of item
memory enhancement for low arousing positive pegwf Experiment 1 were replicated
in the full attention session, whereas this effiected when attention was divided at
encoding. In the divided attention session, Preslere comparable for all three emotion
conditions. This is in line with the interpretatiof strategic encoding operations that are
supposed to be engaged for positive low arousinguitwhen attention is not limited by a
secondary task. In accordance with the anteriow sk@ve found for these pictures in
Experiment 1 and together with the prefrontal coréetivation of the fMRI study by
Kensinger & Corkin (2004), it seems safe to coneldddat controlled operations were
responsible for the recognition advantage of pesitand low arousing pictures in

Experiments 1 and 2.

Experiment 3 revealed that the recognition advantag emotionally arousing pictures
and the enhancement in recollective experience fibeinem the operation of a time-
dependent process consistent with consolidatioa.|dtter was only observed for negative

high arousing pictures. Given enhanced positivileeng encoding for those pictures, it
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was assumed that high arousal has a special ic#uen the processes underlying memory
formation which is manifested at all stages. Moerp\the 24 hour retention duration

seemed to be necessary to reveal such dissociattoimsmediate testing did not show up
clear differences between negative high arousirggative low arousing and neutral

pictures. This result was in line with the reswfsExperiment 1 and may explain the

lacking of a recognition memory advantage for negaictures.

In Experiment 4 it was shown that the special emgpgphenomenon called ‘tunnel
memory’ is not a stable effect but depends on sé\azitical variables. The specific test
design, test stimuli and method of analysis as wsllthe emotional reactivity of the
spectators seemed to modulate the occurrence ofutirel memory phenomenon. In
Experiment 4 reduced boundary extension for negaiousing pictures as compared to
neutral ones in the whole group of participantsi¢de demonstrated, as well as boundary
restriction for negative arousing pictures onlthse participants with high trait anxiety.
These individuals might focus their attention monethe location of the central threat and
less on other parts of the scene. It was thus asdtimat these negative pictures are already
encoded as being closer to the critical objechefdcene thereby leading to a later failure

of memory.

In the upcoming sections, | will discuss these ltesn detail with respect to the general
guestions raised in the introduction. Moreoveliink to the current state of the literature is
aimed at. This will be done separately for encodaupsolidation, and retrieval processes.

In the final paragraph, prospects for future redeavill be outlined.
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5.2 Emotion and encoding processes

With respect to the modulation of encoding procedsg the valence and arousal of a
processed stimulus, a multitude of behavioral dedt®physiological data was obtained
in the abovementioned four studies. They will becdssed in the following by separation

of different conceptual questions.

Arethere separate mechanismsfor valence and arousal?

Examining the neural correlates of encoding emali@vents, a first dissociation could
already be revealed in Experiment 1 where differesural correlates were obtained for
positive low arousing pictures as compared to negdtigh arousing ones. The former
elicited an early posterior positivity (250-450 me)d additional anterior slow wave
activity (250-1000 ms), whereas the latter onlyegage to the early posterior positivity.
An interpretation of these results in light of tthiéerent arousal characteristics of the test
material is given by a recent study by Kensinged &orkin (2004). Using fMRI and
behavioral measures, they found that distinct rmagoitive processes contribute to
memory for highly arousing negative versus non-sirgyl negative words. An amygdala-
hippocampus network was active during the succkssftoding of highly arousing words,
whereas a prefrontal-hippocampal circuitry was gedain the encoding of non-arousing
and only valent words. This moreover is in agreemeth the interpretation of Dolcos and
Cabeza’s (2002) ERP results and the author’s irg&apon of an amygdala (reflected in a
posterior positivity and related to arousal) antefrontal-hippocampus network (reflected
in an anterior positivity and related to valena)d lends further support to a dissociation
of valence- and arousal-related brain systems. Oalectrophysiological level, this was
confirmed in Experiment 1 by the anterior slow wabhat was obtained for positive
pictures, as well as a late posterior positivityek though inferences from the scalp
topography of ERP effects on underlying neural gaioes in most cases are problematic
and comparisons can only be speculative, the antecalp distribution and the sustained
nature of the anterior positive slow wave to pusitpictures resembles the inferior PFC
activity to low arousing emotion words in the Kerger and Corkin (2004) study and may
reflect enhanced PFC activation devoted to the dingoof positive and low arousing
emotional stimulus materials. Moreover, and morecHjally, the anterior slow wave
may at least in parts also reflect activity of drbitofrontal cortex. This structure has been
found to guide amydala-hippocampal interactionsestieval (Smith et al., 2006). In a
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similar manner, the orbitofrontal cortex could guithe stimulus attributes that are
attended and remembered already during encoding.

However, in addition to encoding strategies, thie@or positivity may also be a reflection
of preference, as being raised by Dolcos and Calf2@82). This interpretation has
ecological validity in the sense that, normallypplke are more likely to show preference
for positive than for negative stimuli (the Pollyen effect; Matlin & Stang, 1978).
Moreover, this seems to constitute a link to thacept of self-reference referred to by
Gusnard, Akbudak, Shulman, and Reichle (2001). Hine medial prefrontal cortex is
associated with self-referential cognitive procegsivhich could in our case mean that
participants more likely and more often constituéedonnection between themselves and
positive pictures than negative or neutral pictuseen they first encountered the picture
during encoding. Moreover, and in line with the cept of preference, it appears to be of
great importance to consider the goals of the @pénts. It could be shown that with
respect to the current goal states, memory perfoceavas enhanced for the congruent

class of stimuli (Mather & Carstensen, 2005).

Negative and highly arousing pictures evoked alampiosterior positivity as positive and
low arousing pictures in an early, 250 to 450 msetinterval, suggesting that the initial
attentional capturing mechanisms were highly simfitet both classes of stimuli. This is
well in agreement with other recent studies prapgpshat valence processing comes first
(as early as 150 ms), and thereafter the arousadrdiion becomes relevant (Codispoti,
Ferrari, & Bradley, 2007; Olofsson & Polich, 200Moreover, while positive stimuli were
subjected to elaborate encoding processes as eelvesl sustained positive slow wave
activity and enhanced recognition memory perfornedioc these stimuli, negative pictures
apparently did not enter this processing stagen@dsnemory enhancement was obtained
for negative pictures, it is conceivable that negaevents due to their high arousing
characteristics may have initiated the retrievalaafobiographic memories or personal
experiences of task-irrelevant events (e.g. thiegassonal encounter with a given object)
and by this were subjected to controlled encodpeyations to a lower extent than positive
and neutral events. This phenomenon could reflleet Higher biological relevance of
negative stimuli which in an evolutionary sense rgagrantee that biologically relevant
events are not ignored or taken as irrelevant. fabethat an attenuated parietal old/new
effect was observed for negative pictures at nedliés consistent with such a memory
distraction function of highly arousing events. §hlistraction function of highly arousing

events observed in the present study may just bthaninstance of the automatic capture
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of attention by emotional events as for examplesples] in form of interference effects of
emotionally valenced words in the emotional Strpapadigm (Schimmack, 2005).

Encoding activity in Experiment 3 using incideniastructions is comparable with the
stimulus classification paradigms of Schupp et(2000; 2006). They consistently found
the late posterior positivity (LPP) to be modulatsdthe level of arousal with increasing
arousal producing greater positivities. In a recgnty using combined ERP and fMRI
recordings (Sabatinelli et al., 2007), the late t@asr positivity was shown to be a
reflection of activity in visual cortical structiwedemonstrating a higher perceptual
sensitivity to the relevance of emotional visuatrses. The ERP results of Experiment 3
seem to entirely fit to the data of Schupp et 2000; 2006) with a larger late posterior
positivity for negative high arousing than low asowg pictures, but additionally
modulated anterior electrodes in the same manrerelyy, a dissociation of low arousing
pictures from high arousing ones with regard toirtgn(longer lasting for the latter
pictures) and topography (more widespread for #igerl pictures) was evident. It was
assumed that even without the intention to encbdepictures, subjects felt different for
low arousing than high arousing pictures that tlvese processed in separable ways. This
may be due to activity of the amygdala and the Midémory system and accompanied by
a feeling of arousal and enhanced perceptual fludoc high arousing stimuli only
realized via the automatic attention capture os¢hstimuli. For the low arousing pictures
subjects may be inclined to elaborate on this mfdion or to rehearse it (Kensinger &
Corkin, 2004). This may be reflected in the latesetting posterior positivity and the long
lasting anterior slow wave in our data, even thougérences from the scalp topography
of ERP effects on underlying neural generatorsriblgmatic and comparisons can only
be speculative. When trying to link the currentutesswith Experiment 1 using intentional
encoding instructions and positive low arousing aegdative high arousing pictures as
stimulus materials, they might make additional seriBhere, the anterior slow wave
(elicited by low arousing positive stimuli) was asged to be a reflection of controlled
encoding strategies and the posterior positivityegpnt for low arousing positive and
higher arousing negative pictures) one of initibr@tional capturing mechanisms. The
selective elicitation of the latter however did nead to enhanced recognition memory
performance for negative pictures after a shordyleihereas the additional anterior slow
wave did for positive ones. For the current restiits could mean that for high arousing
negative pictures (even higher arousing than ineirgent 1 as revealed by the normative

IAPS rating) attentional capturing mechanisms wetteated and in addition with anterior
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(most likely controlled PFC activity) operations neesuccessful, and thus led to the
recognition memory advantage in quantity and qu&tit negative high arousing pictures.
Low arousing negative pictures here produced alsmahterior slow wave and a later
onsetting posterior positivity which both may cdmtite to a recognition advantage as
compared to neutral pictures that was neverthelesss pronounced as for negative high
arousing ones, but more likely resemble the datKesfsinger and Corkin (2004) using

non-arousing negative words as stimulus materials.

Our results lend further support to this notion gdvide evidence that not only the
arousal characteristics, but also the valence tjgesar negative) may be of high relevance
when trying to interpret the obtained differencgs.clearly disentangle the contributions
of arousal and valence with respect to encodinggs®es, it is of particular interest to use
all these kinds of stimuli (negative high arousinggative low arousing, positive high

arousing, positive low arousing) in one paradigmthwintentional and incidental

instructions separately.

