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Over the last years, I have learned quite a lot about (neuro)science. 

Most of it can be found on the following pages. 

Except for this: 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

„If you open your mind too much, your brain will fall out.“ 
(as cited by Tim Minchin) 
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Zusammenfassung 

Gerichtetes Vergessen stellt ein klassisches Paradigma der kognitiven Psychologie dar, 

das der Untersuchung intentionaler Gedächtniskontrollprozesse dienen soll. Es be-

schreibt im Wesentlichen die Beobachtung, dass Gedächtnisinhalte tatsächlich willent-

lich und auf Kommando vergessen werden können. Von zwei weit verbreiteten Varian-

ten dieses Grundparadigmas - Listenmethode und Itemmethode - wendet diese Disserta-

tion die Letztere an. Hier werden Reize einzeln präsentiert, jeweils gefolgt von dem 

Hinweis, den vorangegangenen Reiz zu merken (R für ‚remember’) oder zu vergessen 

(F für ‚forget’). In einem abschließenden Test (bspw. bei freiem Abruf oder Wiederer-

kennen) zeigt sich generell ein Gedächtnisvorteil von R-Reizen gegenüber F-Reizen. 

Dieser Effekt wird gemeinhin auf zwei zugrundliegende Prozesse zurückgeführt: Einer-

seits werden Reize nach Erhalt der R-Instruktion verstärkt durch so genanntes Rehear-

sal, andererseits weisen jüngere Befunde aus der neurophysiologischen Forschung auch 

darauf hin, dass nach Erhalt der F-Instruktion aktive Hemmungsprozesse einsetzen. 

Die vorliegende Arbeit untersucht in vier Studien die Auswirkung von verschiedenen 

Formen von Stress und Emotion auf dieses Gedächtnisphänomen. Das Interesse an die-

ser Fragestelllung entspringt der klinischen Beobachtung, dass Personen, die unter einer 

Posttraumatischen Belastungsstörung (PTBS) leiden, besonders zu kämpfen haben mit 

intensiv erlebten, traumatischen Erinnerungen (Intrusionen), deren Auftreten für sie 

nicht kontrollierbar ist. Es stellt sich daher also die Frage, ob Menschen mit dieser Er-

krankung grundsätzlich in der Lage sind, ihr Gedächtnis willentlich zu kontrollieren und 

welche Faktoren gegebenenfalls den Prozess beeinflussen. Dieser Frage sind wir in Stu-

die I nachgegangen und untersuchten eine Stichprobe ugandischer Bürgerkriegsflücht-

linge. Diese hatten durchgängig massive Traumata erlitten, erfüllten aber nur zur Hälfte 

die Kriterien einer PTBS. Wie in allen anderen Studien auch, wählten wir Photogra-

phien (mit Motiven aus dem Lebensumfeld der Probanden) als Stimuli. In einem Wie-

dererkennenstest, in dem die Lernreize in zufälliger Reihenfolge mit noch unbekannten, 

aber sehr ähnlichen Distraktoren nacheinander präsentiert wurden, ergab sich der erwar-

tete Effekt von gerichtetem Vergessen in der Gruppe ohne PTBS, in jener mit PTBS 

blieb er hingegen aus. Desweiteren beobachteten wir eine Korrelation zwischen dem 

individuellen Gerichteten-Vergessens-Effekt und der durchschnittlichen Erregungsni-

veau-Bewertung aller verwendeten Bilder durch den jeweiligen Probanden. Dies warf 
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die Frage auf, ob dieser Zusammenhang zurückzuführen ist auf Eigenschaften der Per-

son (erlebter Stress) oder des verwendeten Materials (Erregungspotential). In Studie II 

untersuchten wir daher, wie sich die experimentelle Induktion von Stress mittels Trierer 

Sozialstresstest (TSST) auf gerichtetes Vergessen von Stimuli unterschiedlicher Valenz 

auswirkt. Von Stress ist bekannt, dass er - auch wenn er nicht das Ausmaß einer PTBS 

annimmt - Einfluss nimmt auf die Bildung und den Abruf von Gedächtnisinhalten. Wie 

er sich auf intentionale Gedächtniskontrolle auswirkt, ist bisher jedoch nicht untersucht 

worden. Während unsere Stressinduktion gerichtetes Vergessen nicht beeinflusste, zeig-

te sich ein Effekt der Bildervalenz (und damit implizit deren Erregungsniveaus). So 

wurden neutrale Bilder gerichtet vergessen, positive Bilder aber nicht. Ob sich dieser 

Befund generalisieren lässt auf das gesamte Spektrum emotionalen (Bild-)Materials 

untersuchten wir in Studie III. Wir variierten Valenz- und Erregungsniveau der Bilder-

reize systematisch und konnten weiter den Verdacht untermauern, dass gerichtetes Ver-

gessen zwar bei niedrig aber nicht bei hocherregenden Reizen gezeigt wird. In den Stu-

dien I und II konnten wir außerdem feststellen, dass sich reduziertes gerichtetes Verges-

sen stark auf so genannte Falschalarme (eigentlich unbekannte Reize, die aber als be-

kannt identifiziert werden) zurückführen lässt, während Treffer (bekannte Reize, die 

richtigerweise als solche klassifiziert werden) das erwartete Muster aufweisen. In Bezug 

auf Treffer ließ sich also kein Defizit in einem der beiden zu Grunde liegenden Prozesse 

selektives Rehearsal oder aktive Hemmung zeigen. In Studie IV warfen wir daher die 

Frage auf, ob gerichtetem Vergessen in der Itemmethode nicht noch ein weiterer Pro-

zess zugrunde liegen muss, der hilft, die Diskrepanz zwischen Treffer- und Falsch-

alarm-Muster zu erklären, beispielsweise eine ‚Alamierung’ durch Hinweisreize oder 

auch Eigenschaften des Stimulusmaterials. Forschung zur kognitiven Kontrolle hat wie-

derholt auf sogenannte ‘ironische Prozesse’ hingewiesen, die darin bestehen, dass Mate-

rial, dem eigentlich keine Beachtung geschenkt werden soll, eben dadurch besonders in 

den Fokus gerät. Aus diesem Grund führten wir hier eine zusätzliche Bedingung ohne 

jeglichen Hinweis (U für ‚uncued’) ein, um den Effekt der postulierten Alarmierung zu 

untersuchen. Unsere Befunde weisen darauf hin, dass auch bei gerichtetem Vergessen 

ein ironischer Prozess (bzw. Alarmierung) eine Rolle spielt: F-Reize wurden zwar 

schlechter wiedererkannt als R-Reize (gerichtetes Vergessen), aber auch besser als U-

Reize (ironischer Prozess). 

Die vorliegende Dissertation legt die Vermutung nahe, dass Stress per se gerichtetes 

Vergessen in der Itemmethode nicht reduziert (Personeneigenschaft). Allerdings spre-
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chen die Daten dafür, dass hocherregendes Reizmaterial den Effekt moduliert (Stimu-

luseigenschaften). Während bei gesunden Probanden das Material hocherregend sein 

muss (Studien II, III), führt bei Personen mit PTBS eine veränderte (d.h., eine ‘überver-

netzte’ und übererregte) Stimuluswahrnehmung dazu, dass auch von Gesunden als neu-

tral wahrgenommene Reize als hochemotional und persönlich relevant verarbeitet wer-

den und gerichtetes Vergessen stören (Studie I). Der Rückschluss, dass bei Personen mit 

PTBS dieses Ergebnis in erster Linie auf gestörte Inhibtion von F-Reizen zurückzufüh-

ren ist, lässt sich mit Blick auf Studie IV nicht halten. Dieser Aspekt mag eine Rolle 

spielen, aber auch eine ‘überschießende’ Alarmierung durch die R- und im Besonderen 

die F-Instruktion, sollte als ein wesentlicher Faktor betrachtet werden. 

 

Summary 

Directed forgetting is a classical paradigm in cognitive psychology that serves to inves-

tigate intentional memory control processes. It illustrates the observation, that mne-

monic information can be forgotten deliberately and on demand. Of the two common 

variants of this paradigm – the list-method and the item-method – this dissertation uses 

the latter. In item-method directed forgetting, stimuli are presented one at a time, each 

followed by a cue to either forget (F) or remember (R) the preceding stimulus. In a final 

test (such as free recall of recognition), memory is generally better for R stimuli as 

compared to F stimuli. The effect has been attributed mostly to two underlying proc-

esses: On the one hand, stimuli are ‘selectively rehearsed’ after an R cue. On the other 

hand, relatively recent findings from neurophysiological research suggest that stimuli 

are ‘actively suppressed’ after having received an F cue. 

The present work contains four studies that investigate if, to what extent, and how this 

memory phenomenon is affected by different forms of stress and emotion. This research 

question is based on the clinical observation, that posttraumatic stress disorder (PTSD) 

patients especially suffer from emotionally and physically intense, traumatic recollec-

tions (i.e., intrusions), which are completely out of their control. This, accordingly, 

leads to the question whether people with PTSD are basically able to deliberately con-

trol their memories and which factors contribute to this process. In Study I, we exam-

ined this question and conducted an item-method directed forgetting experiment in a 
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sample of Ugandan civil war refugees. All of them had experienced massive traumata, 

about 50% of the sample fulfilled PTSD criteria. Like in all of the following studies, we 

used complex photographs (depicting motives from participants’ everyday life) as stim-

uli. Memory was tested by recognition. All of the stimuli presented in learning trial (i.e., 

F- and R stimuli) were shown to the participants once again but this time with inter-

spersed distractor pictures that were very similar to the original stimuli. Directed forget-

ting was found in the non-PTSD group but not in the PTSD group. Moreover, there was 

a correlation between the individual directed forgetting effect and the average arousal 

rating that the respective person had assigned to the stimuli. The findings raised the 

question whether the effect is more due to characteristics of the person (i.e. having ex-

perienced traumatic stress) or due to stimulus characteristics (e.g., valence, arousal). We 

therefore investigated in study II how experimentally induced stress by means of the 

Trier Social Stress Test (TSST) affects directed forgetting of stimuli that differ in va-

lence. Stress - even if not as intense as traumatic stress - is known to affect memory 

consolidation and retrieval on different levels. If, however, intentional memory control 

is affected by it, has not been investigated before. Whereas the stress condition did not 

influence directed forgetting, an effect of picture valence (and, implicitly, arousal) was 

found. Neutral pictures were forgotten, positive ones, however, were not. Whether this 

finding generalizes to the full spectrum of emotional (pictorial) material was then exam-

ined in study III. We varied picture valence and arousal systematically and could further 

substantiate our suspicion that directed forgetting is shown for low- but not for high-

arousing stimuli. Interestingly, both in study I and study II the reduction of directed for-

getting was mostly due to false alarms (i.e. new stimuli that are identified as old ones). 

When only hits (i.e. old stimuli that are correctly classified as old) were taken into ac-

count, however, directed forgetting could be observed which contradicts deficits in the 

processes (selective rehearsal, active inhibition) thought to underlie the effect. In study 

IV, we therefore raise the question whether in item-method directed forgetting the dis-

crepancy between hits and false alarms patterns might be explained by another process 

involved (beyond the mechanisms mentioned above), such as an ‘alert(ing)’ induced by 

the R and F cues (defining ‘alert’ as more stimulus-bound and ‘alerting’ as the organ-

ism’s reaction to it). Research on thought suppression has repeatedly demonstrated so-

called ‘ironic processes’, which refers to the fact that material, that is to be ignored, is 

actually rendered more prominent. In order to investigate the effect of a postulated 

ironic alerting, we introduced another instruction without any cue (U for ‘uncued’) that 
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was presented as often as R and F cues during learning. Our data indicate that such an 

ironic effects also takes place in directed forgetting: F stimuli were recognized worse 

than R stimuli (directed forgetting) but also better than U stimuli (ironic effect). 

The present dissertation demonstrates that stress per se does not reduce item-method 

directed forgetting (person characteristic). However, data suggest that the effect is 

modulated by the stimulus material and its ‘arousing potential’ (stimulus characteristic). 

In healthy participants, stimuli had to be high-arousing to impair dierected forgetting 

(studies II, III). PTSD patients, however, process - because of an altered (i.e., ‘over-

connected’ and hyperaroused) stimulus perception - even material that is rated by 

healthy individuals as neutral as highly emotional and personally relevant which leads 

to the same result (study I). The conclusion that, in PTSD, this is mostly due to a lack of 

inhibition of F stimuli is challenged by study IV. Lack of inhibtion may still be an im-

portant factor but there should also be considered the possibility of an overshooting 

alert(ing) in response to R and especially F cues. 
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1.1 Stress 

1.1.1 Wisdom of crowds: three statements, three replies  

I recently conducted a small experiment in order to validate a feeling that had grown in 

me over the last few years. For one day, I planned to count all of the instances in which 

I read or heard the term ‘stress’. On Dec, 13th 2010, I tried to follow an ordinary student 

routine, I got up at 8:00 (AM...well, pretty ordinary), went to get breakfast, took the bus 

to the university, attended a law and an economics lecture, went to lunch, attended three 

further lectures, took the bus back home, went shopping for dinner, and after dinner I 

watched TV. ‘Stress’ literally was all around: during all of the aforementioned legs, I 

counted the keyword between one (breakfast leg) and 16 times (during an advanced 

economics lecture). This experiment may not be flawless in methodological terms but it 

still serves to substantiate that feeling of mine: at first glance, there appears to be no 

need to do research on stress. Everybody seems to know that:  

[1] stress is a negative feeling (or some brain state) that arises when there is too much 

pressure, too much workload, and possibly too few resources to meet certain require-

ments. Everybody seems to suffer from stress and to accept this as a more or less un-

changeable condition (since if one is not stressed, one does obviously not work hard 

enough to succeed anywhere).  

Of course we should not give in to this condition and better listen closely to the so-

called experts in the popular media who explain that: 

[2] stress can be handled relatively easy by carefully planning your everyday life and 

with the use of relaxation techniques. What is also clear is that, if your stress manage-

ment did not work, you are finally struck by a heart attack or a stroke; that is:  

[3] stress is unhealthy. 

 

Is it really that simple? Of course, as always in science, it is not. Not only with respect 

to good science but also to practical implications, it is necessary to separate the rather 
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trivial ‘what-we-think-we-know’ from the much more complex ‘what-is-known’ about 

stress. As a starting point, I wish to briefly reply to the three statements. 

@ [1] Stress is a negative feeling: well. Stress can be accompanied by a vast array of 

feelings but it is mostly defined on the basis of massive physiological and complex psy-

chological processes. 

@ [2] Stress can be ‘cured’ relatively easily: well. Stressors can of course be minimized 

if one has the choice and/or power to influence them and if stress does not exceed a cer-

tain level. Nonetheless, because of the complexity of the processes taking place, it is 

dangerous to imply that individuals are able to manage the consequences of stress them-

selves and by using simple tricks. 

@ [3] Stress is unhealthy: this is more true than untrue. However, it may not be forgot-

ten that the very basic stress response is actually an adaptive and life-supporting func-

tion that guaranteed human survival in the good old hunter-and-gatherer days and still 

does this in police or firemen (and many others). Humans can handle stress to a certain 

extent, though it becomes unhealthy when it exceeds a critical level and/or persists over 

too long periods. 

 

In the following paragraphs, first the history of the stress concept is going to be outlined 

briefly, afterwards the biology processes in stress will be addressed, and finally, trau-

matic as well as experimental stress will be defined and discussed. The integration of all 

concepts relevant to the present dissertation concludes the introduction in the para-

graphs 1.4 and 1.5. 

1.1.2 History  

The term ‘stress’ is a technical term originally stemming from physics. In materials sci-

ence it describes the tension or pressure that acts on matter. As early as 1678, the Eng-

lish physicist, architect and natural philosopher Robert Hooke described in ‘Hooke’s 

law of elasticity’ that the extension (i.e., physical deformation response = ‘strain’) of a 

string was directly proportional to the force per unit area (‘stress’) arising from the ap-

plied load (Gere & Goodno, 2009). Although this model was not translated to any living 
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organisms, its terminology has a certain appeal even for today’s theoretical approaches 

to stress in humans, which are discussed in greater detail below.  

Hooke defines ‘stress’ in his basic equations as ‘normalized load’ (force/area), which 

means he recognized that one string reacts differently to a certain force depending on 

the area or condition of the string upon which the force is working. This helps to illus-

trate another common misunderstanding: ‘stress’ should be differentiated from the term 

‘stressor’. Whereas the latter describes a stress-inducing internal or external stimulus 

(e.g., a feeling, an event or condition), the former refers to the reaction an organism 

shows in response to it.  

In 1926, Walter Cannon was the first to apply the term ’stress’ to living organisms to 

describe external factors that disturb what he called ‘homeostasis’. This reaction (be it 

bodily or cognitive) is to (re)establish the organism’s integrity, which requires an inter-

nal balance – the so-called homeostasis. Cannon was convinced that a special term was 

needed to describe this equilibrium in the ‘internal environment’ or ‘fluid matrix’, as he 

illustrated it, of higher order animals. In so doing, he referred to Claude Bernard, who 

coined the term ‘milieu intérieur’. According to Cannon’s model, temperature, hydro-

gen-ion concentration, osmotic pressure, as well as materials such as glucose and oxy-

gen in the matrix need to be balanced to guarantee body functioning. These bodily adap-

tations also enable the organism to display the so-called ‘fight-or-flight response’.  

In the 1930s, Hans Selye further broadened the meaning of the term in using it to de-

scribe an organism’s reactions and adaptations to environmental changes. He exposed 

his laboratory animals to various stressors (e.g., extreme temperatures, surgical inci-

sions, substance injections) and observed a typical reaction pattern that he called Gen-

eral Adaptation Syndrome (GAS). The GAS describes the stress response in great detail 

and defines three stages of it: in the first stage (Alarm), the organism is alerted by the 

recognition of a potential threat. To meet this challenge, an appropriate bodily reaction 

(similar to Cannon’s fight-or-flight response) is enabled by activation of the sympa-

thetic nervous system and the initiation of a hormonal response (see also chapter 1.3.3). 

All resources are mobilized to ward off the threat. When the acute reaction abates, the 

second stage (Resistence) begins and the organism tries to get used to the stressor. A 

loud noise, for example, can be a very potent stressor but there is a point when it is not 

perceived as a stressor anymore. Very importantly, this feeling is only due to successful 

adaptation. The required energy resources (for which Selye uses the term ‘adaptation 
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energy’), however, are limited. In case they are depleted, the final stage (Exhaustion) 

begins, which may be lethal if the stressor is too strong and persists. Alternatively, if the 

stressor disappears or effective adaptation techniques have been found, the organism 

can recover over time. Especially prolonged, too frequent, or too strong (hyper) stress 

reactions can cause permanent harm to the body or to the psyche. 

All of these early models concentrate primarily on physiological reactions to a stressor. 

Despite being an important aspect of the stress response, cognitive and psychological 

factors have also been shown to play a central role in it. What is, at least in humans, 

perceived as a stressor greatly varies across individuals. When it comes to traumatic 

stress, it has been shown that one event can have devastating consequences for one per-

son and barely any for another (e.g., Agaibi & Wilson, 2005).  

Folkman and Lazarus (1991) proposed an influential model that helps to explain on a 

cognitive level why some people can handle stressful situations while others fail to do 

so. In the view of the authors, the concepts of appraisal and coping are closely related to 

the stress concept. When approaching a certain goal condition, humans are thought to 

constantly scan their present situation. In a first step, there is an evaluation of how rele-

vant the ‘scan’ is to the individual’s well being (primary appraisal), based on goal and 

personality characteristics. If the evaluation is negative and a potential threat is encoun-

tered, personal resources to meet it (as well as costs and expectations associated with 

the goal) are evaluated (secondary appraisal). Coping is also initiated. Two strategies 

have been defined: problem-focused coping can be thought of as the behavioral or cog-

nitive/psychological attempt to change the threat. This may mean active defensive be-

havior or a more cognitive re-evaluation and reframing of the stressful situation. If, 

however, such reactions cannot be shown (e.g., because the stressor seems too strong), 

emotion-focused coping can be helpful. Rather than trying to master the stressor, it aims 

at changing the reaction to the stressor or at the primary appraisal of the situation. 

Strategies can also be pursued jointly in order to reduce discomfort (Lazarus & Folk-

man, 1984).  
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1.1.3 Biology of Stress 

Stress effects are assumed to be mainly due to the activation of two interconnected 

bodily systems that serve to adapt the organism to challenging environmental conditions 

and stressful situations: an initial sympathetic nervous system response with the release 

of catecholamines and the hypothalamus-pituitary-adrenal (HPA) axis, which kicks in 

several minutes later (Cohen et al., 1997) with a release of glucocorticoids. The gluco-

corticoid cortisol as a marker of HPA-axis activity has been investigated thoroughly and 

several cortisol effects on episodic memory have been identified.  

When a stressor is encountered, a cascade begins that ultimately leads to the activation 

of both systems. Sensory input enters either through the thalamus or the reticular acti-

vating system, which serve as relay stations to sensory cortices (Amiragova, 1985; 

Korte et al., 1992; Pezzone et al., 1992). The latter then interact either directly or via the 

hippocampus with the lateral amygdala (Davis et al., 1994a,b; LeDoux (1995) calls this 

the ‘high road’). Additionally, the thalamus also feeds directly into the amygdala, which 

allows for a faster route of activation (‘low road’). In general, the amygdala is regarded 

as the central structure in threat detection and storage of (emotional) memory 

(McGaugh et al., 1996). Different amygdaloid nuclei (lateral, basolateral, central) now 

integrate the sensory input from the thalamus and cognitive information from different 

cortical areas and the hippocampus (Van de Kar & Blair, 1999), but also project back to 

the hippocampus, to the hypothalamus, and to the brain stem (for a detailed description 

of amygdaloid anatomy, afferences, and efferences, see Sah et al., 2003). In the present 

context, the interconnections of the central amygdala (CeA) and the paraventricular 

nucleus of the hypothalamus are of special interest, since it is the latter in which corti-

cotropin-releasing hormone (CRH) neurons are activated both directly and indirectly 

(Cullinan et al., 1993; Gray et al., 1989, 1993; Gray, 1993) and the two stress systems 

go separate ways.  

a) Fast response (see also chapter 1.1.3.1): the CRH neurons, in turn, project to no-

radrenergic cell bodies in the locus coeruleus. That is a norepinephrine system of 

the reticular formation that controls the stress-induced stimulation of the sympa-

thico-adrenal system (Koob, 1999; Valentino et al., 1993), and leads to an in-

crease in norepinephrine levels in terminal regions such as the frontal cortex 

(Curtis et al., 1997; Lavicky & Dunn, 1993). Furthermore, one of its subdivisi-
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ons (magnocellular layer) contains large neurons that synthesize oxytocin and 

vasopressin. These neurons project to the posterior lobe of the pituitary gland 

and release oxytocin and vasopressin directly into the circulation (Van de Kar & 

Blair, 1999).  

b) Slow response (see also chapter 1.1.3.2): CRH, the releasing factor for ACTH, is 

synthesized by its parvocellular neurons and its action is central in the neuroen-

docrine control of ACTH release from the anterior lobe of the pituitary gland 

(e.g., Penalva et al., 2002).  

