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ChapterChapter 1 

1.11 General introduction 

Althoughh dissociative experiences are usually discussed in the context of psychiatric 
disorders,, they are a part of everyday life, and frequently occur outside any traumatic 
context.. In this regard, they may not be related to a damaged or disturbed function, but may 
evenn serve a useful purpose and correspond to enhanced cognitive abilities. This thesis 
focusess exclusively on dissociation in nonclinical populations and its relation to three basic 
cognitivee functions: attention, working memory and episodic memory. It is very likely that 
suchh enhanced abilities are engaged to cope with exceptional circumstances, such as 
traumaticc experiences, and, thus, may be related to a particular type of disorder. This does 
nott mean, however, that all dissociative tendencies should be identified with dissociative 
disorders.. More knowledge about the relation between dissociative tendencies and 
cognitivee functions will also aid in understanding pathological dissociative symptoms, but 
thee main emphasis here is on what we can learn with respect to general information 
processingg mechanisms from this individual difference. 

122 Pathological and nonpathological dissociation 

Dissociationn can be broadly defined as a structured separation of mental processes that are 
ordinarilyy integrated (Spiegel & Cardena, 1991). The term is best known as the pathological 
copingg mechanism by which some psychiatric patients supposedly 'block' (i.e., dissociate) 
traumaticc memories from entering conscious awareness, a condition known as dissociative 
amnesia.. The veracity of these 'lost memories1, which are typically recovered to some 
degreee (e.g., during psychotherapy), has been the subject of a grim debate known as the 
'memoryy wars' (Schachter, 1995). In contrast to this rare and highly controversial 
pathologicall  phenomenon, however, it has often been suggested that dissociative 
experiencess are common in everyday life (Kihlstrom, Glisky, & Angiulo, 1994; Ray, 1996). 
Forr instance, somebody might be so engaged in watching a movie, that she does not notice 
anotherr person entering the room she is in. Apparently, the current surroundings are -
temporarily-- dissociated from awareness. 

Thiss nonpathological manifestation of dissociation is sometimes called absorption, and 
itss prevalence does not appear to bear any relation to traumatic experiences (e.g., Kihlstrom 
ett al., 1994; Kihlstrom, Tataryn, & Hoyt, 1993; Ray, 1996). Moreover, it might be viewed 
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Introduction Introduction 

ass a cognitive ability that is related to basic information processing functions like attention 
andd working memory. In their book chapter on predisposing factors for the development of 
Multiplee Personality Disorder (that was relabelled 'Dissociative Identity Disorder' in DSM-
IV) ,, Braun and Sachs (1985) already suggested that a "natural, inborn capacity to 
dissociate""  (p. 42) characterized individuals that had developed this disorder later on in life, 
andd that this ability operated in relation with several additional features like an "excellent 
workingg memory" (p. 44). The observation, moreover, that dissociation is related to 'the 
capacityy to ignore extrinsic stimuli' (Jang, Paris, Zweig-Frank, & Livesley, 1998) clearly 
suggestss that basic attentional abilities are an important component of dissociation. 

Supportt for the view that dissociation is related to basic cognitive functions, comes 
fromm epidemiological studies reporting that dissociative experiences are quite common in 
thee general population (e.g., Putnam et al., 1996; Ross, Joshi, & Currie, 1990; 
Vanderlinden,, Van Dyck, Vandereycken, & Vertommen, 1991). Moreover, twin studies 
havee identified a strong genetic component in dissociation (Becker-Blease, Deater-Deckard, 
Eley,, Freyd, Stevenson, & Plomin, 2004; Jang et al., 1998), which suggests that it occurs, at 
leastt to some extent, independently from adverse life events. Nonpathological dissociative 
tendencies,, however, might in some circumstances (i.e., severe trauma), constitute a risk 
factorr for developing pathological dissociation (Kihlstrom et al., 1994). Therefore, when 
facedd with extremely stressful situations, basic cognitive characteristics of high-
dissociative,, healthy individuals might become 'cognitive risk factors' that predispose for 
developingg a dissociative psychopathology. In spite of its clinical source, we want to argue 
heree that dissociation primarily constitutes a nonpathological individual difference which 
variess naturally in the population and should not be equated with dissociative disorders. 

TwoTwo views can be distinguished on the difference between nonpathological and 
pathologicall  dissociation. In the first view, the two types differ only quantitatively, with 
pathologicall  dissociation being just a more frequent and/or intense manifestation of 
nonpathologicall  dissociation (Kihlstrom et al., 1994). Screening tools like the Dissociative 
Experiencess Scale (DES; Bernstein & Putnam, 1986) and the Dissociation Questionnaire 
(DIS-Q;; Vanderlinden, Van Dyck, Vandereycken, Vertommen, & Verkes, 1993) are based 
onn this assumption, because participants do not simply answer 'yes' or 'no' to questions but 
indicatee the extent to which they have certain experiences. A cut-off score based on the 
meann score on all questions is typically used as an indication for pathological dissociation, 
indicatingg that further examination for a dissociative psychopathology is desirable. In the 
secondd view, pathological and nonpathological dissociation differ also qualitatively 
(Waller,, Putnam, & Carlson, 1996), with nonpathological phenomena like absorption and 
daydreamingg constituting a dimensional construct (i.e., individuals differ in the extent to 
whichh they have these experiences) and pathological phenomena like amnesia and 
depersonalizationn constituting a typological construct (i.e. some individuals experience 
thesee states whilst others do not). Nowadays, most researchers seem to favour the second 
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ChapterChapter 1 

view.. A questionnaire that is intended to measure pathological dissociation, the DES-T, 
comprisess a subset of eight questions taken from the DES (Waller et al., 1996), reflecting 
thee distinction between 'disordered' and 'normal' dissociation. 

Forr this thesis, we used the DIS-Q, a dissociation questionnaire developed in the Dutch 
language,, to divide our experimental groups into high and low dissociators. This 
questionnairee is highly similar to the DES (correlation: 0.85, Vanderlinden et al., 1993). 
Althoughh the DIS-Q does not distinguish between the two types of dissociation, we think it 
reasonablee to assume that the expected group differences found in the present thesis reflect 
differencess in nonpathological dissociation. Even if some of our participants would be 
characterizedd by occurrences of pathological dissociative experiences, as indicated by high 
scoress on some DIS-Q items, we find it unlikely that these processes are engaged in the 
laboratoryy tasks we asked participants to perform. Firstly, it is very unlikely that the 
otherwisee healthy participants (i.e., well-educated psychology students) in our studies suffer 
fromm habitually high levels of pathological dissociation, which would probably have 
preventedd them from participating in one of our experiments in the first place. Secondly, 
evenn if some of our high dissociators suffer from these experiences occasionally, they are 
likelyy to occur under very stressful situations (the diathesis-stress model, see Monroe and 
Simons,, 1991), which we do not expect to take place in our laboratory. Even though in 
somee of our experiments we employed affectively negative stimuli, these were visually 
presentedd words that are intrinsically only mildly arousing and thus probably do not evoke 
pathologicall  dissociation in our participants. In the unlikely case, however, that 
pathologicall  dissociative processes would occur during the experimental sessions, we 
expectt these processes to have detrimental instead of beneficial effects on task 
performance,, and to our opinion cannot explain the expected superior performance of our 
high-dissociativee participants in the attentional, working memory, and episodic memory 
tasks. . 

1.33 Experimental studies on dissociation 

Duringg the past two decades, several laboratory studies have examined the relation between 
dissociationn and cognitive functioning. The majority of these studies has focused on 
(supposedly)) aberrant mnemonic functioning in high dissociators with an emphasis on 
psychiatricc patient groups. Two different experimental approaches, that reflect two 
opposingg views on blocked/recovered traumatic memories, can be distinguished within this 
researchh field. On the one hand, by employing directed forgetting paradigms, researchers 
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Introduction Introduction 

havee investigated the hypothesis that dissociative patient groups are characterized by an 
enhancedd ability to forget traumatic events, whereas on the other hand, false memory 
paradigmss have been applied to examine the hypothesis that high dissociators are 
characterizedd by heightened levels of false memories, calling into question the status of 
recoveredd traumatic memories. Next to these memory paradigms, two studies have applied 
aa Stroop paradigm to examine the relation between dissociation and attentional processing. 
Resultss from these three types of paradigms will be briefly discussed below. 

DirectedDirected forgetting studies 

Aimingg to simulate the clinical observation of amnesia for traumatic life events in the 
laboratory,, several studies have employed a directed forgetting paradigm. In this paradigm, 
participantss are cued to remember or forget stimuli that are presented in a study phase. In 
thee subsequent test phase, implicit and/or explicit memory performance for these stimuli is 
assessed.. According to the cognitive avoidance hypothesis (Cloitre, 1992), high-
dissociativee participants are characterized by an avoidant encoding style, which was 
expectedd to result in a reduced memory performance for to-be-forgotten, trauma-related 
stimuli.. In general, results in favour of this hypothesis have not been found (e.g., McNally, 
Metzger,, Lasko, Clancy, & Pitman, 1998; McNally, Clancy, & Schacter, 2001). 
Unexpectedly,, even enhanced, instead of impoverished memory performance has been 
reportedd in several laboratory studies involving psychiatric patients with a dissociative 
psychopathologyy (Cloitre, Cancienne, Brodsky, Dulit, & Perry, 1996; Elzinga, de Beurs, 
Sergeant,, Van Dyck, & Phaf, 2000; Korfine & Hooley, 2000). 

Basedd on these findings, several researchers have suggested that high dissociators might 
bee characterized by heightened levels of elaboration during encoding (Cloitre et al., 1996; 
Elzingaa et al., 2000; Korfine & Hooley, 2000) and an inability to forget traumatic 
experiences.. In this view, the avoidance of traumatic memories might be accomplished by 
divertingg attention away from (memories of) threatening experiences when such memories 
threatenn to resurface (Cloitre et al., 1996, Elzinga et al., 2000). Although the 
aforementionedd studies support the increased elaboration hypothesis, an alternative 
explanationn may also be put forward: the increased memory for trauma-related stimuli may 
alsoo reflect a memory bias for affectively negative stimuli (Bower, Gilligan, & Monteiro, 
1981;; Eich, 1995). A habitually higher tendency to engage in elaboration, however, should 
alsoo result in higher memory performance for affectively neutral and positive stimuli, albeit 
possiblyy to a lesser extent. It should be noted, moreover, that the psychiatric status of the 
investigatedd groups is likely to have detrimental effects on memory performance, (e.g. 
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becausee of concentration problems, McNally et al., 1998), and cognitive functioning in 
general,, that may have disguised the effects of increased elaboration. 

Itt is important to note, that an inevitable consequence of employing a directed forgetting 
paradigmm is, that participants are aware that they are engaged in a memory paradigm and it 
thuss entails conscious efforts to forget. Potential attempts to forget traumatic experiences 
aree not likely to be under conscious control. Such an intentional learning paradigm may, 
therefore,, be a less ecologically valid approach than when an incidental learning paradigm 
iss applied. 

FalseFalse memory studies 

Fromm a totally different point of entry than the directed forgetting paradigm, another line of 
researchh has focused on the relation between dissociative tendencies and the occurrence of 
falsee memories. Investigating college students, Hyman and Billings (1998), for instance, 
madee their participants believe they had experienced certain events during childhood by 
askingasking suggestive questions about these events, intermixed with questions about 
experiencess that had really happened. A highly significant correlation between scores on a 
dissociationn questionnaire (the DES) and the rate of occurrence of false memories was 
found.. Merckelbach, Muris, Horselenberg, & Stougie (2000) found that DES scores in 
collegee students were correlated to a tendency to give affirmative responses to questions 
aboutt a wide range of 'neutral' as well as negative life events. Unless one assumes that high 
dissociatorss experience more life events and/or remember them better, this finding indicates 
thatt high dissociators employ more liberal criteria to decide if they had an experience is part 
off  their autobiographical memory. 

Inn addition to these studies, the relation between dissociation and false memories has 
beenn investigated in the context of the lure paradigm. In this paradigm, words that have 
beenn presented at study are intermixed with semantically related words ('lures') during the 
testt phase. Indeed, Clancy, Schacter, McNally, & Pitman (200) and Bremner, Shobe, & 
Kihlstromm (2000) found increased false recognition of lures for women showing signs of 
Post-Traumaticc Stress Disorder that reported recovered memories of sexual abuse, 
combinedd to control groups. Although these results call into question the reliability of 
memoriess of sexual abuse, one still cannot rule out that they really occurred. Therefore, 
Clancy,, McNally, Schacter, Lenzenweger, & Pitman (2002) examined a group of 
participantss reporting being abducted by aliens, a life event that almost certainly did not 
occur.. Results indicated that these participants were also more prone to exhibit false recall 
andd recognition than a control group. It should be noted however, that although these 
reportedd groups were supposedly characterized by high levels of dissociation, in none of 
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thesee studies the groups reliably differed from control groups in their scores on dissociation 
questionnaires.. Significant correlations across groups between dissociation scores and false 
memoriess were nevertheless found in the Bremner et al. (2000) and the Clancy et al. (2000) 
studies. . 

Onee process that is clearly implicated in the creation of false memories is source 
monitoring:monitoring: remembering how, when and where a memory is acquired. From the reported 
studies,, it follows that high dissociators are apparently more prone at making source 
monitoringg errors. As has been demonstrated by Toglia, Neuschatz, & Goodwin (1999), 
deepp (semantic) processing almost by definition makes it easier to detect semantic 
relationshipsrelationships among presented words. Such associative processing at encoding also makes 
itt likely that participants will think about theme-consistent words that are not presented at 
study.. According to source monitoring theory, externally experienced and internally 
generatedd items would share perceptual, contextual and semantic features and thus be 
difficultt to distinguish from one another. Increased elaborative encoding may thus serve to 
explainn both an increase in true and false recognition in high-dissociative persons. 

AttentionAttention studies 

Twoo studies have investigated performance on Stroop tasks in nonclinical groups that differ 
inn levels of dissociation. Employing hybrid versions of a classical and an emotional Stroop 
task,, Freyd, Martorello, Alvarado, Hayes, and Christman (1998) and DePrince and Freyd 
(1999)) found that high-dissociative college students showed more Stroop interference in a 
'classic'' Stroop task than low-dissociative students. DePrince and Freyd (1999) found, 
however,, less interference in a second, dual-task Stroop task. They concluded that high 
dissociatorss may be more skilled at dividing attention and less skilled at focusing attention 
thann low dissociators. In Stroop tasks, however, the two stimulus features are typically 
relatedd in some respect (e.g., colour of the letters and meaning of the colour word). 
Participantss are instructed, but are not very well able, to ignore the content of the word. The 
divisionn of attention may, thus, be hindered by the relationship between the two features. 
Thiss may not be very conducive to the deployment of dissociative abilities. 
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1.44 Neural correlates: ERPs and fMRI 

Inn the present thesis, Event-Related Potentials and functional Magnetic Resonance Imaging 

aree used as complementary measures of neural activity. Both approaches will be briefly 

describedd below. 

Event-RelatedEvent-Related Potentials (ERPs) 

Onee of the non-invasive techniques to study in particular the temporal dynamics of brain 
functioningg is the recording of electromagnetic activity on the scalp by means of event-
relatedd potentials {ERP) derived from the electroencephalogram (EEG). When large 
populationss of neurons develop synaptic or neural activity at approximately the same time 
andd in the same direction, they produce electrical potentials that are large enough to be 
pickedd up by electrodes placed on the scalp. EEG however, is limited in providing insights 
too cognitive processes because the recording tends to reflect the brains global electrical 
activity.. A more powerful approach is to focus at how brain activity is modulated in 
responsee to a particular stimulus. By presenting series of stimuli, EEG traces are averaged 
togetherr by aligning for instance the onset of the stimulus or a response. This alignment 
washess out variations, noise or larger spontaneous brain activity that are unrelated to the 
eventt of interest. This results in an evoked component or event-related potential (ERP) that 
iss specifically related to the stimulus (Gazzaniga, Ivry, & Mangun, 1998). On the basis of 
differencess in polarity, latency, and scalp distributions various components in ERP signals 
havee been associated to various aspects of cognitive processes elicited in the experiment. 
Becausee the temporal resolution is in the range of milliseconds, ERPs permit the 
determinationn of the sequence of activity of cognitive processes in real time. Because of its 
loww spatial resolution, this method is less suited for localization of brain activity. 

FunctionalFunctional Magnetic Resonance Imaging (fMRI) 

Functionall  magnetic resonance imaging or fMRI refers to the identification of brain areas 
withh cognitive processes and is based on the monitoring of local metabolic and 
hemodynamicc changes correlated with neural activity. Neurons require energy in the form 
off  oxygen and glucose, both to sustain their cellular integrity and to perform their 
specializedd functions. Thus, when a brain area is active, more oxygen and glucose are made 
availablee by increased blood flow. In fMRI, imaging is focused at the magnetic properties 
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off  hemoglobin. Hemoglobin carries oxygen in the bloodstream and after absorption by 
neurall  tissue, it becomes deoxygenated and is more sensitive or paramagnetic than 
oxygenatedd haemoglobin: the blood-oxygen-level-dependent (BOLD) signal (Gazzaniga et 
al.,, 1998). One of the merits of fMRI is the high spatial resolution, which is typically on the 
orderr of 3 to 4 mm and is better than most other functional imaging methods such as 
positronn emission tomography (PET). One limitation of the fMRI technique concerns the 
poorr temporal resolution since the changes in blood flow do not occur immediately on 
stimulationn but after a few seconds indicating that fMRI cannot give a temporal picture of 
thee "on-line" operation of mental processes. Therefore, ERP and fMRI can be viewed as 
highlyy complementary methods for assessing neural activity. 

1.55 Outline of this thesis 

GeneralGeneral approach 

Thee goal of this thesis is to examine the relation between dissociation and basic cognitive 
functions.. The experimental approach aims to contribute to the existing literature in several 
ways:: 1) focusing exclusively on dissociative tendencies in nonclinical populations should 
shedd light on dissociation as an individual difference in basic information processing, 
uncontaminatedd by detrimental influences of the psychiatric status of participants, 2) the 
applicationn of Event-Related Potentials (ERPs) and functional Magnetic Resonance 
Imagingg (fMRI) allows for the direct measurement of neural correlates of basic cognitive 
functionss and their relation to dissociation, 3) the use of an attention paradigm in which 
stimuluss features do not interfere that at the same time serves as an incidental instead of 
intentionall  memory paradigm constitutes a more ecologically valid approach and is 
probablyy more suited to reveal cognitive abilities in high dissociators than the published 
studies,, 4) the inclusion of several working memory tasks, which have not been 
investigatedd before in relation to levels of dissociation, may clarify the relation between 
nonclinicall  dissociation and this basic cognitive ability. The outline per chapter is 
summarizedd below. 

OutlineOutline of the chapters 

Inn the behavioural study of Chapter 2, a verbal working memory task was applied to low, 
mediumm and high dissociators, with the expectation that the rate of dissociative tendencies 
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wouldd be positively related to working memory span. In Chapter 3, two alternative 
paradigmss were applied that are thought to tap different aspects of working memory while 
measuringg fMRI. It was expected that both during an N-back task and a Sternberg task, 
highh levels of dissociation would be related to improved task performance, possibly 
accompaniedd by increased levels of activation in brain areas that are typically associated 
withh working memory (e.g., the dorsolateral and ventrolateral prefrontal cortex). 

Chapterr 4 focuses on the relation between dissociative tendencies and attention. In two 
tasks,, affectively neutral and negative verbal stimuli were presented while measuring ERPs. 
Inn the affective evaluation task, participants indicated whether the presented word was 
affectivelyy neutral or negative, whereas in the letter detection tasks, participants were 
instructedd to detect the letter 'A'. We expected high dissociators to be characterized by 
behaviourall  and ERP signs of enhanced attentional abilities. 

Inn Chapter 5, incidental memory performance and ERPs were measured for affectively 
neutrall  and negative verbal stimuli that had been subjected to deep vs. shallow encoding in 
Chapterr 4. It was expected that, due to their higher tendency to engage in semantic 
elaboration,, dissociative tendencies would result in higher recognition of stimuli, 
particularlyy those that had been subjected to semantic elaboration experimentally (i.e., deep 
encoding).. Because of their habitual elaboration, we expected the beneficial effects of 
dissociationn to be apparent for affectively neutral as well as negative stimuli (whereas an 
affectivee memory bias would predict effects for affectively negative words only). As a 'side 
effect'' of the increased associative encoding we expected high dissociators to show an 
increasee in false alarm rates as well. ERPs enabled us to assess recollection level (as 
reflectedd in the parietal old/new effect and level of post-retrieval monitoring (as reflected 
byy the right prefrontal slow wave). 

Inn Chapter 6, we report results from a deep-shallow encoding paradigm while 
measuringg fMRI, combining results from the study (encoding) and the test (recognition) 
phasee (similar to the ERP studies of Chapters 4 and 5). During encoding, we expected high 
dissociatorss to show behavioural and fMRI indications of increased semantic elaboration 
(thoughtt to reside in the ventrolateral prefrontal cortex) and increased memory storage, a 
directt result of increased elaboration (thought to be located in the medial temporal lobe, i.e., 
(para)hippocampall  activation). During the recognition phase, our expectations were similar 
too those of Chapter 5 (enhanced levels of true and false recollection on a behavioural level, 
andd indications of increased recollection and reduced post-retrieval monitoring on fMRI 
measures) ) 

Dataa are reported for four different populations: 119 students participated in the 
experimentt reported in Chapter 2. A different group of 21 students was involved in the 
studyy of Chapter 3. Data from a population of 32 students are reported in Chapter 4 and 5 
andd another 43 participants provided the data for the experiment of Chapter 6. 
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2 2 
Dissociativee style and individual differences in 

verball  working memory span 

2.11 Abstract 

Dissociativee style is mostly studied as a risk factor for dissociative pathology, but it may 
alsoo reflect a fundamental characteristic of healthy information processing. Due to the close 
linkk between attention and working memory and the previous finding of enhanced 
attentionall  abilities with a high dissociative style, a positive relationship was also expected 
betweenn dissociative style and verbal working memory span. In a sample of 119 
psychologyy students, it was found that the verbal span of the high-dissociative group was 
aboutt half a word larger than of the medium and low-dissociative groups. It is suggested 
thatt dissociative style may be one of only very few individual differences that is directly 
relevantt to consciousness research. 

dee Ruiter, M. B., Phaf, R. H., Elzinga, B. M , & van Dyck, R. (2004). Dissociative style and 
individuall  differences in verbal working memory span. Consciousness and Cognition, 13, 
821-828. . 
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2.22 Introduction 

Dissociationn is a construct stemming from clinical psychology that seems clearly associated 
withh individual differences in conscious processing. It is defined as 'a disruption in the 
usuallyy integrated functions of consciousness, memory, identity, or perception of the 
environment'' (DSM IV, American Psychiatric Association, 1994). In Dissociative Identity 
Disorderr (DID), for instance, mental functions appear to be disintegrated so severely that 
twoo or more distinct identities or personality states (i.e., 'alters') recurrently take control of 
behaviour.. In addition to being the core symptom of the dissociative disorders, dissociation 
iss often seen in Posttraumatic Stress Disorder (Boon & Draijer, 1993), and required in the 
diagnosiss of Acute Stress Disorder (Morgan et al., 2001; Spiegel, Koopman, Cardena, & 
Classen,, 1996). Dissociative experiences, however, also frequently occur outside any 
clinicall  context (Ray, 1996; Waller, Putnam, & Carlson, 1996), when there is no indication 
off  any traumatic experience. Within this context they regarded as harmless, as is the case 
forr daydreaming, or even useful (dissociation has been invoked to explain why a person can 
competentlyy conduct several actions simultaneously, e.g. driving a car and maintaining a 
conversation;; Spiegel & Cardena, 1991). We hypothesized that differences in a basic 
cognitivee skill (i.e., working memory span) would correspond to the ability to have 
dissociativee experiences. The working memory span of a relatively large sample of 119 
nonclinicall  participants varying in level of dissociative tendencies was determined. 

Thoughh originally developed to screen for persons at risk for dissociative pathology, a 
numberr of questionnaires is nowadays used to determine to what extent individuals have a 
generall  tendency for dissociative experiences (e.g., DES: Bernstein & Putnam, 1986; Dis-
Q:: Vanderlinden, Van Dyck, Vandereycken, Vertommen, & Verkes, 1993). Given that 
dissociativee experiences frequently occur in the general population (e.g., Ross, Joshi, and 
Currie,, 1990) and that both pathological and nonpathological dissociation share a high level 
off  genetic influences (Jang, Paris, Zweig-Frank, & Livesley, 1998) it is difficult to view 
dissociationn as other than a fundamental information-processing mechanism. The majority 
off  experimental studies into this mechanism has focused on memory function in high-
dissociativee patient groups (e.g., Cloitre, 1992; Cloitre, Cancienne, Brodsky, Dulit, & 
Perry,, 1996; Elzinga, de Beurs, Sergeant, Van Dyck, & Phaf, 2000; McNally, 1998; 
McNally,, Metzger, Lasko, Clancy, & Pitman, 1998). Although from a clinical perspective 
thesee patients were expected to show decreased memory functioning for trauma-related 
stimuluss material, they showed, at least under some circumstances, superior (i.e., 
'hypermnesic')) performance. These laboratory studies add support to the view that 
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dissociationn may be related to a basic cognitive skill that does not have the avoidance of 
traumaticc memories as its primary goal. 

Onlyy a few studies have been conducted that were specifically aimed at clarifying the 
relationn between dissociation and basic cognitive functioning in a nonclinical population. 
Employingg hybrid versions of a classical and an emotional Stroop task, Freyd, Martorello, 
Alvarado,, Hayes, and Christman (1998) and DePrince and Freyd (1999) found that high-
dissociativee college students showed more classical Stroop interference and less 
interferencee in a dual-task Stroop task than low-dissociative students. DePrince and Freyd 
(1999)) concluded that high dissociators may be more skilled at dividing attention and less 
skilledd at focusing attention than low dissociators. In a recent event-related potential (ERP) 
studyy by our group (De Ruiter, Phaf, Veltman, Kok, & Van Dyck, 2003, see Chapter 4), 
however,, we reasoned that the classical Stroop task might not be suited to induce dual 
taskingg in the high dissociators as the relevant and the irrelevant stimulus feature (colour of 
wordd vs. meaning of word) interfere. Employing a paradigm in which the two features did 
nott interfere, high-dissociative students showed indications of enhanced selective, as well 
ass divided, attention. 

Inn addition to attentional abilities, dissociation may also be related to working memory 
abilities.. Many theorists have postulated strong bidirectional links between attention and 
workingg memory (e.g., Awh & Jonides, 2001; de Fockert, Rees, Frith, & Lavie, 2001; 
Downing,, 2000; Kane & Engle, 2003). Elzinga et al. (2000) suggested that also the superior 
memoryy performance of their high-dissociative participants was due to increased 
elaborativee learning, for which a high working memory capacity is a prerequisite. Conway, 
Cowan,, and Bunting (2001) have, for instance, suggested that a low working memory span 
correspondss with a difficulty of inhibiting distracting information in attentional tasks. Low-
dissociativee participants have similarly been found (DePrince & Freyd, 1999) to show more 
Stroopp interference than high-dissociative persons under dual-task conditions (i.e., when 
workingg memory is loaded). If the ability to divide attention is indeed related to working 
memoryy span and high-dissociative persons possess enhanced attentional abilities, these 
personss would also be expected to have larger working memory spans than low-dissociative 
persons.. From this starting point, we collected verbal working memory spans and 
dissociationn scores in the course of three different experiments within a nonclinical sample 
off  psychology students. 
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2.33 Method 

AA group of 119 Psychology students at the University of Amsterdam participated either for 
coursee credit or for a financial reward in one of three experiments involving memory 
performancee and priming with neutral and emotional material. They all consented to 
performm the working memory task and to complete the dissociation questionnaire at the end 
off  the experiment. For two of the three experiments extreme scorers were selected on the 
basiss of previously collected scores. The experimenters were, however, blind to these 
scoress and administered the questionnaire again at the end of the experiment. To obtain 
sufficientt participants also additional non-selected students were enrolled in the 
experiments.. Only final scores are presented here. Due to the mixed nature of the group, 
participantss were divided in high, medium, and low dissociative groups (see Table 1). 

Thee working memory test was immediately followed by the Dissociation Questionnaire 
(DIS-Q)) and was administered at the end of the experiment. Verbal working memory span 
wass determined with a Dutch version of the word span test of Daneman and Carpenter 
(1980).. The test was composed of monosyllabic, relatively familiar, Dutch words (e.g., 
'arm',, 'bed', 'was') which were as semantically and phonetically unrelated as possible. 
TwoTwo sets of two, three, four, five, six, and seven different words each were formed. The 
smallestt set was first read out and the participant had to recall these words aloud in the 
exactt order of presentation. After the two sets of two words, two sets of three words 
followed.. Each time the subsequent two word lists had one word more. The number of 
wordss increased to maximally seven or until the participant made an error. If the error was, 
forr instance, made in the first five-word list, the span was scored as 5. If it was made in the 
secondd five-word list, a span of 5.5 was scored. All words in the successive word lists were 
differentt and presented in the same order to all participants. 

Thee Dissociation Questionnaire (DIS-Q; Vanderlinden et al., 1993) is a Dutch self-
reportt measure of dissociative experiences. It consists of 63 items and has four subscales: 
Identityy confusion, Loss of control, Amnesia, and Absorption. A respondent could indicate 
onn a five-point scale (1 = not at all; 2 = a littl e bit; 3 = moderately; 4 = quite a bit; 5 = 
extremely)) to what extent the item or statement was applicable. Identity confusion (25 
items),, or fragmentation, refers to experiences of depersonalisation and derealisation. Loss 
off  control (18 items) is associated with impulsiveness and relates to experiences of losing 
controll  over behaviour, thoughts, and feelings. The subscale of Amnesia (14 items) 
indicatess apparent memory loss and sudden lacunas in conscious recollection. Absorption 
(66 items), finally, measures experiences of enhanced concentration and attention. Internal 
consistencyy of the DIS-Q is good (Cronbach's alpha is 0.96 for the total scale). The test-
retestt reliability is 0.94 for the total score. In a sample of 374 respondents from the general 
populationn the average total score was 1.61 (SD = 0.40). In the same study (Vanderlinden, 
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Vann Dyck, Vandereycken, & Vertommen, 1991) dissociative style was also found to 
declinee with age, but no gender differences were obtained. In the clinical context, persons 
scoringg above 2.2 are recommended for screening for dissociative or other mental 
pathology.. Finally, a congruent validity (r = 0.85) between DIS-Q and another dissociation 
questionnairee (DES; Bernstein & Putnam, 1986) was obtained by Vanderlinden et al. 
(1993). . 

2.44 Results 

High-dissociativee students had a higher span (see Table 1) than medium or low-dissociative 
studentss (F(2, 116) = 5.33, p < 0.01). Post-hoc tests confirmed that only the high-
dissociativee group differed significantly (p < 0.05) from the other groups. Though the 
relationshipp is probably nonlinear, a significant positive correlation was found between 
totall  DIS-Q score and working memory span (r = 0.222, p < 0.05). The results suggest that 
onlyy extreme high scorers on the DIS-Q, approaching the pathological range, show an 
enlargedd verbal working memory span. 

Tablee 1. Age (SD), average (SD), minimum, and maximum DIS-Q score, average subscale scores (SD) on the 
DIS-Q,, number of males and females and verbal working memory span (SD) of the three dissociative groups. 

Dissociativee group 

Age e 

Averagee DIS-Q 

Minimumm DIS-Q 

Maximumm DIS-Q 

Identityy confusion 

Losss of control 

Amnesia a 

Absorption n 

## Female 

#Male e 

Span n 

Low w 

22.7(6.2) ) 

1.24(0.06) ) 

1.063 3 

1.317 7 

1.07(0.07) ) 

1.48(0.15) ) 

1.14(0.10) ) 

1.47(0.36) ) 

28 8 

10 0 

4.788 (0.84) 

Medium m 

23.4(7.1) ) 

1.58(0.14) ) 

1.330 0 

1.830 0 

1.34(0.16) ) 

1.94(0.26) ) 

1.38(0.19) ) 

1.96(0.45) ) 

28 8 

13 3 

4.89(0.80) ) 

High h 

22.55 (6.6) 

2.277 (0.27) 

1.900 0 

2.980 0 

2.011 (0.44) 

2.888 (0.52) 

2.02(0.51) ) 

2.39(0.67) ) 

31 1 

9 9 

5.366 (0.90) 

Workingg memory span was primarily related to Identity confusion (r = 0.20, p < 0.05), but 
alsoo showed a significant correlation with Loss of control (r = 0.\9,p< 0.05). A marginally 
significantt correlation with Amnesia (r = 0.\6,p = 0.09) occurred. No apparent relationship 
wass found with Absorption (r = 0.05, NS). Probably due to the homogeneity in age of the 
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students,, no correlation was found of age with total DIS-Q score (r = -0.064, NS), nor with 
spann (r = -0.081, NS). 