Divided versusfull attention during encoding of emotional stimuli

The term divided attention task refers to an expental task in which participants learn
information while performing a concurrent task tisaeasy (taking few resources from the
encoding operation) or hard (shifting resourcemftbe encoding operation) (Craik et al.,
1996; Naveh-Benjamin, Craik, Gavrilescu, & Anders@®00). This manipulation is
supposed to tax the general attention system amkivgomemory capacity. Participant’s
performance is usually worse for items encoded withard than with an easy task. PET
(positron emission tomography) studies using sugiaradigm found less activation in
regions of the prefrontal cortex with performané@ secondary task versus no secondary
task (Shallice et al., 1994). These affected regjizawve been linked to episodic encoding
(Wagner et al., 1998; Paller & Wagner, 2002). Bupposed that these regions have shown
greater activation during encoding with no secopdask versus a secondary task because
some encoding-related processes could not be petbwith concurrent performance of
the secondary task (Fletcher et al., 1995).

The additional behavioral study by Kensinger andk@®o(2004) revealed that memory for
highly arousing negative words was still enhancegnewhen a divided attention
manipulation was used at study, whereas memorynfor-arousing negative words

declined when encoding resources were devoted tisnasecondary task. By these results
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it is supported that memory enhancement for valetes non-arousing materials relies on
controlled and self-generated encoding processed si$ elaboration and rehearsal
whereas memory enhancement for arousing words ®@upmatically. Experiment 2 of

the present thesis, using a comparable dividediaite manipulation, confirmed these
results as the recognition advantage for positye drousing pictures was diminished in
the divided as compared to the full attention enupdession. In the former, all three
classes of stimuli (negative high arousing, neupasitive low arousing) were recognized
to a comparable extent. This further substanti#tiesinterpretation of the present ERP
results of a selective anterior slow wave for pesitiow arousing pictures to reflect

activity of the prefrontal cortex and thus beingpensible for the engagement of
controlled encoding operations. It can thus be edginat the memory enhancement for
valenced but non-arousing materials relies on otiatt and self-generated encoding
processes such as elaboration and rehearsal, whaeaory enhancement for arousing

words occurs automatically.

Arethere particular subsequent memory effects for emotional stimuli?

To even further test the idea of controlled anddopn driven encoding processes for
positive and low arousing pictures, a subsequemang analysis (for a review see Paller
& Wagner, 2002) was conducted in Experiments 1 &ndhere is some consensus that
parts of ERP subsequent memory effects reflectdtaygn driven processing like
attentional orienting towards events or elaborat@semonic strategies in support of
episodic encoding, as well as other parts beingtedlto bottom-up processing (Karis et
al., 1984; Paller & Wagner, 2002; Mecklinger & Maill 1996). If controlled and top-down
modulated encoding strategies were engaged ancefieeted in the anterior slow wave,
then this component should be sensitive to the taemory status. To test this assumption
a dm analysis was run. This revealed that the iantpositive slow wave (450 to 850 ms)
was larger for later remembered positive picturescampared to later forgotten ones,
whereas the posterior positivity (250 to 450 ms$ wat modulated by subsequent memory
performance. This selective modulation of the aotguositive slow wave by subsequent
memory performance confirms the view that it rdfed¢op-down driven encoding
processes for positive and low arousing eventolmrast, the posterior positivity may

reflect the automatic bottom-up-driven attentioregbturing of valent stimuli.
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The subsequent memory effects in Experiment 3,imddafor high and low arousing
negative pictures in the short and long retenticoug mirror their recognition memory
performance. Whereas the anterior and central pattse effect were comparable for the
two groups and the two classes of negative stimihg posterior part showed a
dissociation. This is somehow in agreement withfith@ings of Dolcos and Cabeza (2002)
who found an earlier onsetting subsequent memdegtefior positive and negative pictures
as compared to neutral ones. They conducted thesfindy of this kind and postulated that
the emotional content granted a privileged acaegsdcessing resources that resulted in a
better encoding of high arousing stimuli. This umnt, resulted in better retrieval of these
pictures. Adapted to the present experiment, tlsld fit the finding of the more
widespread and longer lasting dm effect for higbuamg negative pictures in the long
retention group that also showed the best memarfppeance. It can only be speculated
about the neural generators of this ERP effect, thate is reason to believe that the
amygdala, with its connections to several neocartregions (Amaral et al., 1992) is
responsible, together with other regions like thefrontal cortex and parietal regions
associated with emotional processing (LaBar etlB9; Lang et al., 1998). The similarity
of the subsequent memory effect for high and losusing pictures at anterior and central
sites may suggest that these ERPs reflect compgarabblvement of the same neural
generators as those associated with successfulliaigco fMRI studies examining neutral

materials (Brewer et al., 1998; Wagner et al., 1998

Taken together with the fMRI subsequent memoryatdfef recent studies (Cahill et al.,
1996; Hamann et al,, 1999; Dolcos et al., 2003;dkeger & Corkin, 2004), the present
ERP subsequent memory effects are supposed tatréifke activity of the amygdala and
hippocampus in their more posterior parts, andattiéitional engagement of prefrontal

regions in more anterior proportions.

The tunnel memory phenomenon

A somewhat different approach was pursued in Erpant 4. To further and more deeply

investigate the mechanisms by which emotional aloaffects encoding processes on a
behavioral level, the frequently reported phenomeoiotunnel memory was concentrated
on. Hereby, it is widely assumed that attentiorfoisused on the emotionally arousing

stimuli which are then processed facilitated andrfized (Dolan & Vuilleumier, 2003).
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Therefore individuals are more likely to attendetootional elements in a scene together
with neglecting other neutral ones. This shouldl e enhanced memory for the former
parts of a picture (see Kensinger et al., 2005)Experiment 4 this is revealed by the
smaller amount of boundary extensions for nega#ik@using pictures as compared to
neutral ones. Subjects less often demonstratesgirer false alarms to pictures changed in
zoom version from smaller to larger) in this direntwhen encountering a negative than a
neutral picture. However, hit rates were compardbieboth types of pictures and thus
general recognition performance in this study dittseem to be affected by the emotional
status of a picture.

Boundary extension seems to be a general phenonmdmamremembering scenes (Intraub
et al., 1992). According to the authors this effextdue to the fact that pictures are
perceived as being part of the real world with spbeyond the limits of the picture, also
known as the perceptual schema hypothesis (Inteawt., 1998). To bring this together
with the effects of emotion, Safer et al. (1998)usd that selective processing of central
emotional details should work against boundary resiten (see also Christianson, 1992).
The results of Experiment 4 support this claim. @heunt of boundary restriction, on the
other hand, was not affected by the emotional stafuthe pictures in the analysis of
occurrence of false alarms. However, when perfogmine extension value analysis
(comparable to the one used by Mathews & Mackint@8i94) on individually negative
rated pictures, a large overall difference betweegative and neutral pictures was found
(0.10 vs. 0.32). Nevertheless, as no negative satwelld be obtained, pure boundary
restriction was not apparent when all participamse considered. However, the group of
subjects with high trait anxiety showed boundargtrietion (-0.10) and the negative
correlation of the STAI and the extension scorengative pictures underpins this point:
the higher trait-anxious the less boundary extengi@. restriction). In accordance with
the abovementioned possible mechanisms underlfiisgphenomenon (Kensinger et al.,
2007), it seems that attention in these individualsnore likely to be focused at the
location of the central threat, in addition witmeglect of processing other more peripheral
aspects. Individuals with low anxiety scores, om dther hand, may be better able to shift
their attention away from such threat content aweatd more peripheral aspects. This fits
well to the results of other paradigms that havewshthat individuals with high trait
anxiety are more likely than others to selectivalyend to and encode emotionally
threatening stimuli (Mathews & MaclLeod, 1994; Déeyy & Reed, 1998; Yiend &

Mathews, 2001). Here, this happened while thoseichebls accept close up versions of

131



negative arousing pictures as ‘old’ more pronountteth the reverse (accepting a more
distant picture) and as compared to neutral pistuf@us it seems that negative pictures
were already encoded in a more focused format, eelseneutral ones with extended
boundaries (Intraub, Bender, & Mangels, 1992). Heeond underlying mechanism
considered in the theoretical background chaptargeeater elaboration of the meaning of
emotional scenes and a direct enhancement of metnacg encoding as a result of
emotional arousal at the time of processing (Ca&hiMlcGaugh, 1995). It however seems
to be quite neglectable as this should not havetdeencoding failures (what boundary
restriction really is). Hereby the results obtaimedur study could not be explained via the
tendency of emotion to enhance the likelihood thatgist (i.e. general theme) of a scene
is remembered, while reducing the probability thaecific visual details are remembered
(Adolphs et al., 2005). According to this line afbament, it is quite unlikely that high
trait-anxious subjects may have elaborated thécakibbjects in a negative scene more
thoroughly (because they were of special importafmcethem) and therefore at test
accepted the close-up version of such pictures.

Section 5.4 will deal with these questions in mdetail and in a different respect when
discussing the effects of source memory, i.e. thdibg of neutral contextual features to

emotional items.

At this stage it seems important to mention thatehs a current debate on the concept of
attentional capturing by emotional stimuli. Exgligi it remains open if emotional stimuli
differently attract attention or if the problemditengagement is the crucial variable (Fox,
Russo, Bowles, & Dutton, 2001; Yiend & Mathews, 20Derryberry & Reed, 2002). The
latter refers to the inability to redirect attemti@way from the emotional stimulus.
Therefore, it remains unresolved what the undeglyimechanism actually is. It is possible
that emotional stimuli attracted special attenton were by this means better processed.
However, it could also be true that attention remadion these stimuli and was thus not
directed to the neutral stimuli, which in the saweey resulted in more efficient processing

of the former class of stimuli.
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5.3 Emotion and consolidation processes

The data of the present experiments suggest thagotidation benefits memory for
emotionally arousing stimuli. In Experiment 1 withmediate testing (5 minutes retention
interval) no recognition advantage could be obthifee negative high arousing pictures.
Instead, positive low arousing pictures were remenedh to a greater extent than negative
ones with neutral pictures displaying Pr valuebétween the aforementioned two. The
special meaning of this effect will be discussedthe following paragraph, but for
consolidation processes it nevertheless meanswtitiadut the initiation of them, high
arousing (here negative) pictures do not gain amgmous memory performance. This is
consistent with the findings of Experiment 3. Henegative high and low arousing
pictures were equally well remembered as neutrasan an immediate test (5 minutes
retention interval). Importantly, a 24 hour retentinterval revealed differences between
the three classes of items. Pr values of negatiglk &nd low arousing pictures were
higher than for neutral ones. Taking a sole lookhat hits even revealed differences
between high and low arousing pictures, the foredrnibiting the highest amount of
recollected items. These behavioral results prowdelence for the necessity of the
initiation of consolidation processes that leadetthanced performance for negative
stimuli. This is consistent with other behavioréiidies showing the same pattern of
results (LaBar & Phelps, 1998; Sharot & Phelps42@harot & Yonelinas, 2008). These
studies patrtially showed no forgetting or even @ckanents for arousing stimuli over a
24 hour interval as compared to immediate testing.