1.1.3.1  Fast response  

The activation of the sympathetic nervous system described above leads to a release of 

mostly epinephrine (and norepinephrine) from the adrenal medulla into the blood-

stream. Due to its major instances, this system is referred to as sympatho-adrenal-

medullary (SAM) axis (for an illustration, see Fig. 1, page 26). 

Epinephrine acts on practically all body tissues but - in contrast to norepinephrine - 

cannot cross the blood-brain barrier. It generally binds to G protein-coupled adrenocep-

tors (different types of which have been identified, such as !1, !2, "1, "2, and "3) that 

rapidly alter functioning of the target tissue. This system tries to enable the organism to 

run fast or to hit hard without warning, and therefore increases blood glucose and fatty 

acids, providing sufficient energy resources. It inhibits insulin secretion, stimulates 

glycogenolysis in the liver and glycolysis in muscle through !-receptor binding. "-

receptor binding triggers glucagon secretion in the pancreas, increases 

adrenocorticotropic hormone (ACTH) secretion by the pituitary, and lipolysis by 

adipose tissue (for more detailed information on the SAM axis, see Greenstein & Wood, 

2006).  

Central nervous effects of this system are mediated by norepinephrine and they might 

be of special interest for memory research. As touched on in the previous paragraph, 

there are anatomical and physiological data that suggest a central nervous noradrenergic 

network, which has been discussed as a neurobiological foundation of fear conditioning 

and also posttraumatic symptoms (for an overview, see Southwick et al., 2005). 
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1.1.3.2  Slow response  

As mentioned briefly above, this stress response is initiated when innervations from 

limbic pathways (emotional information) and the brainstem that convey sensory and 

visceral input activate the medial parvocellular neurons of the hypothalamic paraven-

tricular nucleus (PVN). They synthesize corticotropin-releasing hormone (CRH) and 

vasopressin and release these from neurosecretory nerve terminals at the median emi-

nence. CRH and vasopressin are transported through the portal vessel system of the hy-

pophyseal stalk to the anterior pituitary, where they act synergistically to activate the 

synthesis of proopiomelanocortin (POMC). POMC is then metabolized to adrenocorti-

cotropic hormone (ACTH) (and several other biologically active peptides). After having 

been released into the bloodstream, ACTH stimulates corticosteroid (primarily cortisol 

in humans) synthesis from cholesterol (by the adrenal gland in the zona fasciculata, the 

second of three layers of the outer adrenal cortex) and cortisol secretion from the adre-

nal cortex. According to its major instances, this system is called the HPA (hypotha-

lamic-pituitary-adrenal) axis (for detailed descriptions, see, for example, Kirschbaum & 

Hellhammer, 1999; de Kloet et al., 2005; Sapolsky et al., 2000). Since corticosteroids 

primarily act on the neural level (i.e., they have genomic effects), and the respective 

processes usually take more time to unfold than sympathetic processes, the HPA axis is 

considered the ‘slow response’ to a stressor (for an illustration, see Fig. 2, page 26).  

Once secreted into the bloodstream, most of the cortisol binds to transcortin (cortisol-

binding globulin, CBG) and, to a lesser extent, to albumin. Bound cortisol is biologi-

cally inactive but serves as a circulating reservoir that assures supply of loci in need. 

CBG for example, transports cortisol to sites of inflammation, where serine proteases 

cleave CBG and thereby release cortisol (Breuner & Orchinik, 2002). The free cortisol 

portion (5-10%) readily passes the blood-brain-barrier (Kirschbaum & Hellhammer, 

1999, 2000). Therefore, it can exert its effects both on peripheral as well as central 

nervous system cells.  
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Figure 1. Illustration of the SAM axis including its feedback loops (dashed arrows) in response to stress. 

¥

 

Figure 2. Illustration of the HPA axis including its feedback loops (dashed arrows) in response to stress. 

 

Cortisol binds to two related types of receptor molecules, mineralocorticoid receptors 

(MRs) and glucocorticoid receptors (GRs), in cytoplasm. The two receptors both differ 



1.1 Stress 27 
 

in their affinity for cortisol (MR being about 1000% greater than GR) and in their dis-

tribution throughout the body and brain. Since, in healthy individuals, glucocorticoid 

(GC) levels are regulated by negative feedback loops (see below), the receptors are si-

tuated mostly in structures of the HPA axis. GRs are expressed in many tissues and dif-

ferent cell types, such as liver, lung, and adrenal medulla. In the brain, they are distribu-

ted in neurons and glial cells with particularly high density in the limbic system (i.e., 

hippocampus, septum, amygdala) and the parvocellular neurons of the PVN, which is an 

important strucure in HPA axis activation (see above). MRs are more limited in their 

distribution in the brain where they have been mostly found in the hippocampal forma-

tion, but also in the lateral septum as well as the medial and central amygdala (McEwen 

et al., 1969). Due to their higher sensitivity, MRs are already saturated when glucocorti-

coid levels are low (de Kloet et al., 2005). Therefore, they probably mediate more ’base-

line’ functions. GRs become especially occupied when corticosteroid levels rise, such 

as, for example, under stress. 

GRs reside in the cytosol complexed with a variety of proteins including different heat 

shock proteins (HSPs). Cortisol diffuses through the cell membrane into the cytoplasm 

and binds to the GR, leading to a release of the heat shock proteins. The resulting acti-

vated form has two principal mechanisms of action: transactivation (up-regulation of the 

expression of certain proteins in the nucleus, for example, the anti-inflammatory anne-

xin or the enzyme tyrosine transaminase that increases gluconeogenesis) and transre-

pression (repression of the expression of proteins in the cytosol by preventing the trans-

location of other transcription factors from the cytosol into the nucleus, such as pro-

inflammatory cytokines) (see, for example, Rhen & Cidlowski, 2005).  

As mentioned above, MRs are expressed in the brain (e.g., hippocampus, septum, 

amygdala), but mostly in the periphery (kidney, colon, heart, brown adipose tissue, 

sweat glands). In epithelial tissues, its activation leads to its translocation to the cell 

nucleus and ultimately the expression of proteins regulating ionic and water transports 

resulting in the reabsoprtion of sodium, and as a consequence an increase in extracellu-

lar volume, increase in blood pressure, and an excretion of potassium to maintain a 

normal salt concentration in the body (e.g., Fuller & Young, 2005).  

In sum, cortisol (and GCs in general) exert a multitude of „permissive, suppressive, sti-

mulatory, and preparative“ effects (which are described in great detail by Sapolsky et 

al., 2000). The respective labels refer to GC effects in comparison to epinephrine based 
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ones. On a cardiovascular level, they (permissively) enhance the sympathetic response. 

On the other hand, with regard to fluid volume/hemorrhage, they (suppressively) re-

strict, for instance, a vasoconstrictive overshoot that, in this case, could be lethal. 

Furthermore, they complexly affect immunity/inflammation, as it seems that – when 

present in advance - they (permissively) mediate the activation of the immune response, 

while the GCs that are discharged after/during stress (suppressively) protect against an 

overshooting reaction. With their anti-inflammatory and leucocytic effects, they for ex-

ample decrease the rejection of grafted organs as well as the symptoms of various disea-

ses with an immunological component. Metabolic processes are supported by GCs 

through permissive, stimulating, preparative, and, in a narrow sense, even suppressive 

actions. GCs stimulate gluconeogenesis (which is why they are called glucocorticoids), 

in particular in the liver and therefore mobilizes amino acids from extrahepatic tissues 

that serve as a substrate for gluconeogenesis. Glucose uptake in muscle and adipose 

tissue is inhibited to further conserve glucose. Fat breakdown in adipose tissue is stimu-

lated: the fatty acids released by lipolysis are used for production of energy in tissues 

like muscle, and the released glycerol provides another substrate for gluconeogenesis. 

Furthermore, GCs increase the synthesis of various enzymes, including tyrosine amino-

transferase, glutamine synthetase and glycerophosphate-deshydrogenase. Reproduction 

is inhibited by GCs. Behavioral effects can be seen, for example in appetite and fee-

ding behavior. GC effects are mostly suppressive as they reduce stress-induced feeding 

suppression. They are also preperative as they enable/energize the organism for an up-

coming fight or flight. Neurobiological effects are of special interest for the present 

work since memory-relevant processes take place on this level. After an initial permis-

sive response with enhanced cognitive functioning (at baseline and when the stressor 

kicks in), they must be considered as suppressive as the stress response unfolds and GC 

concentrations become too high. In addition, GCs not only inhibit glucose transport to 

the periphery but also to the brain.  

Non-genomic effects. The genomic effects described above take at least 30-60 minutes 

to come into effect because the steroids need to first cross the target cell membrane, the 

receptor complexes need to enter the target cell nucleus and protein synthesis needs to 

take place. However, it has also been shown that cortisol exerts rapid actions that are 

independent of the regulations of gene transcription and take place in seconds to minu-

tes (Cato et al., 2002). Three possibilties have been proposed (Lüllmann et al., 2006): 1) 
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Corticosteroids bind to specific steroid receptors, and direct, specific effects are achie-

ved through ordinary signal transduction (e.g., cyclic AMP); 2) Indirect, specific ef-

fects are achieved by modulation of the sensitivity of other specific receptors for their 

agonists; 3) In very high concentrations, corticosteroids affect the membrane fluidity 

and the proteins embedded in it (unspecific effects).  

More concretely, it has for instance been reported that cardiovascular protective factors 

rely on the binding of corticosteroids to the GR, which stimulates activation of nitiric 

oxide leading to vasorelaxation (Hafezi-Moghadam et al., 2002). Some of the immuno-

suppressive effects of glucocorticoids are obviously also mediated by non-genomic si-

gnalling involving the GR. Upon binding of glucocorticoids to GRs, a multi-protein 

complex composed of the unliganded glucocorticoid receptor dissociates blocking TCR 

signalling (Löwenberg et al., 2006). 

When there is no stress. It is important to note that most/all of these functions are vi-

tally important even under basal conditions and in the absence of stress. Once more, I 

want to emphasize that many of the aforementioned effects of cortisol, especially the 

’permissive’ ones, are due to the communication and interaction between the catecho-

lamine and the cortisol systems. Catecholamine synthesis and the beta-adrenoreceptor 

complex depend on the tonic presence of cortisol (e.g., Axelrod & Reisine, 1984; Da-

vies & Lefkowitz, 1984); catecholamine effects on sympathetic nervous activity may be 

enhanced by the HPA (Grippo & Johnson, 2002), but catecholamines in turn affect the 

release of ACTH. More precisely, cortisol positively affects the expression of the en-

zyme phenylethanolamine N-methyltransferase (PNMT) that is required for epinephrine 

synthesis. In addition, cortisol decreases the activity of the enzyme catechol-O-

methyltransferase (COMT), and potentiates !-receptor-mediated catecholamine action 

in target tissues. As a result, cortisol potentiates epinephrine effects by increasing epi-

nephrine synthesis and inhibiting catecholamine breakdown (Boron & Boulpaep, 2005).  

As long as the HPA axis functions normally, glucocorticoid levels are controlled by 

negative feedback mechanisms: cortisol produced in the adrenal cortex feeds back nega-

tively to inhibit both the hypothalamus and the pituitary gland (Kirschbaum & Hell-

hammer, 1999). This reduces the secretion of CRH and vasopressin, and also directly 

reduces the cleavage of POMC into ACTH and "-endorphins.  
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Further (more practical) considerations. (Free) cortisol can be measured in several 

body fluids, such as blood, urine, liquor, hair, and saliva. The latter measure has been 

used commonly in experimental psychology as samples are relatively easy and non-

expensive to collect and handle. Furthermore, salivary cortisol has been shown to corre-

late highly with measures of free plasma cortisol (Kirschbaum & Hellhammer, 2000). 

Free cortisol levels undergo a characteristic diurnal variation that is stable within 

(healthy, day-active) individuals; levels peak in the early morning after wakening (the 

so-called ‚awakening response’) before they gradually decrease until reaching another 

smaller peak in the afternoon. Afterwards, they decline again, steadily reaching their 

lowest level at midnight to 4 a.m., a few hours after the onset of sleep. Pre-menopausal 

women generally have lower free cortisol levels which is due to the fact that estrogens 

stimulate the synthesis of CBG (see above) and, therefore, more cortisol can be bound 

(Kalantie & Philips, 2006). In experimental research (as in clinical practice), these va-

riations have to be taken into acount when sampling cortisol (Kudielka & Kirschbaum, 

2005).  

Disregulated cortisol levels and feedback cycles have been associated with a variety of 

somatic and psychiatric disorders such as eating disorders, hypertension, major depres-

sion or posttraumatic stress disorder (PTSD) (for a review, see for example Chrousos & 

Gold, 1992), but these results are generally rather inconsistent, very much depending on 

participant selection, experimental procedure and cortisol essay. 

1.1.4 Traumatic Stress 

As mentioned above, ‘stress’ surrounds us in everyday life and many common concepts 

and descriptions of the term bear the danger of not taking it seriously enough. If stress 

exceeds a certain level, it can have devastating consequences, not only for the individual 

suffering from it, but also for his or her social network and for society. A very extreme, 

yet not uncommon form of a stress-related disease is the so-called post-traumatic stress 

disorder (PTSD; Bremner & Marmar, 1998); Kessler et al. (2005) report a lifetime pre-

valence of 7.8% in a representative U.S. sample).  

The syndrome had already been described more than 2500 years ago. In 490 BC, the 

Greek historian Herodotus described during the Battle of Marathon the case of an Athe-

nian soldier who had not suffered a physical injury from war but had become perma-
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nently blind after witnessing the death of a fellow soldier. In the early 19th century mili-

tary medical doctors began diagnosing soldiers with "exhaustion" after the stress of batt-

le. This "exhaustion" was characterized by mental shutdown due to individual or group 

trauma. Although PTSD-like symptoms have also been recognized in combat veterans 

of many earlier military conflicts (e.g., World War II; Archibald & Tuddenham, 1965), 

the modern understanding of PTSD dates from the 1970s, largely as a result of the pro-

blems that were being experienced by US military veterans of the war in Vietnam. To-

day’s PTSD is likely yesterday’s railway spine (after railway accidents), stress syndro-

me, shell shock, battle fatigue, traumatic war neurosis, or posttraumatic complications 

(the latter was coined in regard to mnemonic deficits of survivors of the fire in Boston’s 

Cocoanut Grove nightclub; Adler, 1943). 

The term PTSD and its formal classification have been established in 1980 in the third 

edition of the Diagnostic and Statistic Manual of Mental Disorder (DSM-III, American 

Psychiatric Association). Since then, its clinical definition has undergone some changes. 

Today, PTSD is defined as an anxiety disorder following the experience of terrifying, 

life-threatening events. In order to receive this diagnosis, the DSM-IV (American 

Psychiatric Association, 1994) requires certain criteria to be fulfilled. A necessary pre-

condition is the direct personal experience of a traumatic event (including a threat to the 

physical integrity or the life of oneself or of others) and the respective emotional reac-

tion (with the feeling of intense fear, horror and/or helplessness). The 2013 DSM-V will 

probably drop the second part of this definition.  

Moreover, there are three main clusters of PTSD symptoms that are also part of the 

clinical definition: 

Re-experiencing the traumatic event. Patients suffer from intense negative dreams 

(nightmares) and daydreams (flashbacks) and they show strong bodily and psychologi-

cal reactions to real or imagined trauma reminders (e.g., sounds, smells, visual cues, 

thoughts). These “re-experiences” then trigger a complete trauma episode that is not 

perceived as the memory of a past event but rather as a presently occuring event that 

they have to go through (see, for example, Brewin et al. 1996). As one consequence, 

sufferers also show avoidance of trauma reminders. PTSD patients avoid every situa-

tion (physically and psychologically) that might connect a link to traumatic memories. 

Social withdrawal, decreased social involvement, but also emotional numbing and the 

feeling of having no ‘normal’ future are common consequences.  
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Hyperarousal. Individuals suffering from PTSD show physiological overreactions, an-

ger, lack of concentration, are hyperanxious and hypervigilant. They have problems 

falling or staying asleep.  

Diagnostic manuals also require that the criteria last for more than 30 days and that im-

portant areas of functioning (e.g., family, friends, job) are significantly suffering from 

this condition. A more detailed description of ‘stress/PTSD in memory’ and ‘memory in 

stress/PTSD’ will follow in chapter 1.4. 

1.1.5 Experimental Stress 

In order to more systematically investigate its consequences, stress can also be induced 

by different experimental procedures, the most established of which may be the Trier 

Social Stress Test (TSST; Kirschbaum et al., 1993) that was used in study II of this dis-

sertation. This standardized stress protocol is potent enough to reliably affect endocrine 

and cardiovascular parameters in most participants. The TSST consists of a preparation 

period (3 minutes) followed by a two-stage test period (2 x 5 minutes). During the latter, 

participants are asked to deliver a free self-presentation talk (‘job interview’) that can be 

prepared in the respective prior phase and to perform a mental arithmetic task in front of 

a neutral expert committee and while being videotaped. The confederate committee is 

instructed to not provide any positive or negative feedback. This task combines different 

elements (novelty, uncertainty, motivated performance, uncontrollability, threat to the 

social self) that have – especially in case of the three latter mentioned - proven to be 

reliable in inducing a stress response and the largest HPA axis activations (Dickerson & 

Kemeny, 2004). The most important drawbacks of this protocol are its relatively high 

amount of effort (ideally, two rooms, two confederates) and the fact that it cannot be 

easily combined with neurophysiological measures. Approaches to solve these problems 

(e.g., by applying a fake videotaped committee) are in preparation but have not yet been 

published. 

There is, however, an alternative procedure that has been proposed in order to be able to 

investigate stress reactions in the brain online. Jens Pruessner and his collegues devel-

oped the Montreal Imaging Stress Task (MIST; Pruessner et al., 2008) and found - very 

briefly - a stress-induced reduction of limbic activity involving the hippocampus, 

amygdala and cingulate cortices in both PET (positron emission tomography) and fMRI 
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(functional magnetic resonance imaging). Quite similarly to the TSST, this test consists 

of a series of computerized mental arithmetic tasks, along with social evaluative threat 

components that are built into the program or presented by the experimenter. To allow 

the effects of stress and mental arithmetic to be investigated separately, the MIST has 3 

test conditions (rest, control and experimental), which can be presented either in a block 

or in an event-related design, for use with functional magnetic resonance imaging fMRI 

or PET. In the rest condition, subjects look at a static computer screen on which no 

tasks are shown. In the control condition, a series of mental arithmetic tasks are dis-

played on the computer screen and subjects submit their answers by means of a re-

sponse interface. In the experimental condition, the difficulty and time limit of the tasks 

are manipulated to be just beyond the individual's mental capacity. In this condition the 

presentation of the mental arithmetic tasks is furthermore supplemented by a display of 

information on individual and average performance as well as expected performance. 

Upon completion of each task, the program presents a performance evaluation to further 

increase the social evaluative threat of the situation. 

 

This dissertation aims at investigating how stress affects certain memory processes. The 

latter will be introduced in the next paragraphs.  

 

 

1.2 Bad forgetting, good forgetting? 

In general, the term ‘forgetting’ has a very negative connotation. This may be due to the 

fact that it seems to be the natural opposite of memory and knowledge, which are in turn 

commonly regarded as a subset of attributes that separate high achievers and experts 

from the rest. Additionally, most people know (and many of them experience) the dev-

astating consequences that memory-affecting diseases can have. The personality 

changes and ‘loss of oneself’ in Alzheimer’s or dementia are likely one important rea-

son for our fear of ‘forgetting’.  
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On the other hand, there are also (albeit relatively few) cases of an inability to forget 

that illustrate the dark side of being able to remember everything. In 2000, UC Irvine 

neurobiologist James McGaugh got a call from a woman who said: “I have a problem. I 

remember too much.” Since then, McGaugh and his collegues Elizabeth Parker and 

Larry Cahill have thoroughly investigated and published Jill Price’s extraordinary case 

of hyperthymesia (i.e., superior autobiographical memory) (2006). Price’s special talent 

for remembering certain dates was put to the test when the researchers asked her to list 

all of the dates upon which Easter fell between 1980 and 2003. Not only was she able to 

do this, she could also contribute detailed information about how she had personally 

experienced those days. Meanwhile, a handful of other similar cases have been identi-

fied, amongst them U.S. actress Marilu Henner.  

Whereas individuals with hyperthymesia (mostly) suffer from an overall memory load 

that they wish to reduce, every single one of us may recall episodes that he or she 

wishes to be able to forget. Might forgetting in this regard actually be a useful tool for 

“decluttering the attic”, so to speak - either of all the stuff in countless boxes that has 

accumulated over the years (as in Jill Price’s case) or of the few photo albums of a past 

unhappy love? Even the high achievers and experts that I mention above may not just 

profit from a more efficient learning and storing of information: they may also be better 

at updating their knowledge base by more effectively forgetting irrelevant or outdated 

information instead of being distracted by it. This may improve their focus upon the 

tasks at hand. 

The idea that there is a positive side to forgetting is not a new one. In his psychoanalytic 

theory, Sigmund Freud coined the term repression, which was used to describe the 

(probably unconscious) process of “rejecting and keeping something unwanted or unac-

ceptable impulses or memories out of consciousness” (1957). It was thought to be a 

basic and the most important defense mechanism that the ego uses to ward off anxiety. 