2.55 Discussion 

Highh dissociators showed a larger verbal working memory span than medium or low 
dissociators.. Though the difference is small (about half a word between extreme groups), it 
iss reliable, and, moreover, supported by results of a recent fMRI study by our group 
(Veltmann et al., 2005). In the latter study, a sample of nonclinical participants selected on 
theirr extreme scores on the DIS-Q, performed a Sternberg task (e.g., Awh et al., 1996) and 
ann n-back task (e.g., Jonides et al, 1997). In the first task, participants are instructed to 
memorizee a letter string of varying length. In the second task, participants are shown a 
sequencesequence of letters and for each letter have to decide whether it matches a letter preceding it 
nn places in the series. The Sternberg task is more similar to the word span task that we 
employedd in the present study, emphasizing the importance of maintaining information in 
workingg memory. In the n-back task, efficiency of working memory updating is more 
importantt than working memory span proper (Fletcher & Henson, 2001). For both tasks, 
highh dissociators performed better than low dissociators in the difficult task conditions. In 
linee with these behavioural results, high dissociative participants showed greater task load 
relatedd activity in several brain regions, particularly the left middle dorsolateral prefrontal 
cortex.cortex. This structure has consistently been associated with higher cognitive functions like 
workingg memory (Fletcher & Henson, 2001). 

Similarly,, de Ruiter et al. (2003, see Chapter 4) obtained evidence for a higher capacity 
too both divide and pay attention in high than in low dissociators. We conclude that 
nonpathologicall  dissociative tendencies correspond to both enhanced attentional and 
workingg memory abilities, which appear to have a strong genetic basis (Jang et al., 1998). 
Attentionn may not only specify the contents of working memory (e.g., Conway et al., 
2001),, but these (concurrently available) contents may subsequently also serve to direct 
attentionn (e.g., Downing, 2000). The two functions are so heavily intertwined that it seems 
impossiblee to argue that only one of them provides the basic process underlying 
dissociativee tendencies. 

Itt might seem somewhat surprising that the subscale that is most closely related to 
attentionn and therefore also working memory, i.e., the absorption scale, showed the lowest 
correlationn with working memory span. It should be noted however, that SDs for scores on 
thee absorption scales are higher than scores on the other scales, which may have led to the 
absencee of a significant correlation. Furthermore, Cronbach's alpha and test-retest 
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reliabilityy coefficients have been found to be remarkably lower for absorption than for the 
otherr subscales (Vanderlinden et al., 1991). This may be due to the fact that this subscale 
onlyy consists of six items. Moreover, some items that are categorized into other subscales 
aree clearly related to absorption. For instance, one item of the subscale 'amnesia' reads as 
follows:: "When I watch television, I do not notice anything that goes on around me". 
Finally,, it should be noted that the reported number of factors for dissociation 
questionnairess varies, ranging from one to seven (Kihlstrom, Glisky, & Angiulo, 1994). We 
thereforee attach less value to the participants' scores on the subscales than to their overall 
DIS-QQ score. 

Anotherr point of consideration that should be mentioned is that the positive correlation 
betweenn dissociation and working memory might be carried by a trait that is highly 
correlatedd with dissociation, rather than the measure itself. Two findings in the literature are 
particularlyy worth mentioning in this respect. Firstly, significant correlations between 
dissociationn and fantasy proneness have been found (Hyman & Billings, 1998; 
Merckelbach,, Horselenberg, & Schmidt, 2002; Merckelbach, Muris, Horselenberg, & 
Stougie,, 2000). Although this relation has been invoked as an argument against the veracity 
off  recovered memories in dissociative patients, it can not explain the higher working 
memoryy capacity in high dissociators. An alternative, interesting view however, is that a 
highh working memory capacity is a prerequisite for the ability to engage in fantasizing. 
Anotherr relevant trait to be considered is anxiety. It has been demonstrated that low levels 
off  stress-induced norepinephrine release in the prefrontal cortex have beneficial effects on 
workingg memory (Arnsten, 1998). Higher levels of anxiety in the high dissociators might 
thereforee be put forward as an alternative explanation for their increased working memory 
capacity.. Anxiety, however, has been found to be only modestly correlated with 
dissociationn (e.g., Jang et al, 1998; Kwapil, Wrobel, & Pope, 2002). When covarying out 
anxiety,, sometimes the effects of dissociation disappear (Elzinga et al, 2000), but in other 
studiess the effects of dissociation remained significant (Cloitre et al., 1996, Veltman et al, 
2005).. It therefore seems that anxiety may partly explain the effect of dissociation on 
workingg memory span. Future studies are clearly needed to provide more insight into this 
issue. . 

Althoughh we do not rule out the possibility that some of our high dissociative 
participantss were traumatized by, for instance, childhood abuse, which might have 
heightenedd their dissociation scores, we do not consider this a major concern in this study. 
Evenn if some of the high dissociative participants in our study were traumatized, it seems 
unlikelyy that their heightened working memory span is the result of adverse life events 
insteadd of their innate dissociative capacities. Even though we want to stress that the 
presentt study was aimed at studying dissociation as a healthy information processing style 
inn nonclinical participants, an attempt can be made to explain how this capacity might be 
functionall  in patients with dissociative disorders. The ability to divide attention may be 
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stretchedd to the point that different 'alters' arise. If it is assumed that the disorder is caused 
byy early traumatic experiences, the ability to inhibit distracting traumatic memories by 
loadingg working memory with different 'alters' is highly functional (see also DePrince & 
Freyd,, 1999). This may also solve the paradox of intrapersonality 'hypermnesia' (e.g., 
Elzingaa et al., 2000) and interpersonality 'amnesia' (Eich, Macauley, Loewenstein, & 
Dihle,, 1997) in DID patients. Due to the higher attentional focusing and the larger working 
memoryy span, memories are stored more strongly by these patients than by low-dissociative 
individuals.. The same ability can be used to 'compartmentalize' the contents of working 
memoryy and to focus on a compartment that does not contain the (strongly stored) painful 
memories.. This explanation is supported by our recent finding with twelve DID patients 
(Elzinga,, Phaf, Ardon, & Van Dyck, 2003) of a directed forgetting effect between different 
personalityy states, but a similar absence of this effect within personality states as was 
obtainedd by Elzinga et al. (2000). In the dissociative disorder, stronger storage can, thus, be 
compensatedd by increasing the division of attention and a higher working memory load at 
retrieval. . 
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Neurophysiologicall  correlates of increased verbal 
workingg memory in high-dissociative participants: 

aa functional MRI study 

3.11 Abstract 

Background:: Dissociation, defined as a disruption in usually integrated mental functions, is 
foundd not only in DSM-IV dissociative disorders, but also in posttraumatic stress disorder 
andd eating disorders. Dissociative phenomena are also common in the general population, 
andd may reflect a constitutionally determined cognitive style rather than a pathological trait 
acquiredd through experiencing adverse life events. In pathological dissociation, evidence 
hass been presented for episodic memory dysfunction. In contrast, in high-dissociative 
subjectss increased performance has been found for episodic memory and dual task 
performance.. These findings have been linked to changes in working memory capacity. 

Methods:: In the present study, we sought to extend these findings by using functional MR 
imagingg during performance of two parametric working memory tasks. We tested 21 
healthyy low- and high-dissociative participants. 

Results:: High-dissociative participants performed slightly better during both tasks. Imaging 
dataa showed that both groups activated similar networks for both tasks, i.e. (bilateral) 
dorsolaterall  and ventrolateral prefrontal cortex (PFC), parietal cortex, and supplementary 
motorr area (SMA). Group by task interactions were found in the high-dissociative group in 
LL DLPFC and L parietal cortex; in the low-dissociative group in R fusiform gyrus. The 
differencess in the high-dissociative group were independent from performance differences, 
implyingg that high-dissociative subjects generally recruit this network to a greater extent. 

Conclusions:: These results confirm earlier findings using a verbal WM task in high-
dissociativee participants, and are compatible with the conceptualisation of nonpathological 
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3.22 Introduction 

Dissociation,, a term coined by Janet in the early 1900s (Janet, 1907), refers to a disruption 
off  usually integrated functions of consciousness, memory, identity, or perception of the 
environment.. In dissociative disorders, such as Dissociative Identity Disorder (DID), 
mentall  functions may be disintegrated so severely that two or more distinct identities or 
personalityy states (i.e., 'alters') recurrently take control of behaviour (DSM-IV, APA, 
1994).. Dissociative phenomena are not unique to dissociative disorders, but may also occur 
inn Acute Stress Disorder (Morgan et al., 2001; Spiegel, Koopman, Cardena, & Classen, 
1996),, Posttraumatic Stress Disorder (Boon & Draijer, 1993), and eating disorders 
(Vanderlinden,, Van Dyck, Vandereycken, Vertommen, & Verkes, 1993). In addition, 
dissociativee experiences are common in the general population (Kihlstrom, Glisky, & 
Angiulo,, 1994; Putnam et al., 1996; Ross, Joshi, & Currie 1990; Vanderlinden, Van Dyck, 
Vandereycken,, & Vertommen, 1991). 

Thee etiology of dissociative phenomena is insufficiently known. Dissociative amnesia 
(definedd as an inability to recall important personal information that is too extensive to be 
explainedd by ordinary forgetfulness (APA, 1994)), considered to be a key symptom of 
pathologicall  dissociation, has been explained as resulting from traumatic experiences, such 
ass severe physical (Mulder, Beautrais, Joyce, & Fergusson, 1998) and sexual (Chu, Frey, 
Ganzel,, & Matthews, 2001) abuse, particularly during childhood (Bliss, 1986; Gleaves, 
1996;; Kluft, 1986; Putnam, Guroff, Silberman, Barban, & Post, 1986). This assumption has 
beenn strongly contended, however, by the sociocognitive model which conceptualizes 
'alters'' in terms of cultural scripts that are shaped by psychotherapists, media portrayals 
andd sociocultural expectations (e.g. Spanos, 1994; cf. Brewin & Andrews, 1998; 
Merckelbachh & Muris, 2001). Both positions acknowledge the existence of individual 
differencess in dissociative style (i.e., the tendency to disintegrate consciousness, memory, 
orr perceptual functions). The high level of genetic influences in both pathological and 
nonpathologicall  dissociation, and the substantial shared genetic variance (Jang, Paris, 
Zweig-Frank,, & Livesly, 1998), moreover, suggests that a fundamental mechanism may be 
involvedd that acts, initially at least, independently of adverse life experiences. This study 
aimsaims to contribute to the characterisation of dissociative style in terms of cognitive and 
neurall  information processing mechanisms, in particular working memory, in a group of 
nonclinicall  participants. 

Cognitivee experimental research in dissociative disorders has focused on memory 
dysfunction,, in particular impairment of episodic memory between alter personalities 
(Dorahy,, 2001; Eich, Macauley, Loewenstein, & Dihle, 1997; Peters, Uyterlinde, 
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Consemulder,, & van der Hart, 1998), whereas performance on a standard intelligence test is 
apparentlyy not different from matched controls (Rossini, Schwartz, & Braun, 1996). In 
contrast,, there are also indications, at least in some conditions, of enhanced memory 
performancee in patients with highly dissociative tendencies (Cloitre, Cancienne, Brodsky, 
Dulit,, & Perry, 1996; Elzinga, de Beurs, Sergeant, Van Dyck, & Phaf, 2000; McNally, 
Metzger,, Lasko, Clancy, & Pitman, 1998; McNally, Clancy, & Schacter, 2001). This form 
off  'hypermnesia' has, however, only been observed when encoding and retrieval take place 
inn the same personality state. Elzinga et al. (2000), using a directed forgetting paradigm, 
explainedd the superior memory performance of their high-dissociative participants as due to 
increasedd elaboration, for which a high working memory (WM) capacity is a prerequisite. 

Inn contrast, Dorahy (2001) hypothesized WM deficits in high-dissociative subjects, 
resultingg in increased interference in a classical Stroop task (i.e., naming the colour of the 
letterss of colour words) due to a failure to keep working memory free of irrelevant stimuli 
(Freyd,, Martorello, Alvarado, Hayes, & Christman, 1998). In the same vein, Conway, 
Cowan,, & Bunting (2001) showed that participants who demonstrate the 'cocktail party 
phenomenon'' (i.e., are able to detect their name in an unattended, irrelevant message), have 
aa relatively low working-memory capacity. In a recent study, de Ruiter, Phaf, Elzinga, & 
vann Dyck (2004, see Chapter 2) administered both a questionnaire measuring dissociative 
tendenciess (Dis-Q; Vanderlinden, Van Dyck, Vandereycken, & Vertommen, 1993) and a 
Dutchh version of the verbal working memory span test (Daneman & Carpenter, 1980) to 
1199 participants in three unrelated experiments. Participants with a Dis-Q score 
approachingg pathological ranges had a verbal span that was on average half a word larger 
thann participants with lower scores. Although these latter findings are in agreement with the 
elaborationn hypothesis of Elzinga et al. (2000), the memory test used by de Ruiter et al. 
(2004)) presumably does not provide the most accurate estimate of verbal working memory 
capacity.. It has been argued recently that 'pure' working memory span is likely to be 
considerablyy less than seven, as postulated by Miller (1956), particularly when rehearsal is 
blocked,, for instance by having participants perform a distracter task (Cowan, 2001). If the 
numberr of study items is large, participants may resort to alternative encoding strategies, 
suchh as forming associations between items, or remembering the order in which items were 
presentedd (Rypma & D'Esposito, 1999). When, on the other hand, rehearsal is possible, 
WMM capacity is likely to be determined by the number of items that can be rehearsed in 
aboutt 2 seconds (Baddeley, 1996; Cowan, 2001). Consequently, consonant letter strings are 
preferablee to words or objects to avoid confounds arising from the use of complex stimuli. 

AA second issue regarding WM function is the distinction made in the literature between 
manipulationn and maintenance tasks. Maintenance has been defined as transferring, 
maintainingg (including rehearsal), and matching of information in WM (Fletcher & Henson, 
2001),, whereas manipulation refers to the additional reorganisation or updating of each 
memoryy set. It has been argued that these functions depend on neuro-anatomically distinct 
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areass within the prefrontal cortex (PFC), i.e. ventrolateral PFC (maintenance) and 
dorsolaterall  PFC (manipulation). Whereas maintenance tasks can be used to test WM span, 
manipulationn WM tasks require additional executive functions similar to dual task 
performancee (Baddeley, 1996; D'Esposito et al., 1995), which may solely be enhanced in 
high-dissociatorss (cf Freyd et al., 1998; de Ruiter, Phaf, Veltman, Kok, & Van Dyck, 2003, 
seee Chapter 4). 

Inn the present study, we aimed to extend our previous findings with regard to WM 
functionn in high- versus low-dissociative participants. To this end, we used functional MR 
imagingg to compare high- and low-dissociative participants during performance of two WM 
tasks,, one maintenance task (Sternberg task) and one manipulation task (N-letter back task). 
Bothh tasks employed letter stimuli (consonants only), in order to avoid long-term memory 
encodingg strategies to support maintenance, as outlined earlier. In addition, both tasks were 
variedd parametrically, enabling us to identify regions specifically associated with task 
performancee (Jansma, Ramsey, Coppola, & Kahn, 2000). Given our previous findings 
usingg a WM span task, we expected that high-dissociative participants would perform better 
duringg a maintenance WM task, particularly at higher task loads. If, however, only 
increasedd executive functions are involved in dissociation, such an advantage would only 
bee expected in the manipulation WM task. 

3.33 Method 

Participants Participants 

Participantss were selected on the basis of their scores on the Dissociative Symptoms 
Questionnairee (Dis-Q) which was administered in a general 'test week' (in exchange for 
coursee credit) to approximately 400 first-year students at the Psychology Department of the 
Universityy of Amsterdam. The Dis-Q is a 63-item self-reporting scale for dissociative 
experiencess using a 5-point Likert scale (1 = not at all, 5 = extremely). In the general 
population,, it has been shown that dissociation scores are highly left-skewed, with no 
differencess between males and females (Ross & Ryan, 1989; Vanderlinden et al, 1991). 
Forr the present fMRI study, persons scoring in the highest and lowest quartiles were 
contactedd for participation. Twenty-two healthy right-handed students participated in the 
study.. All gave informed consent after the rationale of the study had been explained, and 
weree paid for their participation. The experimenter did not know the participant's Dis-Q 
scoree during the experiment. In order to obtain an IQ estimate, a vocabulary test was 
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administeredd (Elshout, 1976). This test consists of 40 low frequency words of which the 

rightt synonym has to be chosen. 

TaskTask paradigms 

Priorr to scanning, all participants practised both tasks outside the scanner on a personal 
computer.. To account for possible differences in state anxiety, participants were asked to 
ratee their subjective distress on a 100-point scale (SUD-S; 0 = not at all distressed, 100 = 
extremelyy distressed) before each time series while in the scanner. 

N-letterN-letter back. The four-step parametric version of the n-letter back task employed in 
thiss study was similar to the Braver et al. (1997) paradigm. Participants saw single letters 
projectedd on a screen and were requested to press a (right hand) response key when (i) the 
letterr 'x' appeared (baseline), (ii) the projected letter was the same as the last shown letter 
(1-back),, (iii ) the projected letter was the same as the letter preceding the last shown letter 
(2-back),, (iv) the projected letter was the same as the letter preceding the last two shown 
letterss (3-back). EachN-back session consisted of two sub-sessions, in which all conditions 
weree presented twice, in pseudo-randomised order. Each block consisted of 20 stimuli with 
ann ISI of 3 s and was preceded by a condition-specific instruction (6 s). 

Sternberg.Sternberg. We used a six-step parametric version of the letter Sternberg task. In each 
condition,, participants were instructed to memorise a letter string of varying length ( 2 -7 
letters)letters) during 10 s, after which the string disappeared and single letters were projected on a 
screen.. Participants were requested to press (right hand) one of two keys to indicate 
whetherr the letter had been in the string (Y/N). Each letter string was followed by 15 single 
letterss (ISI = 2.5 s), and each block was introduced by the text 'New string will 
follow'[nieuwee reeks volgt] presented for 5 s. Each condition was repeated three times, 
givingg 18 blocks, in randomised order. 

ScanningScanning details 

Functionall  MR imaging was performed at the dept. of Radiology of the outpatient clinic of 
thee Vrij e Universiteit Academic Hospital, using a 1.5 Tesla Vision whole-body system 
(Siemenss AG, Erlangen, Germany) equipped with a head volume coil. Axial multislice T2*-
weightedd images were obtained with a gradient-echo planar sequence (TE = 60 ms, TR = 
3.485s,, 64 x 64 matrix, 32 slices, 3 x3 mm in-plane resolution, slice thickness 3 mm with a 
lmmm interslice gap), covering the entire brain. Each session consisted of two functional 
MRII  sub-sessions during which 2 x 153 (n-back) and 280 (Sternberg) volumes were 
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acquired,, with the two tasks in counterbalanced order across participants. Between the sub-
sessions,, a Trweighted structural 3D gradient-echo MR-scan (0.78 x 0.78 x 2 mm voxel 
size)) was acquired. 

StatisticalStatistical analysis 

Overalll  performance (error rates, i.e. the ratio [no. of correct responses/total no. of 
responsess x 100 % ] , reaction times, and SUD-S scores) was assessed with a standard 
statisticall  package by ANOVAs with a mixed factorial design; group differences by 
comparingg error rates and reaction times for difficult versus easy steps (string length 2-4 
comparedd with 5-7 in the Sternberg; conditions X and 1-back compared with 2- and 3-back 
inn the n-back). Imaging data were analysed with SPM99 (Wellcome Department of 
Cognitivee Neurology, http://www.fil.ion.ucl.ac.uk). After discarding the first two scans of 
eachh time series to allow for a steady state to be induced, images were realigned, and 
spatiallyy normalized into the standard space of Talairach and Tournoux (1988) using each 
subject'ss co-registered structural Trscan. The data were smoothed spatially with an 8-mm 
isotropicc Gaussian kernel. Subsequently, data were band pass filtered, and analysed in the 
contextt of the General Linear Model, using boxcar regressors convolved with the canonical 
hemodynamicc response to model responses during each condition. For each task, linear 
contrastss were computed for main effects of task load for each subject. The resulting 
contrastt images were then fed into a second level (random effects) analysis and main 
effectss for task load were assessed for each group, as well as group by task load 
interactions.. Main effects for each group are reported at p < 0.005 corrected for multiple 
comparisonss using the False Discovery Rate method (Genovese, Lazar, & Nichols, 2002), 
withh a cluster size restriction of 10 voxels. Interaction effects are reported at p < 0.001 
uncorrected,, masked with the appropriate main effect at p < 0.001. 

3.44 Results 

Onee scanning session (involving a female participant from the high-dissociative group) was 
abortedd due to intervening panic. Consequently, the low-dissociative group consisted of 10 
participantss (mean Dis-Q score 1.33, range 1.19 - 1.46, mean age 22.9, range 18-30, seven 
females)) and the high-dissociative group consisted of 11 participants (mean Dis-Q score 
2.24,, range 1.84 - 2.90, mean age 22.6, range 19-29, seven females). 
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BehaviouralBehavioural data 

Unlesss indicated otherwise, mean values and standard deviations are presented. Scores on 
thee vocabulary test could be collected for all low dissociators (number of correct answers 
16.000  1.74) and for 9 of 11 high dissociators (number of correct answers 17.89  1.56). 
Nott surprisingly, Dis-Q scores differed significantly for the two groups (t(\9) = 7.97, p < 
0.000001),, whereas age (r(19) < 1, NS) and vocabulary {t( 19) < 1, NS) were about the same 
forr both groups. 

Behaviourall  measures for the Sternberg and n-back task are shown in Figure 1 and 2, 
respectively.. ANOVAs showed load-related increases in reaction times for both tasks (for 
Sternberg:: 660 ms  90 (string length 2) - 920 ms  120 (string length 7), F(5, 15) = 18.1,/? 
<< 0.001; for n-back: 550 ms  78 (baseline) - 840 ms  240 (3-back), F(3, 17) = 14.1, p < 
0.001).. Overall performance for both tasks was high (for the Sternberg 94.7 %  2.2; for the 
n-back,, 97.7 %  1.7), although performance decreased with increasing task load 
(Sternberg:: F(5, 15) = 30.0, p < 0.001; n-back: F(3, 17) = 4.7, p = 0.017). Sternberg task 
performance,, defined as the mean difference between scores for easy (string length 2 - 4) 
andd difficult items (string length 5-7) was better in the high-dissociative group than in the 
low-dissociativee group (5.3  4.2 vs. 9.6  4.9; F{\, 19) = 4.7,p = 0.043). For the n-letter 
back,, task performance (similarly defined as the mean difference between difficult (2- and 
33 back) and easy (x and 1-back) items) for the first sub-session did not differ between 
groupss (2.0  1.9 vs. 2.1  2.9, F < 1), but for the second sub-session, performance was 
againn better in the high-dissociative (0.36  3.0) than in the low-dissociative group (3.0
2.35;; F(l, 19) = 4.8, p = 0.041). Reaction times did not differ in both tasks (Fs < 1). 
Subjectivee levels of distress (SUD-S) scores were numerically higher in the high-
dissociativee group, but these differences were not significant (n-back, first subsession: 24.0 

 14.6 vs. 33.0 ; second subsession: 25.6  16.3 vs. 30  19.0; Sternberg: 22.3  18.8 
vs.. 33.5 ; all Fs < 1). To exclude the possibility that performance differences during 
thee Sternberg and N-back (second sub-session) were due to differences in levels of distress, 
analysess of covariance were performed with SUD-scores as covariates. For the n-back 
(secondd session), group effects were still significant (F(l, 19) = 4.9, p = 0.041), whereas 
differencess for the Sternberg were only marginally significant after regressing out SUD-
scoress (F(l, 19) = 3.7,p = 0.074). 
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Sternberg:: % correct Sternberg:: RT (ms) 
1000 0 

Figuree 1. Performance scores and reaction times (mean + S.E.M.) in low- and high-dissociative participants during 

performancee of the Sternberg task. 
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Figuree 2. Performance scores and reaction times (mean + S.E.M.) in low- and high-dissociative participants during 

performancee of the N-letter back task (two sub-sessions). 

fMRlfMRl data 

Resultss for imaging data are summarised in Tables 1-3. Main effects for task load for the 
Sternbergg task for each group were found in left dorsolateral and ventrolateral prefrontal 
cortex,, left parietal cortex, left inferior posterior temporal cortex, supplementary motor area 
extendingg into anterior cingulate gyrus (ACG), and cerebellum. In addition, in the high-
dissociativee group, we found right DLPFC and right parietal cortex, whereas in the low-
dissociativee group, we found right fusiform gyrus (see Table 1 and Figure 3). For the n-
letterr back task, in both groups increasing task load was associated with activity bilaterally 
inn DLPFC, VLPFC, and parietal cortex, as well as in right SMA, ACG, and cerebellum (see 
Tablee 2 and Figure 4). Group by task load interaction effects for both tasks were found in 
favourr of the high-dissociative group in left posterior DLPFC; for the n-back, left parietal 
cortexx was also identified. In contrast, group by task load interaction effects in favour of the 
low-dissociativee group were found only for the Sternberg, in bilateral fusiform gyrus and 
brainn stem (Table 3). 
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Tablee 1. Areas showing significant (p<0.005 com, extent threshold > 10 voxels) linear task load-related increase 
inn activity during performance of the Sternberg task in low- and high-dissociative subjects. BA=Brodmann area. 
SMA=supplementarySMA=supplementary motor area. 

a a 

Region n 

Prefrontal l 

Dorsolat. . 

Ventrolat. . 

Prefrontal l 

Anterior r 

Dorsolat t 

Parietal l 

Inf.. Temp. 

Fusiform m 

Ant.. Cing. 

Sma a 

Cerebel. . 

Low w 

1/rr Talairach 

1 1 

-488 24 30 

-51211 33 

-488 12 36 

-511 12 24 

-544 15 6 

r r 

1 1 

-300 -54 36 

r r 

11 -39-51-12 

rr 15-63-9 

99 24 45 

244 0 60 

-211 -63-39 

99 -30 -36 

Z-score e 

4.7 7 

4.9 9 

4.6 6 

4.4 4 

5.0 0 

4.5 5 

4.6 6 

4.2 2 

4.1 1 

4.6 6 

4.1 1 

4.2 2 

BA A 

9 9 

9 9 

44 4 

44 4 

44 4 

40 0 

37 7 

19 9 

32 2 

6 6 

High h 

Talairach h 

-488 30 33 

-488 24 30 

-422 27 21 

-455 12 36 

-399 9 30 

-544 15 6 

333 45 18 

455 36 33 

544 15 36 

-399 -42 45 

-36-511 54 

27-633 39 

-45-511 -12 

99 30 36 

211 6 63 

-211 -69-33 

39-511 -42 

Z-score e 

4.4 4 

4.4 4 

4.0 0 

5.6 6 

5.6 6 

4.7 7 

3.9 9 

4.1 1 

4.2 2 

4.0 0 

4.6 6 

4.0 0 

4.0 0 

5.4 4 

5.5 5 

3.9 9 

4.6 6 

BA A 

9 9 

9 9 

9 9 

44 4 

44 4 

44 4 

10 0 

9 9 

44 4 

40 0 

40 0 

40 0 

37 7 

32 2 

6 6 

Wee also investigated whether the increased task load related activity in the high-
dissociativee group was due to performance differences. To this end, we performed post-hoc 
comparisonss of the two sub-sessions of the n-letter back task, because the high-dissociative 
groupp had performed slightly better than the low-dissociative group during the second sub-
session,, but not during the first. We did not find any significant session to session 
differencess for each group, however. Moreover, the task load by group interaction effects in 
favourr of the high-dissociative group were found in both sub-sessions. 
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loww dissociators highh dissociators 

S3? ? 

Figuree 3. 3D-rendering of task load-related activity during performance of the Sternberg task in low-dissociative 

(leftt panel) and high-dissociative (right panel) participants. 

Tablee 2. Areas showing significant (p<0.005 corr., extent threshold > 
inn activity during performance of the N-letter back task in low- and 
area.. SMA=supplementary motor area. 

100 voxels) linear task load-related increase 
high-dissociativee subjects. BA= Brodmann 
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loww dissociators high dissociators 

Tablee 3. Areas showing task load by group interactions (p<0.001 uncorr., masked with main effects for task load at 
pO.0011 uncorr) for the Sternberg task (left) and N-letter back task (right) in high- and low-dissociative subjects. 
BA=Brodmannn area. 

Sternberg g 

Region n 11 r 

High>Low w 

Talairach h Z-score e BA A 

Prefrontal l 

Dorsolaterall  I -33 9 36 4.7 

Low>High h 

Fusiformm Gyrus r 36-63-12 4.2 

33-45-155 3.8 

Brainn Stem 9 -30 -36 3.4 

N-Letterr Back 

Region n 

Prefrontal l 

Dorsolateral l 

Parietal l 

I/r r 

1 1 

High>Low w 

Talairach h 

-366 9 36 

-300 -48 48 

Z-score e 

3.0 0 

3.1 1 

BA A 

9 9 

40 0 

3.55 Discussion 

Inn the present study, we used functional MR imaging to investigate neurophysiological 
correlatess of verbal working memory in high- and low-dissociative participants. To this 
end,, participants performed a parametric version of a verbal delayed match to sample task 
(Sternbergg task), as well as a parametric n-letter back task, while being scanned. 
Behaviourall  data demonstrated that high-dissociators performed better during the Sternberg 
taskk as well as during the second sub-session of the n-letter back task, whereas reaction 
timess for both tasks were similar across groups. The Sternberg findings are in agreement 
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withh previous work indicating an increased working memory span in high-dissociative 
participantss (De Ruiter et al., 2004, see Chapter 2). However, our data indicate that high-
dissociativee participants may also perform better during a manipulation type WM task, in 
whichh memory span (stack size) is less important than efficiency of stack updating. WM-
performancee differences were not abolished after correcting for differences in subjective 
distress.. This suggests that they are not due to catecholaminergic modulation of working 
memoryy (Arnsten, 1998), but are associated with fundamental differences in a general 
informationn processing mechanism. 

Imagingg data revealed in both groups for the Sternberg task load-related activity in L 
DLPFC,, L parietal cortex, L inferior temporal cortex, as well as cerebellum and SMA, 
extendingg into ACG. In addition, we found R DLPFC and parietal cortex for high-
dissociators,, and right fusiform gyrus for low-dissociators. Group by task load interaction 
effectss were identified in L DLPFC in favour of the high-dissociative group, as well as in R 
fusiformm gyrus and brain stem in favour of the low-dissociative group. For the n-back task, 
wee found similar areas, although these tended to be bilateral for both groups, rather than 
left-lateralized:: bilateral DLPFC and VLPFC, parietal cortex, SMA, and cerebellum. Group 
byy task load interaction effects in favour of the high-dissociative group were again found in 
leftt DLPFC, but also in L parietal cortex. Thus, both WM tasks activated highly similar 
networkss across groups. In earlier WM studies, VLPFC has been found primarily in 
maintenancee (delayed match to sample) tasks, whereas DLPFC was additionally activated 
duringg manipulation tasks, such as verbal (Braver et al., 1997) and spatial (Jansma et al., 
2000)) n-back, but also reordering/alphabetisation (Postle, Berger, & D'Esposito, 1999), 
letterr fluency, dual task vs. single task performance, and planning tasks (van den Heuvel et 
al.,, 2003). Therefore, it has been postulated that VLPFC is engaged in maintenance proper 
(includingg subvocal rehearsal), and DLPFC in selection/manipulation/monitoring of WM 
contentss (Fletcher & Henson, 2001). An alternative hypothesis has been put forward by 
Duncann and Owen (2000), who concluded that mid-ventrolateral, mid-dorsolateral, and 
dorsall  cingulate regions were consistently recruited for solving diverse cognitive problems. 
Regionall  specialization, in their view, is a matter of degree rather than kind, such as left-
lateralizationn of verbal, as opposed to spatial/object, WM tasks. The present data appear to 
bee in line with this second model, as they do not clearly support the hypothesis of a 
maintenance/manipulationn segregation between VLPFC and DLPFC (see Veltman, 
Rombouts,, & Dolan, 2003, for a more extensive discussion of this issue). 