On a behavioral level, there are several possikpdaaations for this effect. The first is
along the lines of the action-decrement theory bglké&t (1958) claiming that action
decrement is a refractory state that follows pentonce of a response, correlating with the
amount of learning that has accumulated at thaiesasponse over time. The superior
consolidation due to high arousal is advantageees ttime, but produces a more intense
refractory state in immediate tests. Thus, inforomatlearned under high arousal is
supposed to be especially pronounced at delayedrites second explanation is according
to Revelle and Loftus’s tick-rate hypothesis (R&ell989; Revelle & Loftus, 1990)
which suggests that arousal increases the ratbiahwa scene is sampled, interfering with
accessibility in immediate memory. However, an éase in the rate at which the to-be-
learned material is linked with internal and ex&roontext may thus aid long-term

retrieval.
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With regard to the quality of remembering, Expemmn8 showed that as compared to
neutral and negative low arousing pictures, negatiwgh arousing pictures were
remembered with enhanced recollective experienceefiscted in the selective late
parietal old/new effect for this class of stimuln a behavioral study using the
remember/know procedure (Yonelinas & Jacoby, 1986§rot et al. (2007) could show
that recollective experience for negative arougimgures was even enhanced after delay
as compared to immediate testing. Familiarity-basesponses were not affected by
testing delay which seems to be consistent with el@ctrophysiological data of
Experiment 3. The authors thus concluded that emoglicits a mechanism that
modulates memory retention, resulting in greaterdviess and confidence of memories
for emotional events after a delay. This is in adaace with the notion that the emotional
advantage in the recollective experience is dugain to slower forgetting, and with the
suggestion that the sluggish consolidation of méssoserves an adaptive function by
enabling neurohormonal processes triggered by@msang stimulus to modulate memory
strength over time.

On a neural level this is supposed to happen wuiassthormones that influence
noradrenergic activation within the basolateraliorgof the amygdala, and amygdala
activity in turn modulates memory processing ineothrain regions, e.g. the hippocampus
via long-term potentiation (Cahill & McGaugh, 1998yhese processes are fairly
researched in humans, but there are attempts to leve behavioral experiments with
these mechanisms. In a recent study (Anderson,&2(f16) subjects encoded neutral and
emotional (both positive and negative) picturese Tétrmer were presented either 4 or 9
seconds before arousing (or neutral) stimuli. Dyignrecognition test administered one
week later, remember/know judgment had to be giwemory performance for the
emotional stimuli varied directly as a function safbjectively experienced arousal with
more arousing pictures remembered to a greaterntextean low arousing ones.
Additionally, memory for neutral pictures precedihg emotional ones by 4 seconds (not
by 9 seconds) also varied with the emotional intgnef the emotional pictures.
Moreover, specific recollection of the pictures,t mot judgments of familiarity, was
directly related to the degree of arousal of theyses. The authors pointed out that it is
unlikely that adrenal stress hormones played a irolsmediating these effects, because
stress hormone release is probably too slow taenite amygdala’s functioning within
the 4 second window of effectiveness. Also, aspberally released stress hormones

remain active for many minutes, they would havenbeluential during the presentation
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of neutral as well as emotional stimuli. HoweveETPimaging of amygdala activity
(assessed following many minutes of arousal) arhterelated fMRI of such activation
induced by single items both predict long-term mgnad the arousing stimuli (Cahill et
al., 1996; LaBar & Cabeza, 2006). Importanfiyadrenergic activation antagonists (e.qg.
propranolol) block the increase of amygdala acti@ihd enhanced retention induced by
emotional stimuli (Strange & Dolan, 2004; Van Stegeet al., 2005). Thug;adrenergic
activation of the amygdala appears to be essefudralthe short-latency modulation
induced by brief and mild emotional arousal suchhas observed in the Anderson et al.
(2006) study.

For the present results this could mean that theee circumstances under which
emotionally negative arousing events result in r@atineurobiological enhancement of
memory consolidation, which is only beneficial otene (Experiment 3) and probably
too slow to be effective at a short delay. Ratlasr,shown in Experiments 1 and 2,
negative emotional arousal can also have a dettaherfluence on immediate retrieval.
This could be due to non-terminated short-term cbastion processes. In line with the
results of Anderson et al. (2006) it is likely tt$o some neutral stimuli may have been
captured by this effect when presented directlyoleefa negative arousing one (which
would be just about 2 seconds away and well indtisecond interval mentioned above),
but cannot have led to systematic effects. The mgreahancement for positive low
arousing pictures seen in Experiments 1 and 2Zikaly to be established by attentional
and elaborative processes for these stimulus mabesind possibly do not rely on the

same mechanisms as negative stimuli do.
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5.4 Emotion and retrieval processes

Regarding the modulation of retrieval processesheyvalence and arousal of a to-be-
remembered stimulus, the abovementioned four stuplievided several behavioral and
electrophysiological data points which will be dissed with respect to item and source

memory testing.

[tem memory perfor mance

The use of immediate and delayed testing, as weeltha different types of stimulus
characteristics led to distinct patterns of resaoitsa behavioral and an electrophysiological
level. In Experiment 1 a recognition memory advgatdor positive low arousing as
compared to negative high arousing pictures wasdoafter a short retention interval.
Additionally, positive low arousing pictures elett an early frontal and a late parietal
old/new effect, whereas negative pictures only gaseto the former. Thus, it seems that
in this study positive pictures were rememberedhenbasis of familiarity and recollection
(for a review of the electrophysiological correRtenderlying recognition memory aspects
see Mecklinger & Jager, in press), the latter pgsceot being involved for negative
materials. It is generally assumed that the madaitf the late parietal old/new effect is
associated with the amount of information of a gtagisode being retrieved on the basis
of recollection (e.g. Wilding & Herron, 2006). tlattenuated late parietal old/new effect
for negative pictures likely reflects the smallenaunt of negatively valenced items
retrieved on the basis of recollection. The immdracognition test in Experiment 3 gave
rise to comparable Pr values for negative high sirmy negative low arousing, and neutral
pictures, as well as early frontal and late pariel@d/new effects for all classes of stimuli.
This is only partially consistent with the findinfyem Experiment 1. At this point it seems
to be worth mentioning, however, that stimulus setgse not the same in both studies (for
negative and neutral stimulus classes), and thatnlay have contributed to the present
pattern of results. Additionally, the presence akipve stimuli may have prevented
negative ones being recognized to a better extelBkperiment 1. Possibly more resources
of the subjects were subjected to the elaboratibrpleasant picture content (as a
consequence of their current goals (see Mather &t€asen, 2006), which together with
the problem of disengagement (Fox et al., 2001 )fésver resources for the processing of

negative items.
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Moreover, the reduction of recognition memory perfance for negative as compared to
positive pictures was replicated in the full attentsession of Experiment 2. This however
fits to the early data by Kleinsmith and Kaplang§3Pand recent ones obtained by Sharot
and Phelps (2004), who found that arousing wordsatediate testing were recognized to
even a lesser extent than neutral ones. Theravarpdssible explanations for this effect as
already mentioned in the last section. The firsaleng the lines of the action-decrement
theory by Walker (1958) and the second explanasaccording to Revelle and Loftus’s
tick-rate hypothesis (Revelle, 1989; Revelle & lgsft 1990). In addition to these two
accounts, recent studies imply that the lack of mmenhancement by arousal at
immediate test may be specific to cued recall @edgnition tests (Richardson, Strange, &
Dolan, 2004) rather than to free recall (Strangalgt2000). It is thus hard to say what
might have driven the decrement for negative agt Arousing pictures in Experiments 1
and 2. Most likely all these factors add to theent pattern of results.

Another source of possible explanation of the tssigl the characteristics of the memory
task used in Experiments 1 and 2. There is inangaavidence for the view that memory
enhancement for highly arousing stimuli is espéciatonounced in memory tests with a
longer retention interval (LaBar & Phelps, 1998a&i & Phelps, 2004). As consolidation
of memory occurs over a period of time, and in caBemotional materials involves
noradrenergic mechanisms (McGaugh, 2006), the teffefic arousal on memory
consolidation should be apparent especially procednfollowing a delay. The exact
duration of this consolidation process is uncerthut behavioral effects may be evident as
soon as 1 hour after encoding (LaBar & Phelps, 1298 are expected to be visible at
least 24 hours later (Sharot & Phelps, 2004). Thikighly consistent with the results
obtained in Experiment 3 where a short and longntein duration were compared with
each other. Here, the behavioral advantage fortivegaigh and low arousing pictures as
compared to neutral ones only exhibited over timlgich is consistent with prior studies
comparing two time points at test (LaBar & Phelp898; Sharot & Phelps, 2004; Sharot
& Yonelinas, 2008). These studies however did ecmnpare high and low arousing
stimuli which here seem to differ with regard te @imount of hits and false alarms. Both
were given to a greater extent to high arousingstevhich is consistent with prior studies
on the emotion-induced recognition bias (WindmanrKétas, 2001; Windmann et al.,
2002) that compared neutral with emotional stimuheterials. Moreover, the quality of
remembering was modulated by the arousal statusegétive pictures as revealed by a

selective parietal old/new effect for high arousstignuli. This is consistent with the boost
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in recollective experience for such items in gehem immediate (Kensinger & Corkin,
2003; Sharot et al., 2004) and delayed testing $0@h2000; Sharot & Yonelinas, 2008;
Sharot et al., 2007).