Although Freud did not explicitly mention the individual’s unawareness of repression 

and despite certain controversies over the issue, many experts think that suppression 

was conceptualized as its conscious counterpart (e.g., Cramer, 2000). A century later, 

Freud’s terminology at least subtly lingers on in memory control research and the di-

rected forgetting paradigm used in this dissertation was in fact originally designed to 

study repression (Weiner & Reed, 1969). It is introduced and discussed in the following 

chapter. 
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1.3 Directed forgetting 

1.3.1 Paradigm(s) 

As mentioned above, it may sometimes be a good thing to be able to forget information, 

be it outdated PINs, an unsuccessful exam, an embarrassing presentation or – as a much 

more dramatic example – the vivid memory of a car accident. In the laboratory, this 

kind of deliberate control over memory encoding and recall has been investigated using 

intentional or directed forgetting (DF) paradigms (Bjork, 1970; MacLeod, 1998) in 

which some portions of the material presented for learning are, after presentation, de-

signated either as ‘to-be-remembered items’ (TBR) or ‘to-be-forgotten items’ (TBF). 

Two different basic designs exist, the list method and the item method (for a review, see 

Geraerts & McNally, 2008), In general, DF experiments demonstrate that the explicit 

instruction to forget some and to memorize other stimuli is reflected in a better recall of 

to-be-remembered stimuli compared to to-be-forgotten stimuli.  

In the so-called list method variant of directed forgetting, participants study two lists of 

stimuli, and, whereas list 2 is always to be remembered, the varying instruction to forget 

or to remember follows after list 1. This work focuses on the item-method paradigm, in 

which each item is directly followed by a memory cue, some by a ‘remember’ cue and 

others by a ‘forget’ cue. Later, memory is tested for all items, regardless of their initial 

instruction.  

Despite similarities between the two directed forgetting variants, divergent results de-

pending on the memory test being administered indicate that there are important differ-

ences in terms of underlying mechanisms. Whereas in the list method the effect is found 

only in free recall and not in item recognition nor in implicit memory tests, in the item 

method it is apparent both in recall and recognition (Basden & Basden, 1996). More 

concretely, in the list-method, F stimuli have been memorized (as is reflected in the dis-

appearing effect in recognition tests) but can for some reason not be retrieved (unless a 

cue is given, as in a recognition test). In the item method, on the other hand, even cue-

ing does not enhance memory for F stimuli, which suggests that relevant processes al-

ready take action during learning. It is therefore generally assumed that retrieval inhibi-

tion underlies list-method directed forgetting (Basden et al., 1993; Basden & Basden, 
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1996) and that effects in the item method are due to differential processing during en-

coding (Basden & Basden, 1996). Since this dissertation only presents data from item-

method directed forgetting experiments, the following section further describes mecha-

nisms that potentially underlie this variant.  

Item-method directed forgetting has been attributed mostly to selective rehearsal of 

TBR (Basden & Basden, 1998). According to this account, participants discontinue the 

rehearsal of TBF after the respective cue, and instead process TBR more elaborately 

(Bjork, 1970). As a consequence, TBR are better remembered than TBF. It is assumed 

that, during the encoding phase, a set differentiation (a functional separation of items) 

takes place: each item is held in a standby-like mode and its processing is postponed 

until an instruction appears. An R instruction then leads to further processing, while an 

F instruction likely results in a termination of any further processing.  

Recent neuroscientific studies indicate that not only selective rehearsal of TBR but also 

active inhibition of TBF in response to the forget cue at encoding contribute to item-

method directed forgetting (Hauswald et al., 2010; Paz-Caballero et al., 2004; Wylie et 

al., 2008). In the theory of inhibitory processes, the emphasis is not on privileged pro-

cessing or encoding of TBR but rather on blocking or inhibiting access to TBF. For suc-

cessful directed forgetting to occur, items need to be held in maintenance rehearsal until 

the processing instruction appears. Upon cue presentation, selective rehearsal of R items 

and/or active inhibition of F items, respectively, have to be initiated. Both mechanisms 

are assumed to act upon initial stimulus processing during the encoding phase, thereby 

affecting the way in which the items are stored. The thereby created ‘storage deficit’ in 

item-method directed forgetting then shows up on both recall and recognition tests.  

Critics claim relatively often that directed forgetting effects may be due to demand 

characteristics: that is, participants are thought to simply pretend that they have forgot-

ten the TBF in order to fulfil the experimenter’s expectations. With respect to motiva-

tional factors, it has similarly been proposed that TBF are simply not as intensively 

searched for as TBR during recall or recognition. Different studies aimed at ruling out 

these alternative explanations (Woodward & Bjork, 1971; Bjork & Woodward, 1973; 

Geiselman et al., 1985; MacLeod, 1999) by providing a reward for every remembered F 

or R item and, indeed, still found a directed forgetting effect. We applied a similar strat-

egy in the studies III and IV.  
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1.3.2 Relevant factors in item-method directed forgetting  

With regards to personality factors, De Prince & Freyd (2001) as well as Devilly et al. 

(2007) and Elzinga et al. (2000) investigated the role of dissociative tendencies in di-

rected forgetting, as it might be expected that such kind of ‘disengagement’ may also 

affect the ability to forget. Despite certain inconsistencies, findings generally suggest 

that individuals with higher dissociation scores show smaller to no directed forgetting 

effects. The effect of working memory capacity has so far only been investigated in list-

method experiments. Research has yielded mixed data on age effects in item-method 

directed forgetting. However, it seems that inefficient inhibitory control in children and 

the elderly reduces directed forgetting (e.g., Earles & Kersten, 2002; Lehman et al., 

2001). Some evidence suggests that this reduction is due to a worse recall of R items 

rather than an enhanced recall of F items (Salthouse et al., 2006). Moreover, different 

kinds of stimuli have been applied. Item-method directed forgetting has been demon-

strated mostly for words (e.g., Hourihan & Taylor, 2006) or verbal action descriptions 

(Earles & Kersten, 2002), but also for sketches (Basden & Basden, 1996), drawings 

(Lehman et al., 2001), or complex pictures as stimuli (Hauswald & Kissler, 2008). For 

performed actions (Earles & Kersten, 2002), in contrast, no such effect has been found. 

Stimulus valence has been shown to hamper directed forgetting (Hauswald et al., 2010), 

findings on material self-relevance is inconsistent (McNally et al., 1998; Power et al., 

2000). It should, however, be noted that studies varying valence or self-relevance are 

difficult to compare because of their different rating procedures or imprecise rating de-

scriptions. Finally, timing of stimulus, cue and test seem to influence the extent of the 

directed forgetting effect. In general, the effect diminishes as stimulus-cue delays grow 

probably because of better memory for TBF (Hourihan & Taylor, 2006). The same has 

been found for enhanced post-cue intervals (Lee et al., 2007). Test delay may also be 

critical. In item-method directed forgetting experiments, memory is mostly tested more 

or less directly after learning. Gardiner et al. (1994) as well as MacLeod (1975), how-

ever, investigated the stability of the effect and found directed forgetting one, respec-

tively seven or fourteen days after initial learning.  
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1.3.3 Isn’t it ironic? 

When introducing directed forgetting to psychology students (or to other people who 

have a sound smattering of psychology) the first question usually is: “Isn’t that the thing 

with the white bear?” Well, it’s not but in a very well-known (and obviously well-

remembered) series of experiments, Wegner and his collegues (e.g., Wegner et al., 

1987) investigated thought suppression probably inspired by a quote about a polar bear 

in Dostojeswki’s Winter Notes on Summer Impressions (1863). Participants were not 

only un-successful in suppressing the thought of a white bear when they were asked to, 

but the thought made a massive rebound when participants were allowed to think freely 

afterwards. Indeed, the request to suppress a certain thought bears (an intentional pun) some 

similarity to the F instruction in directed forgetting paradigms. However, these para-

digms have never been directly compared and there is thus no ground upon which one 

can estimate how strong the resemblance actually is. Only a clear comparison of ‘forget’ 

and ’ignore’ instructions can challenge the implicit assumption that has been made by 

previous item-method directed forgetting research: memory for TBF is equally bad (se-

lective rehearsal) or perhaps even worse (inhibition) than if no instruction had been 

given. This differentiation is not only theoretically relevant but, in my opinion, also 

helps to better understand memory control functioning in traumatic disorders (see be-

low). A more detailed discussion of this point can be found in chapter IV.  

Wegner’s theory (1994) of ironic processes hypothesizes that two opposing processes 

interact in control of one’s own mental states: an effortful, conscious intentional operat-

ing process scanning for thoughts that promote a preferred state and an unconscious 

ironic monitoring process that, in contrast to the former, requires much less effort but is 

‘uninterruptible’. The latter works automatically and unconsciously and, for example, 

searches for possible pitfalls on the way of reaching the intended mental state. This, in 

turn, is hypothesized to make those pitfalls (i.e., unwanted thoughts) more easily acces-

sible. Wegner states that, under normal conditions, processing capacity and actual de-

mands are in a state of balance, in which ironic processes are not strong enough to 

dominate the operating process. If, however, demands rise, monitoring processes may 

take over - even during suppression. The processes that Wegner’s model proposes in 

thought regulation correspond well with neuropsychological models of cognitive control 

(for a review, see Miller & Cohen, 2001), in which an important role is assigned to the 

prefrontal cortex (PFC) (e.g., Matsumoto & Tanaka, 2004; Ridderinkhof et al., 2004). 
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As mentioned above, frontal areas have also been identified as correlates of F cue re-

lated processing in directed forgetting (e.g., Hauswald et al., 2010). Summing up, there 

is reason to believe that ironic processes might also play a role in directed forgetting and 

if this was the case, probably some previous findings in the field would deserve a modi-

fied interpretation. 

 

Now that all concepts relevant to this dissertation have been introduced, the next para-

graphs 1.4 and 1.5 will try to incorporate them into a coherent picture and to illustrate 

the relevance of the reseach question. 

 

 

1.4 Bringing together the concepts: Stress, PTSD, 
memory, and directed forgetting 

1.4.1 Stress and memory 

As complicated as brain research may seem sometimes, it relatively often can be re-

duced to a simple formula. In stress research, the following one might apply: the dose 

makes the poison. When it comes to traumatic stress, the dose can be an overdose and 

have adversive effects. If, however, the dose is too low, functioning may also be imper-

fect. The basic knowledge about such a relationship between arousal (as a correlate of 

stress) and different performance measures is more than a century old. In 1908, Robert 

Yerkes and John Dodson developed the so-called Yerkes-Dodson law on the basis of 

their empirical animal research (1908). It is most commonly illustrated as an inverse U-

function with arousal being plotted against the x-axis and performance measured as the 

y-coordinate. When arousal is low, performance is also low. Performance then rises as 

arousal approaches its medium level. When this is exceeded, performance deteriorates 

in the same way that it rose before. The authors also pointed to the fact that the curve 

varies in its shape depending on the requirements of the task at hand. The very extreme 

could be a simple motor task that does not use complex cognitive resources or their 

concerted action but rather persistence, stamina, and motivation. Adding arousal to this 

situation may not hamper performance at all, leading to a linear relationship. Within the 
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range of generally cognitive tasks, the curve only varies in its position on the x-axis, its 

steepness and breadth. If concentration and not just mere physical power is needed for 

good task performance, arousal should be high enough to stimulate but not too high to 

hamper concentration. It is important to note that, likely because of its origins in animal 

studies, the concepts of stress and emotion in arousal research are strongly interrelated 

and sometimes not differentiable in their effect on memory outcomes. 

At a very basic level, it has been shown that the relationship between circulating levels 

of glucocorticoids and memory performance follow such an upside-down U pattern (for 

an overview, see de Kloet et al., 2005 or Herbert et al., 2006). For example, long-term 

potentiation (basic learning processes on a cellular level, LTP) is optimal when gluco-

corticoid levels are mildly elevated, whereas significant decreases of LTP are observed 

after adrenalectomy (low-GC state) or after exogenous glucocorticoid administration 

(high-GC state). In the hippocampus, one can easily think of a mechanism mediating 

such inverse U-function results. As noted above, the hippocampus contains a great 

amount of MRs and GRs, with the former being occupied at relatively low levels, while 

the latter, with their lower affinity, are only heavily occupied in response to major stres-

sors. A fairly straightforward scenario might be that the transition from basal to medium 

stress levels of GCs and the resulting transition from heavy to saturating MR occupancy 

mediates the enhancing effects on outcome variables. The further transition to major 

stress levels of GCs and the resulting heavy GR occupancy is then responsible for the 

deleterious effects. 

There has been a great deal of research in recent years on how stress affects episodic 

memory (for a review, see for example LaBar & Cabeza, 2006). A general finding that 

has been yielded is that, whereas memory consolidation seems to be facilitated by acute 

stress (Beckner et al., 2006), the opposite appears to be true for memory retrieval 

(Buchanan & Tranel, 2008). Working memory is also thought to suffer from stress.  

Consolidation. Humans (as well as other organisms) have a preference for emotional 

information. My parents vividly remember the day of John F. Kennedy’s assassination 

or of the first moon landing. And I know exactly where I was on September, 11th 2001. 

At least I have the impression of knowing everything about that day. Such recollections 

are sometimes called flashbulb memories and feel so extraordinary vivid and detailed as 

if they were burnt into the brain. They are mostly related to unexpected and highly rel-

evant news (for more information, see Brown & Kulik, 1977). Being interested in eye-
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witness testimony and its reliability, Loftus and her collegues (1987) named a similar 

phenomenon weapon focus. They found that witnesses of bank robberies mostly focus 

on and remember well emotionally central and relevant aspects of the situation (such as 

the weapon of an attacker) but do not remember peripheral elements any better. Because 

of the encompassing intensity of the central impression, they tend to overestimate the 

accuracy of the complete episode. Laboratory research has also shown that, at this first 

step of memory formation, emotional and potentially stress-inducing stimuli are pro-

cessed in a way that leads to better recall and recognition compared to neutral material 

(see for example Bradley et al., 1992, or, for a review, Reisberg & Heuer, 2004). More-

over, it has been demonstrated in animals as well as in humans that administration of 

glucocorticoids on learning leads to better consolidation (e.g., Sandi & Rose, 1994; Bu-

chanan & Lovallo, 2001), which has also been shown for the administration of norepi-

nephrine (Roozendaal et al., 2008). These data are further strengthened by the demon-

stration of adverse effects reported for betablockers passing through the blood-brain 

barrier (Cahill et al., 1994) and their absence for betablockers that do not readily enter 

the brain (van Stegeren et al., 1998). Furthermore, there is reason to assume that the 

valence of the learning material may interact with the bodily systems. However, data are 

mixed, mostly reporting a better consolidation of emotional material (e.g., Buchanan & 

Lovallo, 2001; Cahill et al., 2003) but also yielding opposite results (e.g., Rimmele et 

al., 2003).  

Retrieval. When investigating the effects of stress on retrieval, interventions of course 

are placed before reproducing memory (and not while or after producing it as in con-

solidation research). Studies both in animals and humans using completely different 

paradigms suggest in general that memory suffers. In a series of experiments, Domin-

ique de Quervain and colleagues demonstrated that the implicit memory performance of 

rats 24 hours after training in the Morris watermaze declines following an electric shock 

stressor 30 minutes before the memory test (for boundary conditions, please see the ori-

ginal article, de Quervain et al., 1998). Moreover, they showed that application of 

corticosterone (i.e., cortisol equivalent in rats) had the same disrupting effect (de Quer-

vain et al., 1998). Administration of metyrapone, a drug that inhibits synthesis of 

corticosteroids in the adrenal, again counteracted the disruption (de Quervain et al., 

1998). Similar effects have been demonstrated in humans (de Quervain et al., 2000). 

However, it is still unclear to what extent recently learned material is affected: whereas 
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some authors have found it to remain stable (e.g., de Quervain et al., 2000; Coluccia et 

al., 2008), others have found it disrupted (e.g., Wolf et al., 2001). A general decline in 

memory retrieval after stress has also been discovered after experimental induction 

(e.g., Buchanan & Tranel, 2008). Importantly, the effect may turn into the opposite 

when a participant does not respond (with a rise in cortisol) to the induction (Buchanan 

et al., 2006). As in consolidation research, the role of boundary factors has also been 

discussed. Despite mixed results, it seems that arousing, in contrast to neutral material, 

suffers mostly from stress at retrieval (Kuhlmann et al., 2005; Buchanan et al., 2006; de 

Quervain et al., 2007). 

1.4.2 Memory in PTSD  

As described in the previous paragraphs, even relatively low and normal levels of stress 

strongly affect different aspects of memory. It, therefore, comes as no surprise that ex-

cessive stress can have devastating effects on memory. As mentioned above, an overac-

tive and unintegrated, primarily visual sensory memory is a hallmark feature of 

cognitive dysfunctions in PTSD (Dalgleish et al., 2008). Very briefly, amygdaloid, hip-

pocampal and prefrontal deficits (Bremner, 2006) contribute to this result: amygdala 

hyperactivity delivers the emotional intensity, hippocampal deficits may mediate insuf-

ficient encoding and consolidation, frontal-lobe dysfunction may contribute via faulty 

source monitoring (Zoellner, et al., 2000) and reduced inhibitory functioning (Gilboa, et 

al., 2004) (for an illustration, see Fig. 3 on page 43). These mnemonic deficits in PTSD 

are probably the one symptom that tortures patients the most. Imagine what it would 

mean to lose control over a past memory that you would be happy to be rid of: more 

than that, imagine that you would not even realize that this were only a memory. Theo-

ries of PTSD have put memory at their center; the most influential one has probably 

been proposed by Chris Brewin, the dual representation model of PTSD (Brewin et al., 

1996). He in essence puts forward verbally and situationally accessible memories 

(VAMs and SAMs). These systems are based upon and share great similarities with a 

widely accepted general model of memory. Squire and Zola-Morgan (1991) propose 

that our memory can be split into two clearly separated subsystems, declarative (ex-

plicit) and non-declarative (implicit) memory systems. Different authors have suggested 

that, in PTSD, these two systems may be affected in different ways. Whereas explicit 
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memory refers to (verbally expressable) facts and knowledge about the world and one-

self, implicit memory contains procedural knowledge, primed and conditioned re-

sponses and skills that can only be demonstrated by performing them. In PTSD, the lat-

ter may be dominant and mediate the typical bodily responses, whereas the former is 

much weaker and does not deliver the factual information necessary to gain a complete 

and coherent picture of the traumatic experience.  

¥

 

Figure 3. Illustration of memory-relevant neurostructural and -functional alterations in PTSD. Triangles 
illustrate the assumed ‘activation’ (relative to its baseline) of the respective structure in relation to stress 
duration (along the red axis) and stress level (area of the triangle). 

There has of course been a great interest in trying to find explanations for PTSD symp-

tomatology and a neurocircuitry model of the disorder has been proposed (Rauch et al., 

1998). On the basis of findings from rodent fear conditioning research, three structures 

(that have also been central in the description of the HPA axis, see above) have been 

emphasized: the hippocampus, the ventral/medial prefrontal cortex (vmPFC) and, 

probably most importantly, the amygdala. In a nutshell, it is assumed that during the 

traumatic experience the stress reactions described in the previous paragraphs over-

shoot. An excess of catecholamines and cortisol floods the involved structures, which, 

in turn, react differently to these mediators. Whereas the hippocampus and the PFC are 

known to suffer from cortisol and while volume losses have been reported, the 

amygdala becomes even more active and forms additional dendrites (see below). With-
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out intervention, a vicious circle is set in motion that leads to the perpetuation of symp-

toms and a progressive functional and structural deterioration of the system (for an 

overview, see Elzinga & Bremner, 2002, or, Shin et al., 2006). 

The amygdala is at the center of the noradrenergic system that (via different paths) rap-

idly responds to stress (for a very detailed description of the processes, see for example 

Cahill et al., 1994, or, Cahill & McGaugh, 1998). More precisely, activation of the 

amygdala during stress requires sympathetic arousal (Sapolsky, 2003). Circulating cate-

cholamines stimulate the afferent branch of the vagus nerve, which innervates the nu-

cleus of the tractus solitarius (NTS). This in turn causes the NTS to stimulate the amyg-

dala via noradrenergic input. As mentioned above, it also interacts with the HPA axis. 

Research has focused on the medial (MeA) and central amygdaloid (CeA) nuclei where 

large lesions have been shown to reduce ACTH secretion under stress (see for example 

Dayas & Day, 2002), whereas appropriate stimulation leads to an increase in HPA axis 

activity (Dunn &Whitener, 1986). Additionally, glucocorticoids have been shown to 

enhance CRH expression in CeA (Makino et al., 1994).  

Functionally, it is known to play a critical role in the assessment of threat-related stim-

uli, in fear conditioning and its potentiation by stress (LeDoux, 1996; 2000). Several 

studies suggest that the ’mnemonic enhancement’ of emotionally arousing events are 

mediated by the activation of !-adrenergic activity within the amygdala complex (Cahill 

& McGaugh, 1998). Lesions in this region block the memory-enhancing effects of ad-

renaline. Patients with selective damage to the amygdala complex show a disturbed 

emotionally dyed memory, whereas memory for unemotional material remains rather 

normal (Cahill et al., 1995). There has been an additional report of high correlations 

between right amygdala activity in individuals while watching an emotional film and 

the retention of the film using Positron-Emission-Tomography (PET), whereas no such 

correlation was found for neutral films (Cahill et al., 1996). The experience of an emo-

tional event or association might very well be accompanied by adrenergic activity. It is 

thereby also reasonable to consider the noradrenergic system as a main actor in the pro-

cess of enhanced encoding of trauma-related memories in PTSD patients. There are in 

addition several reports of increased fear acquisition (e.g., Bremner et al., 2005; the 

authors also find an increase in amygdala blood flow) and exaggerated startle responses 

in PTSD (for an overview, see Grillon & Baas, 2003). Norepinephrine has repeatedly 

been associated with intrusive memories in PTSD. Southwick et al. (1993) induced in-
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trusion symptoms in combat veterans suffering from PTSD by administering activators 

of this system such as yohimbine. In the same kind of sample, Yehuda et al. (1992) 

found a correlation between the amount of intrusive memories (as measured by the ‘Im-

pact of Event Scale’) and 24-h urinary excretion of norepinephrine. This finding was 

replicated in women with child abuse-related PTSD (Lemieux & Coe, 1995). On a neu-

ronal level, Vyas and collegues (Vyas et al., 2002; Vyas et al., 2003) were able to dem-

onstrate increased dendritic aborization in BLA pyramidal and stellate neurons after 

‘chronic immobility stress’ (whereas in the hippocampus this leads to an atrophy).  