Ann important finding of the present study is that in both tasks, high-dissociative 
participantss showed greater task load related activity in the same region, i.e. L middle 
DLPFC.. Moreover, this difference cannot be explained solely by the superior performance 
off  the high-dissociative groups. Although it has been shown that performance during a 
maintenancee task is associated with signal strength during the encoding/delay phase 
(Pessoa,, Gutierrez, Bandettini, & Ungerleider, 2002), in the present study we found these 
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groupp differences in both sub-sessions of the n-letter back task, whereas performance scores 
weree different only during the second sub-session. Therefore, it appears that although both 
groupss rely on similar networks to perform these WM tasks, the high-dissociative group 
activatess this system to a greater extent. In the present study, we found two additional areas 
showingg group by task interaction effects: L parietal cortex in high-dissociative compared 
withh low-dissociative participants (n-back), and R fusiform area in low-dissociative 
comparedd with high-dissociative participants (Sternberg task). Left parietal cortex has 
previouslyy been implicated in phonological storage (Paulesu, Frith, & Frackowiak, 1993), 
butt has also been found in manipulation WM tasks, which has been interpreted as 
participationn in executive functioning (Cohen et al., 1997; Collette et al., 1999), or due to 
increasedd attentional demands at higher task loads (Honey, Bullmore, & Sharma, 2000). 
Thee greater involvement of R fusiform gyrus in low-dissociative participants during 
performancee of the Sternberg task suggests stronger visual (object) processing in this group. 
Itt is unclear whether this is due to decreased visual selective attention resulting from a 
higherr relative WM load in the low-dissociative group, as would be predicted by the 
findingss of de Fockert, Rees, Frith, & Lavie (2001), or due to a fundamental difference in 
informationn processing style (e.g., verbal vs. nonverbal style; Gevins & Smith, 2000). 

Thee present results seem to contradict the conjecture by Dorahy (2001) of potential 
deficitss in working memory with dissociative patients. Though unlikely, it remains, 
however,, possible that only patients are characterized by working memory deficits, but 
high-dissociativee nonpathological individuals have elevated working memory abilities. An 
alternativee view that visuospatial, but not verbal, working memory is affected in high levels 
off  dissociative style, both pathological and nonpathological, can also not be excluded on the 
basiss of these results. The main finding of this study, increased working memory 
performancee as a function of dissociative style, is, however, not easy to reconcile with 
Dorahy'ss suggestion. In our view, moreover, it corresponds closely to other findings in the 
fieldss of attention and memory. Words that are, for instance, kept active longer in working 
memoryy are generally encoded more strongly in episodic memory (e.g., Raaijmakers & 
Shiffrin,, 1981), which also offers a potential explanation for the findings of enhanced 
memoryy performance by high dissociators (Cloitre et al, 1996; Elzinga et al., 2000; 
McNallyy et al., 1998; McNally et al., 2001). Only with 'alter' changes clear episodic 
memoryy deficits have been obtained in dissociative patients (Eich et al., 1997; Elzinga, 
Phaf,, Ardon, & Van Dyck, 2003). This, probably, does not indicate that working memory 
capacityy changes with 'alter', but suggests that the working memory ability is actively 
engagedd to suppress 'unwanted' memories in the other 'alter'. The retrieval inhibition 
hypothesiss for inter-alter memory performance was supported by the finding of a directed 
forgettingg effect in a second 'alter' that could not be caused by differential storing by the 
firstt 'alter' (Elzinga et al., 2003). Apart from its potential for explaining dissociative 
disorders,, dissociative style also provides an opportunity to investigate general information 
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processingg mechanisms in healthy individuals. Strictly speaking, because our study only 
concernedd a nonclinical sample, our conclusions should only address nonpathological 
functioning.. We feel that sufficiently converging and consistent results have been obtained 
inn the fields of attention, WM, and long term memory to conclude that, at least 
nonpathological,, dissociative tendencies correspond to both enhanced attentional and 
workingg memory abilities, which have a strong genetic basis (Jang et al., 1998). A 
differentiationn between high- and low-dissociative individuals in experiments on attention 
andd memory may in the end result in a sharper delineation of the elementary processes 
involved. . 
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4 4 
Attentionn as a characteristic of nonclinical 

dissociation:: an ERP study 

4.11 Abstract 

Individuall  differences in dissociative style (which is generally considered a risk factor for 
dissociativee pathology), were studied in a nonclinical sample. It was hypothesized that 
high-dissociativee participants would show enhanced attentional abilities both towards 
relevantt and irrelevant stimulus features. In the experiment, threatening and affectively 
neutrall  words were classified on their affective valence and the presence of the letter A. To 
facilitatee the full deployment of dissociative abilities, a feature (i.e., negative valence) was 
includedd that would automatically attract attention but not interfere with the processing of 
thee central feature. Both the behavioural measures (i.e., Reaction Time) and the central 
neurall  measures (i.e., Event-Related Potentials) showed that the ability to direct attention to 
thee central feature was enhanced in the high dissociators. The high dissociators, moreover, 
showedd evidence of directing attention to both affective valence and the letter A in the letter 
detectionn task. It is concluded that dissociative style does not correspond to a damaged or 
disturbedd function but to an enhanced ability to direct and divide attention. 

dee Ruiter, M. B., Phaf, R. H., Veltman, D. J., Kok, A., & van Dyck, R. (2003). Attention as 
aa characteristic of nonclinical dissociation: An ERP study. Neuroimage, 19, 376-390. 
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4.22 Introduction 

Attentionn appears to be such a central feature of human functioning that it would be 
astonishingg if no individual differences in attentional processing occurred. We suggest here 
thatt dissociative style, which originates from the clinical literature (Kihlstrom, Glisky, & 
Angiulo,, 1994; Ray, 1996; Waller, Putnam, & Carlson, 1996), may be related to general 
differencess in directing attention (see also DePrince & Freyd, 1999; Freyd, Martorello, 
Alvarado,, Hayes & Christman, 1998). The relationship between dissociative style and the 
processingg of emotional and neutral stimulus material with and without attention to the 
emotionall  content was investigated in a nonclinical group of university students. To include 
aa feature with an intrinsic capacity to attract attention {e.g., Mathews & Mackintosh 1998) 
halff  of the words had a negative emotional connotation. Because differences in attentional 
processingg may be much harder to detect at a behavioural level than at a central, neural 
level,, we have also investigated Event-Related Potentials (ERPs) derived from the scalp. 

Pathologicall  dissociation -as defined by the fourth edition of the Diagnostic and 
Statisticall  Manual of Mental Disorders (DSM IV, American Psychiatric Association, 
1994)-- is "a disruption in the usually integrated functions of consciousness, memory, 
identity,, or perception of the environment". The most widely known psychiatric disorders 
thatt have dissociation as a core feature are Post-Traumatic Stress Disorder (PTSD) and 
Dissociativee Identity Disorder (DID). Dissociative experiences are a part of everyday life, 
however,, and frequently occur outside any traumatic context. (Kihlstrom et al.; 1994; Ray, 
1996;; Waller et al., 1996). For example, car drivers may become so engrossed in 
daydreaming,, a conversation with a passenger, or other mentation, that the mental processes 
associatedd with driving are evidently dissociated from consciousness, yet the road is 
successfullyy navigated. 

Thoughh originally developed to screen for persons at risk for dissociative pathology, a 
numberr of questionnaires is nowadays used to determine to what extent individuals have a 
generall  tendency for dissociative experiences (e.g., DES: Bernstein & Putnam, 1986; Dis-
Q:: Vanderlinden, Van Dyck, Vandereycken, Vertommen, & Verkes, 1993). The Dis-Q, 
whichh has been developed in the Dutch language, is used in the present study. It has been 
arguedd that pathological dissociation is a categorically distinct entity from 'normal' 
dissociativee tendencies which can be found in the general population (Waller et al., 1996), 
whereass others emphasized the continuity between normal and pathological dissociative 
experiencess (Kihlstrom et al., 1994). The idea that a dissociative disorder may develop, 
possiblyy after a traumatic experience, in individuals who already have strong dissociative 
tendencies,, is supported by twin studies showing a substantial shared genetic variance 
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betweenn normal and pathological dissociative experiences (e.g., Jang, Paris, Zweig-Frank, 
&&  Livesley, 1998). The present research is, however, essentially neutral with respect to this 
issue,, but instead investigates how normal dissociative tendencies can best be characterized 
inn terms of general information processing mechanisms, primarily with respect to attention. 
Thee high level of genetic influences in both pathological and nonpathological dissociation 
(Jangg et al., 1998), moreover, suggests that a fundamental mechanism may be involved. 

Laboratoryy studies of dissociative processes have largely focused on memory processes 
inn patient groups that are characterized by (presumably pathological) dissociation (e.g., 
Cloitre,, 1992; Cloitre, Cancienne, Brodsky, Dulit, & Perry, 1996; Elzinga, de Beurs, 
Sergeant,, Van Dyck, & Phaf, 2000; McNally, 1998; McNally, Metzger, Lasko, Clancy, & 
Pitman,, 1998). Unexpectedly, because dissociation was assumed to induce amnesia for the 
traumaticc events, high-dissociative patients, at least under some circumstances, showed 
superiorr (i.e., 'hypermnesic') memory performance in a number of laboratory studies for 
bothh emotionally neutral and presumably trauma-related words. The extreme level of 
forgettingg that is suggested by the term 'amnesia' was not obtained in any condition. This 
ledd to the hypothesis that dissociative patients may not be very well able to forget traumatic 
events,, but instead use their high attentional abilities to divert attention from re-
experiencingg these events (Elzinga et al., 2000). 

Wee only know of two laboratory studies specifically aimed at clarifying the relation 
betweenn dissociation and attention in a nonclinical population (Freyd et al., 1998; DePrince 
&&  Freyd, 1999). Employing hybrid versions of a classical and an emotional Stroop task, 
however,, Freyd et al. (1998) and DePrince et al. (1999) found that high-dissociative 
participantss showed more classical (but not emotional) Stroop interference than low-
dissociativee participants. This increased interference disappeared when participants were 
instructedd to perform dual tasking: besides naming the colour of the words, the instruction 
wass to also remember them. This led DePrince and Freyd (1999) to argue that high-
dissociativee persons are better at dual tasking than low-dissociative persons. In (classical) 
Stroopp tasks, however, the two stimulus features are generally related in some respect. 
Participantss are instructed, but are not very well able, to ignore the content of the word. The 
divisionn of attention may, thus, be hindered by the relationship between the two features. 
Thiss may not be very conducive to the deployment of dissociative abilities. In our 
experimentall  design the stimulus features did not interfere with one another, so that high 
dissociatorss would have a better opportunity to divide their attention between the two 
features. . 

Thee hypothesis that motivated this study was that high dissociative persons are 
characterizedd by increased attentional abilities, compared to low dissociative persons. 
Similarr to a person with good eyesight, for instance, there may be no trade-off, but the 
perceptionn of both central and peripheral details may be improved. In this experiment, 
attentionn was focussed by the instruction on one of two stimulus dimensions of visually 
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presentedd words. With affective classification participants had to indicate if they thought 
thee meaning of the presented word was negative or neutral. In the other task participants 
hadd to perform visual search (e.g., Luck & Hillyard, 1990). They were instructed to detect 
thee letter A in the word presented. 

Negativee valence served as one of the two stimulus features because of its capacity to 
automaticallyy attract attention which should facilitate the division of attention by high-
dissociativee individuals. Particularly negative valence, or more specifically threat value, of 
aa stimulus has been hypothesized to be processed automatically at very early stages 
(LeDoux,, 1996; Mathews & Mackintosh, 1998; Öhman & Mineka, 2001). Although the 
DSMM IV definition of dissociation does not explicitly refer to affective processes, an 
affectivee component is also often implicated in dissociative phenomena, and particularly in 
relationn to possible traumatic experiences (e.g., Putnam, Guroff, Silberman, Barban, & 
Post,, 1986). The prediction derived from this position, however, contrasts to our prediction. 
Whereass we would expect attention towards negative valence, the trauma-related position 
wouldd predict avoidance by high dissociators (e.g., Cloitre et al., 1996). 

Event-relatedd brain potentials (ERPs) were recorded simultaneously with reaction time 
(RT)) and error measures, to assess the influence of dissociative style on attentional 
processing.. The major advantage of ERP measures in this context is that they provide on-
linee assessments of information processing activities. ERPs are scalp-recorded electrical 
potentialss generated by neural activity associated with specific sensory, cognitive, and 
motorr processes (e.g., Coles, Gratton, Bashore, Eriksen, & Donchin, 1985; Donchin, Karis, 
Bashore,, Coles, & Gratton, 1986). One component of the ERP in particular, the Late 
Positivee Potential (LPP), is sensitive to both affective and nonaffective processing (e.g. 
Critess & Cacioppo, 1996; Ito & Cacioppo, 2000; Johnston, Miller, & Burleson, 1986; 
Naumann,, Bartussek, Diedrich, & Laufer, 1992; Naumann, Maier, Diedrich, Becker, & 
Bartussek,, 1997), the amplitude of the LPP reflecting the allocation of attention and its 
onsett latency reflecting temporal aspects of stimulus processing. Furthermore, LPP has 
beenn successfully utilized to assess individual differences in affective processing (e.g., 
Kiehl,, Hare, McDonald, & Brink, 1999; Williamson, Harpur, & Hare, 1991). 

Itt was expected that in the affective evaluation task i) threat words would elicit faster 
responsess than neutral words), ii) threat words would elicit larger LPP amplitudes than 
neutrall  words and iii ) these effects would be larger for high than for low dissociators. For 
thee letter detection task, it was expected that i) words containing the letter A would elicit 
fasterr responses than words not containing the letter A, ii) words containing the letter A 
wouldd elicit larger LPP amplitudes than words not containing the letter A and iii ) these 
effectss would be larger for high than for low dissociators, iv) the irrelevant stimulus feature 
(affectivee valence) would attract attention, particularly of the high dissociators and would 
aidd the direction of attention to the relevant feature. To our knowledge, no consistent effects 
off  valence on ERPs have been found when words are used as stimulus material and when 
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attentionn is not directed to the meaning of the words. We speculated that, with a distinction 
basedd on individual differences, we would find an effect of stimulus valence for the high 
dissociatorss in the letter detection task. 

4.33 Method 

Participants Participants 

Unlesss indicated otherwise, mean values and standard deviations are presented. 
Approximatelyy 120 students had previously filled out the Dis-Q in unrelated experiments 
andd had consented to be contacted for participation in a following experiment. Eventually, 
166 students with low (Dis-Q 1.32  0.13; mean age 22.6  5.5, three reported to be left 
handed,, six male) and 16 with high (Dis-Q 2.19  0.37; mean age 23.4  3.72, two reported 
too be left-handed, seven male) Dis-Q scores agreed to participate in the experiment. They 
weree told that they were invited for the experiment because of their score on the 
questionnairee but were not told whether they had scored high or low on the questionnaire. 
Thee experimenter was unaware of the Dis-Q score of the participant. All participants had 
normall  or corrected-to-normal vision, indicated not to be dyslexic, to have no history of 
mentall  or sustained physical illness and had Dutch as their first language. Written informed 
consentt was obtained from all participants. 

Material Material 

Thee stimuli consisted of 304 Dutch words. Half of the words were neutral words, the other 
halff  were threat words, selected from a pool of words validated in a perceptual clarification 
taskk (Ter Laak, 1992, unpublished Master's thesis), in which these words were recognized 
mostt consistently and rapidly as neutral and threat words under conditions of minimal 
stimuluss visibility. This resulted in a collection of neutral and threat words that were 
relativelyy high frequent and very representative for each category. Half of the words 
containedd the letter A, the other half did not. Words were selected that varied in length 
betweenn five and ten letters. Neutral and threat words were matched on word length, word 
typee (verbs, adjectives and nouns) and frequency of usage. A subset of 45 neutral and 45 
threatt words was randomly selected and ordered for the affective evaluation task. Another 
subsett of 45 neutral and 45 threat words was randomly selected and ordered for the letter 
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detectionn task. Finally, a subset of twelve neutral and twelve negative words was randomly 
selectedd and ordered to serve as buffer words. Before and after both tasks, six buffer words 
weree presented. Approximately half of the neutral and half of the threat words contained the 
letterr A. Each stimulus consisted of a single word that appeared in white lowercase letters 
againstt a black background in the centre of a 17" monitor positioned at 80 cm from the 
participants'' eyes. Words were presented for Is, with an interstimulus interval randomly 
varyingg between 2 and 3 s. Each word subtended a vertical angle of 1.43° and a horizontal 
visuall  angle varying between 4.55° and 8.58°. A small fixation cross was continuously 
present,, except during presentation of the stimulus. Stimulus presentation and response 
registrationn was performed with in-house software of the Department of Psychonomics, 
Universityy of Amsterdam that was run on a Pentium personal computer. 

Procedure Procedure 

Participantss were tested individually in a dimly lit, sound-attenuated room. They were 
comfortablyy seated in an easy chair, and two response buttons were both positioned either 
onn the left or the right armrest, dependent of the participant's handedness. In these tasks the 
participantss were instructed to look at the fixation cross continuously and to respond as 
quicklyy and accurately as possible. After fillin g out an informed consent and some personal 
details,, participants were seated in a chair. Subsequently, the electrode cap, EOG, ground 
andd reference electrodes were attached. The order of the two tasks was counterbalanced 
acrosss participants within each participant group. During all task blocks, participants had to 
respondd in a forced choice fashion by pushing a button with either the index or middle 
fingerr of the preferred hand. 

Inn the letter detection task, participants had to decide if the letter A was present in the 
presentedd word or not. The button that could be pushed by the index finger was labelled 
'well  A' ('with A'), the button that could be pushed by the middle finger was labelled 'geen 
A'' ('without A'). In the affective evaluation task, participants had to decide whether the 
presentedd word was affectively neutral or negative. One button was labelled 'neutraal' 
(neutral),, the other was labelled 'negatief (negative). Response button was 
counterbalancedd across participants within each group. 

ERPERP recording 

EEGG was continuously recorded from 58 tin electrodes embedded in an elasticized cap 
(Electro-capp international). The locations used were FPz, AFz, Fz, Cz, Pz, Oz, FP1, FP2, 
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AF3,, AF4, AF7, AF8, F3, F4, F5, F6, F7, F8, F9, F10, FC1, FC2, FC3, FC4, FC5, FC6, 
FT9,, FT10, CI, C2, C3, C4, T7, T8, T9, T10, CP1, CP2, CP5, CP6, TP9, TP10, P3, P4, P7, 
P8,, P9, P10, P03, P04, P07, P08, P09, PO10, 0 1, 02, 09, 010. EEG recordings were 
referencedd to a left mastoid electrode. Horizontal eye movements were measured by 
derivingg the Electrooculogram (EOG) from two electrodes placed at the outer canthi of the 
participants'' eyes. Vertical eye movements and eye blinks were detected by deriving an 
EOGG from two electrodes placed approximately one centimetre above and below the 
participants'' right eye. Impedance of all channels was kept below 10 kOhm. Signals were 
amplifiedd with a band-pass of 0.16 to 100 Hz and digitized and stored at 250 Hz. 

Duringg off-line analysis, data were segmented into epochs of 300 ms before to 1744 ms 
afterr stimulus onset and subsequently scanned for A/D saturation and flat lines. Ocular 
artefactss were controlled according to Woestenburg, Verbaten, & Slangen (1983). All 
epochss containing artefacts (change in amplitude of more than 100 uV per 5 consecutive 
samples)) or electrical drifts (change in amplitude of more than 200 fiV per epoch) in one or 
moree channels were omitted from further analysis. A 100 ms prestimulus interval was used 
ass a baseline. The grand average ERPs were smoothed using a 4-point binomially weighted 
filterr (Wastell, 1979). 

Topographicc mapping of the scalp potentials was performed with the brain electric 
sourcee analysis (BESA) software package (Scherg & Berg, 1995). The waveforms were re-
referencedd to the average reference, and interpolated for mapping by means of a spherical 
surfacee spline method (Perrin, Pernier, Bertrand, & Echallier, 1989). 

4.44 Results 

BehaviouralBehavioural data 

Thee overall proportion of correct classifications and mean reaction times (RT) of correct 
classificationss for each of the two tasks and for each word type (see Figure 1 and 2) were 
firstt subjected to ANOVAs in omnibus 2 (group) x 2 (task) x 2 (valence) x 2 (A in word) 
designss and subsequently to separate ANOVAs for the two tasks. Participants overall 
classifiedd more words correctly in thee letter detection task (M = 0.97, SD = 0.04) than in the 
affectivee evaluation task (M = 0.90, SD = 0.09, F(l, 30) = 35.41, p < 0.001). This is not 
surprisingg because classification of words as either neutral or negative seems more 
subjectivee than detecting the letter A. Responses were also made faster in the letter 
detectionn task (M = 641 ms, SD = 79) than in the affective evaluation task (M = 763 ms, SD 
==  114; F(l, 30) - 62.78,p < 0.001). 
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AffectiveAffective evaluation. In the affective evaluation task, more neutral words (M = 0.96, SD = 

0.06)) were classified correctly than threat words (A/= 0.85, SD = 0.11, F(l, 30) = 25.51,/? 
<< 0.001). This may reflect the difficulty in selecting unambiguously negative words. The 
correctt responses to threat words (M = 754 ms, SD = 107) were faster than to neutral words 
(M(M = 771 ms, SD = 121). Low dissociators made more correct responses to negative words 
withh A than high dissociators. (M = 0.89; SD = 0.08 and M = 0.81, SD = 0.12, respectively) 
whichh resulted in a group x valence x A interaction (F(l, 30) = 7.89, p < 0.01) and also 
qualifiedd the group x A interaction (F(l, 30) = 4.75, p < 0.05). The valence effect was 
somewhatt larger for high dissociators (threat: M = 739 ms, SD = 81, neutral: M = 758 ms, 
SDSD = 106) than for low dissociators (threat: M = 770 ms, SD = 134, neutral: M = 785 ms, 
SDSD = 135). The effects of valence and group x valence, however, failed to reach statistical 
significancee {F(\, 30) = 1.54, NS; F(l, 30) < 1, NS, respectively). No further main or 
interactionn effects reached significance in the analysis of the affective evaluation task. 

affectivee evaluation: % corr. affective evaluation: RT (ms) 

1000 -i 

neutrall | negative 

loww dis. 

•• +A 
-A A 

a: : 
neutrall | negative 

highh dis 

800 0 

7000 — 

500 0 

neutrall | negative 

highh dis-

Figuree 1. Behavioural data. Percentage of correct responses (left) and mean reaction times for correct responses 
(right)) for low and high dissociators of neutral and negative words with or without the letter A during affective 

evaluation.. Error bars show S.E.M. 
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Figuree 2. Behavioural data. Percentage of correct responses (left) and mean reaction times for correct responses 

(right)) for low and high dissociators of neutral and negative words with or without the letter A during letter 

detection.. Error bars show S.E.M. 
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LetterLetter detection. In the letter detection task, neutral words containing the letter A yielded 
lesss correct responses than the other three word categories, resulting in valence x A 
interactionn (F(l, 30) = 9.86, p < 0.05). This also accounted for the fact that words 
containingg the letter A were less often classified correctly overall than words not containing 
thee letter A (M = 0.95, SD = 0.06; M = 0.98, SD = 0.03, respectively, F(\, 30) = 14.00,p < 
0.001)) and that negative words yielded more correct responses than neutral words (M = 
0.96,, SD = 0.06; M = 0.97, SD = 0.03, respectively, F(\, 30) = 6.73, p < 0.05). Participants 
respondedd faster to words with the letter A (M = 625 ms, SD = 73) than to words without 
thee letter A (M= 657 ms, SD = 84, f ( l , 30) = 15.63,p < 0.001). This probably arises from 
thee fact that on average the search can be ended earlier when the letter is present than when 
itt is not (e.g., Luck & Hillyard, 1990). In addition, letter detection responses were faster to 
threatt words (M = 637 ms, SD= 83) than to neutral words (M = 644 ms, SD = 75), which 
resultedd in a marginally significant main effect of valence (F(l, 30) = 3.19,/? = 0.084). 

Thee effect of A on RT was larger for high dissociators (words containing the letter A: M 
== 627 ms, SD = 66; words not containing the letter A: M = 672 ms, SD = 81) than for low 
dissociatorss (words containing the letter A: M = 623 ms, SD = 80; words not containing the 
letterr A: M - 641 ms, SD = 88), although the interaction between group and A was not 
significantt (F(l, 30) = 2.68, NS). Separate analyses of RT for the two groups, however, 
showedd that the high dissociators were mainly responsible for the effect of A (high 
dissociators:: F(l, 15) = 14.98, p < 0.005; low dissociators: f ( l , 15) = 2.80, NS). The 
detectionn of the letter A was facilitated by a negative valence, only for the high dissociators 
(interactionn between group, valence and A: F(l, 30) = 5.31, p < 0.05; valence x A 
interactionn for low dissociators: F(\, 15)= < 1; for high dissociators: F(\, 15) = 5.73, p < 
0.05).. Whereas the detection of A by the high dissociators was aided most by the threat 
wordss (F(l, 15) = 13.95, p < 0.005), the effect of A was also significant for the neutral 
wordss (F(\, 15) = S.77,p = 0.01). No more main or interaction effects were significant in 
thee analysis of letter detection. 
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affectivee evaluation, low dissociators 
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negativee + A 
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Figuree 3a. Grand average ERP waveforms at a subset of 15 eleetrodes and vertical and horizontal EOG for low 
dissociatorss during the affective evaluation task. Depicted are ERPs to neutral words containing the letter A, 
neutrall  words not containing the letter A. negative words containing the letter A and negative words not containing 
thee letter A. Gain for the EOG channels is 10 times lower than for the EEG. 
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affectivee evaluation, high dissociators 
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Figuree 3b. Grand average ERP waveforms at a subset of 15 electrodes and vertical and horizontal EOG for high 
dissociatorss during the affective evaluation task. Depicted are ERPs to neutral words containing the letter A, 
neutrall  words not containing the letter A. negative words containing the letter A and negative words not containing 
thee letter A. Gain for the EOG channels is 10 times lower than for the EEG. 
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Event-RelatedEvent-Related Potentials 

Grandd average ERPs were calculated and analyzed separately for the affective evaluation 
taskk and the letter detection task. ERPs were quantified by computing the mean amplitude 
(relativee to the 100 ms prestimulus baseline) for four latency regions: 200-300 ms, 300-400 
ms,, 400-600 ms and 600-1000 ms. Amplitude differences between the conditions were 
examinedd by conducting repeated measures MANOVAs for each latency region from the 5 
midlinee electrodes sites, resulting in 2x5x2x2 analyses that contained the between-
participantt factor group (low and high dissociators) and the within-participant factors 
electrodee site (FPz, Fz, Cz, Pz and Oz), valence (neutral words and threat words), and A 
(wordss containing the letter A and words not containing the letter A). Effects of electrode 
sitee are only reported if they interacted with the between participant variable of group 
and/orr one of the experimental within participant factors. We also submitted a subset of 
laterall  electrodes to MANOVAs (as shown in Figure 3 and 4). However, after global 
normalizationn of the data as recommended by McCarthy and Wood (1986, second method), 
noo laterality effects remained statistically significant. Other significant effects added 
nothingg to the results of the midline analyses, so we do not report them here. 

AffectiveAffective evaluation. Grand average ERPs from selected lateral and midline sites for the 
affectivee evaluation task are shown, overlaid for stimulus type, in Figure 3a and 3b for the 
loww and high dissociators, respectively. The effect of valence was characterized by a large, 
widespreadd and prolonged positivity that was elicited by negative relative to neutral words. 

2000 - 300 ms window 

Inn the first time window, the expected effect of valence is already present: negative words 
yieldd a more positive ERP amplitude than neutral words (F(l, 30) = 11.36, p < 0.005). This 
effectt is larger for high than low dissociative participants, which is reflected in a group x 
valencee interaction (F(l, 30) = 4.79, p < 0.05). Separate post-hoc analyses for the low and 
highh group revealed that for low dissociators there was no effect of valence (F(I, 15) < 1), 
whereass for the high dissociators the effect is fully significant (F(l, 15) = 14.56, p < 
0.0025).. Low dissociators showed some effect of A, with words containing the A eliciting a 
moree positive ERP amplitude than words without A, resulting in a marginally significant 
groupp x A interaction (F(l, 30) = 3.77, p - 0.062). Post-hoc analyses revealed that there 
wass no effect of A for the high dissociators (F(l, 15) < 1), NS). 
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3000 - 400 ms window 

Inn the second time window, the effect of valence continued to be significant (F(\, 30) = 
27.23,, p < 0.001). This effect is somewhat larger at posterior than anterior sites, which 
resultedd in a marginally significant site x valence interaction (F(4, 27) = 2.57, p = 0.061). 
Althoughh group and valence did not interact significantly (F(l, 30) = 2.41, p NS, post-hoc 
testss suggested that the effect of valence is larger for the high group (F(l, 15) = 19.01, p < 
0.001)) than for the low group (F(l, 15) = 8.46, p < 0.05). For the low group, words 
containingg the letter A yield a more positive ERP amplitude than words without A, whereas 
thiss is not the case for the high group, which resulted in a significant group x A interaction 
(F(l,, 30) = 6.14, p < 0.05). This was confirmed by post-hoc tests (effect of A for low 
group:: (F(l, 15)= 13.70,/? < 0.001, high group: F(l, 15) = 8.46, p < 0.05). 

4000 - 600 ms window 

Inn the third time window, effects were similar to the 300 - 400 ms window: the valence 
effectt reached its maximal amplitude (F(l, 30) = 81.81, p < 0.001) and was larger at 
posteriorr sites, which resulted in a fully significant site x valence interaction (F(4, 27) = 
8.75,, p < 0.001). The group x A interaction remained significant (F(l, 30) = 4.64, p < 0.05). 
Post-hocc tests again confirmed that the effect of A was only significant for the low group 
(F(l,, 15) = 6.73,p < 0.05, high group: (F(l, 15) < 1, NS). Conform the previous window, 
groupp and valence did not interact significantly (F(l, 15) < 1, NS), but post-hoc tests again 
suggestedd that the effect of valence was larger for the high group (F(l, 30) = 53.01, p < 
0.001)) than for the low group (F(l, 30) = 31.82,/? < 0.001). 

600-- 1000 ms window 

Inn this late time window, the effect of valence is wearing off, but still resulted in a 
significantt effect (F(l, 30) = 14.51,/? < 0.001). Conform the previous window, group and 
valencee did not interact significantly (F(l, 30) < 1, NS), but post-hoc tests revealed that the 
effectt of valence was larger for high group (F(l, 30) = 53.01, p < 0.001) than for the low 
groupp (F(l, 30) = 10.48,/? < 0.01). A marginally significant group x A interaction (F(l, 30) 
== 2.93,/? = 0.097) indicated that for the low group there was an effect of A (F(l, 15) = 4.87, 
pp < 0.05 whereas this was not the case for the high group (F( 1, 15) < 1, NS). 

LetterLetter detection. Grand average ERPs from selected lateral and midline sites for the letter 
detectionn task are shown overlaid for stimulus type in Figure 4a and 4b for the low and high 
dissociators,, respectively. Similar to the effect of valence in the affective evaluation task, 
thee effect of A is characterized by a large and sustained positivity that is elicited by words 
containingg the letter A compared to words not containing the letter A. 
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letterr detection, low dissociators 
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Figuree 4a. Grand average ERP waveforms at a subset of 15 electrodes and vertical and horizontal EOG for low 
dissociatorss during the letter detection task. Depicted are ERPs to neutral words containing the letter A. neutral 
wordss not containing the letter A, negative words containing the letter A and negative words not containing the 
letterr A. Gain for the EOG channels is 10 times lower than for the EEG. 
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letterr detection, high dissociators 

neutrall + A 
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Figuree 4b. Grand average ERP waveforms at a subset of 15 electrodes and vertical and horizontal EOG for high 
dissociatorss during the letter detection task. Depicted are ERPs to neutral words containing the letter A, neutral 
wordss not containing the letter A, negative words containing the letter A and negative words not containing the 
letterr A. Gain for the EOG channels is 10 times lower than for the EEG. 
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2000 - 300 ms window 

Noo significant effects were found in this latency interval. 