Negative low arousing pictures exhibited the saemgnition advantage on a behavioral
level, but ‘only’ seemed to be remembered familjabased (as revealed by the selective
early frontal old/new effect). This is remarkabledgprovides evidence for a distinction
between high and low arousing pictures for theiemanic relevance, which has until now
only been observed for encoding effects (ExperimkenKensinger & Corkin, 2004).
However, there are other reports that it is speadiff arousal that is related to the boost in
recollection-based remembering (Dolcos et al., 20@%ch fits well to our data. Neutral
pictures, that were remembered much less well tiegyative ones, seem to be done so on
the basis of familiarity after the 24 hour delajhere are only two ERP studies that have
investigated the effect of retention interval onutnal stimulus materials (Curran &
Friedman, 2004; Wolk et al.,, 2006), and reportedeanly frontal and a late parietal
old/new effect for both time points of testing. Tdiecrepancy from our results might stem
from the fact that these studies only used neuntakerials and no additional emotionally
arousing ones that may compete for processing itegsac

The general modulation of event-related potentiddnew effects by emotion is consistent
with a line of studies using immediate testing pawres (Windmann & Kutas, 2001;
Maratos et al., 2001; Johansson et al., 2004)padfih the exact manner in which this
modulation happens is seemingly affected by a todié of factors. Using facial
expressions, Johansson et al. (2004) found a selqurietal old/new effect for negative
pictures, and frontal old/new effects for negatiymsitive and neutral faces, while
recognition performance was not affected. The asthderpreted the difference in quality
of remembering considering that both positive aadative facial expressions are of high
biological relevance, but that there is an appauifierence in the proximity of the
predictable consequences. This is not in accorda#ittethe results of Experiments 1, 2,
and 3, but possibly is due to the large differeimcstimulus materials. Facial expressions
may obtain greater biological self-relevance thasnpictures of the IAPS and by this be
selectively richly remembered as compared to nkwtral positive expressions. The
electrophysiological results of Windmann and Ku{2801), however, fit to our data of
Experiments 1 and 3 with no difference in the efndytal and parietal old/new effect for
neutral compared to negative stimuli. In this stweyds were used in an intentionally

instructed recognition memory paradigm and madesféort to equalize the inter-item
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relatedness for the stimulus classes. Still obtginh more liberal response bias for
negative as compared to neutral words, Windmann kutds (2001) argued that the
difference in response bias rather reflects flexitriiterion setting triggered by emotional
valence that works to ensure that especially negaiimuli are not missed or taken as
irrelevant. This was inferred by the finding thalthough ERP old/new effects were not
different for negative and neutral words, waveforfos ‘old’ responses (hits and false
alarms) revealed ERP differences in an early tinmedaw (300-500 ms) only for neutral
items at frontal sites. This was interpreted asfi@ction of response bias effects on ERPs
linked to recognition memory. The authors proposed the non-existing difference for
negative words reflects a disinhibition of prefr@ntontrol mechanisms which thus leads
to an enhanced false alarm rate for these stinfialken together, the current state of
research on immediate and delayed testing canrexttlyi draw conclusions on the critical
variables for modulatory effects of emotional amudhe results of the present studies
lend support for the necessity to investigate diffié kinds of materials and testing

procedures carefully.

Sour ce memory performance and binding mechanisms

Emotional memories are said to produce an enhamteofevividness, as well as an
increase in confidence, and consist of more déEperiments 1, 2, and 3; Ochsner, 2000;
Sharot et al.,, 2004). However, a parallel boosmiemory for the task performed, the
location of acquisition, and the point of learninge at encoding was not observed in the
abovementioned experiments of this thesis. Thigastg that emotion does not provide a
general enhancement of recollection, but rathey iaca selective manner. Thus, given that
the increase in recollective experience is not gdvaccompanied by better recognition
accuracy (Ochsner, 2000; Johansson et al.,, 2004roStet al., 2007) or memory
consistency (Talarico & Rubin, 2003), emotional usa may enhance this experience
without necessarily improving memory for contextéedtures. Comparable results were
obtained in a very recent study by Sharot and Yoasl (2007) who investigated study
task as context information.

Additionally, prior studies showed that encodingtinctions can be a critical variable for
the occurrence of memory enhancements and impaisnfen emotional materials. In
support of this view is a recent study by Kensingfeal. (2005), which revealed that under

incidental encoding instructions, where subjects amaware that their memory will be
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tested subsequently, young adults show good mefoorgrousing central elements of a
scene and poor memory for non-arousing periphdsahents. This memory trade-off
disappears under intentional encoding instructionbere young adults show same
memories for peripheral features of emotional amatmral scenes. In light of these findings,
the result that no impairments of source memoryeimotional materials was found in
Experiment 1 could be accounted for by controlledogling strategies, set in train by the
intentional encoding instructions. Subjects mayehassociated the emotional stimuli with
the features of the source task (where and whenawaaticular event encountered) and
this may have overwritten the attentional capturefects for emotional events and
detrimental effects on source memory performanaavéver, this interpretation does not
hold for the non-existing source memory modulationgExperiment 3, where encoding
instructions were incidental.

Therefore, the type of contextual detail seemsembeven equivalent importance. In a
series of experiments, Kensinger and Schacter cgshdev that possibly only aspects of a
study episode that are of adaptive value (e.gabilkty to distinguish between seen from
imagined items) are better bound to emotionallyusingy stimuli than those of less
significant meaning (e.g. the task performed) @{eger & Schacter, 2005a, 2005b,
2006a, 2006b). Another distinction is made by mély and extrinsically linked details. In
line with the studies of Adolphs et al. (2000, 200% seems that intrinsically to the
emotional item itself liked details (e.g. its ploai appearance or its gist) are related to
amygdala activity (and thus leads to memory enhaeo¢s), whereas elements that are
more peripheral or extrinsic to the item (e.g. &k performed with an item) are not. In a
study on working memory mechanisms, Mather et2006) provided evidence that the
neural processes supporting memory for the spatation are disrupted by high arousal.
These mechanisms may also contribute to enhanceenmaired binding of context
information to an item. As noted by Kensinger antiggter (2006a) in their study on the
specific visual details of items, this is anotheeams by which emotional arousal can
enhance the binding to ‘context’ features. Thesdude the color of font in which a word
was written, the screen color on which a word wias/ed (Doerksen & Shimamura, 2001;
D’Argembeau & Van der Linden, 2004; MacKay et 8D04) and the spatial location of a
word (D’Argembeau & Van der Linden, 2004; MacKayAlametzanov, 2005). Thus, the
use of the task performed, the location of acqoisjtand the point of learning time at
encoding as context features that are of lessepti@davalue than e.g. the ability to

distinguish between seen from imagined items, @irthategorization as extrinsically
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linked (as compared to intrinsically) seems to béeast in part responsible for the non-
existing modulation of their binding to emotionems in Experiments 1 and 3.

Moreover and importantly, there are a number ofliskion emotional source memory in
which neutral items are presented in either neotraimotional contexts (Maratos & Rugg,
2001; Smith, Dolan & Rugg, 2004a; Smith, Hensonlabp& Rugg, 2004b; Smith et al.,
2006). These constitute either presenting a nepictlire in context of an emotional one,
or presenting a neutral word in an emotionally naeésl sentence. On the one side, these
studies reliably demonstrate a positive effecth&f #émotional content of information on
source memory, i.e. when the contexts to be retdeare themselves emotional (Smith et
al., 2006). On the other side, specific ERP effents observed for correctly retrieved
emotional contexts (Maratos & Rugg, 2001; Smith aét 2004). As these studies
consistently used neural items (presented in eiheotional or non-emotional contexts)
and the present studies employed emotional itemrmeutral context, the aforementioned
studies and the experiments of this thesis differmportant aspects. By this the latter
findings do not speak against the present inteapogt of an attentional capturing function
of negative and highly arousing events. Rather, fihdings of both experimental
approaches suggest, that depending on task chasticeand retrieval demands, the
emotional content of information exerts differehtranemonic effects.

Electrophysiological correlates of contextual retrieval

A different issue addressed in Experiment 1 was#tent to which the LPN, a posteriorly

distributed negative slow wave frequently obtaimedhe test phases of source memory
tasks, is modulated by source retrieval requirem@ntcase of emotional events. Former
studies have shown that the LPN has a parieto-ibacipaximum, onsets at around the
time at which a response is given, and is of eguaplitude for correct and incorrect

source judgments (Johansson & Mecklinger, 200&drnan et al., 2005; Herron, 2007). It
was proposed that the LPN reflects the searchrdrratrieval of contextual features in

tests of source memory, and retrieval processdsnhag act to reconstruct a prior study
episode when item-context features are not suffiierecovered or need continuous
evaluation.

Consistent with prior studies, the present studsated a pronounced LPN in all source
tasks, underlining the high relevance of this congm in the search/retrieval of attribute

conjunctions. This is supported by the finding oimparable LPNs for retrieving the
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correct item-context association, as well as in ¢thse of a wrong source judgment.
Interestingly, even though LPN amplitude in Expemnh 1 was not affected by the
emotional contents to be associated with eithee timlocation characteristics of the study
episode, it differed in scalp topography betweer tfwwo source memory tests.
Retrieving/searching conjunctions between pictuaesl study time elicited a more
widespread LPN than between pictures and theiryskochtion, suggesting that a wider
range of contextual attributes are relevant foonstructing the point of time when an item
occurred as compared to where it occurred. Thayligenerator of this component is the
parietal lobe, which has recently been shown teriigally involved in episodic memory
retrieval (Wagner, Shannon, Kahn, & Buckner, 200bhe authors propose three
hypotheses concerning how parietal cortex mightrdmrte to memory. In case of the
retrieval of item-context bindings the ‘output kerff hypothesis’ seems especially
important. It is assumed that regions of the pariebrtex dynamically represent retrieved
information in a form accessible to decision-makipgpcesses. Although long-term
memories are not stored in neuronal firing pattetasinfluence decision-making, such
memories must be expressed in active neuronal mesppatterns. The parietal cortex
could act as the buffer into which stored informoatiis transferred. Moreover, the
phenomenon of reinstantiation suggests that at |lg@$ of the retrieved information is
represented in the corresponding sensory areaskinginthese thoughts to the
electrophysiology of source memory retrieval, theNLseems to be another piece of
evidence that traditional cognitive-control-PFC ralsde.g. Miller & Cohen, 2001) are not
sufficient to explain episodic memory retrieval pesses.