The amygdala is closely connected to the PFC, especially vmPFC, which is regarded as 

responsible for the planning and guiding of effective behavior (Arnsten, 1998) and is 

considered to be a neural correlate of working memory. It is also involved in the extinc-

tion of fear conditioning (Morgan et al., 1993), in the inhibition of irrelevant (distract-

ing) stimuli and inappropriate responses. Furthermore, the PFC also modulates the emo-

tional significance assigned to memory episodes by inhibiting the amygdala. However, 

when stress is excessive and levels of norepinephrine rise, the PFC is impaired (this 

effect is mediated by two different kinds of adrenoceptors that vary in their affinity for 

norepinephrine, alpha-1 and alpha-2). PFC deactivation in response to trauma reminders 

has been demonstrated in different samples of PTSD patients (Bremner et al., 1999a; 

Bremner et al., 1999b). Major consequences of this deactivation in PTSD include im-

paired working memory (Bremner et al., 1995a) and (since the PFC can no longer con-

trol the amygdala) the inability to inhibit intrusive memories (Elzinga & Bremner, 

2002). On a structural level, several studies report on decreased PFC volumes in PTSD 

(e.g., Shin et al., 2006). 

As already mentioned the hippocampus is one of the brain structures with an extremely 

high density of GC receptors. This explains its important feedback function in regulat-

ing GC levels in the body and its high sensitivity to stress (e.g., Sapolsky, 1996). Fur-

thermore, one of its substructures, the dentate gyrus, is known to undergo structural re-

modeling even in adulthood. This dynamic helps to explain some of the important func-

tions of the hippocampus. It is the structure that integrates temporo-spatial information 

to factual memory. Referring to the above-mentioned memory sytems model, the hippo-

campus is the central structure for building explicit memory (Elzinga & Bremner, 2002) 

and - most importantly in humans - episodes. Its high sensitivity and flexibility has a 

major drawback: an excess of glucocorticoids impairs the hippocampus (Sapolsky, 
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1996) and leads to neuron loss (Sapolsky et al., 1990), decreased dendritic branching 

(Watanabe et al., 1992; Vyas et al., 2002), altered synaptic terminal structure (Magari-

nos et al., 1997) and inhibited neuronal regeneration (Gould & Tanapat, 1999). Whereas 

these findings from animal research allow causal interpretations, such conclusions can-

not be made in research with humans. In various populations suffering from PTSD 

(Bremner et al., 1995b; Stein et al., 1997) smaller hippocampal volumes have been de-

tected. Whether this is consequence of or risk factor for the development of a PTSD is 

still controversial, however. 

1.4.3 False memory in PTSD  

False memories are also of importance for the present work. Several studies using dif-

ferent paradigms demonstrated according deficits (i.e., more false memories) in indi-

viduals suffering from PTSD (Roediger & McDermott, 1995; Vasterling et al., 1998; 

Bremner et al., 2000). Even stress induction in healthy students has been shown to lead 

to enhanced false alarms (Payne et al., 2002). Moreover, there is recent indication of 

more false alarms in recognition memory for arousing stimuli (Corson & Verrier, 2007). 

In general, frontal lobe functioning has been shown to negatively correlate with the 

number of false memories (Butler et al., 2004). Deficits in source monitoring (Zoellner, 

et al., 2000) and inhibitory functioning (Gilboa, et al., 2004) are considered responsible 

for that. In sum, it can be concluded that both prefrontal areas and the hippocampus 

contribute (through a lack of inhibition and epidsodic/contextual encoding) to generally 

enhanced occurance of false memories under stress and PTSD.  

1.4.4 Stress, PTSD and directed forgetting 

The present dissertation centers on memory control processes. Acute (ASD) and post-

traumatic stress disorder (PTSD) patients often suffer from uncontrollably surfacing 

memories of their experiences and directed forgetting has been used as an experimental 

model to study memory control in such patients. Extant clinical studies on the effect of 

traumatic stress on directed forgetting provide mixed results, with some studies suggest-

ing reduced (e.g., Cottencin et al., 2006) and others enhanced (e.g., Moulds & Bryant, 

2002) directed forgetting in clinical groups. Clinical data also suggest that stress effects 
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on memory control can change over time. In a 12-month prospective study of acute 

stress disorder patients and controls, Moulds and Bryant (2008) showed largely similar 

directed forgetting patterns one month after the patients’ critical incidents, with both 

groups showing directed forgetting for neutral as well as trauma-related material. One 

year later, however, the stress group failed to exhibit directed forgetting for trauma-

related material, while the controls had not changed. Studies also indicate an interaction 

of the material’s emotional significance with stress disorder patients’ item-method di-

rected forgetting performance (e.g., Korfine & Hooley, 2000). Despite the great contro-

versies over memory encoding and control in PTSD, research on directed forgetting in 

people actually diagnosed with PTSD is scarce. Only three studies (plus one published 

in a chapter) yielding inconsistent results exist: McNally and colleagues (1998) exam-

ined directed forgetting of trauma-related, positive, and neutral words in women with 

and without PTSD due to childhood sexual abuse and women without traumatic experi-

ences. Directed forgetting was found across groups, reflected in superior recall of ‘re-

member’ compared to ‘forget’ words. However, the directed forgetting effect for PTSD 

patients was carried by trauma-related words, mainly owing to recall rates close to floor 

for positive and neutral material. In the other two groups, directed forgetting was found 

for all types of material and trauma-exposed controls did not differ from unexposed 

individuals. These results were interpreted to argue against the avoidant encoding hy-

pothesis since they demonstrate normal or even superior recall of trauma-related words. 

They also indicate intact memory control in PTSD for trauma-related material, although 

perhaps not for other materials. This observation is surprising given that forgetting emo-

tionally negative material generally requires more effort (Depue et al., 2006; Nowicka et 

al., 2011) and has recently been shown to be relatively resistant to item-method directed 

forgetting even in healthy students (Hauswald, et al., 2010). Due to a floor effect for 

neutral words, this provides no clear evidence regarding these patients’ general directed 

forgetting patterns.  

Zoellner and colleagues (2003) studied directed forgetting under different mood induc-

tions. While they demonstrated directed forgetting in both the PTSD and the control 

group under a (control) serenity induction, a dissociation induction reduced directed 

forgetting in both groups. Cottencin and colleagues (2006) investigated item-method 

directed forgetting in PTSD patients with various types of traumata and healthy con-

trols. Using neutral word stimuli, the authors reported both generally reduced recall lev-
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els and, importantly, a reduced directed forgetting effect in terms of a smaller recall 

difference between ‘remember’ and ‘forget’ words in the PTSD patients. In a chapter, 

Marylene Cloitre (1998) reported data from a study with sexual assault victims suffer-

ing from PTSD. Directed forgetting was tested using positive, neutral, general trauma, 

and rape-related words. In contrast to non-victims, both assault victims with and with-

out PTSD showed less directed forgetting for rape-related words. Alterations in item-

method directed forgetting in anxiety disorders have been reported for negative (Korfine 

& Hooley, 2000), neutral (Cottencin et al., 2006) and notably also positive material. 

Moulds and Bryant’s (2002) data show ASD severity to negatively correlate with rec-

ognition of positive R material in a directed forgetting experiment, resulting in no di-

rected forgetting of positive words in ASD. 

Reduced directed forgetting in PTSD could be related to a patient’s learning deficits 

reflected in decreased hippocampal volume (Hull, 2002) as well as their reduced frontal 

lobe functioning (Rauch et al., 2006). These areas in concert appear to support item-

method directed forgetting (Wylie, et al., 2008). Limbic and frontal regions (e.g., hippo-

campus, cingulate cortices, in interaction with frontal and prefrontal areas) have been 

identified to play a role in item-method directed forgetting (Paz-Caballero et al., 2004; 

Wylie et al., 2008). Disruptive effects of glucocorticoids on PFC functioning (e.g., 

Lyons et al., 2000; for an overview, see McEwen, 2007) may impair active inhibition 

associated with the forget cue (Wylie et al., 2008), thereby dissolving directed forget-

ting. Because stress-induced cortisol increase can impair working memory performance 

(Schoofs et al., 2009), the working memory-based selective rehearsal process that con-

tributes to item-method directed forgetting may also be disrupted. 

Metabolic activity in regions such as the hippocampus, the amygdala or cingulate cor-

tices has been found to be reduced by experimental stress in particular in participants 

who display a cortisol increase in response to an experimental stressor (Pruessner et al., 

2008). The TSST has been shown to affect various memory processes (for an overview, 

see Kuhlmann et al., 2005) and in particular a different memory control process, re-

trieval-induced forgetting (Anderson et al., 1994; Griffin et al., 1997), was eliminated 

by the presently used experimental procedure (Koessler et al., 2009).   
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1.4.5 Resume 

The above-mentioned example of flashbulb memories gives a good and easily under-

standable impression of how stress or emotional/self-relevant information may affect 

the interaction of fear and memory. The hippocampus forms these snapshots only when 

driven by amygdaloid arousal.  

This is shown in a number of studies (reviewed by McGaugh, 2004) where lesions of 

the basolateral amygdala impaired stress-induced enhancement of contextual memory 

consolidation by the hippocampus. It is Sapolsky (2003) who uses the term contextual 

in this respect to characterize the cues that help to reconstruct central elements of flash-

bulb memories. He also states that for the hippocampus to play this part during stress 

GC action is required not only in the hippocampus, but also in the amygdala and the 

NTS. As evidence, stress-induced enhancement of contextual learning is disrupted by 

the microinfusion of GR antagonists into any of those structures. As one can see, flash-

bulb memories as well require cooperation of the adrenocortical (i.e., the secretion of 

GCs) and the adrenomedullary/sympathetic branch of the stress response. 

To date, no experimental studies have investigated the effect of stress on item method 

directed forgetting as another specific memory process. Neuroscientific studies of item-

method directed forgetting demonstrate activations of limbic and frontal regions and 

indicate that interactions of hippocampus, rhinal cortex and cingulate cortex with frontal 

and prefrontal areas give rise to the effect (Paz-Caballero et al., 2004; Wylie et al., 

2008; Ludowig et al., 2010b). Since similar brain regions have been identified as par-

ticularly susceptible to adverse effects of stress (because of their receptor density; see 

for example Joëls & de Kloet, 1994; Lyons et al., 2000; and, for an overview, McEwen, 

2007), a stress-induced disruption of directed forgetting may be assumed. As mentioned 

above, there are however also some clinical studies suggesting otherwise (e.g. McNally 

et al., 1998). 
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1.5 Scope of the present work 

Item-method directed forgetting is a paradigm of intentional memory control research. 

Participants are presented stimuli after each of which a memory cue tells them to either 

remember or forget the preceding stimulus. At test, to-be-remembered stimuli are gen-

erally better recognized or recalled than to-be-forgotten ones. The effect has been found 

in a variety of stimuli and (Western) participants. The present work aims at extending 

this knowledge base by investigating the effects of stress and emotion on item-method 

directed forgetting. Bringing these two concepts together is not only relevant on a theo-

retical and scientific level but also for clinical practice: individuals suffering from stress 

disorders not only show massive mnemonic dysfunctions but also commonly ask for 

relief by helping them to ‘get rid of bad memories’.  

This dissertation takes the first step to investigating whether this is theoretically possi-

ble. It contains four studies: studies I and II investigate item-method directed forgetting 

under different kinds of stress and stimuli, study III further addresses the observed ef-

fects of stimulus characteristics and study IV adds information on basic processes of 

directed forgetting. Study I examines item-method directed forgetting in civil war vic-

tims in Uganda. All of these individuals experienced traumatic events and about half of 

them fulfill PTSD criteria. In study II, we introduce an experimental stressor (i.e., 

TSST) and stimuli of varying valence. Study III further examines to what extent item-

method directed forgetting relies on stimulus characteristics by systematically varying 

stimulus valence and arousal. And Study IV is the first to approach the implicit assump-

tion that most previous item-method directed forgetting research has made: Memory for 

TBF is equally bad (selective rehearsal) or perhaps even worse (inhibition) than if no 

instruction had been given. As a first step, we investigated this in an item-method di-

rected forgetting within-subjects design, and introduced uncued (U) trials.  
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2.1.1 Introduction 

Post-traumatic stress disorder (Bremner & Marmar, 1998) is an anxiety disorder follow-

ing the experience of terrifying, life-threatening events (DSM-IV). A cognitive hallmark 

of PTSD are memory problems that manifest both as reduced ability to recall learned 

material on explicit tests and as involuntary re-experiencing of the traumatic event(s) in 

the form of intrusive thoughts, flashbacks, and nightmares (for review, see McNally, 

2006). Thus, PTSD patients have trouble remembering what they are supposed to re-

member and forgetting what they would rather not remember. In other words, they ap-

pear to have impaired memory control.  

Control over memory encoding and recall can be examined using different paradigms. 

Most accounts differentiate paradigms emphasizing automatic processes (of which the 

person is not aware) and such relying on more intentional efforts (which can be con-

trolled deliberately by the person). Prominent examples of the former are part-list cue-

ing (Roediger, 1973) and the closely related retrieval-induced forgetting paradigm 

(Anderson et al., 1994), whereas the think/no-think (TNT) paradigm (Anderson & 

Green, 2001) and directed forgetting paradigms (for review see Geraerts & McNally, 

2008) are regarded as intentional processes. A previous study from our group investi-

gated how traumatic stress affects automatic memory control processes. Koessler et al. 

(2010) examined retrieval-induced forgetting in the same Ugandan population and 

found it to be impaired both individuals suffering from PTSD and in trauma-exposed 

refugees without PTSD as compared to German controls. False alarms were found to be 

elevated in the Ugandan sample. We wanted to extend these findings by applying an 

intentional memory control paradigm. Since we were most interested in how traumatic 

stress affects encoding processes we chose the item-method directed forgetting para-

digm, which is mostly regarded as an encoding-based effect (Anderson, 2005). 

There are two different variants of directed forgetting: In its list-method, participants 

study two lists of stimuli and the instruction to forget or to remember follows after list 

1. In the presently used item-method paradigm each item is directly followed by a 

memory cue, some by a ‘remember’ cue and others by a ‘forget’ cue. Later, memory is 

tested for all items, regardless of their initial instruction. This typically leads to a ‘di-
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rected forgetting effect’, better memory for ‘to-be-remembered’ than for ‘to-be-

forgotten’ items. In the list-method, the effect is found only in free recall, but in the item 

method it is apparent both in recall and recognition (Basden & Basden, 1996). Item-

method directed forgetting has been shown for words (e.g., Hourihan & Taylor, 2006), 

sketches (Basden & Basden, 1996), drawings (Lehman et al., 2001), or complex pic-

tures as stimuli (Hauswald & Kissler, 2008). The general phenomenon occurs inde-

pendently of motivational factors (MacLeod, 1999). 

Originally designed to study repression (Weiner & Reed, 1969), item-method directed 

forgetting has been subsequently attributed mostly to selective rehearsal of ‘to-be-

remembered’ items (Basden & Basden, 1998). Recent neuroscientific studies indicate 

that both selective rehearsal of ‘to-be-remembered’ and active inhibition of ‘to-be-

forgotten’ items in response to the forget cue at encoding contribute to item-method 

directed forgetting (Hauswald et al., 2010; Paz-Caballero et al., 2004; Wylie et al., 

2008).  

Several studies have examined directed forgetting in traumatized people reporting 

childhood sexual abuse (Cloitre et al., 1996; McNally et al., 1998; McNally et al., 

2001). A considerable debate surrounded the question whether at least a sub-group of 

sexual abuse victims exhibits an ‘avoidant encoding style’ which refers to a trait-like 

reduction/defence in the processing of self-relevant threatening information. This would 

render them superior forgetters, facilitating discontinuous autobiographic memories of 

traumatizing events, possibly recoverable in therapy. Similarly, DePrince and Freyd 

(2001, 2004) found that, under divided attention conditions, high dissociators recall 

fewer trauma-associated material but more neutral one compared to low dissociators. 

However, other authors identified an intrusive encoding style (McNally et al., 2005) 

meaning a hardly controllable re-entering of such personally aversive material, which in 

turn is to make it difficult for childhood sexual abuse victims to forget trauma-related 

information.  

In spite of considerable controversies surrounding the effects of traumatisation on 

memory control, the empirical basis regarding directed forgetting in people actually 

diagnosed with PTSD is scarce. So far, only three studies exist: McNally and colleagues 

(1998) examined directed forgetting of trauma-related, positive, and neutral words in 14 

women with PTSD due to childhood sexual abuse, 12 women who had experienced 

traumatic events but had no PTSD, and a group of 12 women without traumatic experi-
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ences. The material was selected on the basis of the experimenters experience with 

PTSD patients, but individual content ratings were not obtained. Also, the patients’ 

medication status is not reported. Directed forgetting was found across groups, reflected 

in superior recall of ‘remember’ compared to ‘forget’ words. However, the directed for-

getting effect for PTSD patients was carried by trauma-related words, mainly owing to 

recall rates close to floor for positive and neutral material. In the other two groups, di-

rected forgetting was found for all types of material, trauma exposed controls not differ-

ing from unexposed individuals. These results were interpreted as arguing against the 

avoidant encoding hypothesis, since they demonstrate normal or even superior recall of 

trauma-related words. They also indicate intact memory control in PTSD for trauma-

related material, although perhaps not for other materials. This observation is surprising 

given that forgetting emotionally negative material is generally more effortful (Depue et 

al., 2006; Nowicka et al., 2011) and has recently been shown to be relatively resistant to 

item-method directed forgetting even in healthy students (Hauswald et al., 2010).  

Zoellner and colleagues (2003) studied directed forgetting under different mood induc-

tions in 28 women with PTSD and 28 controls. While they were able to demonstrate 

that dissociation and serenity inductions altered directed forgetting patterns in both the 

PTSD and the control group, the dissociation induction reducing directed forgetting in 

both groups, the data do not reveal the basic pattern of directed forgetting in PTSD. 

Cottencin and colleagues (2006) investigated item-wise directed forgetting in 30 PTSD 

patients with various types of traumata and 30 socio-demographically matched unex-

posed healthy controls. The PTSD patients in this study received various types of 

psychoactive medications, mostly antidepressants. Using neutral word stimuli, the 

authors report both generally reduced recall levels and, importantly, a reduced directed 

forgetting effect in terms of a smaller recall difference between ‘remember’ and ‘forget’ 

words in the PTSD patients. In line with an inhibitory account of item-method directed 

forgetting, this was attributed to compromised inhibitory functions in PTSD. Whether 

this reduced directed forgetting for neutral material is a consequence of exposure to 

traumatic stress in general or specific to PTSD diagnosis remains unresolved. 

Although directed forgetting is theoretically well suited to study mnemonic functioning 

in PTSD, extant evidence is scarce. McNally et al.’s (1998) study indicates that PTSD 

patients with histories of childhood sexual abuse encode trauma-related words better 

than neutral words, but, due to a floor effect for neutral words provides no clear evi-
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dence regarding these patients’ general directed forgetting patterns. Cottencin et al.’s 

(2006) results indicate reduced directed forgetting for neutral material in PTSD, but 

interpretation is complicated by the fact that patients were on psychoactive medication. 

Moreover, the study leaves open whether altered directed forgetting is associated with 

clinical PTSD or generally seen in people exposed to traumatic stress.   

Reduced directed forgetting in PTSD could be related to the patients’ learning deficits 

reflected in decreased hippocampal volume (Hull, 2002) as well as their reduced frontal 

lobe functioning (Rauch et al., 2006). These areas in concert appear to support item-

method directed forgetting (Wylie et al., 2008). 

The present study investigates item-method directed forgetting in severely traumatized, 

un-medicated people with and without PTSD. Participants were identified in internally-

displaced persons (IDPs) camps in Northern Uganda, where exposure to traumatic stress 

and PTSD prevalence is high. This is generally the case in war-torn societies 

(Karunakara et al., 2004) and  poses considerable threats to collective social and cogni-

tive function, calling for research and research-based intervention (Neuner & Elbert, 

2007). Scientifically, studies in societies and regions where exposure to multiple trau-

matizing events is common can contribute to the clarification of issues surrounding 

memory control in trauma victims. First, the presence of directed forgetting in un-

medicated, never treated people with PTSD can be investigated. Second, directed for-

getting patterns can be compared between trauma-exposed individuals without PTSD 

versus with PTSD in relatively large demographically homogeneous populations ex-

posed to multiple, severe, and similar types of traumata.  Third, participants are naïve 

regarding Western pre-conceptions and controversies surrounding the relationship be-

tween trauma and memory, preventing social desirability effects.  

A language-free directed forgetting experiment with pictorial stimuli was used (see also 

Hauswald & Kissler, 2008; Hauswald et al., 2010; Nowicka et al., 2011). This was on 

the one hand due to very variable literacy levels in the studied population. On the other 

hand pictorial material is theoretically ideal for studying memory disturbance in PTSD. 

An overactive and un-integrated, primarily visual, sensory memory is a hallmark feature 

of memory disfunction in PTSD (Dalgleish et al., 2008), whereas verbal labels reduce 

the memorability of items (picture superiority effect). Thus, pictorial material is well-

suited for studying memory control following trauma exposure, but due to its better 

memorability may also help prevent floor effects on memory performance. Since we 
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assumed stimulus perception to be modified in individuals suffering from PTSD it 

deemed us appropriate to use (objectively) neutral pictures in the present study. Previ-

ous experience with PTSD patients both in the field and in clinical practice had taught 

us that even material neutral to our eyes was not entirely neutral to this population. 

Moreover, we did not want to run the risk of negligently re-traumatizing our partici-

pants. 

For recognition testing, old pictures were randomly mixed with thematically similar, 

individually paired, new distractors (see Figure 4), allowing for comparison of directed 

forgetting effects on false memories (i.e., ‘old’ responses to lures) in people with and 

without PTSD. Previous studies have drawn their conclusions on memory control in 

PTSD mostly based on hit rates. Both with regard to the phenomenon of directed forget-

ting but also in its own right, we consider it important to take into account this aspect. 