3000 - 400 ms window 

Thee effect of A was significant (F(l, 30) = 11.67,/? < 0.05) and larger for the high than the 
loww group, which was reflected in a marginally significant group x A interaction (F(l, 30) 
== 2.92, p = 0.098). Post-hoc tests confirmed this observation: for the low group the effect of 
AA was not significant (F(l, 15) = 2.38, NS), but it was fully significant for the high group 
(F(l,, 15) = 9.46, p < 0.01). Based on visual inspection, it can be seen that the effect of A is 
amplifiedd by stimulus valence for the high group, whereas this is not the case for the low 
group.. Although no significant group x valence x A interaction was found (F(l, 30) = 2.36, 
NS),, post-hoc tests demonstrated that there was no valence x A interaction for the low 
groupp (F(l, 15) < 1, NS), whereas the valence x A interaction was nearly significant for the 
highh group (F(\, 15) = 4.28, p = 0.056). Further tests revealed that, for the high group, the 
effectt of A was larger for negative words (F(l, 15) = 9.31,/? < 0.01) than for neutral words 
(F(l,, 15) = 5.44,/? < 0.05). A marginally significant site x valence interaction (F(4, 27) = 
2.30,/?? = 0.084) indicated that there was some effect of valence at anterior sites. 

4000 - 600 ms window 

Ass in the previous time window, words containing the letter A elicited a more positive 
amplitudee than words not containing the letter A (F(l, 30) = 7.36,/? < 0.05). This effect was 
largerr at anterior sites, which resulted in an almost significant site x A interaction (F(4, 27) 
== 2.61, p = 0.058). Again, the effect of A is larger for the high than the low group, which 
wass reflected in a fully significant group x A interaction (F(l, 30) = 5.94,/? < 0.05). Post-
hocc tests again confirmed this (low group: (F(l, 15) < 1, NS); high group: (F(l, 15) = 9.06, 
pp < 0.01). The enhancement of the effect of A by valence for the high, but not the low, 
groupp now resulted in a significant group x valence x A interaction (F(l, 30) = 6.94, p < 
0.05).. This observation was again confirmed by post-hoc tests (valence x A for the low 
group:: F(l, 15) < 1, NS, for the high group: F(l, 15) = 8.62, p < 0.01). Further tests 
revealedd that, for the high group, the effect of A was larger for negative words (F(l, 15) = 
11.222 p < 0.005) than for neutral words (F(l, 15) = 4.76, p < 0.05), but that it was still 
presentt for neutral words. 
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600-- 1000 ms window 

Inn the late window, the effect of A was still significant (F(l, 30) = 7.00,p < 0.05) and again 
strongerr at anterior sites (site x A interaction: F(4, 27) = 4.99, p < 0.005). Also, as in earlier 
windows,, the high-dissociative participants were mainly responsible for the effect of A 
(groupp x A: (F(\, 30) = 3.42, p = 0.074; low group: effect A (F(l, 15) = 1.18, NS; high 
group:: (F(\, 15) = 5.84, p < 0.05). Furthermore, although the group x valence x A 
interactionn did not reach statistical significance {F(l, 30) = 1.55, NS), separate post hoc 
testss still revealed a significant valence x A interaction for the high group (F(l, 15) = 4.61, 
pp < 0.05), whereas this effect was absent for the low group (F(l, 15) < 1, NS). Further tests 
revealedd that, for the high group, the effect of A was larger for negative words (F(\, 15) = 
7.07,pp < 0.05) than for neutral words (F(l, 15) = 3.77,p = 0.071). 

ScalpScalp topographies 

Too elucidate topographical aspects of task and group effects, scalp potential maps were 
calculatedd using the BESA software package (Scherg & Berg, 1995). Maps were based on 
grandd average ERP difference waves reflecting the relevant effects. 

AffectiveAffective evaluation. Scalp potential maps of the valence effect were calculated that were 
basedd on the difference waves obtained by subtracting ERPs to neutral stimuli from ERPs 
too negative stimuli (pooled for presence and absence of A). In Figure 5, these scalp 
potentiall  maps are shown for latencies that correspond to maximal amplitudes within time 
windowss with significant effects. The scalp potential maps support the visual inspection of 
thee grand average ERPs, which suggest a centro-parietal maximum for the valence effect. 

Att 256 ms, the effect of valence was not significant for low dissociators. For high 
dissociators,, it can be seen as a very broad positivity that is stronger to the left. At the next 
latencyy (352 ms) the valence effect was significant for both groups. The maps indicated 
that,, at this latency, the effect of valence is more anteriorly located for low than for high 
dissociators.. At 544 ms, the valence effect was fully developed and took the form of a 
broadd centro-parietal positivity. The maps indicate that the valence effect was stronger for 
highh than for low dissociators. Though at this latency no significant interaction between 
groupp and valence was found, separate analyses of the two groups confirmed this 
conclusion.. The valence effect was slightly lateralized to the left for low dissociators, 
whereass this was not the case for high dissociators. At 592 ms, the valence effect seemed to 
bee lateralized to the left for low dissociators and lateralized to the right for high 
dissociators.. Finally, at 916 ms the valence effect was totally absent for low dissociators 
whereass it was still present at the right posterior scalp for high dissociators. 
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affectivee evaluation (negative - neutral) 

N.S. . 
2566 ms 

highh dissociators 

Figuree 5. Scalp potential maps for the effect of affective word valence during the affective evaluation task at 
differentt latencies after stimulus onset. The maps were derived from difference wave ERPS, which were obtained 
byy subtracting ERPs to neutral words from ERPs to negative words. The lines are separated by 0.4 uV. Unshaded 
areass indicate positive voltages; shaded areas indicate negative voltages. 

LetterLetter detection. Scalp potential maps for the effect of A (based on difference waves that 
weree obtained by subtracting ERPs to words not containing the letter A from ERPs to 
wordss containing the letter A, pooled for affective valence) are shown in Figure 6. Because 
thee effect of A was never significant for the low dissociators , and visual inspection of the 
ERPss suggested the absence of any effect of A, the scalp maps for the low dissociators are 
bestt regarded as noise. For the high dissociators, however, the effect of A seemed to shift 
fromm a medial fronto-central to a left parietal distribution and back. 

Figuree 7 reflects the valence x A interaction during the letter detection task. It can be 
seenn that the effect of A is enhanced by stimulus valence for the high dissociators (cf. 
Figuree 4b). 

loww dissociators 

N.S. . 
3522 ms 544 ms 592 ms 916 ms 
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4.55 Discussion 

Individuall  differences in attentional abilities seem to be more readily visible in central 
measures,, such as ERPs, than in behavioural measures, such as performance ratings and 
reactionn times. The interpretation of the ERP effects, however, benefits from the more 
directt understanding of the behavioural effects. As predicted, high dissociators were 
characterizedd by heightened attentional abilities, in the affective evaluation as well as the 
letterr detection task. In absolute terms high dissociators showed a larger valence effect on 
RTT than low dissociators in the affective evaluation task. This effect was mirrored by an 
ERPP positivity that started significantly earlier and was numerically larger for the high than 
forr the low group. Similarly, during letter detection, the group effects were more 
pronouncedd in the ERP results than in the reaction times. Particularly the high-dissociative 
participantss responded faster to words containing the relevant feature A than to words not 
containingg the A. The accompanying ERP positivity was robust for almost the entire 
recordingg epoch for the high dissociators, reflecting increased focused attention to the 
relevantt stimulus feature, whereas it was virtually absent for the low dissociators. 

letterr detection (with A - without A) 

loww dissociators 

M.S.. NS- NS. NS- N.S. 

3166 ms 436 ms 508 ras 796 ms 1000 ms 

highh dissociators 

Figuree 6. Scalp potential maps for the effect of words containing the letter A during the letter detection task at 
differentt latencies after stimulus onset. The maps were derived from difference wave ERPS. which were obtained 
byy subtracting ERPs to words not not containing the letter A from ERPs to words containing the letter A. The 
liness are separated by 0.2 uV. Unshaded areas indicate positive voltages; shaded areas indicate negative voltages. 
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Inn addition, letter detection was enhanced by the presence of negative valence for the 
highh group: detection of the relevant feature (A) was facilitated by negative relative to 
neutrall  words, which was accompanied by an enhanced ERP amplitude. The affective value 
off  the word, thus, helped only the high dissociators to focus attention on the relevant 
stimuluss feature, even when they were not instructed to do anything with word valence. 
Thesee effects are very reminiscent of a study by Stormark, Nordby and Hugdahl (1995). In 
ann emotional cueing paradigm, targets that were validly cued by negative words elicited 
fasterr responses than those validly cued by neutral words. Conversely, when serving as an 
invalidd cue negative words tended to slow down the response, although this effect was not 
significant.. Stormark et al. (1995) interpreted this effect in terms of negative words eliciting 
focusedd attention at the cued location. Contrary to our results, however, there was no cueing 
effectt for neutral words which may be due to the fact that Stormark et al. did not distinguish 
betweenn participants with different information processing characteristics. In our 
experiment,, even when the words were neutral, the high dissociators were better at 
detectingg the letter A than the low dissociators. 

letterr detection (negative with A - negative without A) 

loww dissociators 

N.S.. N.S. 

4000 ms 496 ms 

highh dissociators 

Figuree 7. Scalp potential maps for the effect of negative words containing the letter A during the letter detection 
taskk at different latencies after stimulus onset. The maps were derived from difference wave ERPS, which were 
obtainedd by subtracting ERPs to negative words not containing the letter A from ERPs to negative words 
containingg the letter A. The lines are separated by 0.4 u.V. Unshaded areas indicate positive voltages; shaded areas 
indicatee negative voltages. 
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Unexpectedly,, an effect of the irrelevant stimulus feature A was found for the low 
dissociatorss during affective evaluation. This probably represents an inertia effect in task 
switchingswitching between affective evaluation and letter detection blocks. In contrast to the results 
forr the high dissociators, it could, moreover, only be observed in the ERP data and not in 
thee behavioural data. At first sight, this effect resembles the valence effect in the letter 
detectionn task with high dissociators, but there is an essential difference. Attention to the 
irrelevantt feature facilitated detection of the relevant feature in high dissociators, which was 
accompaniedd by an increase in ERP amplitude of the relevant feature (words with A). In the 
affectivee evaluation task, the irrelevant feature did not facilitate detection of the relevant 
featuree but was manifested as a nonselective increase in ERP amplitude for the low 
dissociators.. Though unexpected, these results seem to strengthen the hypothesis of 
enhancedd attentional capabilities in high dissociators relative to low dissociators. High 
dissociatorss seem to have a higher ability to direct attention towards stimulus features to 
whichh they should respond (i.e., focused attention) and simultaneously a higher ability to 
attendd to irrelevant features (i.e., divided attention). 

Thee widespread effects of experimental manipulations on ERP amplitude make it hard 
too draw any firm conclusions about brain regions responsible for the ERP effects. The main 
effectss concerned the effect of valence and the effect of A on the LPC (late positive 
complex).. Regarding the effect of negative valence, the statistical analysis of the ERP 
windowss pointed at a centro-parietal maximum, which was confirmed by the spline maps. 
Thiss is in accordance with the literature. In addition, the spline maps point to a left 
lateralizedd valence effect for the low dissociators. Due to the word processing in the task it 
iss not surprising to find left hemispheric specialization in the experiment. For the high 
dissociators,, the valence effect seemed to shift in time from a left to a right hemispheric 
maximum.. Since these observations were not supported by statistics, we only mention this 
onn a highly speculative note, however. 

Inn the letter detection task, inspection of the spline maps indicated that the effect of A 
seemedd to shift in time from a medial-frontal to a left-parietal maximum and back. 
Althoughh laterality effects were not supported by statistics, analysis of the midline ERPs 
confirmedd this anterior maximum. In Figure 3b this can be discerned as a negative slow 
wavee that is elicited by words that did not contain the relevant feature A. Frontal negative 
sloww waves have been linked to inhibition processes (e.g., Fox, Michie, Wynne, & 
Maybery,, 2000). We may, therefore, speculate that this slow wave may reflect active 
inhibitionn by the high dissociators when the stimulus feature is absent. 

Enhancedd focused attention of high dissociators is found both for nonaffective features, 
suchh as the letter A, and for affective features, such as threat word valence, and, thus, does 
nott appear to be driven by emotional influences. In addition, when attending to nonaffective 
stimuluss features, the high dissociators' attention is drawn to the valence resulting in faster 
AA detection. Enhanced divided attention, thus, appears to be affect specific, apparently 
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supportingg the notion that dissociation may be related to emotion, and possibly even to 
trauma.. The idea that these abilities then serve to avoid re-experiencing this painful 
emotionn (e.g., Cloitre et al., 1996) is contradicted by the increased, instead of reduced, 
attentionn to negative valence (see also Elzinga et al., 2000). 

Ann alternative explanation that can be used to account for part of our results, is that 
dissociativee style is confounded with trait anxiety (a number of studies have found positive 
associations,, e.g., Cloitre et al., 1996; McNally et al., 1998; Elzinga et al., 2000) and that 
threateningg material automatically attracts attention of highly anxious individuals (e.g., 
Mathewss & Mackintosh, 1998; Öhman & Mineka, 2001). A number of arguments can be 
raisedd against this account, however. The students in our experiment were invited to 
participatee on the basis of their extreme Dis-Q scores and not on the basis of their trait 
anxiety.. Because the association of dissociative style and trait anxiety is only modest in 
nonclinicall  groups (Jang et al, 1998), the variance in dissociative style may have been 
muchh larger in our participants than the variance in trait anxiety. The high dissociators, 
moreover,, also showed enhanced attention to nonaffective features of neutral words, which 
iss not expected by the anxiety-based account. Higher memory performance by high 
dissociatorss has also been obtained for other word categories than threat words (e.g., sex 
words,, Elzinga et al., 2000). A higher susceptibility (Bremner, Shobe, & Kihlstrom, 2000; 
Clancy,, Schacter, McNally, & Pitman, 2000) of high dissociators for 'false' recognition 
(seee also Hyman & Billings, 1998) of, affectively neutral, critical lures (i.e., words that are 
semanticallyy related to studied words, but were not previously presented) is also very hard 
too explain by emotional processes. The notion that dissociative style involves a general 
informationn processing mechanism is finally supported by the recent finding of a higher 
verball  working memory span in high than in low dissociators (Veltman et al., submitted). 
Becausee attention may not only specify the contents of working memory (e.g., Conway, 
Cowan,, & Bunting, 2001) but these (concurrently available) contents may subsequently 
alsoo serve to direct attention (e.g., Downing, 2000), this finding further strengthens the 
notionn of enhanced general attentional abilities with high dissociative tendencies. 

Inn sum, our results argue in favour of a relative independence of dissociation and 
emotionall  processes. From a clinical perspective, it cannot be excluded that traumatic 
experienceexperience contributes to dissociative tendencies, but this independence, and the large 
geneticc influence (Jang et al., 1998), support the notion that dissociative pathology probably 
developss on top of pre-existing dissociative tendencies. This view would be compatible 
withh the finding of increased memory performance in high dissociators under some 
conditionss (Cloitre, 1992; Elzinga et al., 2000; McNally, 1998; McNally et al., 1998). 
Dissociativee patients would then be characterized by an inability to forget a traumatic 
experiencee and the employment of an alternative information processing strategy (i.e., 
dividingg attention and dual tasking) to do their best to avoid the negative affect associated 
withh the trauma (see Elzinga, Phaf, Ardon, & Van Dyck, 2003). This leads to the 
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Recognitionn bias in nonclinical dissociation: an 

ERPP study 

5.11 Abstract 

Thee influence of dissociative tendencies on recognition memory was studied in a 
nonclinicall  sample (n=32). It was hypothesized that, due to more extensive semantic 
elaborationn at encoding, high-dissociative participants would be characterized by higher 
levelss of recognition. Based on previous studies, we expected this increase in hit rate to be 
accompaniedd by an increase in false alarm rate. ERPs were measured to obtain online 
indexess of recollection and post-retrieval monitoring, as measured by the parietal and right 
prefrontall  old/new effect, respectively. High dissociators were characterized by a higher hit 
rate,, and false alarm rate, than low dissociators. These effects were, however, confined to 
affectivelyy neutral words. Apparently, increased elaboration specifically enhanced hit rates 
forr neutral words that do not intrinsically attract attention. Mirroring these behavioural 
effects,, ERPs indicated that high dissociators were characterized by enhanced recollection 
andd reduced post-retrieval monitoring for this stimulus category. These results support the 
notionn that high dissociators are able to elaborate stimuli more extensively than low 
dissociatorss and that they are generally more confident about their memory performance. 
Thesee characteristics may, however, also misguide them into falsely believing that newly 
constructedd 'memories' are actually real. 
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5.22 Introduction 

Thee majority of experimental memory studies on dissociation has focused on memory 
dysfunctionn in psychiatric patients. Dissociative tendencies may, however, also be related 
too normal memory functions in healthy individuals. A number of recent studies have 
revealedd differences in memory function (De Ruiter, Phaf, Elzinga, and Van Dyck, 2004, 
seee Chapter 2; Veltman et al., 2005, see Chapter 3) and in attention (De Ruiter, Phaf, 
Veltman,, Kok, and Van Dyck, 2003, see Chapter 4; DePrince and Freyd, 1999) between 
nonpathologicall  groups with high and low dissociative tendencies. More knowledge about 
nonpathologicall  dissociative information processing may also aid in understanding 
pathologicall  dissociation. From this starting point, we collected behavioural and Event-
Relatedd Potential (ERP) data from healthy participants that differed in the extent to which 
theyy have dissociative experiences. Employing a recognition task, we expected high-
dissociativee individuals to be characterized by heightened levels of recollection as indexed 
byy performance and neural measures. 

Dissociationn can be broadly defined as a structured separation of mental processes that 
aree ordinarily integrated (Spiegel & Cardena, 1991). This definition encompasses benign 
andd ubiquitous mental conditions (Ray, 1996; Ross, Joshi, & Currie, 1990) in which 
perceptionn of the environment seems to be temporarily dissociated from awareness. For 
example,, when we are daydreaming or watching a movie, we might be so absorbed in this 
mentall  activity that we seem to lose awareness of our current surroundings. In this context, 
Jang,, Paris, Zweig-Frank, and Livesly (1998) referred to nonpathological dissociation as 
"thee capacity to ignore extrinsic stimuli". Dissociation might, thus, be viewed as an ability 
thatt is closely linked to basic mental functions, such as attention and working memory. This 
vieww is supported by empirical data: in an Event-Related Potential (ERP) study, De Ruiter 
ett al. (2003) found indications for enhanced attention to affective and nonaffective stimulus 
features,, whereas DePrince and Freyd (1999) found that high-dissociative participants 
performedd better on a dual task version of the Stroop task. De Ruiter et al. (2004) and 
Veltmann et al. (2005) found behavioural and neural indications for increased working 
memoryy capacity across different tasks. Moreover, the identification of a strong genetic 
componentt in dissociation (Becker-Blease et al., 2004; Jang et al., 1998) suggests that it is 
nott necessarily related to traumatic life events. A strong tendency to dissociate, however, 
mightt constitute a risk factor for developing a dissociative disorder (Kihlstrom, Glisky, & 
Angiulo,, 1994). 

Whereass relatively few experimental studies have been devoted to dissociation in 
healthyy individuals, a larger number has been published on supposedly aberrant memory 
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functioningg in psychiatric patients with a dissociative psychopathology. The majority of 
thesee studies aimed to replicate the clinical observation of amnesia for traumatic 
experiencess (i.e., dissociative or psychogenic amnesia) by presenting trauma-related stimuli 
inn a so called directed forgetting paradigm, in which participants are cued to remember or 
forgett trauma-related stimuli. In general, it has proven hard to find any indications of 
memoryy impairment for trauma-related stimuli in high-dissociative participants (e.g. 
McNally,, Clancy, & Schacter, 2001; McNally, Metzger, Lasko, Clancy, & Pitman, 1998), 
addingg littl e support to the idea that they are characterized by an avoidant encoding strategy 
(Cloitre,, 1992). Several laboratory studies have even indicated that high-dissociative 
participantss perform better on certain memory tasks than low-dissociative participants 
(Cloitre,, Cancienne, Brodsky, Dulit, & Perry, 1996; Elzinga, de Beurs, Sergeant, Van 
Dyck,, & Phaf, 2000; Korfine & Hooley, 2000). 

Inspiredd by these results, it has been hypothesized that high-dissociative individuals 
mayy be characterized by heightened levels of elaborative encoding, leading to heightened 
levelss of conscious memory (cf. Mandler, 1980; see Cloitre et al., 1996; Elzinga et al., 
2000;; Korfine & Hooley, 2000). This view corresponds well with the findings of increased 
attentionall  and working memory skills mentioned above, that are a prerequisite for 
elaborativee encoding. In this view, the avoidance of traumatic experiences, that can be 
rememberedd well, might be accomplished in pathological groups by diverting attention 
awayy from (memories of) threatening experiences when such memories threaten to 
resurfacee (Cloitre et al., 1996, Elzinga et al., 2000). 

Anotherr line of research originates from the clinical observation that dissociative 
patientss recover traumatic memories that they were previously amnesic for, typically in a 
speciall  context like psychotherapy. The veracity of these 'lost memories' has been severely 
questionedd (Schacter, 1995). The dubious status of recovered memories triggered studies 
thatt were based on the idea that high-dissociative patients are more prone to having false 
memoriess than low-dissociative individuals. In the lure paradigm, semantically related 
wordss are presented at study whereas at test, these words are presented intermixed with 
semanticallyy associated items that have not been presented before ('lures'). Indeed, it was 
foundd that high levels of dissociative experiences are related to higher level of false 
memoriess (Bremner, Shobe, & Kihlstrom, 2000; Clancy, Schacter, McNally, & Pitman, 
2000).. In addition to these patient studies, a higher proneness for having false memories has 
alsoo been found for high dissociative individuals from nonclinical groups, albeit in different 
paradigmss (Hyman & Billings, 1998; Merckelbach, Muris, Horselenberg, & Stougie, 2000). 

Incorporatingg the approach from these two different types of experiments, the present 
studyy was conducted to investigate the influence of nonpathological dissociative tendencies 
onn normal memory functioning. To this end, we tested individuals from a nonclinical 
populationn (i.e., college students), that differed in the reported amount of dissociative 
experiences.. In contrast to previous studies that focused on memory dysfunction (directed 
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forgettingg and lure paradigms), we employed a 'standard' recognition task, presenting 
wordss that had been subjected to deep or shallow incidental encoding (Craik & Lockhart, 
1972)) earlier in the experimental session (see de Ruiter et al., 2003). Due to their 
supposedlyy high levels of semantic elaboration during encoding, we expected high 
dissociatorss to be characterized by a higher rate of recognition of previously presented 
stimulii  (higher hit rate) than low dissociators. 

Basedd on results from lure paradigms, we expected that they would possibly also show a 
higherr rate of 'false recognition' of newly presented stimuli (higher false alarm rates). We 
reasonedd that, as a result of their higher tendency to engage in (semantic) elaboration, group 
differencess would be particularly evident with deeply encoded words, that by definition 
requiree semantic processing. To investigate the specificity of the memory effects, our 
stimuluss material consisted of affectively neutral and negative words. If high dissociators 
indeedd engage habitually in high levels of semantic elaboration, higher levels of 
recollectionn should be evident for both neutral and negative stimuli. On the other hand, if 
highh dissociators would be characterized by an affective memory bias (Bower, 1981; Eich, 
1995),, because they are, for instance, more anxious or depressive, these effects would only 
bee evident for the affectively negative stimuli. 

Thee use of event-related potentials (ERPs) provides us with the opportunity to identify 
withh high temporal resolution neural correlates of memory performance. In general, the 
ERPP old/new effect refers to the observation that previously presented stimuli elicit a more 
positivee voltage over the scalp than stimuli that have not been presented before. For present 
purposes,, two old/new effects are relevant (for reviews, see Friedman and Johnson, 2000; 
Ruggg and Allan, 2000; Rugg and Yonelinas, 2003). The parietal old/new effect peaks 
betweenn 500 and 700 ms and usually has a slightly left lateralized, parietal maximum. This 
magnitudemagnitude of this effect is related to the amount of conscious recollection that is elicited by 
stimulii  and is therefore usually larger for deeply than shallowly encoded items (e.g., Allan, 
Robb,, & Rugg, 2000; Rugg, Allan, & Birch, 2000; Ullsperger, Mecklinger, & Muller, 
2000).. Affective valence has also been found to amplify this old/new effect (e.g., McNeely, 
Dywan,, & Segalowitz, 2004; Windmann and Kutas, 2001, but see Maratos, Allan, and 
Rugg,, 2000). Because we relate dissociative tendencies to high levels of recollection, we 
expectedd this component to be larger for high than low dissociators. 

Thee right prefrontal old/new effect is a slow, late onset slow wave without a well 
definedd peak that is usually seen at right prefrontal sites and often lasts until the end of the 
recordingg epoch. This component is held to reflect processes that operate on the products of 
memoryy retrieval, e.g., post-retrieval monitoring (Mecklinger, 2000). Several accounts have 
beenn postulated for the exact functional significance of this effect (Wagner et al., 1998). It 
iss likely that in different experiments this old/new effect, in fact, reflects different 
processes.. However, this component has sometimes been found to be larger for shallowly 
thann deeply encoded items (Rugg et al., 2000b), whereas Maratos et al. (2000) found this 
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old/neww effect only for affectively neutral stimuli. It thus seems that, in paradigms similar 
too the one we are using, this component is elicited by stimulus categories that are related to 
loww levels of recollection. Because of their supposedly high levels of recollection, we 
expectedd this component to be reduced for high dissociators. 

Inn sum, we measured memory performance and ERPs in healthy low and high-
dissociativee participants while they were performing a recognition task. To vary the amount 
off  elaboration at encoding, we presented items that had been subjected to deep or shallow 
encoding.. In addition, the material consisted of both affectively neutral and negative words 
too investigate if effects of dissociation depended on the affective valence of the presented 
stimuli.. Due to their supposedly high levels of elaboration, we expected the high 
dissociatorss to be characterized by higher rates of recollection, as indicated by higher hit 
ratess on a behavioural level and larger parietal old/new effects on an ERP level. 
Additionally,, because of their high rates of recollection, we expected high dissociators to 
engagee less in post-retrieval processing, as indexed by the right prefrontal old/new effect. 

5.33 Method 

Participants Participants 

Unlesss indicated otherwise, mean values and standard deviations are presented. 
Approximatelyy 120 students had previously filled out the Dis-Q in unrelated experiments 
andd had consented to be contacted for participation in a following experiment. Eventually, 
thirty-twoo psychology students (mean age 23.00  4.66 year; 13 male) participated in the 
experiment.. They were selected on the basis of their scores on the Dis-Q (Dissociation 
Questionnaire;; Vanderlinden, Van Dyck, Vandereycken, Vertommen, & Verkes 1993). 
Thiss is a 63-item self-reporting scale for dissociative experiences using a 5-point Likert 
scalee (1 = not at all, 5 = extremely). Scores on this scale are highly left-skewed in the 
generall  population (Vanderlinden, Van Dyck, Vandereycken, & Vertommen, 1991). 
Participantss had previously filled out the Dis-Q and had consented to be contacted for 
participationn in a follow-up experiment. Persons scoring in the highest and lowest quartiles 
weree invited but were not told whether they had scored high or low on the questionnaire. 
Dataa from 16 low (mean Dis-Q scores 1.32 , mean age 22.6  5.5, three reported to 
bee left handed, six male) and 16 high (mean Dis-Q scores 2.19  0.37, mean age 23.4
3.72,, two reported to be left-handed, seven male) dissociative participants were obtained 
andd subjected to analyses. The experimenter was unaware of the Dis-Q score of the 
participant.. All participants had normal or corrected-to-normal vision, indicated not to be 
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dyslexic,, to have no history of mental or sustained physical illness and had Dutch as their 
firstfirst language. Written informed consent was obtained from all participants. 

Material Material 

Thee stimuli consisted of 304 Dutch words. Half of the words were neutral words, the other 
halff  were negative words, selected from a pool of words validated in a perceptual 
clarificationn task (Ter Laak, 1992, unpublished Master's thesis). Words varied in length 
betweenn five and ten letters. Neutral and negative words were matched on word length, 
wordd type (verbs, adjectives, or nouns) and frequency of usage. Forty-five neutral and 45 
negativee words were randomly selected and ordered for two incidental learning tasks: a 
'deepp encoding task' as well as a 'shallow encoding task' (see De Ruiter et al., 2003). These 
1800 words were mixed with 50 neutral and 50 negative, previously unseen words to form 
thee recognition task in the test phase. A subset of twelve neutral and twelve negative words 
wass randomly selected and ordered to serve as buffer words. Before and after both 
encodingg tasks, six buffer words were presented to prevent primacy and recency effects. 
Wordss were presented for 1 s, with an interstimulus interval randomly varying between 2 
andd 3 s. 

Procedure Procedure 

Participantss were tested individually in a dimly lit, sound-attenuated room. They were 
informedd beforehand that the goal of the experiment was to gain insight into neural 
correlatess of language processing. They were comfortably seated in an easy chair, and two 
responsee buttons were both positioned either on the left or the right armrest, dependent of 
thee participant's handedness. One button was labelled 'seen' ('gezien'), the other was 
labelledd 'not seen' ('niet gezien'). Participants had to respond in a forced choice fashion by 
pushingg a button with either the index or middle finger of the preferred hand. Participants 
hadd performed a deep-shallow encoding paradigm earlier in the experimental session (see 
Dee Ruiter et al., 2003/Chapter 4). After a pause of approximately ten minutes, the 
recognitionn task was presented unannounced. Participants were required to judge whether 
orr not each word had appeared previously in one of the encoding tasks. Response button 
wass counterbalanced across participants within each group. Participants were instructed to 
lookk at the fixation cross continuously and to respond as quickly and accurately as possible. 
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ERPERP recording and averaging 

EEGG was continuously recorded from 58 tin electrodes embedded in an elasticized cap. 
EEGG recordings were referenced to a left mastoid electrode. Horizontal eye movements 
weree measured by deriving the Electrooculogram (EOG) from two electrodes placed at the 
outerr canthi of the participants' eyes. Vertical eye movements and eye blinks were detected 
byy deriving an EOG from two electrodes placed approximately one centimetre above and 
beloww the participants' right eye. Impedance of all channels was kept below 10 kO. Signals 
weree amplified with a band-pass of 0.16 to 100 Hz and digitized and stored at 250 Hz. 
Duringg off-line analysis, data were segmented into epochs from 300 ms before to 1744 ms 
afterr stimulus onset, and subsequently scanned for A/D saturation and flat lines. Ocular 
artefactss were controlled according to Woestenburg, Verbaten, & Slangen (1983). All 
epochss (11%) containing artefacts (change in amplitude of more than 100 uV per 5 
consecutivee samples) or electrical drifts (change in amplitude of more than 200 uV per 
epoch)) in one or more channels were omitted from further analysis. The average 200 ms 
precedingg stimulus presentation served as a baseline. For beautifying purposes, the grand 
averagee ERPs were smoothed using a ten-point binomially weighted filter (Wastell, 1979). 

Topographicc mapping of the scalp potentials was performed with the brain electric 
sourcee analysis (BESA2000) software package (Scherg & Berg, 1995). For this purpose, 
thee waveforms were re-referenced to the average reference, and interpolated for mapping 
byy means of a spherical surface spline method (Perrin, Pernier, Bertrand, & Echallier, 
1989). . 

DataData Analysis 

BehaviouralBehavioural data. Based on proportions of hits and false alarms in the recognition task, 
old/neww discrimination accuracy Pr (= Hit - FA) and response bias 'Br' (= FA / (1 - Pr) were 
calculatedd separately for deeply and shallowly encoded neutral and negative items 
accordingg to two-high-threshold theory (Snodgrass & Corwin, 1988). These two signal 
detectionn measures were analyzed separately in three-way ANOVAs, employing the 
between-participantt factor group (two levels: low and high-dissociative) and the two 
within-participantt factors study status (two levels: deep/shallow) and valence (two levels: 
neutral/negative).. For deeply encoded items, the subjective response of the participant 
duringg encoding determined the affective valence of the stimulus. Reaction time data were 
analyzedd employing a four-way ANOVA with the between-participant factor group (two 
levels:: low and high-dissociative) and the three repeated measures factors valence (two 
levels:: neutral and negative), response type (two levels: old and new) and study status 
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(threee levels: deep, shallow and new). Because this design does not permit the assessment 
off  response correctness, an additional four-way ANOVA was run on the same data set with 
thee between-participant factor group (two levels: low and high-dissociative) and the three 
repeatedd measures factors valence (two levels: neutral and negative), response correctness 
(two(two levels: correct and incorrect) and study status (three levels: deep, shallow and new). 

