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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. 
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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 

93 3 



ChapterChapter 6 

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(\, 

oo o B B 
lowdiss | high dis 

deep p 
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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 

99 9 



ChapterChapter 6 

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. . 
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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). 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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