PTSD patients have been reported to recall more ‘false memories’ than controls in the 

form of intrusions of semantically similar, but never presented items (Zoellner et al., 

2000). Beyond directed forgetting research, Bremner et al. (2000) found that women 

suffering from abuse-related PTSD are more prone to falsely recognize un-presented 

lures than do abused women without PTSD or non-abused women and men. Clancy et 

al. (2000) reported similar results in sexual abuse victims. More elaborate encoding fol-

lowing the ‘remember’ instruction should normally improve mnemonic representation 

reducing false alarms at test. Conversely, the ‘forget’ instruction should result in less 

detailed encoding, leading to more false alarms. Participants with PTSD may encode 

fewer details, resulting in more false alarms because of learning difficulties (Bremner, 

2006; McNally, 2006) and/or if they perceive the material as more arousing (Corson & 

Verrier, 2007). This may be primarily evident for ‘to-be-remembered-items’, for which 

false alarms should normally be reduced by more elaborate encoding. As a conse-

quence, acknowledging the influence of false memories on overall directed forgetting 

patterns also help to be better able to interpret the mechanisms at work. 

This study aimed to establish the effect of trauma and PTSD on memory control as re-

flected by item-method directed forgetting. Neutral pictures were used as stimuli since 

emotional content may influence directed forgetting (Hauswald et al., 2010; McNally et 

al., 1998; Nowicka et al., 2011). Since traumatisation and PTSD can alter the emotional 

evaluation of stimuli (e.g., Adenauer et al., 2010), post-experimental valence and 

arousal ratings were obtained and their relationship with directed forgetting was tested.  
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In sum, here we investigate the influence of traumatic stress and PTSD on item-method 

directed forgetting in an un-medicated and never treated sample of Ugandan civil war 

victims with and without PTSD. The study adds the following information to the litera-

ture: First, it establishes the presence or absence of directed forgetting in PTSD. Sec-

ond, the effects of trauma versus PTSD on directed forgetting are differentiated.  Third, 

the effect of directed forgetting on false memories is investigated in people with and 

without PTSD. Fourth, the influence of the material’s subjective valence and arousal on 

the magnitude of directed forgetting is assessed. 

2.1.2 Method 

Participants and Diagnostic Screening 

Fifty-one teenagers or young adults (age range: 16-30 years, mean age = 20.78; 14 

males) from two Internally Displaced Persons’ (IDP) camps near the town of Gulu in 

Northern Uganda took part in the experiment. Participants had been clinically diagnosed 

in a large epidemiological study on mental health and organized violence (for details see 

Ertl et al., 2010) which used a similar approach as a previous study of an IDP camp in 

Southern Uganda (Onyut et al., 2004).  

Ertl et al. (2010) assessed the mental health status of over 1,100 randomly selected 

youths and adults in three different Northern Ugandan regions. Screening interviews 

were conducted by local interviewers who had received 6 weeks of intensive theoretical 

training and 4 weeks of practical training by a team of international clinicians and re-

searchers. Luo (the local language in northern Uganda) versions of all instruments were 

created using a translation and blind back-translation procedure. Recommendations for 

cultural adaptation, ensuring conceptual, functional, and semantic equivalence, were 

considered (e.g., Flaherty et al., 1988). Almost half (46.8%) of the young people inter-

viewed had been abducted by the Lord’s Resistance Army (LRA) at least once in their 

lives, with abduction durations ranging from several hours up to more than 10 years (M 

= 5.32 months). For the comparison of local assessments with expert diagnoses, a sub-

sample of respondents was drawn from the survey. In total, 68 participants were selec-

ted for expert validation interviews. A team of three clinicians revisited the selected 

youths 4 to 18 days after the initial interview. All experts held at least a master’s degree 

in clinical psychology and had specialized training and extensive experience in working 
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with traumatized victims of torture and organized violence. Experts as well as their in-

terpreters were blind with respect to the outcome of the initial screening interviews. The 
study revealed good reliability for the data produced by the culturally adapted Luo ver-
sion of the Post-traumatic Stress Diagnostic Scale (PDS; Foa et al., 1997) and moreover 
showed high internal validity of the instrument. 82% of PTSD cases identified by clini-
cal experts were recognized in the PDS screening by trained interviewers (sensitivity). 
Agreement on non-cases reached 76% (specificity). Overall efficiency of the PDS was 
.78, indicating that judgment according to the PDS was in accordance with expert rat-
ings with a probability of 78%. The findings suggest that the Luo version of the PDS 
performed well in diagnosing PTSD and that judgments of local screeners trained in 
concepts of mental health were in accordance with the ratings of clinical psychologists 
familiar with the local culture. 

From this sample, the present authors identified two groups that differed in their symp-

toms on the PDS but not in the kinds of traumatic experiences they had made. The 

PTSD group (n = 26) had a mean score of 19.64 on the PDS (range 15-29, 15 being the 

cut-off for a PTSD diagnosis (see Foa et al., 1999), and the Non-PTSD group (n = 25) 

had 0 PTSD symptoms. The groups had experienced a similar number of traumatic 

events (mean PTSD = 20.96 vs. mean Non-PTSD = 16.96, difference n.s.). All participants had 

similar education levels with two years of formal schooling at some point in their lives, 

the groups did not differ in terms of age and gender. No participant was taking psycho-

active medication. During the experiment, which took place in the participants’ huts, a 

trained local interpreter translated instructions and responses. Participants provided in-

formed consent and received a payment of 3000 Ugandan Shillings (~ USD $ 1.80).  

 

Stimuli, design, and procedure 

Since many of the patients were functionally illiterate and the local language “Luo” 

does not adhere to strict spelling rules, a pictorial design was chosen (see also Hauswald 

& Kissler, 2008; Hauswald et al., 2010; Nowicka et al., 2011). Fifty-six complex photo-

graphs depicting scenes familiar to Ugandans were used as stimuli. The pictures showed 

social scenes, landscapes, or food items (see Fig. 4 for examples). Two paired sets (set 

A and set B) of 28 pictures were created. Pictures from set A were presented in random 

order during learning. During recognition, pictures from both sets were presented in 

random order, pictures from set B serving as related lures. Picture-set assignment for the 

two members of each pair was counterbalanced. During learning, the photographs were 
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shown for 3 sec each. Each picture was followed by a symbol corresponding to either 

the ‘forget’ (green circle) or the ‘remember’ (red triangle) instruction shown for 2 s. A 

new picture followed 2 s later. After learning, participants solved “Tangram” puzzles 

for three minutes, arranging different geometric forms to fit a given outline. Finally, an 

old-new recognition test on a random sequence of the 28 old and 28 new pictures was 

administered. Each picture was presented individually for 3 s, and participants had to 

indicate whether they had seen it before. Participants were explicitly reminded that they 

should base their decision on whether a picture had ever been presented before, not on 

the instruction it had been associated with. It was pointed out, that the new pictures they 

would see would be quite similar to old pictures and that they needed to pay careful 

attention to details. To further verify that instructions were understood, participants 

were asked to repeat the instructions in their own words. Moreover, for the first three 

pictures of the recognition test, participants were asked to explain how they had decided 

on their response.  

Participants’ emotional reactions to the pictures were assessed in a post-experimental 

rating. The experimenter re-presented each picture and asked the participant to rate it on 

the dimensions of arousal and valence using a 5-point scale. The concepts of arousal 

and valence were explained using examples from the immediate environment and then 

clarified by asking the participant to re-explain using a new example. Participants were 

asked to explain each individual rating such that the whole procedure took about 90 

minutes. Post-experimental ratings could only be obtained from 27 participants (nPTSD = 

15, nNon-PTSD = 12).  
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Figure 4. Illustration of the picture sets showing three representative target-distractor pairs. 

2.1.3 Results 

Picture arousal and valence 

Overall, and as intended, the pictures were rated as relatively neutral (M = 3.20, SE = 

.08) and un-arousing (M = 2.92, SE = .10), the two paired subsets (A and B) not differ-

ing in valence (t(27) = -.057; p = .96), or arousal (t(27) = 1.184; p =  .25). However, 

PTSD participants rated the entire picture set as more arousing (t(25) = 2.23, p < .05) 

than Non-PTSD participants. There was no group difference in valence ratings (t(25) = -

.90, p = .38). 

 

Directed Forgetting 

Hits and False Alarms 

Table 1 presents mean hit and false alarm rates in the ‘remember’ and ‘forget’ condi-

tions, separately for the two groups. Overall, an interaction of Group X Instruction X 

Response Type (F (1, 49) = 6.17, p < .05) was found. 

¥ 
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Table 1. Mean hit and false alarm rates in the 'remember' and 'forget' conditions, separately for the two 
groups as well as across the entire sample. 

 

 

Further analyses showed that in the Non-PTSD group, the instructions influenced hit 

and false alarm rate for ‘forget’ compared to ‘remember’ items (Instruction X Response 

Type, F (1, 24) = 15.68, p < .001). Hit rate was lower for ‘forget’ than for ‘remember’ 

items (t(24) = - 3.75, p < .001), whereas false alarms were lower for ‘remember’ than 

for ‘forget’ items (t(24) = - 2.25, p < .05).  

In the PTSD group, by contrast, the instruction influenced neither hits nor false alarms 

(Instruction X Response Type, (F (1, 25) = .004, p = .95). Directed forgetting reduced 

neither hits following the forget instruction (t(25) = -1.78, p = .09) nor false alarms to 

’remember’ versus ‘forget’ lures (t(25) = -1.44, p = .16). A targeted between-group 

comparison revealed a higher false alarm rate in response to the ‘remember’ lures in the 

PTSD group (t(49) = 2.12, p < .05).  

 

Discrimination Accuracy and Response Bias 

Following Snodgrass and Corwin’s (1988) two-high-threshold model, discrimination 

accuracy (Pr = Hits – false alarms) and response bias (Br = false alarms/(1-Pr)) were 

analyzed from the data, simultaneously taking into account hits and false alarms and 

resulting in a bias-free measure of directed forgetting. The resulting response pattern is 

depicted in Fig. 5 and basically confirms the above results. A Group (Non-PTSD, 

PTSD) X Cue (Remember, Forget) ANOVA confirmed that, whereas the PTSD group 

showed no directed forgetting, the control group clearly did (F (1, 49) = 6.17, p < .05). 

The control group was better at recognizing ‘remember items’ than ‘forget items’ (t(24) 

= - 3.96, p < .001), indicating a directed forgetting effect. By contrast, the PTSD group 
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showed equal recognition accuracy for R pictures and F pictures (t(25) = 0.07, p = .95) 

and moreover, significantly lower recognition accuracy for R pictures compared to the 

Non-PTSD group (t(49) = 2.07, p < .05). Groups did not differ in recognition bias Br (F 

(1, 48) = .79; p = .38).  

¥¥       

 
Figure 5. A comparison of the effect of directed forgetting on discrimination accuracy in the two groups. 
Asterisks indicate significant differences. 
 

Correlation analysis   

Fig. 6 shows the correlation between the directed forgetting effect, measured as the dif-

ference between recognition accuracy for ‘remember’ minus ‘forget’ items and mean 

arousal ratings across all participants from whom ratings were obtained (Spearman’s 

r(25) = -.62; p < .01). The effect was similar for the PTSD (r(13) = -.63, p < .05.) and 

the Non-PTSD group (r(10) = -.60, p < .05). Entering the directed forgetting effect as 

the difference in hit rates into the analysis yielded almost identical results. No statistical 

relationship between valence and directed forgetting was found, neither in the whole 

group (r(25) = -.12, n.s.), nor for PTSD (r(13) = -.23, n.s.) or Non-PTSD (r(10) = -.07, 

n.s.) individually.  
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Figure 6. Scatterplot illustrating the relationship between mean arousal ratings for the entire picture set 
and directed forgetting performance for the PTSD and the Non-PTSD group. 

2.1.4 Discussion 

Item-method directed forgetting of complex pictures was investigated in an African 

crisis region where exposure to traumatic events is common and PTSD prevalence is 

high. The main finding was that groups did indeed differ in their directed forgetting 

patterns, with no directed Forgetting in the PTSD group, but intact directed forgetting in 

the Non-PTSD group. An already established pictorial approach (Hauswald & Kissler, 

2008; Hauswald et al., 2010; Nowicka et al., 2010) was chosen, because the number of 

illiterate people in the region is very high and even for people proficient in reading, the 

local language is very heterogeneous in terms of spelling and pronunciation. Finally 

pictorial material deemed the authors the most appropriate approach to tap into the basic 

cognitive (dys-)functions in PTSD which is, among other symptoms, characterized by 

intense and hardly controllable sensory recollections (Ehlers et al., 2002). 

All participants in the present sample had experienced multiple traumatic events, with 

no significant difference between the Non-PTSD and the PTSD groups. Still, groups 

differed in directed forgetting. In the Non-PTSD group, as expected, the forget instruc-

tion reduced the number of correctly recognized items, both in terms of hits and recog-

nition accuracy. By contrast, no directed forgetting was observed in the PTSD group. 

The present data indicate that severely and multiply traumatized un-medicated and 
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never treated people with a PTSD diagnosis are characterized by a lack of directed for-

getting which is in line with Cottencin and colleagues’ (2006) observation in a medi-

cated French sample. Going beyond Cottencin’s findings, the data also demonstrate that 

this problem is associated with PTSD itself rather than general to traumatisation. This is 

consistent with previous findings of both hippocampal and prefrontal dysfunctions in 

PTSD (for an overview, see Bremner, 2002 or, Elzinga & Bremner, 2002). Hippocam-

pal dysfunction may impair selective encoding, whereas prefrontal dysfunction may 

reduce both the capacity to segregate ‘forget’ from ‘remember’ items during mainte-

nance rehearsal and the ability to actively inhibit following the ‘forget’ cue. All these 

sub-processes are crucial for directed forgetting (Wylie et al., 2008; Paz-Caballero et al., 

2004).  

Results provide no evidence for ‘repressive encoding’ or superior active repression of 

‘forget’ items, even in extremely traumatized people. Assuming that ‘repressive encod-

ing’ is restricted to certain types of trauma-related stimuli, these can be assumed to be 

more arousing than neutral stimuli. In this regard, the present data indicate reduced di-

rected forgetting with increasing stimulus arousal in traumatized individuals. However, 

mechanisms of avoidant encoding might be operational in selected subgroups (DePrince 

& Freyd, 2001, 2004), in high dissociators with acute stress disorder (Moulds & Bryant, 

2002), or under specific experimental conditions (DePrince & Freyd, 1999, 2004).  

Less accurate encoding and altered stimulus evaluation contribute to PTSD patients’ 

lack of directed forgetting. Although the groups did not differ in hit rates, PTSD pa-

tients generated more false alarms, particularly in the ‘remember’ condition. In the non-

PTSD group, false alarms were reduced by the ‘remember’ cue, presumably because 

pictures were then encoded in greater detail, which was not the case in the PTSD group. 

Again, both hippocampal and prefrontal dysfunctions in PTSD (Bremner, 2006) can 

contribute to this result: Hippocampal deficit may mediate insufficient encoding and 

consolidation, resulting in coarser representation with ‘gist’, rather than detail-based 

responses to lures, related to ‘to-be-remembered’ items. Frontal-lobe dysfunction may 

contribute via faulty source monitoring (Zoellner et al., 2000) and reduced inhibitory 

functioning (Gilboa et al., 2004). Because the problem is more evident for remember-

related lures, less efficient learning appears to have a larger impact. Recent indication of 

more false alarms in recognition memory for arousing stimuli (Corson & Verrier, 2007), 

suggests that this finding is also related to altered arousal in PTSD.  
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Participants with a PTSD diagnosis rated the stimuli as significantly more arousing, 

increased arousal ratings being correlated with a reduced directed forgetting effect. This 

relationship held across the full sample. In line with this, recent data from our labora-

tory found an absence of directed forgetting for highly arousing material even in stu-

dents (Hauswald et al., 2010). Thus, present data suggest that altered stimulus evalu-

ation contributes to PTSD patients’ absence of directed forgetting.  

The present data also demonstrate that reduced directed forgetting is primarily a feature 

of full-blown PTSD and not seen following exposure to extreme stress in general. Since 

in this study both groups were exposed to multiple severe traumata, the presence of pre-

disposing factors may play an important role. For instance, recently a genetic variant of 

an adrenergic receptor was identified which contributes to better emotional memory in 

healthy people, but is also associated with more intrusions in PTSD patients (de Quer-

vain et al., 2007). Indeed, a considerable body of research indicates medial prefrontal 

dysfunction as well as amygdala hyper-responsitivity in PTSD (for review, see Etkin & 

Wager, 2007). This may be as much a consequence of lasting stress exposure, as a pre-

disposing factor for PTSD. Similarly, a pre-existing reduction in hippocampal volume 

has been shown to pre-dispose for the development of PTSD (Gilbertson et al., 2002).  

Even though comparison between different studies is difficult due to variations in ex-

perimental design and data analysis, we think that the present study adds well to the 

body of knowledge on directed forgetting in traumatized individuals. We tried to cir-

cumvent and/or resolve some of the above-mentioned shortcomings of previous studies 

that, overall, do not come to clear conclusions about the ability to forget voluntarily in 

PTSD. Further research is needed to clarify to what extent the present findings can be 

generalized to directed forgetting of non-pictorial stimuli in PTSD. Since primary visual 

memory dysfunctions are most prominent in PTSD the present design may have probed 

the most ‘vulnerable’ sense and, by that, overestimate overall differences in directed 

forgetting between PTSD and non-PTSD.  

In sum, results demonstrate intact directed forgetting in a population without PTSD that 

was exposed to severe traumata and a lack of directed forgetting in traumatized people 

with an additional PTSD diagnosis. In PTSD, more false alarms occurred, likely due to 

more global encoding strategies. Directed forgetting was inversely related to arousal 

ratings, which were higher in the PTSD group. Thus, altered stimulus arousal contri-

butes to the PTSD group’s lack of directed forgetting. This, together with recent find-
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ings of a genetic association between intrusive symptoms following traumatic stress and 

adrenergic receptor sensitivity, suggests that some of the mnemonic dysfunctions in 

PTSD might be ameliorated if stimulus-related arousal levels were reduced, perhaps by 

means of arousal-dampening beta-adrenergic blockade (Taylor & Cahill, 2002) or ap-

propriate psychotherapeutic intervention that includes an ultimately arousal reducing 

exposition and habituation component (e.g., Neuner et al., 2004). Data provide evidence 

for the successful cross-cultural applicability of experimental designs in PTSD research. 

Importantly, results contribute to the resolution of an ongoing debate on the effects of 

traumatic stress on episodic memory. 

Acknowledgement: We thank Esther, Lawrence, Tony, and Herbert Tumusiime for in-

valuable support in Gulu, Uganda. We also thank Gregory A. Miller and two anony-

mous reviewers for helpful comments on a previous version of this manuscript and 

Birke Lingenfelder for her help with data collection. Research was supported by the 

German Research Foundation (DFG KI1286-1). The authors declare that they have no 

competing financial interest.  



2.2 Study II. Experimental stress and directed forgetting 68 
 

 

2.2 Study II. Experimental stress and directed forgetting 

Acute psycho-social stress does not disrupt item-method 
directed forgetting, emotional stimulus content does 

Bastian Zwissler1, Susanne Koessler1, Harald Engler2, Manfred Schwedlowski2, & 

Johanna Kissler1 

1 Department of Psychology, University of Konstanz, Konstanz, Germany 

2 Institute of Medical Psychology and Behavioral Immunology, University Hospital 

Essen, University of Duisburg, Essen, Germany 

 

Manuscript is published in Neurobiology of Learning and Memory (2011), 95, 346-3542 

                                                        
2 Except for tables and figures that have been numbered according to the overall structure of this thesis 

and referencing the present chapter is identical to the original paper. 



2.2 Study II. Experimental stress and directed forgetting 69 
 

 

2.2.1 Introduction 

In recent years, there has been a great amount of research on the effects of stress on epi-

sodic memory (for a review, see e.g. LaBar & Cabeza, 2006): Whereas memory con-

solidation has been found to be facilitated by acute stress (Beckner et al., 2006), the 

opposite seems to hold for memory retrieval (Buchanan & Tranel, 2008). Effects are 

assumed to be due to the activation of two interconnected bodily systems that serve to 

adapt the organism to challenging environmental conditions and stressful situations: An 

initial sympathetic nervous system response with release of catecholamines and the hy-

pothalamus-pituitary-adrenal (HPA) axis that kicks in several minutes later (Cohen et 

al., 1997) with a release of glucocorticoids. The glucocorticoid cortisol as a marker of 

HPA-axis activity has been investigated thoroughly and several cortisol effects on epi-

sodic memory have been identified. However, the growing amount of research on stress 

effects on episodic memory in general is not mirrored in the investigation of the influ-

ence of stress on memory control processes. 

Efficient memory control is needed for accurate selection of currently relevant informa-

tion from the huge amount of information available in the environment and in human 

memory without being distracted by non-relevant material (for an overview, see Bjork 

et al., 1998). This is an essential prerequisite for a focused and successful task perform-

ance. One widely studied experimental memory control paradigm is directed forgetting, 

where some portions of the material presented for learning are, after presentation, de-

signated as ‘to-be-remembered’, while others are ‘to-be-forgotten’. Directed forgetting 

experiments demonstrate that, in general, the explicit instruction to forget some and to 

memorize other stimuli is reflected in better recall of to-be-remembered stimuli com-

pared to to-be-forgotten stimuli. This effect has been demonstrated to occur independ-

ently of social desirability or motivational demands (MacLeod, 1999). Two different 

basic designs exist, the list-method and the item-method. In the list method, participants 

study two lists of stimuli one of which has to be forgotten. Here, a directed forgetting 

effect is found only in free recall, but not in recognition, implying that retrieval inhibi-

tion underlies list-method directed forgetting (Basden et al., 1993; Basden & Basden, 

1996). By contrast, in the item method the instruction to forget or to remember follows 
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each individual stimulus and directed forgetting effects are seen in both free recall and 

recognition, suggesting that effects are due to differential processing during encoding 

(Basden & Basden, 1996). Recent research has demonstrated that item-method directed 

forgetting depends on both selective rehearsal (Basden et al., 1993) of ‘to-be-

remembered’ items (R items) and on active inhibition of ‘to-be-forgotten’ items (F 

items) induced by the ‘forget’ (F) cue (Hauswald et al., 2010; Paz-Caballero et al., 

2004; Wylie et al., 2008). For successful directed forgetting to occur, items need to be 

held in maintenance rehearsal until the processing instruction appears. Upon cue presen-

tation, selective rehearsal of R items and/or active inhibition of F items, respectively, 

have to be initiated. These mechanisms are assumed to act on initial stimulus processing 

during the encoding phase, thereby affecting the way the items are stored. The thus cre-

ated ‘storage deficit’ in item-method directed forgetting then shows up on both recall 

and recognition tests.  