ERPERP data. Categories corresponding to single subject ERPs that were based on less than 10 
artefactt free trials were omitted from further analyses. Separate ERP averages were 
calculatedd for correct responses to deeply and shallowly encoded neutral and negative 
wordss (hits) and for correct responses to new neutral and negative words (correct 
rejections).. Due to insufficient artefact-free trials, one high-dissociative participant was 
omittedd from analysis for the deep encoding ERP. For the shallow encoding ERP, three low 
andd two high-dissociative participants were omitted. The average trial counts (range in 
brackets)) contributing to the ERPs for deep neutral hits, deep negative hits, shallow neutral 
hits,, shallow negative hit, neutral correct rejections and negative correct rejections were, for 
loww dissociators: 27 (16 - 42), 30 (19 - 39), 16 (10 - 27), 24 (15 - 30), 39 (31 - 47), 30 (20 -
38)) and for high dissociators: 29 (19 - 41), 30 (20 - 40), 19(11- 29), 25 (10 - 35), 36 (21 -
48),, 31(19- 46), respectively. 

5.44 Results 

BehaviouralBehavioural data 

Unlesss indicated otherwise, mean values and standard deviations are presented. Hit and 
falsee alarm rates, as well as discrimination accuracy and response bias are shown in Table 
1.. As expected, hit rates were much higher for deeply than shallowly encoded words. In 
addition,, both hit and false alarm rates were higher for negative than neutral words. There 
wass clear evidence of recognition after both types of encoding, but discrimination accuracy 
wass much higher for deeply than shallowly processed words, demonstrating the expected 
levels-of-processingg effect (F(l, 30) = 218.50, p < 0.001). The effect of valence on 
discriminationn accuracy differed for deeply and shallowly encoded words, which resulted in 
ann encoding x valence interaction (F(l, 30) = 12.20, p < 0.005). For shallowly encoded 
items,, Pr tended to be higher for negative than neutral words (F( 1, 30) = 2.99 , p = 0.094), 
whereass the values were about equal for deeply encoded items (F(\, 30) = 1.48 , p = NS). 
Particularlyy with deep encoding and with negative items, ceiling effects in the hit rates may 
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havee played a role. No further main or interaction effects (e.g., with group) were significant 
inn the analysis of Pr. 

Tablee 1. Mean proportions (SD in parentheses) of hit rates, false alarm rates, discrimination accuracy (Pr) and 
responsee bias (Br) for the different stimulus categories for low and high dissociators. 

Group p 

Stimuluss valence 

Hitss deep 

Hitss shallow 

Falsee alarms 

Accuracyy deep 

Accuracyy shallow 

Biass deep 

Biass shallow 

Low w 

Neutral l 

0.68(0.14) ) 

0.34(0.16) ) 

0.16(0.09) ) 

0.52(0.12) ) 

0.18(0.10) ) 

0.35(0.21) ) 

0.211 (0.12) 

Negative e 

0.855 (0.09) 

0.60(0.11) ) 

0.35(0.09) ) 

0.50(0.09) ) 

0.25(0.08) ) 

0.70(0.16) ) 

0.47(0.12) ) 

High h 

Neutral l 

0.73(0.15) ) 

0.44(0.16) ) 

0.24(0.16) ) 

0.49(0.17) ) 

0.211 (0.15) 

0.49(0.29) ) 

0.30(0.17) ) 

Negative e 

0.83(0.09) ) 

0.60(0.17) ) 

0.38(0.21) ) 

0.45(0.19) ) 

0.22(0.14) ) 

0.67(0.21) ) 

0.48(0.22) ) 

Ass expected, the bias to respond 'old' (Br) was much higher for negative than for neutral 
wordss (F{1, 30) = 78.56, p < 0.001). Bias also appeared to be much higher for deeply than 
forr shallowly encoded words (F{\, 30) = 79.80, p < 0.001). Because no independent 
estimatess for false alarms to deep and shallow encoding were available, this difference 
merelyy reflects a difference in hit rates. In absolute terms, we found the expected more 
liberall  response bias for high dissociators than low dissociators, but this main effect of 
groupp failed to reach statistical significance (Fs < 1). A significant group x valence 
interactionn (F(l, 30) = 5.09, p < 0.05) on response bias, however, indicated that high 
dissociatorss had a tendency to respond 'old' to neutral words more often than low 
dissociatorss (F(l, 30) = 2.95,/? = 0.096), whereas no group differences were observed for 
negativee items {F(l , 30) <1, NS, see Figure 1). No further main or interaction effects were 
significantt in the analysis of Br. 

responsee bias (Br) 

negative e 

Figuree 1. Response bias (Br) of low and high dissociators for neutral and negative words (pooled for deeply and 
shallowlvv encoded words). Error bars show S.E.M. 
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Reactionn times appeared to mirror the bias effects. The larger bias to respond 'old' to 
negativee words resulted in faster 'old' responses and slower 'new' responses to this 
stimuluss category: 'Old' responses were faster to negative than neutral words (849  106 
mss and 917  142 ms, respectively), whereas 'new' responses were faster to neutral than 
negativee words (864  111 ms and 920 5 ms, respectively), regardless of response 
correctness.. This was manifested in a response type x valence interaction (F(\, 30) = 29.45, 
pp < 0.001). Also, the successful discrimination of old and new words was reflected in the 
reactionn times. Correct responses were faster than incorrect responses which was reflected 
inn a significant main effect of correctness (866  102 ms vs. 909  126 ms; F(l, 30) = 14.07 
,p,p < 0.001). High dissociators responded somewhat faster than low dissociators (871  162 
mss vs. 904  155 ms) but this effect was not significant (Fs < 1). 

ERPERP data 

ERPss were quantified by measuring (with respect to the mean of the 200 ms pre-stimulus 
baseline)) the mean amplitude of two time windows. Based on visual inspection, the average 
amplitudee from 400 to 700 ms at Pz (rather than P3, see discussion) was used to asses the 
parietall  old/new effect. The average amplitude from 1000 to 1600 ms at FP2 was used to 
assesss the right prefrontal old/new effect. Separate ANOVAs were conducted for these two 
timee windows. 

Recognitionn of deeply processed words 
Figuress 2 displays ERPs elicited by hits to deeply encoded neutral and negative words and 
correctt rejections to new neutral and negative words for low (upper panel) and high (lower 
panel)) dissociators. In general, ERPs to old words have more positive voltages than those to 
neww words, demonstrating the old/new effect and ERPs to negative items are more positive-
goingg than those to neutral words, demonstrating the effect of affective valence. Both 
effectss show a parietal maximum. Moreover, the effect of affective valence is larger for old 
thann new items, resulting in an enhancement of the old/new effect by affective valence. The 
valencee effect is larger for low than high dissociators. 

ParietalParietal old/new effect. Deeply encoded words also elicited a more positive ERP amplitude 
inn the 400 - 700 ms window, reflecting the parietal old/new effect (F(l, 29) = 23.16, p < 

0.001).. The effect of affective valence was also highly significant, reflecting more positive 
amplitudess for negative than neutral words (F(l, 29) = 37.59, p < 0.001). The old/new 
effectt was amplified by affective valence, which led to an old/new x valence interaction 
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(F(l,, 29) = 6.38, p < 0.05). The valence effect was larger for the low than the high-
dissociativee group, resulting in a significant group x valence interaction (F(l, 29) = 5.16,/? 
<< 0.05). When both groups were analyzed separately, the valence effect for the low-
dissociativee group was highly significant (F(l, 15) = 46.53, p < 0.001) whereas it just 
reachedd statistical significance for the high-dissociative group (F(l, 14) = 5.86, p < 0.05). 

RightRight prefrontal slow wave No significant effects were found for deeply encoded words in 
thee 1000 - 1600 ms time window. 

Recognitionn of shallowly processed words 

Figuree 3 displays ERPs elicited by hits to shallowly encoded neutral and negative words 
andd correct rejections to new neutral and negative words for low (upper panel) and high 
(lowerr panel) dissociators. Similar to deeply processed words, parietal ERPs to old words 
aree more positive going than those to new words, and ERPs to negative items are generally 
moree positive-going than those to neutral words, although these effects are smaller than for 
deeplyy processed words. Furthermore, low dissociators are characterized by more right 
prefrontall  positivity to old words, which is most conspicuous for neutral words. 

ParietalParietal old/new effect No statistically significant effects were found in the 400 - 700 ms 
window. . 

RightRight prefrontal old/new effect Shallowly encoded words elicited a late positive shift at fp2, 
whichh was reflected in a significant old/new effect during the 1000-1600 ms window (F(l, 
25)) = 7.03, p < 0.05). The large shift for shallowly encoded neutral words was much larger 
forr the low dissociators, which was reflected in a significant group x old/new x valence 
interactionn (F(l, 25) = 5.90, p < 0.05). When analyzed separately, the low-dissociative 
groupp showed a significant valence x encoding effect (F(\, 12) = 19.97, p < 0.001), 
whereass this interaction was not significant for the high-dissociative group (Fs < 1). 
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recognitionn of deeply encoded words 

neww neutral 
neww negative 
deepp neutral 
deepp negative 5000 1000 1500 

loww dissociators 

highh dissociators 

Figuree 2. ERP waveforms for a subset of nine electrodes for deeply encoded neutral and negative words and new 

neutrall  and negative words for low and high dissociators (upper and lower panel, respectively). 
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recognitionn of shallowly encoded words 

•• new neutral 
neww negative 

,, shallow neutral 
shalloww negative 

j " ? ? 

00 500 1000 1500 

loww dissociators 

highh dissociators 

Figuree 3. ERP waveforms for a subset of nine electrodes for shallowly encoded neutral and negative words and 
neww neutral and negative words for low and high dissociators (upper and lower panel, respectively). 
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ScalpScalp topographies 

Basedd on ERP difference waves, 2 types of topographic maps were calculated, 
correspondingg to latencies that lie within time windows with significant effects on ERP 
amplitudee (Figure 4). The top row shows a top view of voltage maps that depict the main 
effectt of valence for deeply encoded words at 600 ms. For the low dissociators, the effect of 
valencee has a strong parietal focus, whereas it is weaker and more centrally distributed for 
thee high dissociators. The bottom row shows a frontal view of voltage maps displaying the 
rightt prefrontal old/new effect for shallowiy encoded neutral words at 1300 ms. For the low 
dissociators,, a right prefrontal maximum is discernable that is absent for the high 
dissociators. . 

loww dissociators high dissociators 

deep:: affective 
valencee (500 ms) 

shallow:: response 
monitoringg (1300 ms) 

topp view 

frontall view 

Figuree 4. Scalp potential maps derived from difference wave ERPs. The left panel shows maps for low 
dissociators:: the right panel shows maps for high dissociators. Shaded areas indicate negative voltages; unshaded 
areass indicate positive voltages. The top row shows a top view of the main effect of affective valence (hits/CR to 
negativee words hits/CR to neutral words) for deeply encoded words at 500 ms. Lines are separated by 0.1 uV. 
Thee bottom row shows a frontal view of the right prefrontal old; new effect for shallowiy encoded neutral words 
(shalloww neutral - new neutral). Lines are separated by 0.2 uV. 
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5.55 Discussion 

Thiss study aimed at elucidating behavioural and neural differences in recollection between 
loww and high-dissociative participants in a nonclinical sample. Employing a recognition 
paradigmm it was expected that, due to their heightened abilities to elaborate stimuli during 
encoding,, high dissociators would be characterized by higher levels of recollection, as 
indicatedd by higher hit rates on a behavioural level and a larger parietal old/new effect on 
ann Event-Related Potential (ERP) level. Indeed, hit rates to both deeply and shallowly 
encodedd words were higher for high than low dissociators. This increase in hit rate was 
accompaniedd by an equal increase in false alarm rate, indicating a shift in recognition bias 
(i.e.,, a higher tendency to respond 'old' to presented stimuli) for high dissociators. 
Remarkably,, these effects were confined to affectively neutral stimuli. Although we did not 
findd enhanced discrimination accuracy (i.e., net memory performance) for high 
dissociators,, it was not impaired either, which suggests that nonclinical dissociation is not 
relatedd to impaired memory functioning. In any case, no indications for cognitive avoidance 
(Cloitre,, 1992) by the high dissociators were found. 

ERPss showed a reliable mid-parietal old/new effect for deeply encoded items, indicating 
consciouss recollection for this stimulus category. Although numerous studies have reported 
thiss effect, it is usually reported to be maximal over left- instead of mid-parietal sites. 
Lateralizationn towards the left is not as common as is often assumed, however. For 
instance,, Nessler, Mecklinger, and Penney (2001) and Ullsperger et al. (2000) also reported 
moree centrally distributed effects. As reflected by and old/new x valence interaction, the 
old/neww effect was larger for negative than neutral items, indicated that negative stimuli 
weree associated with higher levels of recollection than neutral words. Most importantly, the 
effectt of affective valence on ERP amplitude was smaller for the high dissociators, as 
indicatedd by a significant group x valence interaction. This suggests that the effect of 
valencee on recollection was smaller for high than low dissociators, mirroring the smaller 
effectt of valence on recognition bias for the high dissociators. Possibly due to increased 
attentionall  abilities (De Ruiter et al, 2003, see Chapter 4) and a higher working memory 
capacityy (De Ruiter et al., 2004, see Chapter 2; Veltman et al., 2005, see Chapter 3), high 
dissociatorss might be more able to elaborate the neutral stimuli, which intrinsically attract 
lesss attention than the negative words. Therefore, these words were remembered more by 
thee high than the low dissociators (although false alarm rate was increased as well). No 
groupp or experimental effects were found for the right prefrontal old/new effect. 
Apparently,, because for deeply encoded items the rate of recollection was overall high, no 
substantiall  post-retrieval processing occurred for either group. 

Forr shallowly studied items, no parietal old/new effect was found, probably reflecting 
thee low rate of recollection for these stimuli (see Rugg et al., 2000b). The right prefrontal 
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old/neww effect was significant, however, consistent with the observation that this 
componentt is elicited by items that are not very well recollected (Rugg et al., 2000b). 
Remarkably,, the effect was (almost) exclusively elicited in low dissociators. Apparently, 
onlyy this group engaged in post-retrieval monitoring for this stimulus category, indicating 
thatt they recollected the neutral words to a lesser extent than the high dissociators, which 
wass confirmed by their lower hit rate to this stimulus category. These results add support to 
thee notion that high-dissociative persons engage less in reality monitoring than low-
dissociativee persons and adopt a more liberal response bias (Merckelbach et al., 2000). 
Comparingg the results for deeply and shallowly encoded items, it seems that, when the 
overalll  rate of recollection was high, we were able to detect group differences in levels of 
recollection.. In contrast, when the overall amount of recollection was low, ERPs revealed 
groupp differences in post-retrieval monitoring. 

Inn sum, dissociative tendencies were related to enhanced recognition of words that 
was,, at least in this study (but see Elzinga et al., 2000), confined to affectively neutral 
stimuluss material. This enhancement did come at a cost, however. The increase in true 
recognitionn of neutral words was accompanied by an equally large increase in false 
recognitionn (although this term is usually reserved for false alarms to semantically related 
lures,, see Roediger and McDermott, 1995) resulting in a more liberal recognition bias for 
highh than for low dissociators regarding neutral stimulus material. This recognition bias 
withh high dissociators even approached their bias to negative stimuli. Their intense 
associativee processing at encoding possible made high-dissociative participants think about 
theme-consistentt words that were not presented at study, leading to a higher false alarm rate 
(cf,, Toglia, Neuschatz, & Goodwin, 1999). Mirroring these behavioural effects, ERPs 
indicatedd enhanced recollection and reduced post-retrieval monitoring for the high 
dissociatorss regarding neutral words, which might indicate that at encoding, high 
dissociatorss elaborated the less intrinsically salient (i.e., neutral) stimuli to a greater extent, 
possiblyy due to their higher working memory capacity (De Ruiter et al., 2004; Veltman et 
al.,, 2005) and attentional abilities (De Ruiter et al., 2003). 

Thesee findings strengthen our hypothesis that dissociation in nonclinical participants is 
nott related to impaired cognitive functioning, but instead reflects a distinct information 
processingg style which may in some conditions be advantageous. Certainly in a nonclinical 
population,, where the incidence of traumatic events may be low, the benefits of dissociative 
tendenciess may be more prominent than the costs. We interpret these results as showing 
thatt high dissociators are able to elaborate stimuli more extensively than low dissociators 
(seee also Elzinga et al., 2000), and that they are generally more confident about their 
memoryy performance. These processes, however, may also misguide them into falsely 
believingg that newly constructed 'memories' are actually real. In pathological dissociation, 
extremee forms of this dissociative ability may function to direct conscious constructions 
(Phaff  and Wolters, 1997) away from traumatic memories. 
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6 6 
Negativee words enhance recognition in nonclinical 

highh dissociators: an fMRI study 

6.11 Abstract 

Memoryy encoding and retrieval were studied in a nonclinical sample of participants that 
differedd in the amount of reported dissociative experiences. Behavioural as well as 
functionall  imaging (fMRI) indices were used as convergent measure of memory processes. 
Highh dissociators were expected to be characterized by enhanced semantic elaboration, and 
higherr levels of recollection (particularly for deeply encoded items) and lower levels of 
post-retrievall  monitoring (particularly for shallowly encoded items) in the subsequent 
recognitionn task. Furthermore, affectively neutral and negative words were presented, to 
testt if the effects of dissociative tendencies on memory processing depended on the 
affectivee valence of the stimulus material. 

Resultss showed that a) deep encoding of negative vs. neutral stimuli was associated with 
higherr levels of semantic elaboration in high than low dissociators, as indicated by 
increasedd levels of activity in hippocampus and prefrontal cortex during encoding and 
higherr discrimination accuracy during recognition b) high dissociators were generally 
characterizedd by higher levels of conscious recollection as indicated by increased activity 
hippocampuss and posterior parietal areas. These results confirm the notion that dissociative 
tendenciess are associated with higher levels of semantic elaboration resulting in higher 
levelss of conscious recollection. 
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6.22 Introduction 

Dissociativee experiences are usually discussed in the context of psychopathology such as 
thee dissociative disorders, and posttraumatic stress disorder (DSM-IV, APA, 1994). The 
lackk of integration of mental functions may be benign, however, as is the case for 
daydreamingg (Singer, 1966). Moreover, it might even be adaptive: dissociation has been 
invokedd to explain dual tasking, e.g. driving a car and maintaining a conversation (Spiegel 
&&  Cardena, 1991). In agreement with the latter view, a number of laboratory studies have 
indicatedd that the tendency to have dissociative experiences is related to improved cognitive 
functioningg such as long term memory (e.g., Cloitre, Cancienne, Brodsky, Dulit, & Perry, 
1996;; Elzinga, de Beurs, Sergeant, Van Dyck, & Phaf, 2000; Korfine & Hooley, 2000), 
workingg memory (De Ruiter, Phaf, Elzinga, & van Dyck 2004; Veltman et al., 2005) and 
attentionn (DePrince & Freyd, 1999; De Ruiter, Phaf, Veltman, Kok, & van Dyck 2003). 
Thesee observations have led to the suggestion that high dissociators have a high general 
abilityy to elaborate (Elzinga et al., 2000), a capacity that is a prerequisite for conscious 
memoryy performance, and presumably depends on working memory and attentional 
abilitiess (De Ruiter et al., 2003). From this starting point, we collected behavioral and fMRI 
dataa in a nonclinical group of low and high dissociators in the study as well as in the test 
phasee of a recognition task. We expected high dissociators to be characterized by high 
levelss of elaboration in the study phase and by high levels of recollection and low levels of 
post-retrievall  monitoring in the test phase of the experiment, as indicated by fMRI and 
behaviourall  measures. 

Inn an ERP study, we demonstrated that in the encoding phase, high dissociators were 
characterizedd by heightened attention to affectively negative as well as neutral stimuli, as 
indicatedd by lower RTs and larger ERP components (De Ruiter et al., 2003). For emotional 
stimuli,, these effects were apparent both during semantic (deep) and non-semantic 
processingg (shallow) processing. In the test phase, dissociative style was associated with 
higherr levels of recollection and lower levels of post-retrieval monitoring. These effects 
weree only apparent for neutral stimulus material, however. In the present study, we sought 
too extend these findings by employing a similar paradigm while measuring fMRI. 
Measuringg event-related fMRI during both the study and test phase enabled us to identify 
thee brain areas associated with encoding and retrieval, respectively. 

88 8 



NonclinicalNonclinical dissociation, encoding, recognition, andjMRI 

fMRIfMRI and memory encoding 

Numerouss studies comparing deep (semantic) with shallow (non-semantic) encoding tasks 
orr a low-level baseline condition, implicated the left inferior frontal gyrus (LIFG, including 
Broca'ss area) in semantic processing (see Jobard, Crivello, & Tzourio-Mazoyer, 2003 for a 
meta-analysiss of 35 studies and Fletcher & Henson, 2001, for a review). Other studies have 
measuredd fMRI during encoding and used recognition scores for post-hoc classification of 
stimulii  into two categories: remembered or not in the subsequent memory test. The left 
inferiorr frontal gyrus was more active for stimuli that were remembered than stimuli that 
weree forgotten (the subsequent memory effect; Fletcher, Stephenson, Carpenter, Donovan, 
&&  Bullmore, 2003; Otten, Henson, & Rugg, 2001; Otten & Rugg, 2001; Wagner et al., 
1998),, supporting the view that this structure is engaged in semantic elaboration (which 
leadss to successful recollection). In line with this view, the LIFG has been implicated in 
workingg memory (i.e., performing subvocal rehearsal: the phonological loop; Baddeley, 
1996).. Moreover, it also seems involved in semantic access to words (Jobard et al., 2003). 
LIFG,, thus, seems to be the most likely brain area to be responsible for semantic 
elaboration.. If high dissociators habitually engage in higher levels of elaboration than low 
dissociators,, they are expected to show more activity in this brain structure than low 
dissociators. . 

Thee second brain region of interest is the medial temporal lobe, particularly the 
hippocampus.. Based on an abundant literature on lesion data in animals and humans 
(Squiree & Knowlton, 2000), this subcortical brain area is considered a key structure for 
intermediate-termm memory storage. Initially, neuroimaging studies were less successful in 
demonstratingg the involvement of the MTL in mnemonic processing in healthy participants. 
Somee of the aforementioned subsequent memory studies, however, did find more MTL 
activityy for remembered than forgotten items (Fletcher et al., 2003; Otten et al., 2001; 
Wagnerr et al., 1998). If high dissociators indeed show higher levels of semantic 
elaboration,, they are expected to also activate this structure to a larger extent than low 
dissociators. . 

fMRIfMRI and memory retrieval 

Broadlyy speaking, fMRI studies on retrieval have distinguished between control processes 
(e.g.,, retrieval attempt) and the recovery of actual memories (retrieval success; Buckner & 
Wheeler,, 2001). It has been suggested that prefrontal areas are mainly involved in control 
processes,, whereas the medial temporal lobe (in particular, the hippocampus) and posterior 
parietall  cortex (the inferior parietal lobule complex and the medial posterior parietal cortex) 
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aree engaged in the actual recovery of memories (Buckner & Wheeler, 2001; Rugg, Otten, & 
Henson,, 2002; Shannon & Buckner, 2004). In general, it has proven hard to find robust 
MTLL activations with retrieval of verbal stimuli. A possible explanation is that encoding 
processess that are also apparent during retrieval might obscure MTL engagement during 
memoryy retrieval (i.e., the two processes cancel each other out; Buckner, Wheeler, & 
Sheridan,, 2001; Stark & Okado, 2003). 

Withh respect to prefrontal activity, several subregions (e.g., anterior prefrontal cortex, 
rightright dorsolateral prefrontal cortex) have been found to be more active for items that are 
lesss well recollected, e.g., shallowly encoded items (e.g., Buckner & Wheeler 2001; 
Fletcherr & Henson, 2001; Rugg et al., 2002). These effects are reminiscent of the right 
prefrontall  effect that we found in our ERP study for the least well remembered stimulus 
categorycategory (i.e., shallowly encoded neutral words; see Chapter 5). We found this effect to be 
smallerr for low dissociative participants who showed higher levels of recollection for these 
stimuli.. Because we assume high dissociators to be characterized by high levels of 
recollectionn and low levels of post-retrieval monitoring, we expected them to show stronger 
posterior-parietall  activations and weaker medial and/or right prefrontal activation during 
recognition.. Similar to our ERP study (see Chapter 5), we expected the posterior-parietal 
manifestationss of recollection to be particularly evident when the overall level of 
recollectionn was relatively high (i.e., for deeply encoded words) and we expected prefrontal 
manifestationss of post-retrieval monitoring to be evident when the overall level of 
recollectionn was particularly low (i.e., for shallowly encoded items). 

fMRlfMRl and affective stimuli 

Too investigate if semantic elaboration of high dissociators is a general information 
processingg characteristic or specifically dependent on affective stimulus valence, we also 
addedd affectively negative words to our stimulus material. Studies that have investigated 
emotionall  processing in the brain have traditionally focused on the amygdala, although a 
widee range of brain areas has been proposed to be involved in emotion (for a review, see 
Dalgleish,, 2004). Although affectively negative verbal stimuli like we used in the present 
studyy are abstract and therefore only mildly arousing, they are not likely to be received as 
threatening.. Still, some articles have reported amygdala activity in response to visual 
(Hamannn & Mao, 2002; Isenberg et al., 1999; Tabert et al., 2001) and auditory (Maddock et 
al.,, 2003) negative verbal stimuli. Our main motive to include affectively negative stimuli 
wass their intrinsic capacity to attract attention and, therefore, to enhance semantic 
elaborationn (de Ruiter et al., 2003). A brain region that is consistently activated in affective 
paradigmss employing verbal stimuli, is the medial frontal cortex (MFC, e.g., Crosson et al., 
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1999;; Crosson et al., 2002; Maddock et al., 2003; Tabert et al., 1999; Teasdale et al., 1999; 
Whalenn et al., 1998). This term encompasses both medial and middle prefrontal cortex, 
includingg frontopolar cortex, as well as the anterior cingulate cortex. Although this 
definitionn includes both cortical and subcortical brain areas, it seems hard to differentiate 
thesee areas experimentally in affective paradigms, and we therefore consider these regions 
ass one area of interest (cf. Simpson, Snyder, Gusnard, & Raichle, 2001). It has been 
proposedd that the MFC plays a role in the regulation of affect and other forms of top-down 
regulationn (e.g., Davidson & Irwin, 1999; Bush, Luu, & Posner, 2000). It may thus be that 
thiss region reins in (negative) consequences of amygdala activation. 

OutlineOutline of the present study 

fMRII  correlates of memory encoding and retrieval were studied in a nonclinical sample of 
participantss that differed in the amount of reported dissociative experiences. In the 
encodingg phase, we expected high dissociators to be characterized by higher levels of 
semanticc elaboration than low dissociators, particularly in the deep encoding task that by 
definitionn requires semantic processing. Moreover, we expected this higher level of 
semanticc elaboration to be particularly evident for affectively negative stimuli due to their 
intrinsicc capacity to attract attention (see de Ruiter et al., 2003). We expected increased 
elaborationn to be evident in increased activity in the left inferior frontal gyrus (LIFG) and 
mediall  temporal lobe (MTL), particularly the hippocampus. As a result of increased 
elaboration,, high dissociators should be characterized by higher levels of recollection than 
loww dissociators in the recognition task, particularly for deeply encoded negative stimuli. 
Thesee effects should also show up in enhanced posterior parietal activity and MTL 
(hippocampal)) activity. Moreover, high dissociators should also show decreased levels of 
post-retrievall  monitoring in the recognition task because of their generally high levels of 
recollectionn (see Chapter 5). These effects were expected to be particularly evident in 
decreasedd prefrontal activity when the overall rate of recollection is low, i.e., for shallowly 
encodedd items. On a behavioural level, high dissociators should be characterized by 
superiorr memory performance as indicated by decreased RTs and/or decreased error rates 
inn the encoding task, and by higher recognition performance (i.e., discrimination accuracy). 
Basedd on previous observations, we expected high dissociators to also show a higher false 
alarmm rate than low dissociators. 

Threee improvements were made in comparison to the deep-shallow encoding paradigm 
wee used in de Ruiter et al., 2003/Chapter 4 and Chapter 5: 1) we employed a more difficult 
shalloww encoding paradigm to minimize semantic processing of the words, 2) the present 
paradigmm was self-paced instead of fixed-paced, which enabled our participants to perform 
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thee task at their own pace, preventing them to become distressed or bored because the 
presentationn rate is either too fast or to slow (cf. Daselaar et al., 2002), 3) we added a low 
levell  baseline (press left/right) which enabled us to get a complete view of the brain 
structuress involved in the current paradigm (cf. Stark & Squire, 2001). 

6.33 Method 

Participants Participants 

Participantss were selected on the basis of their scores on the Dissociation Questionnaire 
(Dis-Q;; Vanderlinden et al., 1993), which was administered to about 200 students in a 
generall  'test week' (in exchange for course credit) and in unrelated experiments to 
approximatelyy 200 psychology students. Participants scoring in highest and lowest quartiles 
weree contacted for participation. Eventually, 23 students with low (Dis-Q 1.25  0.13, 
meann age 21.9  2.5, 15 females) and 20 students with high (Dis-Q 2.30  0.37, mean age 
21.44  3.8, 10 females) Dis-Q scores participated in the experiment. All participants 
reportedd to be right handed. They were informed that they were invited on the basis of their 
scoree on the questionnaire but they were unaware whether they scored high or low. During 
thee experiment, the experimenter was also unaware of the scores of the participants. 
Participantss received course credit or money (€ 12,-) for their participation. Participants had 
normall  or corrected-to-normal vision, indicated not to be dyslexic and to have no history of 
mentall  or sustained physical illness, and had Dutch as their first language. Written informed 
consentt was obtained from all participants. 

Material Material 

Thee stimuli consisted of 240 Dutch words. Half of the words had a neutral connotation; the 
otherr half had a negative connotation. The valence of the stimulus material was validated in 
aa perceptual clarification task (Ter Laak, 1992, unpublished Master's thesis), in which these 
wordss were recognized most consistently and rapidly under minimal presentation 
conditionss as neutral and negative words. Word length varied between 3 and 14 letters. 
Neutrall  and negative words were matched for word length, word type (verbs, adjectives and 
nouns)) and frequency of usage. The use of abstract words was avoided. In each of the 
words,, two letters were underlined. Half of the neutral and half of the negative words 
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containedd underlined letters that were in ascending alphabetical order (e.g., satan). The 
otherr half of the neutral and negative words contained underlined letters that were in 
descendingg alphabetical order (e.g., monster). For each participant, a subset of 40 neutral 
andd 40 negative words was randomly selected for the affective evaluation task. For both 
subsets,, half of the words contained underlined letters that were in ascending alphabetical 
orderr and half of the words contained underlined letters that were in descending 
alphabeticall  order. Another subset of 40 neutral and 40 negative words was randomly 
selectedd for the alphabetical task. Again, for both subsets, half of the words contained 
underlinedd letters that were in ascending alphabetical order and half of the words contained 
underlinedd letters that were in descending alphabetical order. Finally, the remaining 40 
neutrall  and 40 negative stimuli were designated as 'new' words. Later in the experimental 
session,, all words were presented in a surprise recognition task. Before each experiment, 
thee trials were randomly intermixed into blocks. For the encoding tasks, these blocks 
consistedd of four neutral words, four negative words and four baseline items in randomised 
order.. Consequently, during both encoding tasks ten blocks of twelve stimuli were 
presentedd in a row. For the recognition task, the blocks consisted of four neutral and four 
negativee words from the deep encoding task, four neutral and four negative words from the 
shalloww encoding task, four neutral and four negative new words and four baseline trials 
(twoo 'press left' and two 'press right' trials) in randomised order. Consequently, during the 
recognitionn task ten blocks of 28 stimuli were presented in a row. To prevent primacy and 
recencyy effects in the recognition task, three buffer words preceded and followed both 
encodingg tasks. In addition, to let participants get used to the unexpected recognition task, 
twoo buffer words preceded this task. 