The nevertheless high relevance of the PFC in tgis in which the retrieval of
emotional information is task relevant was receatbp demonstrated in a study examining
the effective connectivity between brain regionkvant for processing mnemonic and
emotional information (Smith et al., 2006). In aadd@ion in which emotional contexts of a
study phase had to be discriminated, the autharsdfeenhanced effective bidirectional
connectivity between hippocampus and amygdala antareed activity in the
orbitofrontal cortex which in turn increased thegocampus-amygdala connectivity. This
suggests that the requirement to retrieve emotimi@atmation constitutes a cognitive set
that modulates retrieval in a top-down manner.

Further studies, capitalizing on the high spategotution of fMRI measures will be
required to elucidate the neural sources of ratrge¥he mentioned sorts of item-source

conjunctions.
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5.5 Conclusion

Taken together, the investigation of emotional aebwn memory processes as examined
behaviorally and with the use of event-related pid¢s revealed new insights into the
understanding of our cognitive system. Generalhg tesults lend support to the
evolutionary threat theory and the arousal theegarding the influence of emotion on
attention mechanisms. These mechanisms are furitpely relevant for the build up of a
stable memory trace and guarantee the detectitimredt signals in the future, as well as
positive chances. Moreover, evidence was obtaihatthere is individual reactivity with

respect to attentional capturing mechanisms by iemot

Encoding activity was especially sensitive to tlhéence and arousal characteristics of the
stimuli, with positive and low arousing picturesdieng to an early attentional capturing
mechanism (reflected in a posterior positivity) anldter elaborative processing (reflected
in an anterior slow wave) that is of high mnemomtevance (Experiment 1). Dividing
attention at this stage of processing diminished tacognition memory advantage
obtained with full attention conditions, possibly Ipreventing the engagement of
controlled encoding operations (Experiment 2). Niegaand high arousing pictures
elicited a comparable early posterior positivitgEriments 1 and 3), but did not produce
a memory advantage after immediate testing. In Exy@ot 3 a positivity for these
pictures could be obtained across the whole scaiphnlikely reflects a generally higher
activation of the whole brain system when proceass$iighly arousing stimuli. Negative
and low arousing pictures here exhibited comparhbtesignificantly smaller positivities.
The mnemonic relevance is additionally capturedhgysubsequent memory effects that
presumably directly reflect successful encodingcpsses responsible for the better
memory performance for negative high arousing pagun the long retention group. At
retrieval, negative high arousing pictures wereyodilstinguishable from neutral and
negative low arousing ones when tested after adz4 telay, with a selective parietal
old/new effect likely reflecting recollection-base@dmembering as opposed to ‘only’
familiarity-based recognition for the other typdssbmuli (Experiment 3). Consolidation
mechanisms proofed to be of significant importat@emake a recognition memory
advantage for negative pictures possible, and iaddity modulated the richness of

remembering (Experiment 3). This means that bathathount of recollected information,
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as well as recollection-based remembering probimfra time-dependent consolidation

process.

Thus, the data lend support that memory processesteongly guided by emotionally
significant stimuli and that this is highly adaptiVor flexible acting in an environment
overloaded by cues. The present results strongtfiroo a ‘valence evaluation system’
proposed by several researchers (in the domainoghitive neuroscience especially
LeDoux, 1996; but see also Gray, 1991; Mogg et2@l00). According to this framework
and with respect to the interaction of emotion aumsodic memory, this can be
exemplified as follows. The reoccurrence of a gastpetrator (or another threatening
object like a snake, as well as something positveyld in a first step be identified
quickly without the retrieval of any detailed infioation. This is sufficient to gain the
information that this person (or object) has e.gerbdangerous and allows immediate
preparedness (low road memories, LeDoux, 1996)mBgns of high road memories rich
and detailed information would be retrieved in ortteevaluate details of the episode in
which this person (or object) has been met. Thadrighe experienced arousal at the first
encounter, the better and richer this memory cameb&perienced. In addition, this is
modulated by the time between the first and nexbenter. The detection and encoding
of a positive opportunity seems to result in a mgmadvantage already after some
minutes. The same does apparently not hold truaedgative (more survival-significant)
stimuli. Instead, they first produce some kind adrifusion’ (perhaps by still processing
possible other threatening stimuli and thus hirmgrsolidation in a first step), but later on
(after intense consolidation processes terminatetessfully) are well accessible. As
revealed by the source memory results of the custrdies, it appears that it is only
adaptive to encode contextual details inherenh@d@motional stimuli or important for
their meaning.

As can be inferred from the electrophysiologicalrelate results in the current study, all
these mechanisms and processes seem to mostlgrredynotion-specific brain regions
and neural networks. Their development and existemwerlines the adaptive value of

our cognitive system.
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5.6 Per spectives

To get an even deeper insight into the mechanigmehiich emotional arousal modulates
encoding, consolidation, and retrieval processhrrtresearch needs to be pursued in

several lines.

First and very generally speaking, it seems to fogreat importance to use test stimuli
comprising the whole spectrum of valence and atpbsing positive and high arousing,
positive and low arousing, neutral and non-aroysimeutral and arousing (if existing),
negative and high arousing, negative and low angudihis would be a helpful means by
which effects can more directly be attributed t@ thpecial valence and/or arousal

characteristics of a stimulus.

Moreover, electrophysiological and fMRI measuresudth be obtained for the intentional
and incidental encoding of the abovementioned dtimbhese should aim at the
dissociation of automatic and strategic effects ntateéd by one the kind of instruction
and two the valence and arousal of the materiadse Ht would be of special importance
to investigate positive and negative stimuli witmparable arousal characteristics in one

experiment.

Future research is also needed to elucidate tldvement of stress hormones in humans.
It is still of debate whether the effects phdrenergic activation of the amygdala can be
observed in a short time interval of stimulus pnéston, and how this becomes later
memory-relevant. Defining a minimum and maximuntomsolidation time could also be

aimed at in this respect.

A topic of much controversy concerns the bindingchamisms of emotionally arousing
stimuli to neutral context features, as well as bweding of neutral stimuli into an
emotional context. Here, different features seemptoduce either enhancement or
impairment effects with regard to later source memaesting. The concrete
circumstances under which these happen are supposedresearched, especially as the

emotional reactivity of the spectator seems toftgg@at importance.
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To fully examine the effects on the quality of renieering emotional events, it would be
desirable to test recognition performance via tee af behavioral indicators (e.g. the
remember/know procedure or ROC curves) in additiothe recording of event-related
potentials. This would produce safer conclusionsualthe engagement of qualitatively

different ways of remembering.

In order to clarify the mechanisms by which theniginmemory phenomenon is elicited,
imaging data (ERPs or fMRI) of a suitable desigruldde desirable. Hereby, attentional
versus elaborative mechanisms could be dissocetddend to a better understanding of
how these effects are modulated in individuals vditfiering emotional reactivity (e.qg.

trait anxiety).
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6. Zusammenfassung

6.1 Einleitung

Am Morgen beobachten Sie auf dem Weg zur ArbeiéreiAutounfall, die Pasta beim
Mittagessen schmeckt unerwartet gut, Bilder einesigZeugabsturzes in den
Abendnachrichten machen Sie betroffen. Das taglitteben ist dominiert von
Ereignissen, die diverse Nuancen und Plateaus veiih@n auslosen. Was passiert,
wenn wir versuchen diesen Erinnerungen an die Bissg naher zu kommen? Wie
verandert sich das spatere Wiedererkennen oder Adbenf des Autounfalls, des
Mittagessens, der Fernsehnachrichten, weil diesahitmgen emotionale Reaktionen
auslosten, als sie zum ersten Mal auftraten?

Viele verschiedene aufeinander bezogene wisseriichaf Herangehensweisen
(kognitive, neurowissenschatftliche) wurden untermmam, um sich diesem Sachverhalt zu
widmen. Zumeist betrafen sie die Frage, ob emolgoBeannerungen besser und lebhafter
als neutrale erlebt werden (z.B. Ochsner, 2000)zafirale oder periphere Details von
Erinnerungen durch Emotionen unterstitzt werdeB. (Zhristianson, 1992; Safer et al.,
1998); und ob es die emotionale Valenz oder dedGles Arousals (der emotionalen
Erregung) ist, der bestimmt wie gut eine emotiortgdesode erinnert wird (z.B. Matlin &
Stang, 1978). Diese gesammelten behavioralen, onigteter Zeit auch vorwiegend
bildgebenden, Daten beschreiben die Bedingungeter udenen Erinnerungen fir
emotionale Ereignisse und Stimuli verzerrt odestZet werden (z.B. Schacter, 1996); die
Arten und Details von Information, die diesbeziglmesonders resistent sind (z.B. Heuer
& Reisberg, 1992); und wie valente Stimuli, Stimrgen oder Grade von Arousal diese
Effekte modulieren (z.B. Bradley et al., 1992; Ghanson, 1992). Es steht allerdings
noch aus, und es ist gleichzeitig von enormem disr, was die exakten Umstande sind,
die zu Gedachtnisbeeintrachtigungen und Gedaclrissserungen fihren.

In anderen Bereichen der kognitiven Neurowisserfsamdieten die Untersuchung von
hirnverletzten Patienten einen zentralen Ausgangdpuum Struktur-Funktions-
Beziehungen zu entschlisseln, in diesem Fall zuinbeen, welche Aspekte von
emotionalen Erinnerungen vom Funktionieren der Adayg (des Mandelkerns)
abhangen. Beim Menschen betreffen organische Syredche Amygdala selten selektiv.
Schlusseleinsichten haben die Untersuchung von opesitiven Studien bei
Temporallobektomie-Patienten mit unilateraler Viemleg des MTLs infolge einer
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Epilepsie, sowie von Patienten mit selektiver kilater Amygdalapathologie aufgrund
der Urbach-Wiethe-Krankheit, gebracht.

Ausgehend von den friihen behavioralen BefundenKilemsmith und Kaplan (1963)
haben Studien an gesunden Erwachsenen gezeigt,GaEchtnisverbesserungen flr
emotionales Material manchmal Uber die Zeit besserden. Beispielsweise sind die
Retentionsvorteile fir emotional erregende Wortar Yergleich zu neutralen gréf3er,
wenn das Gedachtnis fir solche nach einem lang&tufide bis 1 Tag) versus ein kurzes
(sofort folgendes) Intervall getestet wird (LaBaP&elps, 1998; Sharot & Phelps, 2004).
Solche Beobachtungen leisten Evidenz, dass emdgmrarousal die Erinnerung zu
einem Teil aufgrund von erleichterter Konsolidiggudie Zeit braucht um vonstatten zu
gehen, verbessert. Temporallobektomie-Patienten gemei keine verbesserte
Arousalgeleitete Gedéachtniskonsolidierung, sondegrgleichbare Vergessensraten fir
neutrale und emotional erregende Worter bei eingfiortsgen Testzeitpunkt bis zu einem
Retentionsintervall von einer Stunde (Phelps ¢t18198). Patienten mit Urbach-Wiethe-
Krankheit zeigen vergleichbare Beeintrachtigungereimb Abruf oder dem
Wiedererkennen von emotionalen Wértern, Bildern Geschichten (Markowitsch et al.,
1994; Adolphs et al.,, 1997). Somit hat sich die Aamgla als hochrelevant fur
Gedéachtnisverbesserungseffekte herausgestellt.