So far, no experimental studies have investigated the effect of stress on item method 

directed forgetting. However, neuroscientific studies of item-method directed forgetting 

demonstrate specific activations of limbic and frontal regions and indicate that interac-

tions of hippocampus, rhinal cortex and cingulate cortex with frontal and prefrontal 

areas give rise to the effect (Paz-Caballero et al., 2004; Wylie et al., 2008; Ludowig et 

al., 2010b). Similar brain regions have been identified as particularly susceptible to ad-

verse effects of stress, since the limbic system (Joëls & de Kloet, 1994) and the 

prefrontal cortex are particularly rich in glucocorticoid receptors (e.g., Lyons et al., 

2000; for an overview, seeMcEwen, 2007), implying the possibility of stress-induced 

disruption of directed forgetting.  

Clinical studies have used directed forgetting paradigms to investigate memory control 

in stress disorder patients (McNally et al., 2001; McNally et al., 1998; Moulds & 

Bryant, 2002). Acute (ASD) and post-traumatic stress disorder (PTSD) patients often 

suffer from uncontrollably surfacing memories of their experiences and directed forget-

ting has been used as an experimental model to study memory control in such patients. 

Extant clinical studies on the effect of traumatic stress on directed forgetting provide 

mixed results with some studies suggesting reduced (e.g., Cottencin et al., 2006) and 

others enhanced (e.g., Moulds & Bryant, 2002) directed forgetting in clinical groups. 

Clinical data also suggest that stress effects on memory control can change over time. 

Moulds and Bryant (2008), in a 12-month prospective study of acute stress disorder 
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patients and controls showed largely similar directed forgetting patterns 1 month after 

the patients’ critical incidents, with both groups showing directed forgetting for neutral 

as well as trauma-related material. One year later, however, the stress group failed to 

exhibit directed forgetting for trauma-related material, while the controls had not 

changed. Studies also indicate an interaction of the material’s emotional significance 

with stress disorder patients’ item-method directed forgetting performance (e.g., 

Korfine & Hooley, 2000).  

Alterations in item-method directed forgetting in anxiety disorders have been reported 

for negative (Korfine & Hooley, 2000), neutral (Cottencin et al., 2006) and notably also 

positive material. Wilhelm et al. (1996) for example report less directed forgetting for 

positive material in obsessive-compulsive disorder, but a follow-up study by Tolin et al. 

(2002) found valence per se not to contribute to impaired directed forgetting in OCD. 

Moulds and Bryant’s (2002) data show ASD severity to negatively correlate with rec-

ognition of positive R material in a directed forgetting experiment, resulting in no di-

rected forgetting of positive words in ASD.  

Here, we investigate for the first time experimentally, if and how acutely induced stress 

affects directed forgetting and whether the material’s emotional significance or its inter-

action with stress play a role (e.g., Moulds & Bryant, 2008). Previous data from our 

group investigating severely traumatized people in Uganda (Zwissler et al., submitted) 

revealed an absence of directed forgetting in people with PTSD which was mediated by 

stimulus arousal. Directed forgetting was reduced in participants who rated the material 

as more arousing, participants with a PTSD diagnosis giving on average higher ratings. 

The impact of emotional stimuli on directed forgetting is also supported by a study of 

healthy volunteers from our group (Hauswald et al., 2010) where item-cued directed 

forgetting occured for neutral pictures, but not for highly arousing negative ones. Still, it 

is unclear, whether arousing positive stimuli also affect directed forgetting and whether 

or how emotional stimuli interact with experimental stress.  

The present study wants to experimentally assess the influence of stress on item-method 

directed forgetting and extend knowledge on directed forgetting of emotional material 

by determining whether previously shown reductions in item-method directed forgetting 

for negative material in healthy students extend to positive valence using both positive 

and neutral stimuli.  
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Half of the participants were exposed to a standardized psycho-social stressor, which 

has been shown to influence memory in various situations (Jelicic et al., 2004; Smeets 

et al., 2006), the Trier Social Stress Test (TSST; Kirschbaum et al., 1993). The other 

half was assigned to a cognitively challenging control task. Stress experience was vali-

dated via self-report questionnaires and salivary cortisol samples. In this first study of 

experimental stress effects on directed forgetting we use a typical paradigm and adhere 

to previously used parameters. Stress-induction commences shortly before, and stress 

experience is maintained throughout the theoretically critical encoding phase. The rec-

ognition phase follows shortly after the encoding phase, in the absence of the psycho-

social stressor, but possibly still under elevated cortisol. This follows the typical item-

method directed forgetting design (Basden & Basden, 1996) and parallels the clinical 

analogy, since stress disorder patients suffering from chronic stress are likely to be in a 

similar physiological state during both phases of the experiment. 

On the basis of prior research, we expected to replicate both a clear hormonal response 

to the experimental stressor and, at least for neutral stimuli, a solid directed forgetting 

effect in the control group. Going beyond these data, we investigate whether experi-

mental stress and/or the material’s emotional content (positive versus neutral) affects 

directed forgetting.  

2.2.2 Method 

Participants 

Forty-one healthy native German students (16 women) from the University of Konstanz 

(age range: 19-30 years, mean age = 22.24, SE = .40) took part in this study. They were 

recruited in lectures and by posters around campus. All participants reported to be free 

from any acute or chronic disease; moreover, according to screening with the German 

version of the Beck Depression Inventory (BDI; Hautzinger et al., 1994) none of them 

showed clinically relevant depression scores (mean BDI score = 4.29; SE = 0.57). A 

standardized interview asked the participants about variables known to affect the 

physiological stress response, such as smoking habits, or, in female participants, use of 

oral contraceptives. All participants were instructed via e-mail not to eat or drink high-

caloric beverages, not to consume caffeine, and not to smoke for 1 h before the begin-



2.2 Study II. Experimental stress and directed forgetting 73 
 

ning of the experiment. All participants reported to have complied with these require-

ments.  

Participants were randomly assigned to either the stress (n = 21; seven women) or con-

trol condition (n = 20; nine women). The two groups did not differ in body mass index, 

BDI scores and smoking habits (all ps >.2). Thirteen women (six in the TSST group, 

seven in the control group) used monophasic OCs, three women (one in the control 

group, two in the stress group) did not use hormonal contraception. A Pearson chi-

square exact test indicated no group difference in the distribution of contraceptive medi-

cation (!2 (1, N = 16) = .41; p = .52).  

The study was approved by the local ethics committee and the participants provided 

written informed consent. Upon completion of the experiment, participants received 

course credit or 10 # as a compensation and were debriefed about the purpose of the 

study. 

 

Treatment, stimuli and memory testing 

In order to control for the diurnal cycle of cortisol, experimental sessions were all 

started in the afternoon either at 1:00 p.m., 2:30 p.m., or 4:00 p.m, with starting times 

balanced between groups. The participants were tested individually by an experimenter 

who conducted the interview and explained the procedure. In the stress group, the ex-

perimenter was supported by two confederates who formed the ‘stress induction com-

mittee’ (see below). The sequence of experimental events is depicted in Fig. 7. 

 

Treatment: stress induction versus control task 

Stress induction – Trier Social Stress Test (TSST). The Trier Social Stress Test (TSST; 

Kirschbaum et al., 1993) was used as an experimental stressor. It has been shown to be 

effective in inducing stress and activating the HPA-axis (Kirschbaum et al., 1993). The 

TSST consists of two tasks (free speech and mental arithmetic) participants are asked to 

perform in front of a two-person selection panel whose members are confederates of the 

experimenter. They are instructed to withhold facial and verbal feedback and to com-

municate with the participant in a neutral manner.  Participants are asked to take over 

the role of a job applicant and to deliver a speech in which s/he has to convince the 
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panel that s/he is the perfect applicant for a job. One of the panel members informs the 

participant about the task. The participant has 3 min to prepare the talk while sitting in 

front of the panel and another 5 min to deliver the speech. Then a mental arithmetic task 

follows. Participants are asked to serially subtract 13 starting from 1687 as quickly and 

accurately as possible for another five minutes. If the participant makes an error, the 

panel chairperson says “error”, and the participant is asked to restart at 1687. During 

both the speech and the subtraction task, participants stand in front of the committee, 

speak into a microphone and are videotaped.  

Control task. The control task contained the same tasks (verbal and numeric) as the 

TSST to equate cognitive load. However, the stressful social and self-relevant compo-

nents were omitted. Instead of the free speech in the TSST, participants were asked to 

write a fictitious job application for a friend. As in the TSST group, the control group 

had 3 min for preparation and an additional 5 min to write the application letter. In the 

following arithmetic task, the participants were also asked to serially subtract 13 starting 

with 1687 for 5 min and to write the results into a booklet that contained correct control 

figures on every fifth page enabling them to detect their own arithmetic errors and cor-

rect them by paging back. 
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Figure 7. Typical experimental procedure. 
 

Stimuli 

In a pre-test, 75 pairs of similar complex photographs were rated on the dimensions 

arousal and valence, using a 9-point scale, by 12 participants who did not take part in 

the actual experiment. Eighteen picture pairs that had been clearly rated as neutral and 

18 pairs rated as positive were chosen for memory testing. The neutral pairs were rated 

medium in valence (M = 4.51, SE = .14) and arousal (M = 3.37, SE = .12) and the ones 

selected as positive were rated as significantly more positive (M = 7.22, SE = .08, t(11) 

= 13.87, p < .001) and more arousing (M = 4.77, SE = .27, t(11) = 5.56, p < .001). The 
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pictures showed people, landscapes, sports activities, animals, or social scenes (see Fig-

ure 8 for examples). Since the panel members were present during the learning phase, 

we were careful not to induce other psychological states besides stress (e.g. embarrass-

ment and shame) and avoided pictures of highly arousing erotic scenes that are com-

monly used. Therefore, the difference in mean arousal ratings between neutral and posi-

tive pictures is smaller than in some other studies in the literature.  

One picture from each pair was assigned to each of the two sets (set A and set B). Pic-

ture-set assignment was counterbalanced. During learning, all set A - pictures were pre-

sented in random order. In the recognition phase, all pictures from both sets were pre-

sented randomly, set B pictures serving as related lures. Picture sets A and B did not 

differ with regard to valence (t(22) = .10; p = .92) and arousal (t(22) = .51; p = .62). 

Examples for neutral and pleasant stimulus pairs are shown in Fig. 8. 

 

¥

 
Figure 8. Illustration of the picture sets. The upper two rows show examples of neutral targets and dis-
tractors, the lower two depict positive targets and distractors. 
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Memory Testing: directed forgetting 

Learning phase  

The learning phase took place directly after the serial subtraction task in both groups. In 

the experimental group, the committee stayed in the room during this phase to maintain 

the social stress experience. The panel chairperson instructed the participant. In the con-

trol group, only the experimenter was in the room. Participants were explained that they 

would be presented photographs which after presentation would be labelled individually 

as relevant (i.e. ‘remember it’) or as irrelevant (i.e. ‘forget it’). Then, the participants 

were shown 36 photographs for 2 s each on a laptop computer placed on a table in front 

of them. After each picture, either the ‘forget’ instruction symbolized by ‘VVV’ (‘ver-

gessen ~ forget’) or the ‘remember’ instruction signalled by ‘MMM’ (‘merken ~ re-

member’) appeared for 2 s. After another 1 s, during which a fixation cross was pre-

sented on the screen, the next picture was presented. After this learning phase, there was 

a break of 10 min during which in the stress group the panel left the room and the ex-

perimenter took over. In both groups, a saliva sample was taken by the experimenter 

and an attention test (‘d2’; Brickenkamp, 1994) was carried out as a distractor task. 

  

Recognition phase  

A two-alternative forced-choice recognition test (old, new), consisting of a random se-

quence of the 36 old and 36 similar new pictures (paired lures), was administered. Each 

picture was shown for 300 ms and participants were asked to decide as quickly as pos-

sible, whether they had seen this picture before. Although fast responses were encour-

aged, there was no pre-defined time limit for responses. After the response was given, a 

fixation cross was presented for 700 ms before the next picture appeared. During this 

phase of the experiment, only the experimenter was present.  

All experimental material was presented on a laptop computer (Dell Latitude D830) 

using Presentation Software (Neurobehavioral Systems Inc., Albany, NY). 

The sequence of experimental events for the two groups is shown in Fig. 7. 
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Treatment validation 

Saliva cortisol sampling and psychological assessment  

Saliva samples for cortisol determination were obtained with commercially available 

collection devices (Salivette, Sarstedt, Nümbrecht, Germany). For individual cortisol 

baseline measurements prior to the study phase of the directed forgetting experiment, 

participants had to rest for approximately 30 min. They were still naïve regarding group 

assignment. As suggested by Kudielka, Hellhammer, Kirschbaum, Harmon-Jones, and 

Winkielman (2007), participants of both groups were asked to drink 300 ml of grape 

juice to standardize blood glucose levels 15 min prior to the salivary baseline sampling 

before the experiment. To assess stress-induced changes in salivary cortisol, three fur-

ther samples were taken at 25, 35 and 45 min after the beginning of the TSST and con-

trol task respectively.  

Relevant clinical variables and psychological stress responses were assessed pre-

experimentally with different questionnaires. Participants were asked to fill in a German 

version of the Beck Depression Inventory (BDI; Hautzinger et al., 1994), the German 

version of the State-Trait Anxiety Invetory (STAI; Laux et al., 1981), and a German 

mood and alertness scale, the ‘Mehrdimensionale Befindlichkeitsfragebogen’ (MDBF; 

Steyer et al., 1994) with its three subscales “mood”, “alertness”, and “calmness”. At the 

very end of the experiment, just after the fourth and last saliva sampling, the STAI, and 

the MDBF were filled in once again. Moreover, seven visual analogue scales were ad-

ministered in order to be able to compare the participants’ appraisal of their task be-

tween the two groups. Participants indicated their personal involvement, the task’s nov-

elty, difficulty, stressfulness, and unpredictability, and their anticipation of negative 

consequences by marking the appropriate point on a continuum ranging from “not at 

all” to “extremely”. 

 

Saliva Cortisol Analysis  

Saliva collection devices were centrifuged (1000 g, 10 min, 4 °C) and the recovered 

saliva was stored at -20 °C until assayed. Salivary cortisol concentrations were meas-

ured with a commercial enzyme-linked immunosorbent assay (Cortisol ELISA, IBL 

International, Hamburg, Germany) according to the manufacturer’s instructions. Intra- 

and inter-assay variances were 5.6% and 8.8%, respectively. 
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Statistical analyses 

All statistical calculations were performed with Statistica 6.1© (StatSoft, Inc. 2003, 

www.statsoft.com). The behavioural data were analyzed using repeated-measures 

ANOVAs with the within-factors cue (Forget, Remember), and valence (Neutral, Posi-

tive), and the between-factor treatment (Control, TSST). Post hoc comparisons were 

calculated using Tukey’s HSD test. An alpha level of .05 was used for all calculations. 

2.2.3 Results 

Manipulation check: stress induction versus control task 

Cortisol levels 

As expected, participants in the stress group showed a significant increase in free sali-

vary cortisol after the TSST. A repeated-measures ANOVA with the two factors treat-

ment (stress vs. control) and measurement time (baseline, +25, +35, +45 after TSST-

onset) yielded a significant treatment by time interaction (F (3, 117) = 15.68, p < .001). 

Targeted comparisons showed comparable baseline levels between groups (t(39) = .06, 

p = .96) as well as significantly different cortisol levels at time +25 (t(39) = 3.81, p < 

.001), time +35 (t(39) = 3.41, p < .01) and at time +45 (t(39) = 3.98, p < .001). More-

over, a significant increase within the TSST group from baseline to +25 (t(20) =  5.04, p 

< .001) was found. Fig. 9 depicts the time course of the cortisol response in both groups. 
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Figure 9. Course of the cortisol response (in nmol/l +/- SE) in stress and control group. Asterisks indicate 
significance (** p < .01, *** p < .001). 
 

Psychological assessment  

State and trait anxiety: State-Trait Anxiety Inventory. Repeated-measures ANOVA with 

the factors measurement time (before and after the treatment) and treatment (stress vs. 

control) revealed that there were neither treatment by time interactions with regards to 

either state (F (1, 39) = 2.64; p = .11) or trait (F (1, 39) = .32; p = .57) anxiety nor any 

significant main effects. 

Mood and alertness: ‘Mehrdimensionaler Befindlichkeitsfragebogen’ (MDBF). The 

same repeated measurement analysis also showed no effects on any of the three MDBF 

subscales mood (F (1, 39) = .01; p = .93), alertness (F (1, 39) = .00; p = .96), and tran-

quillity (F (1, 39) = .10; p = .75).  

Participants’ appraisal of the experimental tasks: Visual Analogue Scales (VAS). The 

analysis of the seven VAS revealed that participants rated the TSST as significantly 

higher in task difficulty (t(39) = 4.10; p < .001), stressfulness (t(39) = 4.76; p < .001), 

anticipation of negative consequences (t(39) = 2.42; p < .05), personal challenge (t(39) 

= 2.69; p < .05) and, marginally, in task novelty (t(39) = 1.96; p = .06). No clear differ-
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ence between the groups was found in unpredictability (t(39) = 1.31; p = .20), and per-

sonal involvement (t(39) = .55; p = .59). 

 

Memory performance 

Hits and false alarms 

Calculations are based on proportions of pictures participants categorized as “old” in the 

recognition test. The response rates for pictures that were correctly identified as “old” 

(i.e. hits) and not presented lures that were erroneously labelled as “old” (i.e. false 

alarms) are shown in table 2, separately for neutral and positive pictures. 

With regard to hits, a two-(valence: Positive, Neutral) by two-(cue: Remember, Forget) 

by two-(treatment: Control, TSST) repeated-measures ANOVA yielded a significant 

cue main effect (F (1, 39) = 17.43; p < .001) with more hits for R pictures than for F 

pictures, which is indicative of directed forgetting. Moreover, a significant valence main 

effect (F (1, 39) = 4.53; p < .05) with more hits for neutral pictures than for positive 

ones was found. However, neither a significant main effect of treatment (F (1, 39) = .70; 

p = .41), significant two-way interactions of valence and treatment (F (1, 39) = .25; p = 

.62), cue and treatment (F (1, 39) = .44; p = .51), valence and cue (F (1, 39) = .19; p = 

.67) nor a significant three-way interaction (F (1, 39) = 1.55; p = .22) were found.  

Regarding false alarms in a two-(valence: Positive, Neutral) by two-(cue: Remember, 

Forget) by two-(treatment: Controls, TSST) repeated-measures ANOVA only the inter-

action of valence and cue reached significance (F (1, 39) = 10.43; p < .01): More false 

alarms were made to positive R lures than to neutral R lures (p < .01). That is, for the 

positive R items’ paired distractors false alarms were higher than for the neutral R 

items’ paired distractors. Moreover, for neutral pictures, false alarms were reduced for 

R lures compared to F lures (p < .01). This was not the case for positive pictures. Other 

than this, marginally significant main effects of cue (F (1, 39) = 3.58; p = .07; more 

false alarms for F lures compared to R lures) and treatment (F (1, 39) = 3.77; p = .06; 

more false alarms made by the TSST group compared to controls) were found.  Neither 

significant main effects of valence (F (1, 39) = 2.21; p = .15), nor significant interac-

tions of valence and treatment (F (1, 39) = .33; p = .57), cue and treatment (F (1, 39) = 

.48; p = .49) were found. The three-way interaction was far from significant (F (1, 39) = 

.003; p = .96).  
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Table 2. Response rates of positive and neutral stimuli in the stress group, the control group and overall, 
separately for hits and false alarms. 

 

 

Discrimination accuracy and recognition bias 

To take into account hits and false alarms simultaneously and to distinguish discrimina-

tion accuracy from response bias in the data, discrimination accuracy (Pr = Hits – false 

alarms) and recognition bias (Br = false alarms/(1 – Pr)) were analyzed according to 

Snodgrass and Corwin’s (1988) two-high-threshold model. A two-(valence: neutral, 

positive) by two-(cue: remember, forget) by two-(treatment: TSST, controls) repeated-

measures ANOVA of Pr yielded a cue main effect (F (1, 39) = 18.72; p < .001) with 

more R pictures than F pictures being recognized, that is directed forgetting was found. 

Moreover, a valence main effect (F (1, 39) = 7.83; p < .01) with a better discrimination 

accuracy for neutral pictures and a valence x cue interaction with reduced directed for-

getting of positive stimuli were found (F (1, 39) = 5.91; p < .05). There were neither 

significant treatment x valence (F (1, 39) = .68, p = .41), treatment x cue (F (1, 39) = 

.01; p = .92) or treatment x cue x valence interactions (F (1, 39) = 1.12; p = .30) nor a 

treatment main effect (F (1, 39) = .49, p = .49). Targeted post hoc comparisons of Pr (R) 

and Pr (F) revealed significant directed forgetting of neutral pictures both in controls (p 

< .01) and stressed participants (p < .01) but no directed forgetting of positive pictures 

in controls (p = .93) or the TSST group (p = .25). With regard to Br no significant ef-

fects appeared. The effect of experimental stress and stimulus valence on directed for-

getting as reflected in recognition accuracy is shown in Fig. 10. 
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Figure 10. Discrimination accuracy (Pr) of F and R pictures in stress and control group, separately for 
positive and neutral stimuli. Asterisks indicate significance (* p < .05). 