Procedure Procedure 

Participantss were informed beforehand that the goal of the experiment was to gain insight 
intoo neural correlates of language processing. Prior to scanning, all participants practised 
bothh encoding tasks outside the scanner on a personal computer. In the scanner, a device 
withh response buttons was positioned near the right hand of the participant. During all task 
blocks,, participants had to respond in a forced choice fashion by pushing the left button 
withh the index finger or the right button with the middle finger. Stimuli were presented in a 
self-pacedd fashion, although a time limit of three seconds was maintained in case of non-
responses. . 

Onn each trial, response options were indicated at the bottom of the screen by an arrow 
pointingg to the left ('negative'; 'descending'̂seeny negatief', 'aflopend', 'gezien') and right 
('neutral';; 'ascending','not seen'/'neutraal', 'oplopend', 'niet gezien'). It was explained 
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beforehandd that pushing the left button corresponded to the left arrow and pushing the right 
buttonn corresponded to the right arrow. Scores were only registered when the participant 
respondedd within the 3-second time limit. After the time limit had passed or the response 
wass made, a 2-second interstimulus interval (ISI) started, taken from stimulus offset to the 
onsett of the next stimulus. Forty baseline trials were added to each task (both encoding 
taskss as well as the recognition task). During a baseline trial, participants were presented 
withh a cue to press either the left button ('<<<left7'<<<//«&') or the right button 
('right»>7'ra:/^ƒs»>,).. Both types of baseline trials occurred equally often. After a pause 
off  approximately fifteen minutes, during which the structural MRI scan was acquired, the 
recognitionn task was presented unannounced. Participants were required to judge whether 
orr not each word had appeared previously in one of the encoding tasks. The order of the 
twoo encoding tasks was counterbalanced across participants within each participant group. 
Beforee each MRI recording (encoding, structural MRI, recognition) and after the 
recognitionn task, participants were asked to rate their subjective distress on a 100-point 
scalee (SUD-S; 0 = not at all distressed, 100 = extremely distressed). 

ScanningScanning details 

Functionall  MR imaging was performed at the dept. of Radiology of the outpatient clinic of 
thee Vrij e Universiteit Academic Hospital, using a 1.5 Tesla Sonata whole-body system 
(Siemenss AG, Erlangen, Germany) equipped with a head volume coil. Axial multislice 
T2*-weightedd images were obtained with a gradient-echo planar sequence (TE = 60 ms, TR 
== 3.306 s, 64 x 64 matrix, 38 slices, 3 x 3mm in-plane resolution, slice thickness 3 mm with 
aa 1mm interslice gap), covering the entire brain. Each session consisted of two functional 
MRII  sub-sessions. During the first subsession, scans for both encoding task were acquired, 
whereass during the second subsession, scans for the recognition task were acquired. 
Betweenn the sub-sessions, a Tl-weighted structural 3D gradient-echo MR-scan (0.78 x 0.78 
xx 2 mm voxel size) was acquired. 

DataData analysis 

Singlee subject imaging data were analysed with SPM99 (Wellcome Department of 
Cognitivee Neurology, http://www.fil.ion.ucl.ac.uk). After discarding the first three scans of 
eachh time series to allow for a steady state to be induced, images were realigned, and 
spatiallyy normalized into the standard space of Talairach and Tournoux (1988). The data 
weree smoothed spatially with an 8-mm isotropic Gaussian kernel. Subsequently, data were 
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bandd pass filtered, and analysed in the context of the General Linear Model, using boxcar 
regressorss convolved with the canonical hemodynamic response to model responses during 
eachh condition. For each participant, linear contrasts were computed for experimental 
effects.. The resulting contrast images were then fed into a second level (random effects) 
analysiss in SPM2 (Wellcome Department of Cognitive Neurology, 
http://www.fil.ion.ucl.ac.uk)) and experimental effects were assessed for each group, as well 
ass group by task interactions. Main effects for each group are reported at p < 0.05 corrected 
forr multiple comparisons using the False Discovery Rate method (Genovese, Lazar, & 
Nichols,, 2002), with a cluster size restriction of 10 voxels. Interaction effects are reported 
att p < 0.001 uncorrected, masked with the appropriate main effect at p < 0.001 (p < 0.05 for 
brainn regions in the medial temporal lobe). 

6.44 Results 

BehaviouralBehavioural data 

Unlesss indicated otherwise, mean values and standard deviations are presented. 

SUD-scores s 

Subjectivee levels of distress (SUD-S) scores were numerically higher in the high-
dissociativee group, but these differences were not significant (before encoding: 26.5  23.0 
vs.. 30.3  19.7, F < 1; before structural scan: 26.5  23.0 vs. 30.3  19.7, F < 1; before 
recognition:: 23.2  20.9 vs. 30.2  17.9, F{\, 41) = 1.37, NS; after recognition: 17.1  20.4 
vss .25.5  16.6; F(\, 41) - 2.19, NS). 

Encoding g 

Errorr rates were higher in the shallow than in the deep encoding task (prop, correct in deep 
encoding:: 0.92 , in shallow encoding: 0.88  0.19; F(\, 41) = 4.69, p < 0.05), but it 
shouldd be noted that affective evaluation with deep encoding is a subjective matter. 
Responsess were almost twice as slow during shallow than deep encoding, indicating that 
alphabeticall  decision was much more difficult than affective evaluation (deep encoding 976 
mss  24, shallow encoding 1647 ms  29; F(\, 41) -390.67, p < 0.001). With affective 
evaluationn more neutral words were classified correctly than negative words (0.95  0.01 
vs.vs. 0.88  0.02 for low as well as high dissociators), probably reflecting the difficulty in 
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selectingg unambiguously negative stimulus material. Correct responses were also 
numericallyy faster to negative (971 ms  27) than neutral (982 ms  23) words although this 
effectt did not approach statistical significance (F(l, 41)< 1). The pace of evaluation at deep 
encodingg was somewhat slower for high (neutral words: 1004 ms  33, negative words: 979 
mss  39) than low (neutral words: 962  37, negative words: 960  31 ms) dissociators, but 
thesee effects failed to reach statistical significance (Fs < 1). 

Inn the alphabetical decision task slightly more negative than neutral words were 
classifiedd correctly (0.89  0.02 vs. 0.86  0.02, F(l, 41) = 7.09, p < 0.05), but this increase 
inn performance was accompanied by a slowing of RT (neutral words: 1626  31 ms, 
negativee words: 1667  29 ms; F(\, 41) = 9.81, p < 0.005), demonstrating an emotional 
interferencee effect. Separate analyses for the two groups indicated that the beneficial effect 
off  affective valence on error rate with alphabetical decision was only significant for the 
highh dissociators (low dissociators: neutral words 0.85  0.03 ms, negative words 0.87
0.03;; F(l, 22) = 1.68, NS; high dissociators: neutral words 0.87  0.03, negative words 0.91 

 0.03, F(\, 19) = 6.27, p < 0.05). The interference effect in RT, however, only showed up 
forr the low dissociators (low dissociators: neutral words 1589  42 ms, negative words 
16533  40 ms; F(l, 22) - 10.92, p < 0.005; high dissociators: neutral words 1663  45 ms, 
negativee words 1682  43 ms, F(\, 19) = 1.15, NS). Summarizing, during shallow encoding 
affectivee stimuli tended to lead to higher classification rates for high dissociators and 
tendedd to slow RT for low dissociators. 

Tablee 1. Mean proportions (SD in parentheses) of hit rates, false alarm rates, discrimination accuracy (Pr) and 
responsee bias (Br) for the different stimulus categories for low and high dissociators. 

Group p 

Stimuluss valence 

Hitss deep 

Hitss shallow 

Falsee alarms 

Accuracyy deep 

Accuracyy shallow 

Biass deep 

Biass shallow 

Low w 

Neutral l 

0.64(0.14) ) 

0.19(0.10) ) 

0.088 (0.06) 

0.56(0.13) ) 

0.111 (0.09) 

0.20(0.15) ) 

0.099 (0.06) 

Negative e 

0.800 (0.09) 

0.34(0.12) ) 

0.19(0.11) ) 

0.611 (0.11) 

0.15(0.11) ) 

0.49(0.19) ) 

0.22(0.11) ) 

High h 

Neutral l 

0.58(0.14) ) 

0.16(0.09) ) 

0.099 (0.07) 

0.49(0.17) ) 

0.077 (0.09) 

0.17(0.12) ) 

0.099 (0.07) 

Negative e 

0.822 (0.06) 

0.29(0.16) ) 

0.16(0.09) ) 

0.66(0.08) ) 

0.13(0.13) ) 

0.44(0.19) ) 

0.19(0.11) ) 

Recognition n 

Hitt rates, false alarm rates, discrimination accuracy and response bias are depicted in Table 
1.. Conforming to expectations, there were strong effects of levels of processing (deeply 
encodedd words: 0.71 , shallowly encoded words: 0.24  0.16; F(l, 41) = 688.2, p < 
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0.001)) and affective valence (neutral words: 0.39 , negative words: 0.56  0.14; F(\, 
41)) = 156.8, p < 0.001) on hit rate. An encoding x valence interaction indicated that the 
valencee effect was somewhat higher for deeply than for shallowly encoded items (F( 1, 41) 
== 7,06, p < 0.05). A group x encoding x valence effect (F(l, 41) = 4.47, p < 0.05) indicated 
thatt for deeply encoded items, the valence effect on hit rate was higher for high than low 
dissociatorss (low dissociators: neutral words 0.64  0.03, negative words 0.80  0.02; high 
dissociators:: neutral words 0.58  0.03, negative words 0.82  0.02; F(l, 41) = 3.76, p = 
0.059),, whereas for shallowly encoded words, the valence effect was similar in both groups 
(loww dissociators: neutral words 0.19  0.020, negative words 0.34  0.029; high 
dissociators:: neutral words 0.16  0.022, negative words 0.29  0.031; F(l, 41) < 1, NS). 

Thee false alarm rate was overall quite low, but conforming to expectations it was again 
higherr for negative (0.17  0.02) than neutral (0.08 ) words (F(I, 41) = 38.37, p < 
0.001).. The effect of valence on the false alarm rate was somewhat smaller for high (neutral 
wordss 0.09  0.02, negative words 0.16  0.02) than low (neutral words 0.08  0.014, 
negativee words 0.19  0.02) dissociators, but the group x valence interaction failed to reach 
statisticall  significance (F(l, 41) = 2.27, p = NS). 

sensitivit yy  (Pr) 

DD neutral 
•• negative 

Figuree 1.Sensitivity (Pr) of low and high dissociators for deeply and shallowly encoded neutral and negative 
words.. Error bars show S.E.M. 

Estimatess of sensitivity (net memory performance) where obtained by subtracting false 
alarmm from hit rates (see Figure 1). Because no separate false alarm rates were obtained for 
deeplyy and shallowly studied words, the levels of processing effect on sensitivity was just 
ass strong as it was on hit rate ^(1, 41) = 688.2, p < 0.001). The tendency of negative words 
too enhance false alarm rates was smaller than its effects on hit rate. Therefore, negative 
wordss were better remembered than neutral words (neutral words: Pr = 0.31  0.02, 
negativee words: Pr = 0.39  0.01; f ( l , 41) = 18.8, p < 0.001). As with the effect on hit rate, 
ann encoding x valence interaction indicated that the effect of valence on recognition was 
largerr for deeply than shallowly studied items {F( 1, 41) = 7.06, p < 0.05). The enhancement 
effectt of a negative affective valence on recognition memory tended to be larger for high 
thann low dissociators, leading to a marginally significant group x valence interaction (F(\, 
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41)) = 3.64, p = 0.063). A significant group x encoding x valence interaction (F{1, 41) = 
4.47,, p < 0.05) indicated that for deeply encoded items, the valence effect on recognition 
memoryy was larger for high than low dissociators {F(l, 41) = 4.47, p < 0.05), whereas it 
wass about the same for shallowly encoded items (F(l, 41) < 1, NS, see Figure 1). 

Imagingg data 

Resultss for imaging data are summarized in Tables 2-9 and correspond to the 3D 
visualizationss and cross sections depicting BOLD-activity in Figures 2-9. Tables and 
Figuress 2-6 show data from the encoding phase of the experiment, whereas Tables and 
Figuress 7, 8 and 9 show data from the recognition task. Please note that Talairach 
coordinatess are only presented for  brain areas that show significant group 
interactions.. In the appendix, complete tables are presented. 

Encoding g 

BOLDD activations to neutral and negative words during deep encoding are first presented 
separatelyy in comparison with the low level baseline condition (Tables and Figures 2 and 3, 
respectively).. These contrasts enabled us to obtain a general impression of the semantic 
processingg of affectively neutral and negative stimuli in low and high dissociators. In the 
subsequentt analysis, affectively neutral and negative stimuli in deep encoding are compared 
directlyy (valence effect in deep encoding, Table and Figure 4). To maximise statistical 
powerr and to get a general impression of the effect of a negative stimulus valence in low 
andd high dissociators, irrespective of type of encoding, neutral and negative stimuli from 
bothh encoding tasks were pooled (Table and Figure 5). Finally, in Table 6, effects of 
shalloww processing compared to a low-level baseline are shown. Because no effects of 
affectivee valence were found, BOLD activations are shown pooled for neutral and negative 
stimuli. . 

DeepDeep encoding of neutral stimuli. In Figure 2, deep encoding of neutral stimuli is depicted 
forr low and high dissociators (left and right panel, respectively). Broadly speaking, four 
brainn areas can be distinguished that are in agreement with earlier findings on semantic 
processingg (Jobard, Crivello, & Tzourio-Mazoyer, 2003). Most importantly, robust 
activationn of the left inferior frontal gyrus was found (see Table 2a), reflecting the semantic 
elaborationn of the neutral words. The medial frontal cortex was also activated, including the 
anteriorr cingulate and medial frontal gyrus. Another main area of activation was the left 
fusiformm gyrus, situated in the ventral route, which probably reflects the visual analysis of 
writtenn word forms (orthographic processing). Lastly, activation of the occipital cortex can 
bee discerned, which reflects the fact that visual information is being presented. Remarkably, 
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loww dissociators show higher general levels of brain activation, not only leading to larger 
clusterss of activity, but also to a spreading of activity to the right hemisphere. These higher 
levelss of activity were reflected in significant group interactions in favour of the low 
dissociators.. e.g.. in the MFC and the right inferior frontal gyrus. 

Tabicc 2. Deep encoding: areas showing significant (p<0.001) increase in activity for neutral words compared to 
baselinee in low- and high-dissociative participants. BA= Brodmann area. (*  = p<0.05 corrected. (*) = p<0.1 
corrected,, (1) = p<0.005). Table a: effects for groups separately, table b: group interactions. 

a a 

Region n 

Prefrontal l 

Inferior r 

Temporal l 

Occipital l 

l/i i 

r r 

1 1 

r r 

Low w 

Talairach h 

422 21 -15 

-577 -36 3 

244 -96 21 

399 -84 -9 

455 -84 0 

Z-scoree BA 

3.677 * 47 

3.688 * 22 

6.133 * 19 

5.17**  19 

5.02**  19 

High h 

Talairach h 

399 -90 -6 

39-877 12 

399 -84 0 

Z-score e 

3.60* * 

3.388 (*) 

3.333 (*) 

BA A 

18 8 

19 9 

1') ) 

b b 

Region n 

Prefrontal l 

Inferior r 

Temporal l 

Occipital l 

1/r r 

r r 

1 1 

r r 

Low>High h 

Talairach h 

366 39 -6 

-577 12-6 

-511 -30 3 

-600 -36 6 

244 -96 21 

Z-score e 

3.5 5 

3.56 6 

3.46 6 

3.35 5 

3.95 5 

BA A 

47 7 

22 2 

22 2 

22 2 

19 9 

loww dissociators highh dissociators 

- < / • ;; \ , 

Figuree 2. 3D-rendering of activity related to presentation of neutral words during deep encoding in low-
dissociativee (left panel) and high-dissociative (right panel) participants for p < 0.001. 

DeepDeep encoding of negative stimuli. Deep encoding of negative stimuli tended to activate 
similarr prefrontal regions as the neutral stimuli (i.e.. LIFG and MFC) but to a greater 
extent,, particularly for the high dissociators (see Table 3a and Figure 3). When directly 
comparingg groups, high dissociators showed more activity in left inferior frontal gyrus than 
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loww dissociators (see Table 3b). In addition, high dissociative participants showed 
activationn in the left hippocampus (see Table 3a). No differences in hippocampal 
activationss between low and high dissociators showed up in the direct group comparisons, 
however. . 

Tablee 3. Deep encoding: areas showing significant (p<0.001) increase in activity for negative words compared to 
baselinee in low- and high-dissociative participants. BA= Brodmann area. (*  = p<0.05 corrected. (*) = p<0.1 
corrected.. (1) = p<0.005). Table a: effects for groups separately, table b: group interactions. 

a a 

Region n 1/r r 

Low w 

11 al,uracil Z-score e BA A 

High h 

Talairach h Z-score e BA A 

Prefrontal l 

Inferiorr 1 -5124-9 6.97* 47 -36 30-9 5.45* 47 

-399 12 30 6.04* 9 -57 33 6 5.27* 45 

-577 30 12 5.65* 46 

Hippocampuss 1 -27-15-15 3.57* 

-33-211 -12 3.48* 

-18-12-188 3.54* 

b b 

Region n 

Frontall  Inferior 

1/r r 

1 1 

High>Low w 

Talairach h 

-277 54-12 

Z-score e 

3.14 4 

BA A 

11 1 

loww dissociators high dissociators 

Figuree 3. 3D-rendering of activity related to presentation of negative words during deep encoding in low-

dissociativee (left panel) and high-dissociative (right panel) participants for p < 0.001. 

EffectEffect of affective valence in deep encoding. To investigate the effect of negative affective 
valencee on semantic elaboration in low and high dissociators, we directly compared deep 
encodingg of affectively negative and neutral verbal stimuli (see Figure 4a). A negative 
affectivee negative stimuli increased activity in prefrontal areas, i.e.. LIFG and MFC (see 
Tablee 4a). High dissociators showed a greater increase in MFC than low dissociators. 
Moreover,, they showed right, next to left inferior frontal gyrus activity. Several areas in the 
temporall  lobe were also more active for high dissociators. All these observations were 
supportedd by direct group comparisons (see Table 4b). In the latter analyses, more right 
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hippocampall  activity was also found for high dissociative participants (see Figure 4b). 
Hippocampall  activity was apparently too weak to show up in the separate analyses for the 
twoo groups. 

Tablee 4. Deep encoding: areas showing significant (p<0.001) increase in activity for negative versus neutral words 
inn low- and high- dissociative participants. BA= Brodmann area. (*  = p<0.05 corrected, (*) = p<0.1 corrected, (1) 
== p<0.005). Table a: effects for groups separately, table b: group interactions. 

Low w High h 

Region n 

Prefrontal l 

Inferior r 

Medial l 

1/r r 

r r 

1 1 

Talairach h 

-155 60 30 

-99 57 15 

Z-score e 

4.2(*) ) 

4.1(*) ) 

BA A 

10 0 

10 0 

Talairach h Z-score e BA A 

Temporal l ll  -63-33-6 3.69(*) 21 

488 18-3 

-99 57 63 

-155 51 27 

-99 63 21 

-99 24 51 

-633 -36 -6 

-333 6 -33 

4.2* * 

4.7* * 

4.2* * 

4.2* * 

4.4* * 

4.6* * 

4.0* * 

47 7 

9 9 

9 9 

10 0 

8 8 

21 1 

21 1 

High>Low w 

Region n II  r Talairach h Z-score e BA A 

Prefrontal l 

Medial l 

Inferior r 

Temporal l 

Hippocampus s 

-99 42 33 

488 18-3 

-333 6 -33 

-333 -33 -9 

24-15-18 8 

3.1 1 

3.2 2 

4.0 0 

3.4 4 

3.3 3 

9 9 

47 7 

21 1 

41 1 

loww dissociators highh dissociators 

Figuree 4a. 3D-rendcring of activity related to affective valence (negative > neutral) during the deep encoding task 
inn low-dissociative (upper panel) and high-dissociative (lower panel) participants for p < 0.001. 
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highh dissociators > low dissociators 

Figuree 4b. Right hippocampal activity for the valence high dis. > valence low dis. interaction in the deep encoding 

task. . 

EffectsEffects of affective valence across deep and shallow encoding. To investigate the effect of 
affectivee valence irrespective of the amount of semantic elaboration, we compared all 
negativee to all neutral stimuli presented during encoding (see Table 5a and Figure 5a). A 
networkk was activated that was highly similar to the valence effect in deep encoding. In 
addition,, activity in the left amygdala was found for high dissociators (see Figure 5b). 
Whenn we slightly lowered the statistical threshold (p<0.005), this difference in amygdala 
activationn was also apparent in the group comparison (see Table 5b). 

Tablee 5. Deep and shallow encoding pooled: areas showing significant (p<0.001) increase in activity for negative 
versusversus neutral words in low- and high-dissociative participants. BA= Brodmann area. (*  = p<0.05 corrected. (*) = 
p<0.11 corrected. (1) = p<0.005). Table a: effects for groups separately, table b: group interactions. 

a a 

Region n 

Prefrontal l 

Medial l 

Temporal l 

Amygdala a 

Low w 

11 r Talairach 

11 -15 63 27 

-99 57 12 

11 -63 -36 -3 

1 1 

Z-score e 

4.188 (*) 

4.022 (*) 

4.466 * 

BA A 

1(1 1 

10 0 

21 1 

High h 

Talairach h 

-99 60 33 

-66 51 30 

-544 15 -9 

-300 18-27 

-422 21-21 

-511 15-30 

-600 -36 -6 

-54-211 -9 

-57-15-15 5 

-18 -6 -18 8 

Z-score e 

5.18* * 

4.211 * 

4.311 * 

4 .20* * 

3.188 (*) 

3.566 * 

4.500 * 

3.80* * 

3.777 * 

4.133 * 

BA A 

9 9 

9 9 

38 8 

38 8 

38 8 

38 8 

21 1 

21 1 

21 1 
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b b 

Regionn 1 r 

Mediall  Prefrontal 1 

Insulaa 1 

Temporall  1 

Amygdalaa 1 

High>Low w 

Talairach h 

-99 42 33 

-399 -3 -3 

-633 0 -6 

-633 -21-15 

-211 -6-18 

Z-score e 

3.21 1 

3.62 2 

3.21 1 

3.11 1 

2.94(1) ) 

BA A 

9 9 

13 3 

21 1 

39 9 

< A JJ • ' ,•••;. . 

loww dissociators highh dissociators 

Figuree 5a. 3D-rendering of activity related to affective valence (negative > neutral) during encoding (pooled for 
deepp and shallow encoding) in low-dissociative (left panel) and high-dissociative (right panel) participants forp < 
0.001. . 

loww dissociators highh dissociators 

11 \ 

Figuree 5b. Left amygdala activity for high dissociators to affective valence (negative > neutral) during encoding 
(pooledd for deep and shallow encoding). 

ShallowShallow encoding. A large cortical network was activated by the alphabetical decision task 
comparedd to the low level baseline. Now differences were found between processing of 
neutrall and negative words. Therefore, results for this task are presented pooled for neutral 
andd negative stimuli (see Table 6a and b in Appendix and Figure 6). Moreover, no 
significantt group interaction were found. 

forr Table 6, see Appendix 
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loww dissociators highh dissociators 

4 4 
Figuree 6. 3D-rendering of activity related to presentation of words during shallow encoding (pooled for affective 

valence)) in low-dissociative (left panel) and high-dissociative (right panel) participants for p < 0.001. 

Recognition.Recognition. Below, analyses are presented that focus on the effects of nonclinical 
dissociationn on recognition memory. Table/Figure 7 and 8 focus on recognition of deeply 
encodedd neutral and negative words, respectively. Table and Figure 9, finally, focus on 
differencess in recollection for deeply and shallowly encoded items (pooled for neutral and 
negativee stimuli). 

Tablee 7. Recognition of deeply encoded neutral words: areas showing significant (pO.001) increase in activity for 
correctlyy recognized words (hits) compared to correctly rejected new words (cr) in low- and high-dissociative 
participants.. BA= Brodmann area. (* = p<0.05 corrected, (*) = p<0.1 corrected. (1) = p<0.005). Table a: effects 
forr groups separately, table b: group interactions. 

a a 

Region n 

Temporal l 

Parietal l 

Inff Lobule 

Hippocampus s 

Low w 

l/rr Talairach 

11 -51 

-63 3 

-60 0 

11 -36 

-30 0 

-48 8 

1 1 

-36-6 6 

-36-6 6 

-36-15 5 

-600 57 

-577 42 

-455 54 

Z-scoree BA 

4 . 83** 21 

4.733 * 21 

4 . 38** 21 

5 .10** 7 

4.944 * 7 

4.922 * 40 

High h 

Talairach h 

-633 -33 -9 

-511 18-12 

-333 -54 42 

-366 -66 48 

-455 -45 42 

-18 -33 -3 3 

-277 -36 -3 

Z-score e 

4 . 46* * 

4 .54* * 

4.955 * 

4 .92* * 

4 .50* * 

3.02(1) ) 

2.91(1) ) 

BA A 

21 1 

38 8 

40 0 

7 7 

40 0 

b b 

Region n 

Temporal l 

Parietal l 

Hippocampus s 

l/r r 

1 1 

1 1 

1 1 

Highh > Low 

Talairach h 

-511 12-18 

-36-511 30 

-211 -33-3 

-333 -36 -9 

Z-score e 

3.1 1 

3.45 5 

3.15 5 

3.1 1 

BA A 

38 8 

40 0 
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loww dissociators highh dissociators 

Figuree 7a. 3D-rendering of activity related to recognition of deeply encoded neutral words (hits>CR) in low-
dissociativee (left panel) and high-dissociative (right panel) participants for p < 0.001. 

loww dissociators highh dissociators 

Figuree 7b. Left hippocampus activity for high dissociators for recognition of deeply encoded neutral words. 

RecognitionRecognition of deeply encoded neutral words. Figure 7a depicts activation of a large 
corticall network in response to recognition of deeply encoded neutral words (by comparing 
hitss to deeply encoded neutral words to correct rejections of new neutral words). Next to 
thee prefrontal areas that were also active during deep encoding (i.e., LIFG en MFC), 
dorsolaterall prefrontal cortex activity was also apparent (see Table 7a). The expected 
posteriorr parietal activity could also be discerned, in the inferior parietal lobule as well as 
mediall posterior parietal cortex (posterior cingulate and precuneus complex). In general, 
activityy is left lateralized, like in the deep encoding task, although right hemisphere 
activationn is more apparent than for encoding. Group interactions for recognition of deeply 
encodedd neutral words in favour of the high dissociative group were found in two areas 
heldd to be associated with conscious recollection, namely the (posterior) hippocampus, and 
thee left inferior parietal lobule. Moreover, high dissociators showed more activity in the left 
temporall pole (see Table 7b). 

RecognitionRecognition of deeply encoded negative words. Unexpectedly, recognition of deeply 
encodedd negative stimuli elicited less intense cortical activation than recognition of neutral 
stimulii (see Figure 8). Still largely the same cortical network was activated as for neutral 
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wordss (i.e., multiple frontal regions and posterior parietal regions, see Table 8). Z-scores 
forr low dissociators were generally higher, but no significant group interactions occurred. 

forr Table 8, see Appendix. 

loww dissociators high dissociators 

Figuree 8. 3D-rendering of activity related to recognition of deeply encoded negative words (hits > CR) in low-

dissociativee (left panel) and high-dissociative (right panel) participants for p < 0.001. 

RecognitionRecognition of deeply vs. shallowly encoded words To obtain a pure estimate of 
recollection,, our last analysis focused on the difference in neural activity between correctly 
recognizedd deeply and shallowly encoded words. Because memory for shallowly encoded 
itemss was too poor to obtain reliable estimates for neutral and negative hits separately (see 
Tablee 1), we pooled these categories. As can be discerned in Figure 9a, multiple posterior 
parietall regions that have been associated with conscious recollection were elicited in the 
highh dissociative group, whereas hardly any activation was found for the low dissociative 
group.. Also, multiple temporal areas were active for the high dissociators. Moreover, right 
posteriorr hippocampus and left amygdala activity was found for the high group (see Figure 
9bb and c, respectively). It should be noted that these activations were only marginally 
significantt after correction for multiple comparisons (see Table 9a). A direct group 
comparisonn indicated that an area in the right temporal cortex was more active for high than 
loww dissociators (see Table 9b) and with slightly lower thresholds, we also found 
interactionss regarding the inferior parietal lobule, right posterior hippocampus and left 
amygdala. . 

106 6 



NonclinicalNonclinical dissociation, encoding, recognition, and fhlRl 

Tablee 9. Recognition of deeply versus shallowly encoded words (pooled for affective valence): areas showing 
significantt (p<0.001) increase in activity for correctly recognized deeply encoded words (deep hits) compared 
correctlyy recognized shallowly encoded words (shallow hits) in low- and high-dissociative participants. BA= 
Brodmannn area. (* = p<0.05 corrected. (*) = p<0.1 corrected. (1) = p<0.005). Tabic a: effects for groups 
separately,, table b: group interactions. 

a a 

Region n 1/r r 

Low w 

Talairach h Z-score e BA A 

High h 

Talairach h Z-score e BA A 

Temporal l 

Parietal l 

Inff Lobule 

Amygdala a 

57-42-12 2 

300 -63 45 

3.59 9 

4.23 3 

20 0 488 3 -30 

6 3 - 1 5 - 9 9 

666 -24 -9 

57-633 27 

511 -57 30 

422 -66 24 

577 -48 42 

-24 -3 -12 2 

-24 -6 -21 1 

24 -33 -15 5 

4.16(*) ) 

3.622 (*) 

3.444 (*) 

4.000 (*) 

3.888 (*) 

3.888 (*) 

3.533 (*) 

4.088 (*) 

3.866 (*) 

3.299 (*) 

21 1 

21 1 

21 1 

39 9 

40 0 

39 9 

40 0 

Hippocampus s r r 24 -33 -15 5 3.299 (*) 

b b 

Region n 11 r 

High>Low w 

Talairach h Z-score e BA A 

Temporal l 

Inff Par Lobule 

Amygdala a 

Hippocampus s 

488 3 -30 

600 -45 27 

544 -48 30 

57-488 45 

-24-33 -12 

24 -33 -15 5 

3.31 1 

2.71(1) ) 

2.59(1) ) 

2.9(1) ) 

2.8(1) ) 

2.61(1) ) 

21 1 

41) ) 

40 0 

40 0 

loww dissociators highh dissociators 

<^vv TrSïfc mm mm 
Figuree 9a. 3D-rendering of activity related to recognition of deeply versus shallowly encoded words words pooled 
forr affective valence (deep hits > shallow hits) in low-dissociative (left panel) and high-dissociative (right panel) 
participantss for p < 0.001. 
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loww dissociators high dissociators 

Figuree 9b. Right hippocampus activity for high dissociators during recognition of deeply versus shallowly encoded 
wordss pooled for affective valence (deep hits > shallow hits). 

loww dissociators high dissociators 

Figuree 9c. Left amygdala activity for high dissociators during recognition of deeply versus shallowly encoded 
wordss pooled for affective valence (deep hits > shallow hits). 

6.55 Discussion 

Thee goal of the present study was to investigate whether high dissociators are characterized 
byy heightened levels of semantic elaboration in a deep/shallow encoding task, resulting in 
superiorr memory performance during a surprise recognition task. To further manipulate 
levell of elaboration, affectively neutral as well as negative stimuli were presented. 

EncodingEncoding tasks 

Inn the deep encoding task, we found indications for increased elaboration by high 
dissociators.. Whereas a negative affective valence led to increased elaboration in all 
participants,, as indicated by increased activity in left inferior frontal gyrus, it was stronger 
forr the high than the low dissociative group, as indicated by a spreading of activation to the 
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rightt inferior frontal gyrus for high dissociators. Also, medial frontal cortex (MFC) showed 
moree activity in response to affectively negative stimuli, possibly reflecting higher levels of 
top-downn regulation in the regulation of affect (see Davidson & Irwin, 1999; Bush et al., 
2000).. Moreover, the right hippocampus was recruited to a greater extent by the high 
dissociativee group. When contrasting the effect of negative with neutral stimuli across 
encodingg conditions, increased amygdala activity was also found for the high compared to 
thee low group, suggesting a higher sensitivity to affectively negative stimuli. 