Emotionales Arousal hat auch komplementare, sgmiiffekte wahrend des Enkodierens
gezeigt, die zeitinvariant sind, und als attentierBeeinflussungen auf das Gedachtnis
interpretiert wurden (Hamann, 2001). Eine solchdteme Konsequenz emotionalen
Arousals ist das Fokussieren von Aufmerksamkeitzaumtrale Information einer Szene
auf Kosten von peripheren Details, wie das Beispes Waffenfokus (Steblay, 1992) in
der Zeugenaussagenforschung veranschaulicht. fttedes Fokussieren versichert, dass
emotional bedeutsame Teile von komplexen Szeneorbegt im Gedachtnis abgelegt
werden, was evolutionére Vorteile mit sich brinBatienten mit Amygdalaschéadigung
fokussieren nicht auf diese zentrale Informatioenw die Erinnerung fur audiovisuelle
Erzahlungen, die emotional erregende Ereignissehbeiben, getestet wird (Adolphs,
Tranel, & Buchanan, 2005).

Die grol3e Relevanz der Erforschung von Emotion Gadiachtnis liegt auch in dem
erwinschten Verstandnis von psychiatrischen Kratdinedie diese beiden Konzepte
betreffen, begrindet. Von besonderer Wichtigkeit hgerbei die Posttraumatische
Belastungsstorung (PTBS). Sie entsteht nach Aumsetines traumatischen Stressors, der

Furcht, Horror oder Hilflosigkeit auslost, und kérjiche Verletzung oder Bedrohung
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einer Verletzung, sowie den eigenen Tod oder deereanderen Person einschliel3t.
Diagnostische Symptome umfassen das persistierdhddererleben des traumatischen
Ereignisses, die Vermeidung von erinnernden Detsiégsarmung von Reaktionen, und
erhohtes Arousal. Neurobiologische Modelle von PTBi&issieren auf Gehirnregionen
und Stresshormonsystemen, die an Furcht, Aroushkuarotionalem Gedachtnis beteiligt
sind. Chronischer Stress bei PTBS tragt zum einekl@inerem Hippocampusvolumen
und Defiziten im deklarativen Gedéachtnis bei (Bremmet al., 1995); zum anderen
pradizieren kleinere Hippocampi die SymptomschvibiePTBS (Gilbertson et al., 2002).
Um zielgerichtete Behandlungen fir diese Kranktmit finden, ist es von grof3em
Interesse das grundlegende Funktionieren des Geiksds in Verbindung mit Emotion
tiefer zu verstehen. Nicht zuletzt deswegen vensd@se Dissertation offene Fragen in
Bezug auf verschlechternde und verbessernde Effektn Emotion auf
Gedéachtnisprozesse zu beantworten. Dabei ist edbesonderem Interesse die genauen
Gegebenheiten, d.h. situationalen und personlickaktoren zu greifen, die zu

pathologischer Emotionsverarbeitung fihren kénnen.

Im Folgenden werden vier Studien (zwei behavioraled zwei EKP-Studien)

beschrieben, die Enkodier-, Konsolidierungs-, unorufprozesse mit ihren zugrunde
liegenden elektrophysiologischen Korrelaten untgisa. Ich werde mich den zentralen
Fragen widmen, ob und unter welchen Umstanden ivegand positive Ereignisse auf
andere Art und Weise enkodiert werden als neuttald,ob diese Mechanismen zu dem
viel beschriebenen Gedachtnisvorteil fihren. Destékén wird es darum gehen, ob der
Abruf der Bindung des emotionalen Ereignisses anmrale Kontextmerkmale aus der
Studierepisode infolge eines ,attentional capturider emotionalen Reize abgeschwécht
wird. Wie machen sich bei all dem Unterschiedeaen\dalenz und im Grad des Arousals
bemerkbar? Und was macht ein verlangertes Retami@nvall in Bezug auf die

Gedachtnisleistung aus? Wie werden die elektroplogsichen Korrelate des

Rekognitionsgedachtnisses (der frihe frontale uad spate parietale alt/neu-Effekt)

moduliert? All diese Fragen sollen in den folgen@gperimenten eine Antwort erhalten.
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6.2 Experimente

Experiment 1 untersuchte die zentrale Hypothesesnobtionale Ereignisse (positive und
negative Bilder) besser und qualitativ anders enhwerden als neutrale. Das EEG wurde
hierzu bei 20 Probanden in 2 Sitzungen abgeleltetder Orts-Sitzung hatten die
Probanden die Aufgabe sich fotographische Bildsrdem IAPS (International Affective
Picture System), und den Ort an dem sie sie seerypragen. Hierbei befanden sie sich
in 2 verschiedenen R&umen. An einem dritten nerraDrt unterzogen sich die
Versuchspersonen ca. 5 Minuten nach der LernphasgneRekognitions- und einem
Quellengedachtnistest. Dazu wurden ihnen neue liedBédder prasentiert, die gemaf
diesen Status in einem ersten Schritt klassifizieetden mussten. Nach jeder ,alt"-
Antwort war zusatzlich anzugeben, ob das Bild iufRal oder Raum 2 gesehen wurde.
In der Zeit-Sitzung, die an einem anderen Tagfatalt sollte sich als Quellenmerkmal
der Enkodierzeitpunkt gemerkt werden, d.h. ob dasijlige Bild in Liste 1 oder Liste 2
(getrennt durch eine Pause) prasentiert wurde. tsleverwartet, dass positive und
negative Bilder auf Itembasis besser erinnert werae neutrale. Gemaly dem Konzept
des ,attentional capturing® von emotionalen Reizemrde zudem die Hypothese
formuliert, dass das Quellengedachtnis fur dies&zeReermindert sein sollte. Auf
elektrophysiologischer Ebene wurde die Hypothesdolgt, ob die PP (posteriore
Positivierung) wahrend des Enkodierens in einem a#usenhang mit der
Gedachtnisabrufleistung steht. Unter der Annahmeassd sie automatische
Aufmerksamkeitsprozesse widerspiegelt, und diesddit Gedachtnisvorteil emotionaler
Reize verantwortlich ist, sollte sie mit dem Aufére dessen kovariieren. Des Weiteren
sollte herausgefunden werden, ob positive und negdilder einen frontalen und
parietalen alt/neu-Effekt auslosen, d.h. familést und rekollektionsbasiert erinnert
werden; und ob sich diese Effekte von denen futrakuBilder unterscheiden. Gemaf
vorheriger behavioraler (Ochsner, 2000) und elgktysiologischer Studien (Johansson et
al.,, 2004) wurde angenommen, dass emotionale Raetailreicher (d.h. zu einem
gréReren Ausmald rekollektionsbasiert) erinnert werdZuletzt ging es um die LPN
(spate posteriore Negativierung) und die Fragesiob diese fir emotionale Reize und
verschiedene Quellengedachtnismerkmale untersaheilmige dieser Hypothesen
konnten bestatigt, andere mussten aufgrund derni>dge verworfen werden. Auf
behavioraler Ebene konnte ein Rekognitionsvorteipiositive Bilder verzeichnet werden.

Zwischen dem Pr-Mald fur negative und neutrale Bilgab es keinen signifikanten
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Unterschied. Die Quellengedachtnisleistung war gudeicht beeinflusst vom
emotionalen Status des Bildes, weder in der Ontshrder Zeitversion. Wahrend des
Enkodierens fand sich fur positive und negatived®&ileine frihe PP (250-450 ms) im
Vergleich zu neutralen Bildern, sowie eine sichcafisl3ende positive slow wave an
posterioren und anterioren Ableiteorten ausschébkfdir positive Bilder. Wahrend des
Gedachtnisabrufes ergaben sich frihe frontale ealtEffekte fir alle Klassen von
Bildern. Einen spéten parietalen alt/neu-Effektdasallerdings nur neutrale und positive
Bilder aus. Die LPN konnte fiir alle Reizgruppenugefen werden, allerdings war sie in
der Orts- und Zeitversion rdumlich unterschiedMehnteilt. Zusammenfassend kann man
sagen, dass der emotionale Gehalt der Bilder so®nokbdier- als auch Abrufprozesse
beeinflusste; allerdings in einer nicht unbedingtvaateten Art und Weise. Ein
anschlieBendes Rating der Stimuli von der Verswmissmengruppe ergab, dass sich
positive und negative Bilder nicht nur in Bezug di# Valenz, aber auch das Arousal
unterschieden (was praexperimentell eigentlich Wudas normierte IAPS-Rating
gewahrleistet worden war). Negative Bilder erhiel&n signifikant héheres Arousal-
Rating als positive. Eine ebenfalls post-hoc duethigrte Dm-Analyse (d.h. subsequent
memory-Analyse) ergab zudem, dass lediglich dieraore slow wave flr positive Bilder
sensitiv fir den spateren Gedéachtnisstatus wakaBa also gefolgert werden, dass der
Verarbeitung negativer (stark erregender) und pesit(schwach erregender) Bilder
unterschiedliche Prozesse zugrunde liegen. Hinwg#sauf gab die fMRI-Studie von
Kensinger & Corkin (2004), die fur negativ hochgerde und nichterregende Worter in
einer Dm-Analyse herausfanden, dass unterschiedlioburonale Netzwerke zum
erfolgreichen Enkodieren der Reizklassen verantishrtvaren. Der linke Hippocampus
und die Amygdala waren zentral an der Verarbeithogherregender negativer Worter
beteiligt, demgegenuber der Hippocampus und dke linferiore PFC fir nichterregende.
Des Weiteren reduzierte in einer behavioralen Zssadlie die Verwendung einer
Ressourcenteilenden Manipulation zu einem selaktiasbleiben des zuvor fir beide
Reizklassen gefundenen Gedachtnisvorteils bei ddnenregenden Wértern. Wahrend in
Experiment 1 die negativen Reize scheinbar eheer eautomatischen Verarbeitung
unterliegen, werden positive wahrscheinlich durchen d Einsatz elaborierter
Enkodierstrategien eingepragt; was unter den gegebdest Umstanden zu einem
Gedéachtnisvorteil fuhrte. Die Frage welche Variabldies beginstigt haben (z.B.
Enkodierinstruktion, Zeitpunkt der Testadminista), bleibt in den kommenden