 

Correlation analyses  

No correlations between cortisol levels and the directed forgetting effect itself were 

found. However, there were significant negative correlations between absolute cortisol 

levels and Pr for positive F pictures (-15 min: r = -.44, 25 min: r = -.47, 35 min: r = -.50, 

45 min: r = -.43; all p’s < .05) and also between cortisol and Pr for neutral F pictures (-

15 min: r = -.41, 25 min: r = -.38, 35 min: r = -.37, 45 min: r = -.33; all p’s < .12), but 

the latter were not consistently significant. There was no such pattern observed for the 

Pr for R pictures, nor were there any other significant or trend-level correlations. 

2.2.4 Discussion 

This study explored whether experimentally induced stress affects directed forgetting of 

neutral or positively arousing complex pictures. The TSST once more proved to be an 

effective stressor in terms of HPA-axis activation and it was also perceived as more 

stressful, challenging, more likely associated with negative consequences and more dif-

ficult than the control task. Yet, directed forgetting was found both in participants hav-

ing undergone the TSST and in participants in the control condition. The emotional con-

tent of the stimuli, on the other hand affected directed forgetting: It was intact for neu-

tral pictures, but reduced for positive ones. Reduction for positive stimuli was primarily 

due to differential false alarm rates: For neutral stimuli, false alarms were reduced for 
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distractors related to ‘remember’ compared to ‘forget’ items whereas for positive 

stimuli, false alarms were higher for distractors related to ‘remember’ items. That is, 

whereas the ‘remember’ instruction increased recognition accuracy for neutral pictures, 

it failed to do so for positive pictures. Such a higher false alarm rate in response to posi-

tive R stimuli is in line with findings of emotion heightening the sense of remembering, 

but not necessarily memory accuracy (Talarico & Rubin, 2003).  

In tendency, elevated false alarm rates were found in the stress group in general, which 

corresponds with previous results of reduced memory accuracy under stress (Payne et 

al., 2002). By contrast, false alarm rate was somewhat reduced for ‘remember’ items. 

This is compatible with selective rehearsal of these items resulting in more elaborated 

and accurate memory representations, but, as indicated above, this was mainly true neu-

tral items. Overall, results suggest that acute stress, per se, does not hamper item-

method directed forgetting. However, emotional stimuli modulate the effect.   

Clinical and neuroimaging data had suggested that stress may interfere with directed 

forgetting, but in the present study no significant effect of experimental stress on di-

rected forgetting was found. There are different possible explanations of why experi-

mental stress did not affect directed forgetting in this investigation: Perhaps, only 

chronic or traumatic stress with all its long-lasting physical consequences such as 

chronically increased amygdala activity, decreased hippocampal volume (Hull, 2002), 

and less activation in medial frontal cortex (Lanius et al., 2001; Rauch et al., 2006) re-

duces memory control. Indeed, Cottencin et al. (2006) report a general lack of directed 

forgetting in PTSD patients, attributed to their reduced inhibitory capacities. Moreover, 

there is clinical evidence for a change in the effect of stress on directed forgetting over 

time. Moulds and Bryant (2008) in their prospective study of acute stress disorder, 

found longitudinal changes in patients’ directed forgetting patterns suggesting that di-

rected forgetting is primarily altered by long-term stress effects. One month after a 

highly stressful incident, acute stress disorder patients showed normal directed forget-

ting, whereas 12 months after the incidents they showed reduced directed forgetting.  

Limbic and frontal regions (e.g., hippocampus, cingulate cortices, in interaction with 

frontal and prefrontal areas) have been identified to play a role in item-method directed 

forgetting (Paz-Caballero et al., 2004; Wylie et al., 2008), but metabolic activity in 

some of these regions, such as hippocampus, amygdala and cingulate cortices has been 

found to be reduced by experimental stress in particular in participants with a cortisol 
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increase in response to an experimental stressor (Pruessner et al. (2008).  In the present 

study all but three participants showed a sizeable increase in cortisol levels in response 

to the stressor, yet no effect on directed forgetting was found, suggesting that acute ex-

perimental stress at least at the presently induced intensities may not affect directed for-

getting. Joëls (2006) postulates an inversely U-shaped relationship between cortico-

steroid levels and brain function, giving rise to the possibility that the present stress in-

duction was not intense enough to affect memory. Still, the TSST has been shown to 

affect various memory processes (for an overview, see Kuhlmann et al., 2005) and in 

particular a different memory control process, retrieval-induced forgetting (Anderson et 

al., 1994; Griffin et al., 1997), has been eliminated by the presently used experimental 

procedure (Koessler et al., 2009).  

However, scenarios exist under which effects of stress induction and cortisol secretion 

on different cognitive sub-processes and temporal phases of the directed forgetting ex-

periment may counteract each other, resulting in a zero net-effect of stress on the pres-

ent behavioural measures. Selective rehearsal and superior encoding of R items as well 

as active inhibition of F items have been implicated in item-wise directed forgetting. 

Stress may have interfered with the active inhibition of F items but at the same time 

strengthened the selective encoding of R items, creating a net-effect of intact directed 

forgetting, but not necessarily due to an absence of stress-related memory effects. Com-

bining stress induction with on-line measures of brain activity during directed forgetting 

would allow for a separate analysis of brain activities related to the forget and remember 

instructions and their modulation by stress, helping to examine this possibility.  

Perhaps surprisingly, at present, no main effect of stress on memory performance was 

found.  

There is the possibility that, although encoding could have been enhanced in the present 

sample, this advantage may have been eliminated by continuing HPA-axis activation 

during recognition. Even 45 min after stress onset (with the recognition task starting at 

about 32 min after stress onset), the TSST group still showed significantly higher sali-

vary cortisol concentration than the control group. Different groups have reported nega-

tive consequences of cortisol on recognition (Domes et al., 2004; Tops et al., 2003). 

Most likely, this would have affected ‘R’ and ‘F’ items in the same way, since the di-

rected forgetting effect was not altered and theoretically, in the item method, the di-

rected forgetting effect is thought to be due to differential processing of R and F stimuli 
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in the encoding phase (Gottlob et al., 2006). Therefore major stress effects should have 

occurred during the encoding phase. Also, stress induction commenced before and 

lasted throughout the encoding phase, such that major psychological stressor character-

istics as well as the stressor itself with its respective context were absent during re-

trieval.  

However, as the ‘memory active’ cortisol response, was still visible during retrieval, 

there is the possibility of on-going effects due to cortisol secretion although not neces-

sarily due to the full psycho-social stress response. Differential effects of R and F in-

structions during recognition might occur if the effect of cortisol-induced retrieval-

impairment differs between strong (R cue associated) and weak (F cue associated) 

memories. Although to the best of our knowledge so far no corroborating empirical evi-

dence exists, this possibility clearly merits attention.  

Studies in clinical populations as well as in students suggested effects of emotional ma-

terial on item-method directed forgetting, and this was presently confirmed for positive 

stimuli. Disorder-related stimuli have been found resistant to directed forgetting in sev-

eral psychiatric populations (Elzinga et al., 2000; Korfine & Hooley, 2000). A previous 

study from our own group (Zwissler et al., submitted manuscript) found item-cued di-

rected forgetting of complex photographs to be reduced in Ugandan civil war victims 

suffering from PTSD. Notably, across both participants with and without PTSD, the 

directed forgetting effect was inversely correlated with arousal ratings for the stimuli, 

suggesting that a stimulus’ subjective emotional significance affects directed forgetting. 

Other work from our group (Hauswald et al., 2010) showed a lack of directed forgetting 

for highly arousing negative pictorial stimuli already in healthy students. Further clini-

cal data indicate that not only for negative, but also for positive material item-method 

directed forgetting differs between patients suffering from psychiatric disorders and 

healthy individuals. Wilhelm et al. (1996) for example report more reduction in directed 

forgetting for positive and negative compared to neutral words in obsessive-compulsive 

disorder (OCD) than in healthy individuals. These data indicate, that alterations in di-

rected forgetting are not restricted to negative stimuli and may be driven by more gen-

eral constructs such as arousal or self-relevance.  

In the present study, whereas there was clear directed forgetting of neutral pictures both 

regarding hit rates and regarding discrimination accuracy, positive ones turned out to be 

more resistant to explicit forgetting instructions. An apparent directed forgetting effect 
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for hit rates disappeared when false alarms were taken into account, eliminating directed 

forgetting on discrimination accuracy for positive pictures. Whereas the remember in-

struction reduced false alarms for neutral pictures, this was not the case for positive 

ones. For the distractors paired with positive ‘to-be-remembered’ items, false alarms 

were significantly higher than for the neutral pictures’ distractors. Effectively, for neu-

tral pictures the remember instruction improved discrimination whereas it did not for 

positive pictures. Therefore, calculating the directed forgetting effect for discrimination 

accuracy by subtracting false alarms from hits following Snodgrass & Corwin (1988) 

considerably reduced the effect for positive pictures. Previous research has shown that 

for emotional compared to neutral scenes, memory relies more on central elements than 

on peripheral detail (Christianson & Loftus, 1991; Christianson et al., 1991). Thus, the 

remember cue might have been less efficient in improving discrimination accuracy for 

positive than for neutral items as in the present study very similar target-distractor pairs 

have been used to avoid ceiling effects (see for example the upper and lower panel of 

Fig. 8). Since recognition memory in healthy young adults is remarkably good and in 

order to not extend the duration of the stress plus learning phase too much, we chose to 

avoid ceiling effects by making the task relatively difficult and to select very similar 

picture pairs. Moreover, using thematically dissimilar target-distractor pairs could have 

created an in-homogenous stimulus set, introducing response biases on some of the tar-

get-distractor pairs, but not on others, which we wanted to avoid. Therefore target-

distractor pairs differed only in peripheral details. This led to more hits for neutral pic-

tures than for positive ones in the present study, ultimately resulting in better discrimi-

nation accuracy of neutral items. Again, the higher hit rate for neutral stimuli may be 

due to positive picture pairs having been subjectively more difficult to distinguish than 

neutral ones if in the positive pictures attention was more focused on central elements as 

suggested by prior research (Burke et al., 1992). A design similar to the present one has 

been used by Hauswald & Kissler (2008), Hauswald et al. (2010), and Nowicka et al. 

(2011). The latter two studies also report an ostensible memory advantage for negative 

stimuli. However, when false alarms are taken into account, this mnemonic advantage 

disappears, since false alarms are more frequent for emotional than the neutral pictures. 

This may be due to the fact that emotional arousal increases gist-based decisions, which 

contribute to the ostensible memory advantage for emotional material. Burke et al. 

(1992) as well as others (Kensinger et al., 2005; Jurica & Shimamura, 1999; Safer et al., 

1998) have demonstrated that emotion impairs memory for peripheral details. Since 
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targets and distractors did not differ much in overall gist but only in peripheral detail, 

this may have led to the present pattern of results, if emotion-induced attentional focus-

ing narrowed processing to the central details, perhaps at the expense of details that 

would have been critical for the subsequent test. In general, emotion may increase the 

‘feeling of remembering’ more than actual memory accuracy (Talarico & Rubin, 2003) 

and a recent large study (Aupee, 2007) confirms that emotional content impairs rather 

than improves discrimination accuracy for pictures. 

Since for design reasons the positive pictures, while significantly more arousing than 

the neutral ones, were not overly arousing, the reduction in directed forgetting may have 

been less pronounced than in our previous study (Hauswald et al., 2010), where emotio-

nal content abolished directed forgetting on both hit rates and discrimination accuracy. 

Still, the present and previous studies, together, suggest that arousal, rather than 

valence, may affect item-method directed forgetting. Both positive and negative stimuli 

have the potential to induce arousal in experimental participants and thereby may make 

them overly accessible and literally uncontrollable. Although pending further research, 

the above discussed effects of emotional content on memory accuracy may likewise be 

due to stimulus arousal, rather than valence as indicated by a recent systematic study of 

arousal and valence effects on memory accuracy (Corson & Verrier, 2007). To conclu-

sively settle the issue, the relative impacts of arousal and valence on item-method di-

rected forgetting should be further examined parametrically, using stimuli that span a 

wider range of arousal and valence. Post-experimentally collected stimulus ratings 

could then be co-varied with the directed forgetting effect.  

In sum, results indicate that emotional stimulus content is more powerful than an indi-

vidual’s psycho-physiological state in affecting directed forgetting. However, null find-

ings can never be regarded as entirely conclusive, especially since this study used a 

typical directed forgetting paradigm and adhered to previously used parameters, such 

that encoding and recall phases were administered in close temporal proximity, result-

ing in elevated cortisol levels during recognition. Since theoretically encoding was con-

sidered the critical phase and since previously investigated stress disorder patients suf-

fering from chronic stress are likely to be in a similar physiological state during both 

phases of the experiment, this appeared as a sensible first step. However, future studies 

should investigate differential effects on encoding or retrieval in this paradigm with 

delayed testing following stress at encoding or stress induction shortly preceding re-
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trieval but considerably delayed after encoding. Further combinations with neuroimag-

ing methods would allow measurement of stress effects on different sub-processes of 

directed forgetting during encoding and recognition. Regarding emotional modulations, 

this study, in synopsis with other previous ones, suggests that arousal, may drive altera-

tions of directed forgetting. This should be further corroborated in parametric studies 

that vary both dimensions across a wider span than presently done.  

The present investigation indicates that item-method directed forgetting is not affected 

by a standard experimental stressor administered before and extending into the encoding 

phase, at least when cortisol levels are still elevated during recognition. However, data 

indicate that the efficacy of this memory control mechanism depends on the emotional 

content of the stimuli applied. The classic response pattern was obtained for neutral pic-

tures but not for pleasant ones. This, together with other studies, suggests that item-

method directed forgetting is primarily modulated by stimulus content. Whether ex-

perimental stress can affect directed forgetting with different stressor timing or at other 

encoding-retrieval intervals than presently used, is open to future research. 
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3.1.1 Introduction 

A thoroughly investigated memory control paradigm is directed forgetting which comes 

in two different basic versions. In the so-called list-method, participants study two lists 

of stimuli and the instruction to forget or to remember follows after list 1. In the pres-

ently used item-method paradigm each individual item is directly followed by a mem-

ory cue. Some items are followed by a ‘remember’ (R) cue while others are followed by 

a ‘forget’ (F) cue. Later, memory is tested for all items, regardless of their initial in-

struction in both paradigms. This typically leads to a ‘directed forgetting effect’, better 

memory for R items than for F items. In the list-method, the effect is found only in free 

recall tests, but in the item method it is apparent both in recall and recognition (Basden 

& Basden, 1996). Item-method directed forgetting has been shown for words (e.g., 

Hourihan & Taylor, 2006), sketches (Basden & Basden, 1996), line drawings (Lehman 

et al., 2001), or complex pictures as stimuli (Hauswald et al. 2010; Hauswald & Kissler, 

2008; Nowicka et al., 2011; Zwissler et al., in press). The general phenomenon occurs 

independently of motivational factors (MacLeod, 1999). Originally designed to study 

repression (Weiner & Reed, 1969), item-method directed forgetting has been subse-

quently attributed mostly to selective rehearsal of R items (Basden & Basden, 1998) 

during the learning phase. However, in recent years evidence for active processing in 

response to the F cue, perhaps associated with active inhibition of F items either in re-

sponse to cue presentation or at recognition and somewhat reminiscent of the original 

repression metaphor has accumulated. 

Most of the data on item-method directed forgetting stems from relatively neutral mate-

rial. Research using emotional stimuli paints a rather diverse picture. There is however 

reason to believe that indeed emotional stimuli and material bearing personal relevance 

show less directed forgetting. Zwissler et al. (in press) could show that, in contrast to 

neutral pictures, directed forgetting was impaired for arousing, positive ones. Hauswald 

et al. (2010) demonstrated the same for negative pictures and hypothesized that under a 

selective rehearsal account, negative pictures may be incidentally processed more 

deeply already during viewing. By that, these items may already be sufficiently proc-

essed before the respective cue is presented, which in turn renders further rehearsal ini-
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tiated by the ‘remember’ cue ineffective. Their findings and interpretations are sup-

ported by the electrophysiological correlates they present. When following the active 

inhibition account, one could assume that since high stimulus arousal interferes with 

inhibitory functions (Pessoa, 2009), inhibition of highly arousing negative memories 

may be less efficient than inhibition of less arousing neutral ones. If so, again, intensely 

negative items should be exempt from directed forgetting on a behavioral level. Also, in 

an experiment with Ugandan participants, some of whom suffering from posttraumatic 

stress disorder, we found a positive correlation of directed forgetting performance and 

mean arousal (Zwissler et al., subm. manuscript).  

From everyday experience we know the feeling that emotional events are remembered 

better and with more detail than facts that do not have an emotional connotation. This 

phenomenon has also been demonstrated in laboratory research. In general, emotional 

material is attended to more, is encoded differently (Hamann et al., 1999; Tabert et al., 

2001) and remembered better than neutral information. This becomes particularly obvi-

ous in the research of the real-life memory phenomenon of ‘flashbulb memories’ (e.g., 

Christianson (1989) on the assassination of former Swedish prime minister Olof Palme; 

Brown & Kulik (1977) on the assassination of former U.S. president John F. Kennedy) 

but this ‘mnemonic superiority’ of emotional, as compared with neutral, information is 

also underscored by laboratory findings (Bohannon, 1988). One of its critical features is 

the fact that such memory contents are associated with the special feeling of being re-

membered more vividly (Kensinger & Corkin, 2003) and richer in contextual detail 

(Neisser & Harsch, 1992; Ochsner, 2000; Doerksen & Shimamura, 2001).  

Ochsner found individuals to be more likely to recollect negative than to recollect neu-

tral pictures, whereas their familiarity judgments of the photographs were less affected 

by the emotional content of the pictures. His hypothesis was that this recollective bene-

fit for negative stimuli results from increased distinctiveness at encoding for these items 

(i.e., the encoding of item-specific features that have minimal or no overlap with those 

of other presented items). Doerksen and Shimamura showed that source memory, which 

is thought to rely on recollective processes, is better for emotional words than for neu-

tral words. They suggested that this improved source memory may be due to enhanced 

autobiographical elaboration for the negative than for the neutral words. The conclusion 

that material with emotional content has greater distinctiveness has also been underlined 

by Pesta et al. (2001). They investigated false memories and found individuals to be less 
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prone to falsely recognize emotional lures than non-emotional lures, likely because of 

the increased distinctiveness associated with the emotional items. 

In a widely accepted psychological model of emotion, valence (how positive or negative 

a stimulus is) and arousal (how calming or exciting a stimulus is) are assumed to be 

orthogonal dimensions (e.g., Lang et al., 1993) spanning a space in which all emotions 

lie. Up to now, there is only sparse research on the relative contributions of the two di-

mensions (arousal and valence) to the ability to vividly remember emotional informa-

tion. 

Ochsner (2000) hypothesizes that the dimension of arousal may be particularly impor-

tant: He proposed that some of the distinctiveness provided by emotion stems from the 

physiological responses resulting from the stimuli. Clearly, emotional arousal is a criti-

cal mediator of the memory enhancement effect for many types of information: Phar-

macological (e.g., Cahill et al., 1994) and stimulus (e.g., Bradley et al., 1992; Cahill & 

McGaugh, 1995) manipulations that increase arousal levels also enhance subsequent 

memory performance. The importance of arousal, however, does not preclude a contri-

bution by valence. Individuals may be more likely to elaborate on items with valence 

(activating either semantic or autobiographical information), which could also lead to an 

enhancement in the ability to vividly recollect these stimuli (because these items would 

then have been encoded in a more distinct fashion than neutral stimuli). The valence 

dimension could also affect familiarity-based recognition responses if items with va-

lence are processed more fluently or efficiently than neutral items. 

All of this research shows that memory performance is affected by features of the ap-

plied material. Much less, however, is known about how memory control processes re-

act to emotional stimuli. The sparse data in this field suggests that even emotional 

memory contents can be actively suppressed and forgotten.  

In order to be able to study the influence of stimulus valence and arousal systematically, 

we created five sets of pictorial stimuli based on ratings we had gathered in pre-test. 

First, three clusters (neutral, positive, negative) were selected, of which the two latter 

were differentiated in highly arousing and low-arousing sub-groups. Following on pre-

vious findings from our own group and others, we assumed item-method directed for-

getting to be reduced in highly arousing pictures.  
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To ensure that participants showed the best recognition performance possible and to 

avoid the influence of demand characteristics, we applied the strategy by MacLeod 

(1999) and paid participants according to their performance. Before the recognition trial 

began, participants were told that they would receive a bonus of 20 Euro-Cent for every 

hit but also a 20 Euro-Cent fine for every false alarm. Thus, accurate performance could 

lead to considerable gains of up to more than #14, preventing social desirability effects 

in the data. 

The present study investigates item-method directed forgetting in healthy students and 

introduces both positive and negative stimuli varying in arousal to the existing body of 

research. Its goal was to show that stimulus arousal independently from valence deter-

mines its controllability in episodic memory.  

3.1.2 Method 

Participants 

Thirty-seven healthy native German students (thirty-one women) from the University of 

Konstanz (age range: 19-25 years, mean age = 21.65, SE = .29) were recruited in lec-

tures and by posters around campus. According to screening with the German version of 

the Beck Depression Inventory (BDI; Hautzinger et al., 1994) none of them showed 

clinically relevant depression scores (mean BDI score = 5.00; SE = 0.70). In the break 

after the learning phase of the experiment, first a distractor task (d2) took place (see 

below). Afterwards, participants were asked in short structured interview about the 

strategy they had used to follow the experimental instructions and if they had the im-

pression their strategy had worked. Furthermore, they were told that they would receive 

course credit or 3 # as a basic compensation, but could also earn a considerable addi-

tional performance-dependent bonus ((hits – false alarms) x 0.2 #) of maximum 14.40 # 

(72 x 0.2 #). 

Upon completion of the experiment, participants were paid and were debriefed about 

the purpose of the study. 
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Stimuli 

72 pairs of similar complex photographs were used for memory testing. The pictures 

had been selected according to the valence and arousal scores they had received in a 

pre-test with student participants. Five categories of stimuli were created: A neutral 

category of 24 picture pairs, a category of 12 low-arousing, positive picture pairs, a 

category of 12 high-arousing, positive picture pairs, a category of 12 low-arousing, 

negative picture pairs, and a category of 12 high-arousing, negative picture pairs. Neu-

tral pictures showed people, landscapes, animals, neutral objects, or neutral social 

scenes. In the positive sets, positive social scenes, young animals, sport scenes, and – in 

the highly arousing subset – erotic scenes were depicted. Negative pictures contained 

negative social scenes, aggressive animals, and - in the highly arousing subset – wounds 

and mutilations (see Fig. 11 for examples). One member of each picture pair was as-

signed to each of the two experimental sets (set A and set B), picture-set assignment 

was counterbalanced, picture-cue assignment was randomized. During learning, all set 

A - pictures were presented in random order. In the recognition phase, all pictures from 

both sets were presented at random, set B pictures serving as related lures.  