Forr shallowly encoded items, no effects of affective valence were found, nor any 
groupp interactions. The high levels of cortical engagement necessitated by the demands of 
thee alphabetical tasks might have saturated the BOLD signal and obscured any valence- or 
groupp effects (for a similar suggestion, see Otten and Rugg, 2001). Performance data of the 
shalloww encoding task, however, suggested enhanced attentional skills in the high 
dissociators:: whereas that low dissociators showed a kind of emotional Stroop effect (their 
RTT was slower to negative than neutral stimulus material), no such interference by affective 
valencee was found for the high dissociators (see also de Ruiter et al., 2003). 

RecognitionRecognition task 

fMRII results for the recognition task were in agreement with previous studies (e.g., 
Bucknerr & Wheeler, 2001; Rugg et al, 2002; Shannon & Buckner, 2004). With respect to 
thee affectively neutral stimuli, a large cortical network was activated when comparing hits 
too deeply encoded items with correct rejection of new items: several prefrontal areas were 
elicitedd as well as the inferior parietal lobule complex and the medial posterior parietal 
cortex.. The latter two structures have been suggested to be associated with conscious 
recollectionn (e.g., Buckner & Wheeler, 2001; Rugg et al, 2002; Shannon & Buckner, 2004). 
Wee found group differences in favour of the high dissociators in the left posterior 
hippocampuss and the inferior parietal lobule complex. These data thus strongly suggest that 
highh dissociators are characterized by high levels of conscious recollection. Unexpectedly, 
recognitionn of deeply encoded neutral stimuli recruited a smaller cortical network than 
recognitionn of negative stimuli (although memory performance was higher for negative 
thann neutral items). It might be argued that contrasting hits to old negative words with 
correctt rejections to new negative words might have obscured the effects of recollection for 
negativee items, because newly presented negative words also elicit brain areas that are 
associatedd with recollection. As can be deferred from the behavioural data, affective 
valencee has a profound effect on response bias: participants have the tendency to respond 
'old'' to all negative items, irrespective of the fact if these items have actually been shown 
orr not. Thus, even if participants correctly decided that they had not seen the negative word 
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before,, these stimuli might still have elicited some brain activity that resembled activity to 
recognizedd stimuli (for a similar suggestion, see Maratos, Allan, & Rugg, 2000). 

Too get a pure estimate of brain activity associated with conscious recollection, a direct 
comparisonn was made between correctly recognized deeply and shallowly encoded stimuli, 
reasoningg that the former category is associated with higher levels of recollection than the 
latterr category. In agreement with this view, mainly posterior parietal activity could be 
discernedd in the fMRI data (thought to be related to conscious recollection), whereas hardly 
anyy prefrontal activity was found (thought to be involved in control processes like post-
retrievall monitoring). High dissociators showed much more posterior parietal activity than 
loww dissociators (amongst other cortical areas), and in addition, left amygdala and right 
posteriorr hippocampus activity was found, again adding support to the notion that high 
dissociatorss are characterized by high levels of recollection. 

Wee also examined the reverse comparison, i.e., brain areas that are more active for 
recognitionn of shallowly than deeply encoded items. We expected to find indications of 
involvementt of control (i.e., prefrontal) areas that are found to be more active for less well 
rememberedd stimuli (e.g., post-retrieval monitoring, see Buckner and Wheeler 2001; 
Fletcherr and Henson, 2001; Rugg et al., 2002). In our ERP study, we found evidence that 
thesee areas are recruited to a larger extent by low dissociators, as a result of their lower 
levelss of conscious recollection. We found no BOLD activation for this comparison for 
eitherr group, however. In contrast to the ERP study, however, we could not distinguish 
betweenn recollection of shallowly encoded neutral and negative stimuli. Because post-
retrievalretrieval monitoring only occurred for neutral words, pooling of neutral and negative 
stimulii might have obscured any indications of post-retrieval monitoring. 

Wee also examined the reverse comparison, i.e., brain areas that are more active for 
recognitionn of shallowly than deeply encoded items. We expected to find indications of 
involvementt of control (i.e., prefrontal) areas that are found to be more active for less well 
rememberedd stimuli (e.g., post-retrieval monitoring, see Buckner and Wheeler 2001; 
Fletcherr and Henson, 2001; Rugg et al., 2002). In our ERP study, we found evidence that 
thesee areas are recruited to a larger extent by low dissociators, as a result of their lower 
levelss of conscious recollection. We found no BOLD activation for this comparison for 
eitherr group, however. In contrast to the ERP study, however, we could not distinguish 
betweenn recollection of shallowly encoded neutral and negative stimuli. Because post-
retrievalretrieval monitoring only occurred for neutral words, pooling of neutral and negative 
stimulii might have obscured any indications of post-retrieval monitoring. 

Itt should be mentioned that, whereas our point of view emphasizes improved cognitive 
functioningg in high dissociators, it might be argued that a larger effect of negatively 
valencedd stimuli in the high dissociators is due to the latter group being more anxious, 
whichh results in their attention being drawn to negatively valenced stimuli. Two 
experimentall findings argue against the latter explanation: firstly, we found no differences 
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inn subjective distress (as measured by SUD-S) between groups. Secondly, we found that the 
proportionn of words that was classified as 'negative' during affective evaluation was similar 
forr both groups (if high dissociators would have been more anxious, they probably would 
havee classified more words as 'negative' than the low-dissociative group). 

Itt should be mentioned that, whereas our point of view emphasizes improved cognitive 
functioningg in high dissociators, it might be argued that a larger effect of negatively 
valencedd stimuli in the high dissociators is due to the latter group being more anxious, 
whichh results in their attention being drawn to negatively valenced stimuli. Two 
experimentall findings argue against the latter explanation: firstly, we found no differences 
inn subjective distress (as measured by SUD-S) between groups. Secondly, we found that the 
proportionn of words that was classified as 'negative' during affective evaluation was similar 
forr both groups (if high dissociators would have been more anxious, they probably would 
havee classified more words as 'negative' than the low-dissociative group). 
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Discussion n 

Thee main purpose of the present thesis was to investigate basic information processing 
characteristicss of dissociative tendencies in the normal population. To this end, we selected 
collegee students that differed in their scores on a dissociation questionnaire (Dis-Q). These 
participantss performed several attention and working memory tasks, while behavioural 
(errorr measures and reaction time) and neural (Event-Related Potentials and functional 
Magneticc Resonance Imaging) measures were obtained. Our general working hypothesis 
was,, that dissociative tendencies in healthy individuals are not related to aberrant cognitive 
functioning,, but instead reflect a distinct information processing style that, in general, is not 
relatedd to traumatic experiences. More specifically, we proposed that high dissociators are 
characterizedd by heightened levels of attention and working memory capacities, resulting in 
habituallyhabitually higher levels of elaboration and memory storage of presented stimulus material. 
Inn turn, this increased semantic elaboration was hypothesized to result in higher levels of 
true,, but also somewhat higher levels false memories as measured in a recognition task. 

7.11 Summary of results 

Inn Chapter 2, verbal working memory span was determined with a Dutch version of the 
wordd span test of Daneman and Carpenter (1980) and applied to a sample of 119 
psychologyy students. These participants were divided into a low, medium and high-
dissociativee group, with the expectation that the rate of dissociative tendencies would be 
positivelyy related to working memory span. It was found that the verbal span of the high-
dissociativee group was about half a word larger than of the medium- and low-dissociative 
groups.. As argued in Chapter 3, however, the memory task used in Chapter 2 presumably 
doess not provide the most accurate estimate of verbal working memory capacity. Therefore, 
twoo alternative paradigms were used that are thought to tap different aspects of working 
memoryy while measuring fMRI. A Sternberg and an N-back task were applied to tap 
maintenancee and manipulation aspects of working memory, respectively. Behavioural data 
demonstratedd that high-dissociators performed better during the Sternberg task as well as 
duringg the second sub-session of the n-letter back task. In addition, for both tasks, more 
task-loadd related increase in activity in the left dorsolateral prefrontal cortex (DLPFC) was 
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foundd for high than low dissociators. Because this brain structure is consistently activated 

inn working memory tasks, these results suggest that high-dissociative participants recruit 

brainn areas responsible for working memory functioning to a greater extent, resulting in 

betterr performance. 
Chapterr 4 focused on the relation between dissociative tendencies and attention. In two 

tasks,, affectively neutral and negative verbal stimuli were presented while measuring ERPs. 
Inn the affective evaluation task, participants indicated whether the presented word was 

affectivelyy neutral or negative, whereas in the letter detection task, participants were 
instructedd to detect the letter 'A'. We expected high dissociators to be characterized by 
behaviourall and ERP signs of enhanced attentional abilities during both tasks. Group 
differencess were most conspicuous in the letter detection task. In the high-dissociative 
group,, detection of the letter 'A' was accompanied by a large increase in amplitude of the 
Latee Positive Complex, an effect that was amplified if words were negatively valenced. 
Thesee effects were mirrored in the behavioural data, in the sense that words that elicited the 
largestt amplitude (negatively valenced words containing an 'A') were given the fastest 
response.. These effects were (virtually) absent in the low dissociative group, as was 
confirmedd by significant group interactions. Taken together, these results confirm our point 
off view that high dissociators are characterized by heightened attentional abilities. 

Inn Chapter 5, performance and ERPs on a surprise memory test were measured for the 
affectivelyy neutral and negative verbal stimuli that had been subjected to incidental deep vs. 
shalloww encoding (see Chapter 4). It was expected that, due to their higher tendency to 
engagee in semantic elaboration, dissociative tendencies would result in higher recognition 
ratess for stimuli, particularly those that had been subjected to semantic elaboration 
experimentallyy (i.e., deep encoding). Because of their supposedly habitual elaboration, we 
expectedd the beneficial effects of dissociation to be apparent for affectively neutral as well 
ass negative stimuli, (whereas an affective memory bias would predict effects for affectively 
negativee words only), albeit we expected stronger effects of dissociation on negative words 
becausee of the capacity of this stimulus category to automatically attract attention. As a 
'sidee effect' of the increased associative encoding we expected high dissociators to show 
somee increase in false alarm rates as well. ERPs enabled us to assess the amount of 
recollectionrecollection (as reflected in the parietal old/new effect) and level of post-retrieval 
monitoringg (as reflected by the right prefrontal slow wave). Indeed, high-dissociative 
participantss had higher hit rates than low dissociators. This increase occurred both for 
deeplyy and shallowly encoded items. However, this increase in hit rate was limited to 
affectivelyy neutral stimulus material, and accompanied by an increase in false alarm rate to 
neww neutral stimuli that was of equal magnitude as the increase in hit rate, resulting in a 
comparablee net memory performance for low and high dissociators. ERPs results 
complementedd these behavioural findings: a groups x valence interaction suggested that hits 
too deeply encoded neutral stimuli elicited a larger parietal old/new effect in high than low 
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dissociators,, suggesting a higher level of conscious recollection in high than low 
dissociatorss for this stimulus category. In addition, a smaller right prefrontal old/new effect 
forr hits to shallowly encoded neutral stimuli for high than low dissociators indicated that 
highh dissociators engaged less in post-retrieval monitoring than low dissociators, which 
mightt also partly explain their increased false alarm rate to new neutral stimuli (although 
theree were insufficient trials to calculate ERPs for this stimulus category). 

Inn Chapter 6, we reported results from a deep-shallow encoding paradigm while 
measuringg fMRI, combining results from the study (encoding) and the test (recognition) 
phasee (analogous to the ERP studies of Chapters 4 and 5). During encoding, we expected 
highh dissociators to show fMRI indications of increased semantic working memory activity 
(thoughtt to reside in the left inferior frontal gyrus) and increased memory storage, a direct 
resultt of increased working memory/elaboration (thought to be located in the medial 
temporall lobe, i.e., (para)hippocampal activation). This pattern of results was indeed found 
forr negatively valenced words. Corroborating these results, negatively valenced words were 
rememberedd better by high than low dissociators. For the recognition task, we found group 
differencess in favour of the high dissociators in the left and right posterior hippocampus 
andd the inferior parietal lobule complex, structures that have been associated with conscious 
recollection.. These data thus strongly suggest that high dissociators are characterized by 
highh levels of conscious recollection. 

7.22 Dissociation as a basic information processing characteristic 

Thee empirical chapters of this thesis provide evidence that dissociative tendencies in 
nonclinicall populations are related to basic information processing characteristics. The 
relationn between dissociative tendencies and working memory, attention, elaboration and 
long-termm memory is set out in more detail below. 

DissociationDissociation and working memory 

Wee have provided behavioural evidence that high dissociators are characterized by a higher 
workingg memory capacity as indexed by three types of working memory tasks: verbal span 
(Chapterr 2), delayed match-to-sample and N-back (Chapter 3). In the latter two cases, these 
behaviourall results were corroborated by fMRI data indicating more task load-related 
increasee in activity in dorsolateral prefrontal cortex for high than low dissociators. In 
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additionn to these tasks, that are assumed to tap working memory function directly, fMRI 
dataa from the affective evaluation task of Chapter 6 provide further indications that working 
memoryy capacity is larger in high than low dissociators. Although this paradigm does not 
providee a behavioural index of working memory capacity, it is assumed that semantic 
workingg memory, thought to be located in inferior frontal gyrus (ventrolateral prefrontal 
cortex),, is central to this task. fMRI indicated an increase of activation in this area in 
responsee to affectively negative versus neutral words in this area, with this effect being 
strongerr for high than low dissociators. It thus seems that the recruitment of semantic 
workingg memory by affective stimuli is stronger for high than low dissociators. Taken 
together,, these results suggest that high-dissociative, otherwise healthy individuals are 
characterizedd by a high working memory capacity. The results presented in this thesis thus 
appearr to contradict the conjecture by Dorahy (2001) of potential deficits in working 
memoryy with dissociative patients. 

DissociationDissociation and attention 

Whenn high-dissociative participants had to detect the letter 'A' in presented words (Chapter 
4),, Event-Related Potentials indicated that high dissociators were characterized by 
enhancedd focusing of attention to this stimulus feature. The fact that this ERP effect was 
alsoo present for affectively neutral words indicates that this heightened attention in high 
dissociatorss is independent of affective processing: neither the stimulus, neither the task at 
handd (letter detection) seem to be emotion-dependent. This finding, together with the 
findingss on working memory, strongly suggests that dissociative tendencies in individuals 
fromm nonclinical populations are not related to any traumatic life history, but instead reflect 
aa basic information processing characteristic. It remains well possible, however, that these 
generall information processing abilities are particularly engaged in emotional conditions, 
andd that a traumatic event on top of dissociative abilities triggers dissociative disorders. 
Indicatingg that dissociative tendencies are particularly suited for emotional information 
processing,, negative affective stimulus valence did have an effect on high dissociators in 
thee attentional task: the detection of the letter A was faster, and the concomitant ERP 
componentt larger for negatively than neutrally valenced words, indicating increased 
focusingg of attention to this stimulus category. This effect was not observed in low 
dissociators.. We think that this effect is due to the intrinsic attention capturing properties of 
negativelyy valenced stimuli to which the high dissociators are particularly sensitive. 

Probablyy as a result of their high working memory capacity, high dissociators were 
ableable to perform the primary task and at the same time pay attention to the affective valence 
off the stimuli, indicating a superior ability to divide attention as well. More evidence that, 
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inn addition to increased focused attention, high dissociators are characterized by increased 
dividedd attention skills compared to low dissociators comes from one of the working 
memoryy tasks discussed in Chapter 7.2.1. This N-back can be viewed as a dual task 
(Baddeley,, 1996; D'Esposito, Detre, Alsop, Shin, Atlas, & Grossman, 1995) and as 
mentionedd earlier, high dissociators performed better than low dissociators under high task 
loadss in the second subsession of the task with a related increased in prefrontal cortex 
activity. . 

Thee only other research group we know of that has also investigated the relation 
betweenn dissociation and attention is the group of Freyd and colleagues (Freyd, Martorello, 
Alvarado,, Hayes, & Christman, 1998; DePrince & Freyd, 1999). Contrasting with our view, 
Freydd emphasizes the influence of trauma on dissociative tendencies in nonclinical groups. 
Moree specifically, she argues that the dissociative coping style that certain individuals have 
developp as a consequence of trauma (typically sexual abuse in childhood by a caregiver) 
eventuallyy leads to a dual task information processing style that is apparent in daily life 
situationss that are in no way related to the experienced trauma. Thus, according to Freyd, 
performancee differences between nonclinical low and high dissociators on basic attention 
taskss are the result of differences in trauma history. It should be noted that this position 
doess not explain the differences between high and low dissociators in information 
processingg of affectively neutral material. 

Althoughh we did not specifically ask our participants for trauma history (a brief 
questionnairee concerning general health issues was, however, filled out by our participants), 
wee find it unlikely that the behavioural and neural characteristics of high-dissociative 
participantss found in the present thesis are the result of trauma history, i.e., reflect 
pathologicall dissociation. Firstly, in our opinion, pathological dissociation is a relatively 
exceptionall phenomenon that is rarely observed in nonclinical groups. Secondly, we find it 
improbablee that trauma history would result in superior performance across a wide rang 
basicc cognitive tasks that are, for the most part, not related to affective stimulus material or 
affectivee processing. On the contrary, we find it more likely that psychopathology 
(includingg pathological dissociation) in general has a detrimental effect on cognitive 
functioning,, e.g., because of concentration problems and neurological dysfunctions. 
Therefore,, if one assumes that some of our high dissociative participants suffered from 
pathologicall dissociation during the experimental session, this probably would have 
impairedd instead of improved their performance, thereby reducing instead of increasing the 
magnitudee of the group effects. 
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DissociationDissociation and episodic memory 

Thee relation between dissociative tendencies and episodic memory was investigated in 
recognitionn tasks. During a test phase, affectively neutral and negative words were shown 
sequentiallyy to participants. Some of the words had been presented earlier during a deep or 
shalloww study phase, whereas the remainder of the test words had not been shown 
previously.. Participants had to decide whether they had seen the presented word earlier 
duringg the experimental session or not. In contrast to the previously published directed 
forgettingg studies that constituted intentional learning paradigms (see Chapter 1.3.1), the 
deep/shalloww encoding approach entails incidental learning, which we hypothesized to be a 
moree ecologically valid approach for studying the influence of dissociation on episodic 
memory.. It should be noted, however, that directed remembering vs. forgetting and deep vs. 
shalloww encoding (Craik & Lockhart, 1978) seem to have similar effect on recognition 
memory. . 

Ass described in Chapter 5, ERPs were recorded during the test phase whereas in 
Chapterr 6 fMRI during encoding and retrieval was the designated approach. We expected 
highh dissociators to be characterized by generally higher rates of recollection because of 
theirr habitual tendency to engage in semantic elaboration during encoding. We expected 
thesee effects in particular for deeply encoded items, because deep processing is by 
definitionn semantic. Furthermore, these effects were expected to be particularly evident 
withh affectively negative stimuli because of their intrinsic capacity to attract attention. As a 
sidee effect of semantic elaboration, we expected high dissociators to be more prone to 
committingg commission errors as well, i.e., mistakenly classifying new words as 'old'. Our 
elaborationn hypothesis contrasts with two common views on dissociative tendencies and 
memory.. Firstly, the cognitive avoidance hypothesis (Cloitre, 1992) assumes that high 
dissociatorss are able to forget (particularly trauma-related) stimulus material, whereas the 
affectivee memory bias hypothesis would predict superior memory for negatively valenced 
stimuluss material, but no superior or even inferior memory for neutral stimuli. Application 
off the deep/shallow encoding approach enabled us to investigate if these processes depend 
onn directing attention towards or away from the meaning of the word. 

Althoughh the effect of dissociation on memory performance differed for the ERP and 
fMRII studies, the results had in common that no indications whatsoever for impaired 
memoryy in high dissociators were found. Thus, we found no support for the cognitive 
avoidancee hypothesis. In the ERP study, an increase in hit rates and false alarm rates to 
neutrall words was found, suggesting that neutral stimuli had been elaborated more 
extensivelyy during encoding, leading to increased recollection of old stimuli and a 
concomitantt increase of false alarm rates to new stimuli. As no group effects were found 
forr negatively valenced words, no support was found for the affective memory bias 
hypothesiss either. ERP data confirmed an increased level of recollection for neutral stimuli 
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forr high relative to low dissociators. Furthermore, these data indicated that high dissociators 
engagedd less in post-retrieval monitoring, which might also explain the increase in false 
alarmm rates in high dissociators. A different picture emerged from the fMRI study: here, a 
largerr valence effect for deeply encoded items was found for low than high dissociators. In 
thiss case, it thus seemed that high dissociators elaborated negative stimuli more than low 
dissociators,, without the side effect of an increased false alarm rate. The fact that the 
presentationn rate of stimuli in the fMRI task was self-paced whereas in the ERP study it 
wass not, combined with the fact that the fMRI task was overall more difficult, might 
explainn the different group effects in the two studies. 

Moree right inferior frontal gyrus and hippocampal activation for high than low 
dissociatorss during encoding confirmed the hypothesis that high dissociators recruited 
semanticc elaboration in working memory to a greater extent leading to increased storage of 
negativelyy valenced stimuli. For the recognition task, we found group differences in favour 
off the high dissociators in the left and right posterior hippocampus and the inferior parietal 
lobulee complex, structures that have been associated with conscious recollection. These 
dataa thus strongly suggest that high dissociators are characterized by high levels of 
consciouss recollection. 

Thee absence of a difference in reported anxiety scores for the high versus low 
dissociatorss indicated that these effects were not due to the fact that high dissociators 
sufferedd from increased levels of state anxiety. 

7.33 Dissociation and related constructs 

Inn several studies, Merckelbach and colleagues have investigated the relation between 
dissociationn and related psychological constructs by calculating correlations between scores 
onn several questionnaires. They found positive correlations between the Dissociative 
Experiencess Scale (DES) on the one hand and the Creative Experiences Questionnaire 
(CES)) and the Cognitive Failure Questionnaire (CFQ) on the other hand (Merckelbach, 
Muris,, Horselenberg, & Stougie, 2000; Merckelbach, Horselenberg, & Schmidt, 2002) The 
latterr two self-report measures have been developed to tap fantasy proneness and 
absentmindedness,, respectively. It is no surprise that these questionnaires are correlated 
becausee they seem to refer to similar constructs and they even partially share the same item 
content.. For instance, the DES and the CFQ both contain questions that are related to 
daydreamingdaydreaming and absentmindedness. 

Thee question arises if dissociative tendencies are best regarded as a capacity or a 
dysfunction.. The answer to this question seems to be a matter of taste. If someone misses 
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partt of a conversation because he is daydreaming, this can be regarded a cognitive failure. 
AA person might, however, be engaged in creative thinking that results in tangible results 
laterr on. In this way, cognitive failures might lie at the basis of constructive cognitive 
capacities.. In any case, the observed relations between dissociation, fantasy proneness, and 
absent-mindednesss are not in disagreement with our findings of high attentional and 
workingg memory abilities. Moreover, these latter basic capacities might lie at the heart of 
creativee processes that are labelled 'cognitive failures' by some. Still, it is easy to conceive 
thatt mental processes like absent-mindedness and fantasy proneness may be detrimental for 
taskk performance: if somebody is not paying attention, she is not going to perform well on a 
task.. Relevant in this respect is a study by Giesbrecht, Merckelbach, Geraerts, & Smeets 
(2004),, in which participants differing in their scores on the DES were asked to perform a 
Randomm Number Generation task in which they had to generate random sequences of 
numberss ranging from 1 to 10. Modest positive correlations (in the range of 0.2) were found 
betweenn scores on two subscales of the DES (DES-T and amnesia) and certain patterns that 
weree held to be deviations from randomness, e.g., repeating of the same number. Apart 
fromm the fact that occurrence of the same number is a characteristic of random number 
generation,, a very important issue at stake here seems to be motivation: if high dissociators 
aree willing to try, they may display superior performance on basic attention and memory 
paradigms.. If they do not try hard enough, they may easily 'drift away' in daydreaming, so 
too speak. High dissociators might get bored easily and divert their working memory 
capacityy to more interesting activities like daydreaming. 

When,, then, will high dissociators, and participants in general, be motivated to perform 
welll on tasks? Firstly, the test leader may emphasize the importance of focusing on the 
experimentall session. Secondly, and maybe most importantly, the nature of the task at hand 
mayy decide if high-dissociative individuals perform better than low dissociators. In the 
workingg memory tasks reported in Chapter 3, superior performance of the high dissociators 
becamee apparent only for higher task loads, indicating that the task at hand should be 
sufficientlyy challenging for dissociative capacitive to surface. On the other hand, the letter 
detectionn task (detecting the letter 'A') was fairly easy to accomplish, and high dissociators 
alsoo displayed improved performance on this task compared to low dissociators. The letter 
detectionn task, however, was relatively short and subjective reports from participants 
indicatedd that the task was quite entertaining to perform. 
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IAIA ERPs vs. fMRI 

TwoTwo indices of neural activity have been used in the present thesis: Event-Related 
Potentialss (ERPs) and functional Magnetic Resonance Imaging (fMRI). These measures 
seemm to provide insights about cognitive functioning that are highly complementary: ERPs 
offerr high temporal resolution (in the millisecond range) about brain activity mainly 
stemmingg from the neocortex, whereas spatial resolution is poor: for instance, ERPs are 
informativee if activity around 100 msec after stimulus presentation is more left or right 
lateralizedd and in addition in which lobe activity is probable generated (e.g., the frontal lobe 
orr the parietal lobe). Because of its high temporal resolution, inferences can be made about 
thee timing of cognitive processes. For instance, it can be inferred if, on average, an ERP 
componentt precedes or follows the overt response of the participant. If it follows the overt 
response,, it is unlikely that the component reflects a process like response selection. 

Inn contrast, fMRI offers high spatial and poor temporal resolution. Whereas brain 
activityy can be localized with a precision of about 3 millimeters, the development of the 
BOLDD signal is sluggish, and therefore does not provide detailed information about the 
timingg of cognitive processes. 

7.55 General conclusion 

Dissociativee style appears to be one of the most powerful individual differences, in the 
sensee that it corresponds with a host of differences in information processing, which are 
reflectedd in the results of a number of experimental task. It is not difficult to find a common 
denominatorr for all these functions. In the past attention, working memory, and episodic 
memoryy have all been related to the concept of consciousness. We propose that dissociative 
stylee is an individual difference in the ability to construct conscious experiences (e.g., 
Mandler,, 1985, 2002, Phaf & Wolters, 1997). If this is true, individual differences in 
dissociativee ability may well be used to probe the structure of human consciousness. 
Emotionss surely play a central role in consciousness, but by no means are the only form of 
consciousness.. Particularly when emotional experiences are involved, eminent dissociative 
abilitiess may be invoked to cope with the urgent and personally relevant circumstances that 
aree usually associated with emotion. 

Thee findings in this dissertation are not inconsistent with the following position. 
Dissociativee ability may reflect a largely inborn capacity. It cannot be excluded that 
practice,, for instance due to a traumatic experience, increases this ability. Mainly, however, 
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personss with high dissociative abilities seem to be selected for dissociative disorders, when 
exposedd to traumatic events. Tragically, such patients are also liable to higher levels of 
falsee recollection, which may damage their credibility. Non-pathological individuals with 
highh dissociative tendencies may, however, profit from their abilities, for instance by a 
higherr level of intelligence (i.e., working memory performance forms a part of most 
intelligencee tests, Ackerman, Beier, & Boyle, 2005). Their higher ability to construct 
consciouss experience may also make them more suited for creative and artistic professions. 
Inn general, it seems that dissociation should not in the first place be considered a 
characteristicc of a disorder, but should be seen as a distinct ability that may be beneficial in 
manyy conditions. 
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Fulll tables are shown corresponding to the figures showing BOLD activation in Chapter 6. 

Tablee 2. Deep encoding: areas showing significant (p<0,001) increase in activity for neutral words compared to 
baselinee in low- and high-dissociative participants. BA= Brodmann area. (* = p<0.05 corrected, <*) = p<0.1 
corrected,, (1) = p<0.005). Table a: effects for groups separately, table b: group interactions. 

a a 

Region n 1/r r 

Low w 

Talairach h Z-score e BA A 

High h 

Talairach h Z-score e BA A 

Prefrontal l 

Inferior r 

Medial l 

Insula a 

Temporal l 

Fusiform m 

Gyrus s 

Occipital l 

Prefrontal l 

Inferior r 

Temporal l 

-455 24-12 

-366 27 -6 

-511 39-6 

488 18-9 

422 21 -15 

-99 36 27 

-66 3 27 

33 18 48 

66 27 36 

-36-99 15 

399 15 3 

-577 -36 3 

-42-48-18 8 

-42-84-12 2 

-399 -84 3 

5.81 1 

5.53 3 

5.40 0 

4.38* * 

3.67* * 

3.511 * 

3.77* * 

5.37* * 

4.28* * 

4.35* * 

4.18* * 

3.68* * 

4.94* * 

5.63* * 

4.75* * 

47 7 

47 7 

47 7 

47 7 

47 7 

32 2 

24 4 

8 8 

32 2 

13 3 

13 3 

22 2 

37 7 

-422 213 

-366 30 -9 

-422 39-18 

-488 30 18 

-488 15 27 

-544 21 15 

00 1851 

-33 2142 

66 24 42 

36211 3 

4.71 1 

4.588 : 

3.733 : 

3.977 : 

3.800 ; 

3.722 ; 

4.68 8 

4.18 8 

3.88 8 

4.36 6 

24-966 21 

399 -84 -9 

45-844 0 

6.13 3 

5.17 7 

5.02 2 

47 7 

47 7 

11 1 

46 6 

9 9 

45 5 

32 2 

32 2 

13 3 

18 8 

19 9 

19 9 

19 9 

19 9 

-18-966 15 

-366 -75 -6 

-39-81-12 2 

-30-877 12 

399 -90 -6 

39-877 12 

399 -84 0 

4.60* * 

4.53* * 

4.44* * 

4.22* * 

3.60* * 

3.388 (*) 

3.333 (*) 

18 8 

19 9 

19 9 

19 9 

18 8 

19 9 

19 9 

b b 

Region n 1/r r 

Low>High h 

Talairach h Z-score e BA A 

366 39-6 

-577 12-6 

3.5 5 

3.56 6 

47 7 

22 2 
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Region n 

Occipital l 

1/r r 

Low>High h 

Talairach h Z-score e BA A 

-51-300 3 

-600 -36 6 

24-966 21 

3.46 6 

3.35 5 

3.95 5 

22 2 

22 2 

19 9 

Tablee 3. Deep encoding: areas showing significant (p<0.001) increase in activity for negative words compared to 

baselinee in low- and high-dissociative participants. BA= Brodmann area. (* = p<0.05 corrected, (*) = p<0.1 
corrected,, (1) = p<0.005). Table a: effects for groups separately, table b: group interactions. 

a a 

Region n 1/r r 

Low w 

Talairach h Z-score e BA A 

High h 

Talairach h Z-score e BA A 

Prefrontal l 

Inferior r 

Medial l 

Temporal l 

Fusiform m 

Gyrus s 

Occipital l 

-511 24-9 

-399 12 30 

-577 30 12 

333 30 -6 

399 33-12 

6.97 7 

6.04 4 

5.65 5 

4.10 0 

3.82 2 

11 -12 60 30 

-99 57 15 

01851 1 

-66 24 39 

-66 33 54 

11 -63 -33 3 

11 .42-48-21 

11 -39 -87 0 

-42-81-9 9 

4.57 7 

3.65 5 

5.98 8 

4.89 9 

4.76 6 

3.38 8 

6.04 4 

6.14 4 

5.65 5 

39 9 

30 0 

24 4 

-90-9 9 

-933 15 

-933 24 

5.48 8 

4.90 0 

4.56 6 

47 7 

9 9 

46 6 

47 7 

47 7 

10 0 

10 0 

8 8 

32 2 

8 8 

22 2 

37 7 

19 9 

19 9 

-366 30 -9 

-577 33 6 

333 24 -6 

455 21-6 

544 30 18 

488 39 21 

-33 21 51 

-99 57 36 

-66 42 42 

5.45* * 

5.27* * 

4.63* * 

4.23* * 

3.79* * 

3.24* * 

5.65* * 

4.57* * 

4.27* * 

47 7 

45 5 

47 7 

47 7 

46 6 

46 6 

8 8 

9 9 

6 6 

Hippocampuss 1 

-488 21 -18 

-42-511 -18 

-42-33-21 1 

-42-78-15 5 

-30-811 -12 

-33-90-15 5 

-211 -96-9 

-333 -81 9 

-30-900 15 

-399 -84 0 

399 -84 -6 

42-66-15 5 

422 -75 -9 

-27-15-15 5 

-33-211 -12 

6.25 5 

5.23 3 

4.32 2 

4.82 2 

3.37 7 

3.75 5 

3.69 9 

4.38 8 

3.84 4 

3.57 7 

4.20 0 

4.00 0 

3.54 4 

3.57 7 

3.48 8 

38 8 

37 7 

20 0 

18 8 

18 8 

18 8 

17 7 

19 9 

19 9 

19 9 

19 9 

19 9 

19 9 
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a a 

Region n 

Low w 

1/rr Talairach Z-scoree BA 

High h 

Talairach h 

-18-12-18 8 

Z-score e 

3.54* * 

BA A 

b b 

Region n 

Frontall Inferior 

1/r r 

1 1 

High>Low w 

Talairach h 

-277 54-12 

Z-score e 

3.14 4 

BA A 

11 1 

Tablee 4. Deep encoding: areas showing significant (p<0.001) increase in activity for negative versus neutral words 
inn low- and high- dissociative participants. BA= Brodmann area. (* = p<0.05 corrected, (*) = p<0.1 corrected, (1) 
== p<0.005). Table a: effects for groups separately, table b: group interactions. 

a a 

Region n 

Prefrontal l 

Inferior r 

Medial l 

Temporal l 

Low w 

1/rr Talairach 

11 -54 21-6 

-277 15 -21 

r r 

11 -15 60 30 

-99 57 15 

11 -63 -33 -6 

Z-score e 

4.7(*) ) 

4.5(*) ) 

4.2(*) ) 

4.1(*) ) 

3.69(*) ) 

BA A 

47 7 

47 7 

10 0 

10 0 

21 1 

High h 

Talairach h 

-544 15-9 

-577 30 9 

-544 30 -6 

-488 48-15 

488 18-3 

-99 57 63 

-155 5127 

-99 63 21 

-99 24 51 

-633 -36 -6 

-333 6 -33 

Z-score e 

4.5* * 

4.0* * 

4.0* * 

4.1* * 

4.2* * 

4.7* * 

4.2* * 

4.2* * 

4.4* * 

4.6* * 

4.0* * 

BA A 

47 7 

45 5 

47 7 

11 1 

47 7 

9 9 

9 9 

10 0 

8 8 

21 1 

21 1 

b b 

Region n 

Prefrontal l 

Medial l 

Inferior r 

Temporal l 

Hippocampus s 

1/r r 

1 1 

r r 

1 1 

r r 

High>Low w 

Talairach h 

-99 42 33 

488 18-3 

-333 6 -33 

-333 -33 -9 

24-15-18 8 

Z-score e 

3.1 1 

3.2 2 

4.0 0 

3.4 4 

3.3 3 

BA A 

9 9 

47 7 

21 1 

41 1 

Tablee 5. Deep and shallow encoding pooled: areas showing significant (p<0.001) increase in activity for negative 
versuss neutral words in low- and high-dissociative participants. BA= Brodmann area. (* = p<0.05 corrected, (*) = 
p<0.11 corrected, (1) = p<0.005). Table a: effects for groups separately, table b: group interactions. 