Experimenten zu klaren.
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Experiment 2 sollte gemal3 der Interpretation dgeknisse aus Experiment 1 testen, ob
positive und negative Bilder tatsachlich aufgruhcer unterschiedlichen Arousal-Werte
auf verschiedene Art und Weise enkodiert wurdenerHi diente eine geteilte
Aufmerksamkeits-Manipulation wahrend des Enkodisreler Bilder. Wenn positive
Bilder wirklich aufgrund von strategischen selbsiggerten Operationen eingepragt
wurden, dann sollte eine Verringerung der Ressoudiese unterbinden. Wenn die
Versuchspersonen also wahrend des Enkodierenswegitere Aufgabe zu bearbeiten
haben, dann sollte dies dazu fihren, dass der Rélagsvorteil fur positive Bilder
ausbleibt. Dies wurde mit einer behavioralen Stgditestet, in der 20 Probanden in zwei
Sitzungen (der full attention-Bedingung (FA) und d&vided attention-Bedingung (DA))
das Experiment 1 durchliefen. Hierbei wurde ledigldie Ortsversion verwendet, da sich
hier die grof3ten Unterschiede in den Pr-Mal3en erigDie Hypothese konnte bestatigt,
und somit die Interpretation aus Experiment 1 ungrert werden. In der full attention-
Bedingung stellte sich erneut ein selektiver Rekagmsvorteil fir positive Bilder ein.
Demgegeniber blieb dieser in der divided attenBedingung aus, wo die Pr-Mal3e fir
alle Emotionsklassen vergleichbar waren. Negative neutrale Bilder wurden in dieser
Bedingung zwar auch schlechter erinnert als inudgpringlichen, allerdings war dies nur
ein numerischer Unterschied. Experiment 2 konnten nalso eindeutig den
wahrscheinlichen Einsatz kontrollierter Enkodieagtgien fir positive Bilder stiitzen, und
trdgt damit entscheidend zu der angenommenen Doz von unterschiedlich
valentem und erregendem Material bei. In dem hezemten Fall wurden negative und
stark erregende Bilder scheinbar Uber einen relaitomatischen Mechanismus
enkodiert, der zu keinem Gedachtnisvorteil fuhitesitive und schwach erregende Bilder
profitierten  demgegenuber vom  wahrscheinlichen &ms selbstgenerierter
Enkodieroperationen, und wurden auf diese Weisedoesnkodiert und erinnert als

negative und neutrale Reize.

In Experiment 3 sollten nun die noch offenen Frages Experiment 1 in einer weiteren
EKP-Studie bearbeitet werden. Hierzu wurden zwaineintare Faktoren manipuliert: die
Enkodierinstruktion und das Retentionsintervall. fargleich zu Experiment 1 wurden
neutrale und zwei Klassen von negativen Bildermveadet, solche mit hohem und solche
mit niedrigem Arousal. Des Weiteren wurden die 8ildhicht intentional, sondern
inzidentell enkodiert. Als Quellenmerkmal diente @nkodieraufgabe, die zu absolvieren

war (drinnen/draul3en oder grofer/kleiner als deldsBhirm). Eine Gruppe von
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Versuchspersonen (n=20) unterzogen sich dann nach M&uten dem
Quellenrekognitionstest, die andere Gruppe (n=20¢reTag (im Mittel 24 Stunden)
spater. Da emotionale Reize von erhdhten Konsolidgsprozessen profitieren sollen
(z.B. Sharot & Phelps, 2004), wurde in der Gruppedem Test nach einem Tag eine
verbesserte Gedachtnisleistung im Vergleich zurakut Bildern erwartet. In der Tat
fanden sich in der Gruppe mit dem direkt folgendest keine Unterschiede in den Pr-
Mal3en zwischen den drei Reizklassen. Zudem ergab edektrophysiologisch keine
Differenzierung, alle Bedingungen l6sten einen érihfrontalen und einen spaten
parietalen alt/neu-Effekt aus. Demgegeniuber zesytb in der anderen Gruppe von
Probanden eine deutlich bessere Rekognitionslgstfiiv negative hoch- und
niedrigerregende Bilder im Vergleich zu neutral®®s Weiteren gab es eine weitere
Dissoziation im EKP-Bereich. Wéahrend alle Bildefgaund von Familiaritat (reflektiert
durch den frihen frontalen alt/neu-Effekt) wiedkaemt wurden, spielte bei negativen
hocherregenden Bildern zusétzlich die Rekollek{gpéter parietaler alt/neu-Effekt) eine
entscheidende Rolle. Diese Klasse von Bildern wuatd® qualitativ und quantitativ
besser bzw. hochwertiger erinnert. Wahrend des diakens zeigten sich weitere
Unterschiede zwischen den Bilderarten. An nahelan a@bleiteorten verliefen die von
negativ hocherregenden Bildern ausgeldosten EKPdlicteyositiver als solche von
negativ niedrigerregenden und neutralen, beginnemth 250 ms. Negativ
schwacherregende Bilder demonstrierten aber ausitiyewe EKPs als neutrale Bilder, an
posterioren Elektroden ab 600 ms und an anteriaien350 ms. Eine Dm-Analyse
bestatigte die vorgezogene Verarbeitung negatimehesondere hocherregender, Reize.
Es fanden sich anteriore und posteriore dm-Efféikteliese Stimuli, langer andauernd fur
hocherregende Bilder. Diese Prozesse scheinen smimin die bessere anschlie3ende

Gedéachtnisleistung vorhersagen.

Experiment 4 widmete sich dann noch dem viel bé&steim Tunnelgedachtnisphdnomen
in besonderem Detail. Daftir wurde ein neues Desigwickelt, das die Schwachen der
in der Literatur bereits vorhandenen einddmmenedd6 Versuchspersonen unterzogen
sich also einem Gedachtnistest der spezifischenliginer inzidentellen Enkodierphase
sahen die Probanden neutrale und negative Bilderdam IAPS in 3 verschiedenen

Zoom-Varianten, und sollten sie bezuglich ihrer efa auf einer 3-Punkt-Skala

klassifizieren. Nach einer 15-minitigen Pause warmdein Gedachtnistest in Bezug auf

die Zoom-Variante zu absolvieren. Es wurden zumif@il die gleichen Bilder wie in
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der Enkodierphase gezeigt, sowie in der Zoom-Vgiareranderte. Die Aufgabe der
Probanden war dies zu detektieren. Bei gleichedeil sollte ,alt“, und bei in jegliche
Richtung verdnderten Bildern ,neu“ geantwortet veegrdVVon besonderem Interesse
waren nun ,alt“-Antworten auf veranderte Bilder. Nviedie Versuchspersonen ein naher
herangezoomtes Bild als ,alt“ klassifizierten, weirder Fehler ,boundary restriction®
genannt; wurde ein herausgezoomtes Bild als ,aldsdfiziert, hiel3 er ,boundary
extension®. Es wurde angenommen, dass diese Bilclesn beim Enkodieren als néher
heran oder weiter heraus eingepragt wurden. GeraéRlypothese in Anlehnung an das
Tunnelgedachtnisphdnomen sollte bei negativen Bildeler Fehler ,boundary
restriction®, und bei neutralen Bildern der Fehleoundary extension“ passieren. Es fand
sich allerdings eine Tendenz zu ,boundary exterisibnbeide Reizklassen, welche fur
negative Bilder kleiner ausfiel als fir neutralestiachtete man nun die Gruppe von
Probanden nach einem Mediansplit in Bezug auf Ehgenschaftsangst, fand sich in der
Tat ,boundary restriction“ in der hochéangstlicheru@pe fur negative Bilder. Dies legt
nahe, dass Aufmerksamkeitsprozesse zu diesem Geiddehler beitragen, die bei
Menschen mit hoher Eigenschaftsangst besonderfiguiti negatives Material zu sein

scheinen.
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6.3 Diskussion

Die beschriebenen Experimente der vorliegenden iAvemeten sich der Modulation
von Gedachtnisprozessen durch emotionales Matdtmlging hierbei um die Frage,
welche Testgegebenheiten zu einer Verbesserung ainer Verschlechterung der
Gedéachtnisleistung fuhren. Des Weiteren sollten diigrunde liegenden
elektrophysiologischen Prozesse entschliisselt werdel einen Beitrag zum Verstandnis
der Mechanismen auf Enkodier- und Abrufebene lysina

Als besonders relevant stellte sich die Dissozmawischen dem Grad der Valenz und
des Arousals des Testmaterials heraus. Experimenteifjte unter intentionalen
Enkodierinstruktionen differentielle EKP-Effekte rfinegative Bilder mit hohem
Arousalgehalt im Vergleich zu positiven mit niedny. Eine initiale posteriore
Positivierung reflektierte initiale eher aufmerkdaasgetriebene Mechanismen fir beide
Stimulusklassen, fur positive Bilder schloss sichnm eine selektive anteriore und
posteriore slow wave an. Die anteriore slow wave madem moduliert vom spéteren
Gedachtnisstatus der Stimuli. Diese Stimuli wareraech, die am besten wiedererkannt
wurden. Anteriore EKP-Effekte und der wahrschehgicGenerator PFC stehen mit
kontrollierter top-down-Verarbeitung in Verbindunmd legen in diesem Fall den Einsatz
elaborierter Enkodierstrategien nahe. Die EKP-ait/&ffekte der Abrufphase deuteten
zudem darauf hin, dass auch die Qualitat des Gadaabrufs moduliert wurde. In
Experiment 2 konnte durch Verwendung einer dividégntion-Manipulation wahrend
des Enkodierens die Interpretation der Verarbeitogjtiver Reize untermauert werden.
Das Teilen der Ressourcen verhinderte das Ausbédes Rekognitionsvorteils positiver
Bilder im gleichen Gedachtnisparadigma. In Zusansukau mit einer fMRI-Studie
(Kensinger & Corkin, 2004), die den Einsatz prafader Strukturen und des
Hippocampus wahrend des erfolgreichen Enkodieregativer nichterregender Worter
demonstrierte, liegt die 0.g. Interpretation ndhalieser Studie zeigte sich hippocampale
und amygdalare Aktivitat verantwortlich fur die Emkerung negativer hocherregender
Worter. Diese Befunde konnten auch mit der selektiposterioren Positivierung fur
negative Bilder in Experiment 1 in Verbindung gethtawerden. Unter komplett anderen
Bedingungen, der inzidentellen Enkodierung in Ekpent 3, konnten weitere
Aktivitatsmuster gefunden werden, die offenbar dseh fur diesen Typ von Instruktion
sind. Die EKPs niedrig- und hocherregender negaBieler verliefen weitaus positiver
als die neutraler. Eine in Stimulusklassifikatioasmligmen typischerweise gefundene
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LPP (spate posteriore Positivierung) (Schupp et2800, 2006) war somit evident, und
vom Ausmalfd des Arousals moduliert. Diese soll dileehmotivationale Relevanz dieser
Stimuli widerspiegeln.