Low w High h 
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Regionn 1/r 

Prefrontal l 

Inferiorr 1 

Dorsolaterall 1 

Mediall 1 

Temporall 1 

r r 

Occipitall 1 

Parr Medial 
Post t 

Amygdalaa 1 

Talairach h 

-544 30 -6 

-422 30-15 

-399 24-21 

-399 12 39 

-455 12 45 

-155 63 27 

-99 57 12 

-633 -36 -3 

Z-score e 

4.77* * 

3.711 * 

3.611 * 

3.799 (*) 

3.733 * 

4.188 (*) 

4.022 (*) 

4.46* * 

BA A 

47 7 

47 7 

47 7 

9 9 

8 8 

10 0 

10 0 

21 1 

Talairach h 

-544 30 -6 

-577 30 9 

-99 60 33 

-66 51 30 

-544 15-9 

-300 18-27 

-422 21-21 

-511 15-30 

-600 -36 -6 

-54-211 -9 

-57-15-15 5 

63-511 3 

-399 -87 -3 

-33 -48 24 

-18-6-18 8 

Z-score e 

4.47* * 

4.40* * 

5.18* * 

4.211 * 

4.311 * 

4.20* * 

3.18(*) ) 

3.56* * 

4.50* * 

3.80* * 

3.77* * 

3.68* * 

3.711 * 

3.511 * 

4.133 * 

BA A 

47 7 

45 5 

9 9 

9 9 

38 8 

38 8 

38 8 

38 8 

21 1 

21 1 

21 1 

21 1 

18 8 

23 3 

b b 

Region n 

Mediall Prefrontal 

Insula a 

Temporal l 

Amygdala a 

1/r r 

1 1 

1 1 

1 1 

1 1 

High>Low w 

Talairach h 

-99 42 33 

-399 -3 -3 

-633 0 -6 

-63-211 -15 

-211 -6-18 

Z-score e 

3.21 1 

3.62 2 

3.21 1 

3.11 1 

2.94(1) ) 

BA A 

9 9 

13 3 

21 1 

39 9 

Tablee 6. Shallow encoding: areas showing significant (pO.001) increase in activity for words (pooled for affective 

valence)) compared to baseline in low- and high-dissociative participants. BA= Brodmann area. (* = p<0.05 
corrected,, (*) = p<0.1 corrected, (1) = p<0.005). 

Low w High h 

Region n 1/rr Talairach Z-score e BA A Talairach h Z-score e BA A 

Frontal l 11 0 18 48 

-66 0 60 

-244 3 54 

-366 3 63 

5.79* * 

4.18* * 

5.04* * 

4.14* * 

8 8 

6 6 

6 6 

6 6 

-33 18 48 

-211 3 54 

-99 6 57 

-511 -3 36 

-488 6 30 

5.38* * 

4.7* * 

4.47* * 

3.88* * 

4.64* * 

8 8 

6 6 

6 6 

6 6 

9 9 

126 6 
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Loww High 

Regionn l/r Talairach Z-score BA Talairach Z-score BA 

Occipital l 

Parietal l 

155 24 33 

244 -3 54 

277 3 63 

333 -9 39 

488 -9 27 

42-155 30 

399 36 21 

-366 -90 0 

-300 -72 27 

-12-722 12 

30-900 12 

333 -90 3 

42-78-12 2 

-244 -63 39 

-21-699 6 

211 -63 3 

3.52* * 

5.23* * 

3.88* * 

3.45* * 

3.55* * 

3.33* * 

4.22* * 

7.57* * 

7.01* * 

4.07* * 

7.51* * 

7.38* * 

7.22* * 

7.26* * 

3.52* * 

3.91* * 

32 2 

6 6 

6 6 

6 6 

6 6 

6 6 

46 6 

18 8 

19 9 

18 8 

19 9 

19 9 

19 9 

7 7 

30 0 

30 0 

-366 6 30 

-51300 24 

300 24 6 

244 -3 48 

-399 -87 6 

399 -84 -6 

-333 -54 57 

-244 -63 39 

277 -54 54 

18-666 57 

3.76* * 

4.32* * 

4.02* * 

5.37* * 

7.21* * 

6.53* * 

6.2* * 

6.12* * 

6.57* * 

6.12* * 

9 9 

46 6 

13 3 

6 6 

19 9 

19 9 

40 0 

7 7 

7 7 

7 7 

Tablee 7. Recognition of deeply encoded neutral words: areas showing significant (p<0.001) increase in activity for 
correctlyy recognized words (hits) compared to correctly rejected new words (cr) in low- and high-dissociative 
participants.. BA= Brodmann area. (* = p<0.05 corrected, {*) = p<0.1 corrected, (1) = p<0.005). Table a: effects 
forr groups separately, table b: group interactions. 

a a 

Region n 

Prefrontal l 

Inferior r 

Dorsolateral l 

Low w 

1/rr Talairach 

11 -42 27 -9 

-333 27-12 

-399 60 0 

-488 51 6 

-455 48 -6 

rr 33 21-6 

11 -54 30 21 

-488 33 33 

-277 3 54 

-399 18 54 

Z-score e 

5.62* * 

5.62* * 

3.90* * 

3.60* * 

3.49* * 

4.88* * 

3.84* * 

3.25* * 

4.29* * 

3.89* * 

BA A 

47 7 

47 7 

10 0 

46 6 

47 7 

47 7 

46 6 

9 9 

6 6 

8 8 

High h 

Talairach h 

-300 27 -6 

-577 18-6 

399 27 -6 

277 15-21 

-577 18 36 

-399 18 33 

-455 12 36 

-399 60 0 

Z-score e 

4.67* * 

4.611 * 

5.82* * 

3.66* * 

5.311 * 

4.96* * 

4.39* * 

4.85* * 

BA A 

47 7 

47 7 

47 7 

47 7 

9 9 

9 9 

9 9 

10 0 

127 7 
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a a 

Region n 

Medial l 

Temporal l 

Fusiform m 

Gyrus s 

Occipital l 

Parietal l 

Inff Lobule 

Mediall Post 

Hippocampus s 

Low w 

1/rr Talairach 

-277 24 48 

-544 9 45 

-366 12 30 

-277 63 15 

rr 48 30 18 

422 36 30 

11 0 39 36 

-33 36 27 

-66 9 54 

r r 

11 -51-36-6 

-633 -36 -6 

-60-36-15 5 

rr 63-39-12 

rr 54-66-12 

57-51-15 5 

11 -21-87-18 

-9-78-12 2 

-188 -93 -6 

r r 

11 -36 -60 57 

-300 -57 42 

-488 -45 54 

rr 30 -69 33 

300 -63 39 

33-5142 2 

33-600 57 

11 -3 -66 42 

-66 -75 45 

-33 -24 30 

r r 

1 1 

Z-score e 

3.46* * 

4.18* * 

4.07* * 

3.60* * 

4.27* * 

3.98* * 

5.02* * 

4.68* * 

4.18* * 

4.83* * 

4.73* * 

4.38* * 

4.833 * 

3.98* * 

3.83* * 

4.68* * 

4.07* * 

3.84* * 

5.10* * 

4.94* * 

4.92* * 

4.46* * 

4.30* * 

3.85* * 

3.60* * 

3.93* * 

3.70* * 

5.05* * 

BA A 

8 8 

8 8 

9 9 

10 0 

46 6 

9 9 

9 9 

32 2 

21 1 

21 1 

21 1 

21 1 

37 7 

37 7 

18 8 

18 8 

17 7 

7 7 

7 7 

40 0 

7 7 

39 9 

40 0 

7 7 

7 7 

7 7 

23 3 

High h 

Talairach h 

-455 54 3 

-422 48 -6 

-211 57 27 

-366 54-12 

511 15 36 

455 27 21 

399 21 36 

-33 24 45 

-33 12 51 

66 36 42 

-633 -33 -9 

-511 18-12 

-18-78-18 8 

18-877 12 

-333 -54 42 

-366 -66 48 

.455 .45 42 

244 -66 45 

277 -72 30 

-12-666 30 

-66 -75 45 

15-699 33 

-18-33-3 3 

-277 -36 -3 

Z-score e 

4.65* * 

3.16* * 

3.89* * 

3.53* * 

3.92* * 

3.66* * 

3.53* * 

5.29* * 

5.20* * 

4.011 * 

4.46* * 

4.54* * 

3.66* * 

4.033 * 

4.95* * 

4.92* * 

4.50* * 

3.93* * 

4.69* * 

4.66* * 

4.59* * 

4.30* * 

3.02(1) ) 

2.91(1) ) 

BA A 

10 0 

10 0 

11 1 

9 9 

46 6 

9 9 

32 2 

6 6 

8 8 

21 1 

38 8 

18 8 

18 8 

40 0 

7 7 

40 0 

7 7 

7 7 

7 7 

7 7 

7 7 

b b 

Region n 1/r r 

High h >> Low 

Talairach h Z-score e BA A 

128 8 
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Region n 

Temporal l 

Parietall ] 

Hippocampuss 1 

1/r r 

Highh > Low 

Talairach h Z-score e BA A 

511 12-18 

36-511 30 

21-33-3 3 

333 -36 -9 

3.1 1 

3.45 5 

3.15 5 

3.1 1 

38 8 

40 0 

Tablee 8. Recognition of deeply encoded negative words: areas showing significant (p<0.001) increase in activity 
forr correctly recognized words (hits) compared to correctly rejected new words (CR) in low- and high-dissociative 
participants.. BA= Brodmann area. (* = p<0.05 corrected, (*) = p<0.1 corrected, (1) = p<0.005). 

Low w High h 

Region n 1/rr Talairach Z-score e BA A 

Prefrontal l 

Inferior r 

Dorsolateral l 

Insula a 

Temporal l 

Occipital l 

Parietal l 

Inff Lobule 

-399 27 -6 

-33-511 48 

-333 -60 42 

4.63 3 

5.92 2 

3.80 0 

47 7 

-544 30 24 

-399 27 21 

-399 39 12 

-488 3 42 

-455 9 48 

-399 12 42 

455 18 24 

422 27 15 

-57-36-15 5 

4.47* * 

4.12* * 

3.68* * 

3.911 * 

3.55* * 

3.40* * 

3.57* * 

3.58* * 

4.52* * 

46 6 

46 6 

10 0 

9 9 

8 8 

9 9 

46 6 

13 3 

20 0 

Mediall Post 1 

r r 

-33 -24 30 

-33 -33 27 

-99 -69 39 

3-122 30 

244 -66 33 

4.12* * 

4.07* * 

3.85* * 

3.74* * 

3.78* * 

23 3 

23 3 

7 7 

23 3 

7 7 

Talairach h 

-422 21-12 

-277 18-12 

366 33 -6 

-455 21 27 

-277 3 48 

-5166 48 

-399 6 48 

Z-score e 

3.51 1 

3.40 0 

3.80 0 

3.51 1 

4.05 5 

3.31 1 

3.23 3 

BA A 

47 7 

47 7 

47 7 

46 6 

6 6 

6 6 

6 6 

-455 9 18 

-99 -84 -6 

3.71 1 

3.73 3 

13 3 

-366 -48 48 

-399 -42 42 

-45-511 57 

-57-399 51 

-600 -36 42 

36-5145 5 

4.633 (*) 

4.399 (*) 

4.455 (*) 

3.32 2 

3.72 2 

3.84 4 

40 0 

40 0 

40 0 

40 0 

40 0 

40 0 

129 9 
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Tablee 9. Recognition of deeply versus shallowly encoded words (pooled for affective valence): areas showing 

significantt (p<0.001) increase in activity for correctly recognized deeply encoded words (deep hits) compared 
correctlyy recognized shallowly encoded words (shallow hits) in low- and high-dissociative participants. BA= 

Brodmannn area. (* = p<0.05 corrected, (*) = p<0.1 corrected, (1) = p<0.005). Table a: effects for groups 

separately,, table b: group interactions. 

a a 

Region n 1/r r 

Low w 

Talairach h Z-score e BA A 

High h 

Talairach h Z-score e BA A 

Prefrontal l 

Medial l 

Temporal l 

11 -33 12 60 3.71 

rr 57-42-12 3.59 

Insulaa 1 

Parietal l 

Inff Lobule I 

Mediall Post 1 

Amygdalaa 1 

Hippocampuss r 

20 0 

rr 30-63 45 4.23 7 

-60-24-21 1 

-544 -27 -6 

-60-211 0 

488 3 -30 

63-15-9 9 

666 -24 -9 

-39-188 18 

-45-366 18 

-42-666 21 

-511 -66 18 

-48-544 51 

-511 -63 33 

-600 -54 27 

-333 -42 66 

-244 -39 69 

577 -63 27 

511 -57 30 

422 -66 24 

57-488 42 

-33 -9 27 

-99 -69 30 

-99 -48 27 

-33 -54 30 

99 -45 42 

-24-3-12 2 

-24-6-21 1 

24-33-15 5 

3.966 (*) 

3.933 (*) 

3.822 (*) 

4.16(*) ) 

3.622 (*) 

3.444 (*) 

3.666 (*) 

3.866 (*) 

4.044 (*) 

3.677 (*) 

3.844 (*) 

3.388 (*) 

3.511 (*) 

4.011 (*) 

3.844 (*) 

4.000 (*) 

3.888 (*) 

3.888 (*) 

3.533 (*) 

3.888 (*) 

3.611 (*) 

3.599 (*) 

3.155 C*) 

4.211 (*) 

4.088 (*) 

3.866 (*) 

3.299 (*) 

20 0 

21 1 

21 1 

21 1 

21 1 

21 1 

13 3 

13 3 

39 9 

39 9 

40 0 

39 9 

40 0 

2 2 

2 2 

39 9 

40 0 

39 9 

40 0 

24 4 

7 7 

31 1 

31 1 

31 1 

b b 

Region n 

Temporal l 

1/r r 

r r 

High>Low w 

Talairach h 

488 3 -30 

Z-score e 

3.31 1 

BA A 

21 1 

130 0 



b b 

Regionn l/r 

Inff  Par  Lobule r 

Amygdalaa 1 

Hippocampuss r 

High>Low w 

Talairachh Z-score 

60-455 27 2.71(1) 

544 -48 30 2.59(1) 

57-488 45 2.9(1) 

-24-3-122 2.8(1) 

24-33-155 2.61(1) 

Appendix Appendix 

BA A 

40 0 

40 0 

40 0 

131 1 
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Dissociatiee kan gedefinieerd worden als een scheiding van mentale processen die 
normaliterr geïntegreerd zijn. Iemand kan bijvoorbeeld zo opgaan in het kijken naar een 
film,, dat hij niet opmerkt dat er iemand de kamer inkomt. Blijkbaar dringen prikkels uit de 
omgevingg niet door: de gewaarwording van de omgeving is tijdelijk gedissocieerd van het 
bewustzijn.. Een ander voorbeeld van dissociatie is dagdromen. Ook hier dringen externe 
prikkelss tijdelijk niet door tot het bewustzijn, hoewel iemand door bijvoorbeeld het horen 
vann zijn eigen naam weer snel tot de orde van de dag komt. Weer een ander bekend 
fenomeenn dat onder de noemer dissociatie valt, vindt soms plaats tijdens autorijden. De 
bestuurderr is in een gesprek verwikkeld met een passagier, en realiseert zich op een 
gegevenn moment dat hij de straat inrijdt waar hij woont. Blijkbaar hebben de handelingen 
diee met het autorijden te maken hebben zich min of meer gedissocieerd van het bewustzijn 
vann de bestuurder afgespeeld. Hij is 'op de automatische piloot' naar huis gereden. Aan de 
handd van deze alledaagse voorbeelden kan dissociatie gezien worden als een mentale 
capaciteit,, die verband houdt met basale cognitieve processen als aandacht en 
werkgeheugen.. Dat is de hoofdhypothese van dit proefschrift. 

Bekenderr dan deze milde verschijningsvormen is de pathologische variant van 
dissociatie.. In de klinische psychologie wordt het gezien als een psychologisch 
verdedigingsmechanismee dat iemand aanwendt om met traumatische ervaringen om te 
gaan.. Door herinneringen aan bijvoorbeeld seksueel misbruik te dissociëren van het 
bewustzijnn wordt iemand niet telkens geconfronteerd met deze traumatische ervaringen. 
Hett vergeten van vooral traumatische gebeurtenissen wordt dissociatieve amnesie (ook wel 
psychogenee amnesie) genoemd. Een nog exotischer en meer omstreden fenomeen is de 
Dissociatievee Identiteitsstoornis (beter bekend als Meervoudige Persoonlijkheidsstoornis), 
waarbijj het idee is, dat een traumaslachtoffer min of meer los van elkaar staande 
persoonlijkhedenn ontwikkelt als reactie op ernstige traumatische ervaringen. Hoewel deze 
fenomenenn even genoemd moeten worden, is de focus van deze dissertatie uitsluitend niet-
pathologischee dissociatie in een niet-klinische populatie. Dat wil zeggen, dat individuen aan 
hett onderzoek meedoen die niet onder behandeling zijn van een psycholoog of psychiater 
enn aangeven gezond te zijn. 

Err zijn verschillende zelfrapportage instrumenten in omloop waarop respondenten 
kunnenn invullen in welke mate ze dissociatieve ervaringen hebben. Hoewel deze 
vragenlijstenn oorspronkelijk zijn ontwikkeld om een indruk te krijgen van de mate waarin 
psychiatrischee patiënten een dissociatieve psychopathologie hebben, kunnen ze ook 
gebruiktt worden om een indruk te krijgen van de mate van dissociatieve ervaringen van 
psychischh gezonde individuen. In de huidige dissertatie is een in de Nederlandse taal 
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ontwikkeldee dissociatie-vragenlijst, de DIS-Q, gebruikt om psychologie-studenten in te 
delenn in groepen, die verschillen in de mate waarin ze dissociatieve ervaringen hebben. 

Zoalss gezegd, is de hoofdhypothese van dit proefschrift, dat dissociatie een mentale 
capaciteitt is, die verband houdt met basale cognitieve processen als aandacht en 
werkgeheugen.. Daarom was de verwachting, dat individuen die relatief veel dissociatieve 
ervaringenn hebben, gekenmerkt worden door betere prestatie op computertaakjes, die 
ontwikkeldd zijn om deze cognitieve vaardigheden te meten. Naast het vastleggen van de 
prestatiee hebben we twee meetmethoden toegepast om de hersenactiviteit in kaart te 
brengenn die gepaard ging met het uitvoeren van de taakjes: het ElectroEncefaloGram 
(EEG)) en functionele Magnetische Resonantie Imaging (fMRI). Deze technieken geven 
complementairee informatie over het functioneren van de hersenen tijdens het uitvoeren van 
dee verschillende computertests. Het EEG wordt gemeten met behulp van elektroden die, 
gemonteerdd in een soort badmuts, contact maken met de schedel en zo het microvoltage aan 
elektrischee spanning die wordt opgewekt door het brein kunnen oppikken. Door EEG 
signalenn te middelen tot zogenaamde Event-Related Potentials (ERP's) wordt vooral 
informatiee verkregen over het tijdsverloop van cognitieve processen op een zeer fijne 
tijdsschaall in de orde van milliseconden. De verdeling op de schedel van het ERP-signaal, 
geeftt bovendien een indicatie welk deel van het brein betrokken is bij de cognitieve functie 
diee wordt onderzocht. Naast EEG is ook fMRI toegepast als meetmethode. Bij deze 
techniekk wordt de proefpersoon in een MRI scanner geschoven, waarin zich een zeer sterk 
magnetischh veld bevindt. Gebaseerd op het gegeven, dat zuurstofrijk bloed andere 
magnetischee eigenschappen heeft dan zuurstofarm bloed, kan met behulp van fMRI worden 
weergegevenn waar in de hersenen relatief meer zuurstofrijk bloed aanwezig is dan in andere 
gebieden,, en waar dus relatief meer activiteit gaande is. 

Inn de empirische hoofdstukken van dit proefschrift komen verschillende cognitieve tests 
aann bod, die samen met EEG of fMRI een indruk geven van de invloed van dissociatieve 
vaardighedenn op basaal cognitief functioneren. In hoofdstuk 2 is de werkgeheugenspanne 
gemetenn met de verbale test van Daneman en Carpenter, die uitgevoerd is door drie 
verschillendee groepen studenten met een lage, gemiddelde en hoge score op de 
dissociatiee vragenlijst DIS-Q. Het bleek dat de groep met de hoogste dissociatiescore een 
groteree werkgeheugenspanne had dan de twee andere groepen. 

Inn hoofdstuk 3 zijn twee andere tests, die beiden verschillende aspecten van 
werkgeheugenn meten, afgenomen, namelijk de n-letter terug taak en de Sternberg taak. Het 
bleekk dat hoog-dissociatieve proefpersonen op beide taken wat beter presteerden. 
Tegelijkertijdd vertoonden ze ook meer activiteit in een hersengebied dat specifiek in 
verbandd wordt gebracht met werkgeheugen, namelijk de dorsolateral prefrontale cortex. 

Inn hoofdstuk 4 werd de basale cognitieve vaardigheid aandacht onderzocht. 
Proefpersonenn werd onder andere gevraagd de letter 'A' te detecteren in op het 
computerschermm vertoonde woorden. Hoog-dissociatieve deelnemers reageerden sneller op 
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woordenn waar een 'A' in voorkwam, wat gepaard ging met een veel grotere 
hersenpotentiaalhersenpotentiaal (ERP). Het tonen van woorden met een negatieve emotionele lading 
versterktee dit effect, waarschijnlijk vanwege de intrinsieke aandacht trekkende 
eigenschappenn van emotionele stimuli. 

Inn hoofdstuk 5 wordt de geheugenprestatie voor de in hoofdstuk 4 getoonde woorden 
beschreven.. Het bleek dat hoog dissociatieve proefpersonen de neiging hadden, vaker aan 
tee geven dat ze een woord al eens eerder hadden gezien tijdens het experiment, of dit nu 
well of niet het geval was. ERP's wezen bovendien uit, dat hoog-dissociatieven sterkere 
geheugensporenn vertoonden op woorden die zij hadden onthouden. Echter, een later in de 
tijdd voorkomende ERP component duidde aan, dat hoog-dissociatieve proefpersonen tevens 
minderr goed controleerden of ze het vertoonde woord daadwerkelijk hadden gezien. Dit 
kann verklaren waarom zij voor zowel eerder als niet eerder vertoonde stimuli aangaven, het 
woordd al eerder gezien te hebben. 

Inn hoofdstuk zes tenslotte, werd met behulp van fMRI aangetoond, dat hoog-
dissociatievee proefpersonen een sterkere mate van semantische elaboratie vertonen van 
aangebodenn woorden. Zij lieten meer activiteit zien in een prefrontaal hersengebied dat met 
dezee vaardigheid in verband wordt gebracht, namelijk de linker inferiore frontale gyrus. 
Dezee verhoogde activiteit ging gepaard met een verhoogde activatie in de hippocampus, 
eenn sleutel structuur in de werking van ons geheugen. Bovendien was de amygdala, het 
emotionelee regelcentrum van het brein, meer actief bij hoog- dan laag-dissociatieve 
proefpersonen.. Tijdens de daarop volgende geheugentaak bleken hoog-dissociatieve 
deelnemerss een betere geheugenprestatie te vertonen op woorden met een negatieve 
emotionelee lading. fMRI metingen duidden verder op een grotere betrokkenheid van de 
hippocampuss en posterieure pariëtale gebieden, die eveneens in verband worden gebracht 
mett het functioneren van het geheugen. 

All met al suggereren de bevindingen die tezamen dit proefschrift vormen, dat 
dissociatiee een mentale capaciteit is die ons in het dagelijks leven kan helpen functioneren. 
Tragischh genoeg zijn individuen die in hoge mate dissociatieve ervaringen hebben tevens 
vatbaarderr voor het ontwikkelen van dissociatieve stoornissen. 
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Dankwoord d 

Hett zit er bijna op! Nu het dankwoord nog... Omdat ik het enerzijds wat overdreven vind 
iedereenn te bedanken met wie ik ooit een kopje koffie heb gedronken, maar anderzijds wel 
dee juiste mensen de credits wil geven, zal ik de gulden middenweg proberen te bewandelen. 
Daarr gaat ie dan. Als eerste wil ik Hans Phaf bedanken. Hans, jij hebt verreweg de meeste 
tijdd gestoken in het nakijken van de vele versies van hoofdstukken alias tijdschriftartikelen 
diee op ongezette tijden jouw kant op kwamen. Dank voor al je grondige redigeerwerk, ik 
hebb er veel van opgestoken en ben het gaandeweg meer gaan waarderen. Albert Kok, onder 
jouww hoede maakte ik kennis met experimenteel psychologisch onderzoek in het algemeen 
enn de erpjes in het bijzonder. Tijdens mijn scriptie- en werkstukperiode kreeg ik de smaak 
vann het onderzoek te pakken en ik heb met plezier met je gewerkt. Tevens ben ik door jouw 
tussenkomstt aan mijn AIO-plek gekomen waarvoor ik je dankbaar ben. Dick Veltman, jij 
wass vanaf het begin betrokken bij mijn project als de fMRI man, en later ben je als tweede 
copromotorr bij de commissie gekomen. Inmiddels werk ik onder jouw hoede verder aan 
fMRII onderzoek, dit maal met rook- en gokverslaafden als proefpersonen. Ik hoop dat we, 
hetzijj op de VU, hetzij op het AMC, deze samenwerking nog een tijd voort kunnen zetten. 
Richardd van Dyck, jij bent naast Albert Kok de tweede promotor van mijn commissie. 
Misschienn omdat het klinische deel van mijn project beperkt is gebleven, hebben we elkaar 
niett heel veel gezien, maar ik heb goede herinneringen aan de overleggen en andere 
gelegenhedenn waar jij bij betrokken was. De overige leden van mijn promotiecommissie 
will ik danken voor hun expertise, voor de tijd die ze hebben gestopt in het lezen van mijn 
manuscriptt en voor het feit dat ze me tot de verdediging hebben toegelaten. 

Mijnn dank gaat verder naar de (voormalige) medewerkers van de (voormalige) sectie 
psychofysiologiee van de '6e verdieping' (psychonomie dus), waarvan ik Richard 
Ridderinkhof,, Fren Smulders en Jan Snel bij naam wil noemen. Ook de ondersteuning van 
dee technische dienst was onontbeerlijk, vooral Marcus: bedankt! En Joost Kuijer voor de 
hulpp met de Sonata scanner op de VU-poli. Maar ook Henk Verheyden bedankt, die Plox in 
all zijn verschijningsvormen tot zijn levenswerk heeft gemaakt. Ook al het overige 
ondersteunendd UvA personeel, dat mij , al was het vaak met tegenzin, heeft geholpen: mijn 
dank.. Hubert ook bedankt, jij kwam helpen met proefschriften versturen toch? Dan nu over 
naarr de sectie 'vooral gezellig'. Als eerste Jennifer Ramautar: missy, wat hebben we het 
leukk gehad op kamer 630, fijn dat het contact niet doodgebloed is en we elkaar zo nu en dan 
nogg een mailtje sturen. Gaan we nog een snackbar beginnen als de wetenschap ons niets 
meerr te bieden heeft? Waarbij ik meteen bij mijn andere paranimf kom: Casper, beste 
vriend,, ook jij bedankt, al ligt dat allemaal meer in de privésfeer, leuk dat je als paranimf 
mijnn professionele leven binnenstapt. En dan al die mede AIO's en AIA's, waarmee het bij 
tijdenn erg goed toeven was. Heleen en Janneke, jammer dat jullie in Amerika zitten, nou ja, 
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hett schijnt erbij te horen, Susanne Borgwaldt zit als het goed is in Canada inmiddels, 

jammerr dat je Nederland stom vindt, Ingrid, die is uitgevlogen naar Maastricht, Durk, leuk 

datt je op de VU zit. Judith Ruijter, bij wie ik als student assistent warm mocht lopen voor 

hett AIO-schap aan de hand van koffie-experimenten, ook bedankt, net zoals Menno van der 

Schoot. . 

Takoo en Marijn, jullie zijn erg prettige kamergenoten, toch wel frappant dat we allemaal 
inn dezelfde periode dat proefschrift af moeten krijgen. Mark Rotteveel, aan jou heb ik ook 
goeiee herinneringen, en al die andere mensen met wie de EPOS dagen door te komen waren 
(Paulien,(Paulien, Robert, en zo nog wat mensen). Dan is er nog de dank aan de proefpersonen die 
opp semi-vrij willige basis deelnamen aan mijn rare testjes. En aan Geertje Hagedoorn voor 
dee hulp in de dataverzameling. 

Daarnaastt dank ik al mijn vrienden en kennissen en broers voor het feit dat ze mijn 
vriendenn en kennissen en broers zijn (waaronder het voltallige tenenkaasimperium!). En 
dan,, natuurlijk, mijn ouders, die naast het feit dat ze zo lief zijn en mij altijd gesteund 
hebben,, mij het leven hebben gegeven, en da's ook wel een bedankje waard. Pa, ik hoop dat 
jee bij mijn promotie aanwezig kunt zijn. 
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