Fur die Gedachtnisabrufprozesse erschien es aufersant das Retentionsintervall zu
beachten. Wahrend in Experiment 1 (mit sofortigeekdgnitionstest) der erwartete
Vortelil fur negative Bilder ausblieb, zeigte si@ilsger in Experiment 3 nach einem nach
24 Stunden applizierten Test. Negative Stimuli s@te also besonders von andauernden
Konsolidierungsprozessen zu profitieren. Die Qétlies Gedéachtnisabrufes war, wie die
EKP-alt/neu-Effekte nahelegen, zudem auch aus$tidie nach dieser Zeit moduliert.
Der zusatzliche Einsatz rekollektionsbasierter Psse (spater parietaler alt/neu-Effekt)
war ausschlieBlich fir hocherregende negative Bileverzeichnen, und deutet darauf
hin, dass auch diese von anhaltenden Konsolidispmgessen profitieren. Dies konnte
bislang nur in einer behavioralen Studien nachgssviewerden (Sharot et al., 2007),
Modulationen von EKP-Effekten sind nur nach kurzétetentionsintervall bekannt
(Windmann & Kutas, 2001; Maratos et al., 2001; Jalsan et al., 2004). Die
unterschiedlichen Stimuli (Worter, Bilder, Gesiahtsowie Testbedingungen scheinen
hier aul3erdem grofRen Einfluss zu nehmen.

In Bezug auf die Verknipfung von emotionalen Itemis neutralen Kontextmerkmalen
ist zu erwahnen, dass in den vorliegenden Expetenemei der Verwendung von
Studieraufgabe (Experiment 3), Studierort und Staditpunkt (Experiment 1) keine
Modulationen zu beobachten waren. Gemald der Annaltass emotionale Reize
besonders viel Aufmerksamkeit auf sich ziehen, tesolflie Bindung an neutrale
Kontextmerkmale vermindert werden (Kensinger et2005; Adolphs et al., 2005). Wie
sich in einer Reihe von Studien von Kensinger untaSter herausstellte, ist dies aber
scheinbar zu vernachlassigen (Kensinger & Scha2@l5a, 2005b, 2006a, 2006b). Die
Autoren fanden, dass auf der anderen Seite nurriwbdekvon adaptiver Validitat (z.B. ob
ein Iltem gesehen oder sich nur vorgestellt wurdegser an emotionale Reize als an
neutral gebunden werden, und sich sonst keine Natidal einstellt. In diesem
Zusammenhang wird auch diskutiert, dass intringiscimd extrinsische Bindungen
Unterschiede machen. Studien von Adolphs et al0q2@005) konnten des Weiteren
zeigen, dass nur intrinsisch gebundene MerkmaR. (@ie physikalische Erscheinung
oder der Inhalt) mit Amygdalaaktivitat in Verbindurgebracht werden (und somit zu
Gedéachtnisverbesserungen fihren kénnen, wohingelyen periphere oder extrinsische

Merkmale (z.B. Studieraufgabe) das nicht werdenfgAwund dieser Befunde ist die
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ausbleibende Modulation der Quellengedachtnislegstin den Experimenten 1 und 3
auch nicht unbedingt verwunderlich.

Experiment 4 zeigte, dass das besondere Enkodmwpteén “Tunnelgedéchtnis” kein
stabiler Effekt ist, sondern von verschiedenen atden anhangt. Das spezielle
Testdesign, die Beschaffenheit der Stimuli, die wersemethode, sowie die emotionale
Reaktivitat der Probanden modulierten das Auftretigs Ph&nomens. Reduzierte
.boundary extension“ konnte fur negative Bilder Mergleich zu neutralen gefunden
werden. Des Weiteren stellte sich fur diese Stigludundary restriction® fir Probanden
mit hoher Eigenschaftsangst ein. Es wird angenommass diese ihre Aufmerksamkeit
mehr auf den Ort der Bedrohung legen, und somie@ndeile der Szene vernachlassigt
werden. Somit wirden die negativen Bilder schomalser heran eingepragt, und fihren
S0 zum spateren Gedachtnisfehler.

Zusammenfassend kann man sagen, dass die Untemguetin emotionalem Arousal und
Gedéachtnisprozessen mit behavioralen Paradigmen EKBE-Mal3en modulatorische
Effekte erzielte. Es scheint besonders wichtig ein sich Effekte der Valenz und des
Arousals separat anzusehen, da diese scheinbasamégllich verarbeitet werden. Die
Enkodieraktivitat erwies sich als stark sensitivdiese Stimuluscharakteristiken. Positive
schwacherregende fuhrten unter intentionalen Emkbddingungen zu einem frihen
“attentional capturing”-Mechanismus (reflektiert dier posterioren Positivierung), sowie
spaterer elaborierter Verarbeitung (reflektiertdar anterioren slow wave), was von
enormer memonischer Relevanz war (Experiment 1% Deailen von Aufmerksamkeit
(oder Verarbeitungsressourcen) liel3 den Rekogmstiorteil verschwinden, der sich unter
voller Aufmerksamkeit fand. Dies war zurtickzufuhi@sf das Verhindern des Einsatzes
kontrollierter Enkodieroperationen (Experiment [8ggative hocherregende Bilder |6sten
eine vergleichbare frihe posteriore Positivierungs dExperimente 1 und 3), die
allerdings unter intentionalen Enkodierinstruktionend ohne die Einbeziehung frontaler
Ressourcen nicht zu einem Gedachtnisvorteil fuhiteiExperiment 3 unter inzidentellen
Instruktionen und mit einem hdéheren Ausmald an Aabusnnte eine Positivierung an
allen Ableiteorten gefunden wurden, die wahrschhdinéine generell hdhere Aktivierung
des gesamten Gehirns darstellt. Negative schwagdende Bilder fiihrten zu &hnlichen,
aber deutlich kleineren Positivierungen. Die meraomé Relevanz wird hier noch besser
durch die subsequent memory-Effekte deutlich, di@hmscheinlich erfolgreiche
Enkodierprozesse widerspiegeln, die verantwortlickind fur die bessere

Gedachtnisleistung hocherregender Bilder. Wahrees @edachtnisabrufs waren die
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negativen Bilder allerdings nur unterschiedlich \t&m neutralen, wenn der Test nach 24
Stunden appliziert wurde (hohere Pr-Mal3e und digkBeer parietaler alt/neu-Effekt fur
hocherregende Bilder). Somit stellten sich Konsefighgsprozesse als besonders
bedeutend heraus, um zu einem Gedachtnisvorteidgative Stimuli zu fuhren, und die
Qualitat des Erinnerns zu beeinflussen (Experim3¢&nDas heil3t, dass sowohl die Menge
an erinnerter Information als auch rekollektiongddss Erinnern von einem

zeitabhangigen Konsolidierungsprozess profitieren.

Die vorliegenden Daten legen also nahe, dass unsefi@mationsverarbeitung
entscheidend von emotionalen Stimuli geleitet windd das dies hochadaptiv fur ein
flexibles Handeln in einer Umwelt voller Reize iddie Ergebnisse bestéatigen ein
‘Valenzevaluationssystem’, das von einigen Forstheorgeschlagen wurde (in den
kognitiven Neurowissenschaften vor allem LeDoux9@;9aber siehe auch Gray, 1991;
Mogg et al., 2000). Nach dieser Theorie und mitBeauf die Interaktion von Emotion
und episodischem Gedachtnis kann man dies wie @zgttellen. Das Wiedererscheinen
eines vergangenen Taters (oder eines bedrohlichgktOwvie eine Schlange, sowie aber
auch etwas Positives) wirde in einem ersten Scéehihell und ohne den Abruf von
detaillierten Informationen erfolgen. Dies ist aishend, um die Information zu
erlangen, dass diese Person (oder dieses Objdibrieh war, and erméglicht sofortige
preparedness (Jlow road memories’). Via ,high roatemories’ wirde detaillierte
Information abgerufen werden, um die Details detheagen Episode zu evaluieren. Je
hoher das erlebte Arousal bei dieser vorherigersdéi@, umso besser und detaillierter
kann die Erinnerung wiedererlebt werden. Zudendiss moduliert durch die Zeit, die
zwischen dieser vorherigen Episode und der aktudlegt. Das Entdecken und das
Enkodieren einer positiven Gelegenheit scheinereitsernach Minuten zu einem
Gedéachtnisvorteil zu fuhren. Das qilt allerdings chhi fir negative (eher
Uberlebensbedeutsam) Reize. Stattdessen scheeeunrsichst eine Art Verwirrung’ zu
stiften, aber dann (nach intensiven Konsolidierpnggessen) perfekt zuganglich. Wie die
Ergebnisse des Quellengedéchtnisses zeigen, istireadaptiv kontextuelle Details zu
enkodieren, die dem emotionalen Reiz inharent bddeutsam fir seine Bedeutung sind.
Wie aus den Ergebnissen im EKP-Bereich geschlogaseden kann, scheinen all diese
Mechanismen und Prozesse zum gréf3ten Teil auf enssipezifischen Gehirnregionen
und Netzwerken zu beruhen. lhre Entwicklung undstexiz unterstreicht den adaptiven

Wert unseres kognitiven Systems.
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