¥

 
 
Figure 11. Illustration of the picture sets showing five representative target-distractor pairs (one of each 
category). 
 

Memory Testing: Directed forgetting 

Learning phase 

Participants were explained that they would be presented photographs that would be 

followed by either a ‘remember it’ (R) cue or a ‘forget it’ (F) cue. Then, the learning 

phase began and the 72 photographs were shown for 2 s each on a laptop computer 

placed on a table in front of them. After each picture, either the F instruction sym-

bolized by ‘VVV’ (‘vergessen’ ~ ‘forget’), or the R instruction signalled by ‘MMM’ 
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(‘merken’ ~ ‘remember’) appeared for 2 s. After another 1 s, during which a fixation 

cross was presented on the screen, the next picture was presented. After this learning 

phase, there was a break of 10 min during which participants were asked about their 

strategy and an attention test (d2) was performed in order to make sure that participants 

did not think about the learning phase. 

  

Recognition phase 

A two-alternative old-new recognition test, consisting of a random sequence of the 72 

old and 72 similar new pictures (paired lures), was administered. Each picture was 

shown for 300 ms and participants were asked to decide as quickly as possible, whether 

they had seen this picture before. Although fast responses were encouraged, there was 

no pre-defined time limit for responses. After the response was given, a fixation cross 

was presented for 700 ms before the next picture appeared.  

All experimental material was presented on a laptop computer (Dell Latitude D830) 

using Presentation Software (Neurobehavioral Systems Inc., Albany, NY). 

 

Rating phase  

Participants’ emotional reactions to the pictures were assessed in a post-experimental 

rating. Each picture was re-presented and the participant was to rate it on the dimen-

sions of arousal and valence using a 9-point scale (arousal: 1 ~ very arousing - 9 ~ very 

relaxing; valence: 1 ~ very positive - 9 ~ very negative). The concepts of arousal and 

valence were explained using examples from the immediate environment and then clari-

fied by asking the participant to re-explain using a new example. 

 

Statistical analyses 

All statistical calculations were performed with Statistica 6.1© (StatSoft, Inc. 2003, 

www.statsoft.com). The rating data were analyzed using repeated-measures ANOVAs 

with the within-factor picture category (neutral, positive-low, positive-high, negative-

low, negative-high). The behavioural data were analyzed using repeated-measures 

ANOVAs with the within-factors cue (Forget, Remember) and picture category (neutral, 
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low-positive, high-positive, low-negative, high-negative). Post-hoc comparisons were 

calculated using Fisher’s LSD test. An alpha level of .05 was used for all calculations. 

3.1.3 Results 

Picture arousal and valence 

Pictures were mostly rated as expected on valence and arousal. With regard to valence, 

neutral pictures received higher scores (M = 3.84) than low-negative (M = 1.53) and 

high-negative ones (M = 0.99), but lower scores than low-positive (M = 6.20) and high-

positive ones (M = 5.78). The respective ANOVA revealed these differences to be 

highly significant: F (4, 148) = 411.40; p < .000. All post-hoc comparisons were sig-

nificant (low-positive vs. high-positive p < .05, low-negative vs. high-negative p < .01, 

all remaining p’s < .001) as well. 

With regard to arousal, neutral (M = 1.84) were rated as less arousing than low-negative 

(M = 3.56), high-negative (M = 6.08), and high-positive pictures (M = 4.82), but slightly 

higher than low-positive ones (M = 1.71), that is, except for the latter category, all other 

categories were perceived as more arousing than neutral pictures. The respective 

ANOVA also yielded a highly significant result: F (4, 148) = 112.13, p < .001. All post-

hoc comparisons were significant (p < .001), except for the comparisons of neutral vs. 

low-positive pictures (p = .62) and low-negative vs. high-positive pictures (p = .32). 

The two paired subsets (A and B) did not differ in valence (t(71) = 1.72; p = .09) or 

arousal (t(71) = 1.71; p = .09).  

 

Directed Forgetting 

Hits and False Alarms  

Table 3 presents mean hit and false alarm rates in the ‘remember’, and ‘forget’ condi-

tions for all stimulus categories. In general, the Cue X Response Type X Picture Cate-

gory ANOVA (F (4, 140) = 10.46, p < .001) showed more hits for R compared to F 

stimuli and less false alarms for R lures compared to F lures.¥ 
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Table 3. Mean hit and false alarm rates in the 'remember' and 'forget' conditions for the five picture cate-
gories. 

 

 

For hits, a significant Cue X Picture Category interaction (F (4, 140) = 3.60, p < .01) 

was found. Recognition rate was significantly higher for R compared to F pictures in the 

neutral and the low-positive category (p’s < .001), marginally higher in the low-

negative and high-positive category (p’s = .07) but identical in the high-negative one (p 

= .72), that is, a directed forgetting effect was found for all but the high-negative pic-

tures. As expected, a significant Cue main effect with more hits for R pictures compared 

to F pictures appeared (F (1, 35) = 20.95, p < .001). There was also a highly significant 

effect for picture category (F (4, 140) = 11.07, p < .001) with low-positive pictures 

showing the lowest (p < .001 compared to all other categories) and neutral pictures the 

second lowest overall recognition (p < .01 compared to low-positive, p < .05 compared 

to low-negative and high-negative, p = .44 compared to high-positive).  

With regard to false alarms, the respective Cue X Picture Category ANOVA yielded a 

significant overall pattern (F (4,140) = 5.70, p < .001). There were significantly more 

false alarms in response to F stimuli compared to R stimuli in the low-positive and the 

low-negative category (p’s < .001) but not in the high-negative (p = .90), high-positive 

(p = .71), and neutral (p = .12) ones. This is also reflected in a significant overall Cue 

main effect with more false alarms for F pictures compared to R pictures (F (1, 35) = 

22.73, p < .001). There was no significant effect for picture category (F (4, 140) = 1.68, 

p = .16). Here, neutral pictures showed the lowest overall false alarm rates (p < .05 

compared to low-positives and low-negatives, other differences non-significant). The 
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other four categories did not differ. The analysis of false alarms to R lures showed high-

arousing stimuli to score much higher, missing significance in case of the high-negative 

stimuli (p = .12 compared to low-negative, p = .07 compared to low-positive, p = .10 

compared to neutral) but not in case of the high-positive stimuli (p < .05 compared to 

low-arousing and neutral categories, p = .51 compared to high-negative). When analyz-

ing false alarms to F lures, we found an opposite pattern: High-arousing and neutral 

stimuli did not differ but scored lower than low-arousing stimuli (all p’s < .01). 

 

Discrimination Accuracy and Response Bias 

Following Snodgrass and Corwin’s (1988) two-high-threshold model, discrimination 

accuracy (Pr = Hits – false alarms) and response bias (Br = false alarms/(1-Pr)) were 

analyzed from the data, simultaneously taking into account hits and false alarms and 

resulting in a bias-free measure of directed forgetting. The resulting response pattern is 

depicted in Fig. 12. A two-factorial (cue, picture category) ANOVA showed significant 

differences in the discrimination of differently cued stimuli (F (4, 140) = 10.46; p < 

.001). Post-hoc comparisons revealed that the two highly arousing categories did not 

yield a significant (p = .21) directed forgetting effect (high-negative: p = .83, high-

positive: p = .20) whereas the other three did (p < .001). There was a cue main effect (F 

(1, 35) = 39.69, p < .001) with a recognition advantage of R stimuli. Also, there was a 

significant picture category main effect (F (4, 140) = 7.03, p < .001): The low-positive 

category showed the lowest overall (across F and R stimuli) Pr (p’s < .001 compared to 

high-negative, low-negative, and neutral; p < .01 compared to high-positive). The other 

four categories did not differ on Pr. There was no significant interaction on recognition 

bias Br (F (4, 76) = .87; p = .49). However, as expected, there was a main effect of pic-

ture category on Br (F (4, 76) = 4.61; p < .01) with high-arousing pictures producing a 

higher bias to respond ‘old’. 
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Figure 12. Discrimination accuracy of pictures either 'remember' (R) of 'forget' (F) cued in all five picture 
categories. Asterisks indicate significant differences. Whiskers illustrate standard errrors. 

3.1.4 Discussion 

The present study examines item-method directed forgetting of pictorial stimuli that 

vary systematically in terms of valence and arousal. By that, we wanted to further ad-

dress the question whether directed forgetting effect is modulated by emotional stimulus 

content and, if so, whether this can be attributed to valence or arousal or both. 

Healthy students were presented positively and negatively arousing stimuli and it could 

shown that highly arousing material resists item-method directed forgetting whereas 

low-arousing material, be it thematically positive, negative or neutral, does not. As ex-

pected, we found a hit-based directed forgetting effect only in the low-arousing picture 

categories and absolutely none in the category with the clearly highest arousal rating, 

that is, the high-negative category. Higher overall-recognition rates of highly arousing 

stimuli on this level are in line with numerous findings on emotional memory and 

memory control (e.g., Kensinger & Corkin, 2003; Hauswald et al., 2010). When inte-

grating hits and false alarms into the measure of discrimination accuracy (Pr = Hits – 

false alarms), directed forgetting effects were yielded in all low-arousing categories but 

not in the highly arousing ones. A similar result has been reported for positive pictures 

(Zwissler et al., in press) and for negative ones (Hauswald et al., 2010), but this is the 
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first study to investigate the whole valence dimension as conceptualized by Lang et al. 

(1993). 

From everyday experience and laboratory research, it can be concluded that information 

bearing emotional significance is remembered better and feels more real than memory 

contents that do not have an emotional connotation. Different authors (Ochsner, 2000; 

Doerksen & Shimamura, 2001) report some ‘recollective benefit’ for negatively arous-

ing stimuli (i.e., mnemonic advantages when it comes to ‘familiarity’ judgments as 

compared to ‘certain recollection’ judgments). Others explicitly investigated false 

memories in a recognition test (Pesta et al., 2001) and found those to be - in general - 

more common in non-emotional as compared to emotional stimuli. At first sight, the 

present data seem contradictory, as in neutral stimuli the lowest overall false alarms rate 

was yielded. However, it seems reasonable to both look at the present data and previous 

findings more closely. The above-mentioned studies have used other paradigms and 

Ochsner reports that indeed ‘recollection, but not familiarity, was boosted for nega-

tive…stimuli’. In the present investigation, although participants could categorize pic-

tures only as ‘old’ versus ‘new’, but not as ‘familiar’, the task seems rather familiarity-

based. Participants were not required to recall stimuli freely but to recognize those 

stimuli that had been presented during learning. In the present study, all pictures that 

were shown to participants on recognition shared a high thematic and stylistic similarity 

with their respective ‘sibling’ from the learning trial. Pesta et al.’s data suggest that 

when there are no emotional stimuli presented at learning but at recognition, the emo-

tion-induced distinctiveness curtails false memories. If, however, emotional stimuli are 

already present during the learning trial, false recognition of emotional lures also rises 

during recognition. 

The study by Sharot et al. (2004) seems a reasonable frame of reference for the present 

data because of the similarity of stimuli used. The IAPS pictures (International Affective 

Picture System; Lang et al., 2008) they chose as emotional ones correspond closely to 

our high-negative category in terms of arousal and valence. They report on enhanced 

‘remember’ responses, as compared to ‘know’ responses, in emotional stimuli but not in 

neutral ones. Pr did not differ, as in the present study (except for the low-positive cate-

gory). Moreover, the differentiated pattern of false memories in the present study is 

similar: Whereas false alarms to highly arousing R and F lures did not differ, indicating 

either a more vague memory for those stimuli (i.e., feeling of ‘remembering’) or, in 
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Neisser’s sense, a memory containing less contextual detail, low-arousing (and - even 

though missing significance (p = .12) - neutral) R lures lead to much less false alarms 

than F lures which suggests that resources were used/available to get to ‘know’ R stim-

uli at the expense of F stimuli. Also, it might be possible that emotion-driven ‘distinct-

iveness’ of the respective stimuli exploits cognitive resources that are needed to en-

code/process R and F stimuli appropriately and to able to forget on demand. Different 

authors have deliberated over this logic (Verbruggen & De Houwer, 2007; Pessoa, 

2009). They concluded that inhibition of highly arousing negative memories may be 

less efficient than inhibition of less arousing neutral ones and intensely negative items 

should be exempt from directed forgetting. That is exactly what Hauswald et al. (2010) 

have found. The authors trace their findings back to ’deeper incidental processing’ of 

negative stimuli. The authors not only present ERP (event-related potential) data to sub-

stantiate their hypotheses but also discuss possible scenarios on a neural level. Pessoa 

(2009) regards emotion and attention as competitors for the same limited ‘common-

pool’ resources which lead to reduced frontal activation elicited by forget cues follow-

ing negative stimuli. Alternatively, there may not be much of a picture-based difference 

in frontal activity after an F cue since the presentation of the picture and its cue are tem-

porally separated. However, it seems more reasonable to assume negative items’ 

stronger pre-processing to render inhibition efforts ineffective.  

In future research, additional efforts should be made to validate self-reports of perceived 

arousal by introducing online measures of actual arousal in response to the presented 

stimuli. Also, it should be examined more systematically whether the effect in high 

arousal stimuli differs qualitatively between positive and negative material and depends, 

for example, on the recruitment of different neural structures.  
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3.2.1 Introduction 

Item-method directed forgetting is a well-established paradigm in cognitive psychology. 

In this paradigm, individual items are presented and directly followed by a memory cue. 

To-be-remembered items (TBR) are followed by a ‘remember’ (R) cue while to-be-

forgotten items (TBF) are followed by a ‘forget’ (F) cue. Later, memory is tested for all 

items, regardless of their initial instruction. This typically leads to a ‘directed forgetting 

effect’, better memory for TBR than for TBF. This effect is apparent both in recall and 

recognition (Basden & Basden, 1996) and has been shown for words (e.g., Hourihan & 

Taylor, 2006), sketches (Basden & Basden, 1996), line drawings (Lehman et al., 2001), 

or complex pictures as stimuli (Hauswald et al., 2010; Hauswald & Kissler, 2008; 

Nowicka et al. , 2011; Zwissler et al. , in press). The general phenomenon occurs inde-

pendently of motivational factors (MacLeod, 1999). It has been attributed mostly to 

selective rehearsal of TBR (Basden & Basden, 1998) during the learning phase. How-

ever, in recent years evidence for active processing in response to the F cue, perhaps 

associated with active inhibition of TBF either in response to cue presentation or at re-

cognition and somewhat reminiscent of the original repression metaphor (Weiner & 

Reed, 1969) has accumulated. 

The theory of selective rehearsal assumes that TBR are rehearsed more and more elabo-

rately than TBF. During the encoding phase, a set differentiation (a functional separa-

tion of items) is created: Each item is held in a standby-like mode and its processing is 

postponed until the instruction appears. An R instruction then leads to further process 

ing while an F instruction will probably result in a termination of any further process-

ing. As a consequence, only TBR would receive rehearsal and therefore be better re-

membered than TBF. In the theory of inhibitory processes, the emphasis is not on privi-

leged processing or encoding of TBR but rather on blocking or inhibiting the access to 

TBF. 

Recent neuroscientific studies have supported the suggestion that both selective re-

hearsal of TBR and active processing, perhaps even inhibition of TBF in response to the 

forget cue at encoding contribute to item-method directed forgetting (Hauswald et al., 

2010; Nowicka et al., 2011; Paz-Caballero et al., 2004; Wylie et al., 2008). Wylie et al. 
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conclude that there are active suppression processes initiated by the F cue that differ at 

least quantitatively but more likely qualitatively from R cue related processes. Simi-

larly, Hauswald et al. find frontal positivity for F cues to correlate positively with di-

rected forgetting. Additionally, Ludowig et al. (2010a) report on decreased hippocampal 

ERPs following the F cues as well as increased rhinal activity in response to the F cue in 

epilepsy. The former is interpreted as an indication for an active suppression of hippo-

campal functions and the latter might indicate an active involvement of this structure in 

the suppression of hippocampal memory formation. Fawcett & Taylor (2008; 2010) 

present reaction time data that further suggest the response to TBF to be an active one. 

Furthermore, Lee et al. (2007) found that with extending the post-cue interval, recogni-

tion rates also increased both for TBR and TBF, at least contradicting the view that 

meeting an F cue leads to an immediate processing stop of the respective item. 

All of this research implicitly assumes that memory for TBF is equally bad (selective 

rehearsal) or perhaps even worse (inhibition) than if no instruction had been given. This 

has not yet been investigated though. From mental control research, however, we know 

that trying to suppress thoughts can produce paradoxical effects (e.g., Wegner et al., 

1987; Wegner, 1997). In Wegner et al.’s classic white bear experiments, participants 

were not only un-successful in suppressing the thought of a white bear when they were 

asked to but there was a massive rebound of the thought when they were allowed to 

think freely afterwards. From this perspective, it is not entirely clear what an F cue trig-

gers as compared to no cue at all. In fact, any cue might heighten attention and encoding 

of the respective preceding stimulus and, hence, result in a better recognition of both 

TBR and TBF compared to uncued ones. F cues may indeed be perceived as a ‘sup-

press’ command in contrast to no instruction. Wegner’s theory (1994) of ironic pro-

cesses hypothesizes that in control of one’s own mental states two opposing processes 

interact: A conscious intentional operating process scanning for thoughts that promote a 

preferred state and that requires effort and an unconscious ironic monitoring process 

that, in contrast to the former, is much less effortful but also ‘uninterruptible’. The latter 

works automatically and unconsciously and, for example, searches for possible pitfalls 

on the way of reaching the intended mental state. This, in turn, is hypothesized to make 

those pitfalls (i.e., unwanted thoughts) more easily accessible. Wegner states that, under 

normal conditions, processing capacity and actual demands are in a balance in which 
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ironic processes are not strong enough to dominate the operating process. If, however, 

demands rise, ironic monitoring processes may take over - even during suppression.  

The processes that Wegner’s model proposes in thought regulation correspond well with 

neuropsychological models of cognitive control (for a review, see Miller & Cohen, 

2001), in which an important role is assigned to prefrontal cortex (e.g., Casey et al., 

1997; Dove et al., 2000; Matsumoto & Tanaka, 2004; Miller, 2000; Ridderinkhof et al., 

2004). As mentioned above, frontal areas have also been identified as correlates of F 

cue related processing in directed forgetting (e.g., Hauswald et al., 2010). Despite data 

on neurophysiological correlates of ironic monitoring still is sparse, the more general 

findings on cognitive control and their overlap with directed forgetting correlates allow 

the assumption that there may be some common ground. 

We addressed the question of ironic effects in item-method directed forgetting in a 

within-subjects design, and introduced uncued (U) trials. As several previous studies 

(Hauswald et al., 2010; Hauswald & Kissler, 2008; Nowicka et al., 2011; Zwissler et al., 

in press) we applied complex pictorial stimulus material. Following established expla-

natory accounts, U items (UI) should be remembered worse than TBR (selective encod-

ing) but better than TBF (active inhibition). However, thought suppression research 

suggests that it might also be possible that whereas TBF are to a certain extent still fo-

cussed on, real ‘non-processing’ happens to UI, leading to them ending up even below 

TBF on recognition.  

An ordinary ‘selective rehearsal’ process leads to the expectation of more hits and less 

false alarms for TBR but no difference between TBF and UI. Alternatively, false alarms 

might be higher for UI since less attention leads to less precise encoding and worse dif-

ferentiation between similar stimuli. Finally, participants might, even though having 

received a different instruction, generate certain cues themselves if UI are presented for 

which we controlled by asking participants about the strategies they had used. In order 

to ensure that participants showed the best recognition performance possible and to 

avoid the influence of demand characteristics, we applied the strategy by MacLeod 

(1999) and paid participants according to their performance.  
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3.2.2 Method 

Participants 

Thirty-two healthy native German students (twenty-five women; age range: 17-28 

years, mean age = 21.53, SE = .45) were recruited in lectures and by posters around 

campus. According to screening with the German version of the Beck Depression In-

ventory (BDI; Hautzinger et al., 1994) none of them showed clinically relevant depres-

sion scores (mean BDI score = 3.84; SE = 0.54).  

In the break after the learning phase of the experiment, a distractor task (d2) and a short 

structured interview about the strategy participants had used to follow the experimental 

instructions took place. Furthermore, participants were told that they would receive 

course credit or 3 # as a basic compensation and could also earn a considerable addi-

tional performance-dependent bonus ((hits - false alarms) x 0.2 #) of maximum 15 # (75 

x 0.2 #). 

Upon completion of the experiment, participants were paid and were debriefed about 

the purpose of the study. 

 

Stimuli 

75 pairs of similar photographs were used for memory testing. The pictures showed 

people, landscapes, animals, or social scenes (see Fig. 13 for examples). One member of 

each pair was assigned to one of two sets (set A and set B), picture-set assignment was 

counterbalanced, picture-cue assignment was randomized. During learning, all set A - 

pictures were presented in random order. During recognition, all pictures from both sets 

were shown at random, set B pictures serving as related lures.  
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Figure 13. Illustration of the picture sets showing three representative target-distractor pairs. 

 

Memory Testing: Directed forgetting 

Learning phase 

Participants were explained that they would be presented photographs some of which 

would be followed by a ‘remember it’ (R) cue and others by a ‘forget it’ (F) cue. Yet 

other photographs were labelled as filler pictures supposedly establishing stable time 

lags between the cued pictures and were to be ignored (‘uncued’ ~ U). Then, 75 photo-

graphs were shown for 2 s each on a laptop computer placed on a table in front of them. 

Immediately after each picture, either the F instruction symbolized by ‘VVV’ (‘ver-

gessen’ ~ ‘forget’), the R instruction signalled by ‘MMM’ (‘merken’ ~ ‘remember’) or a 

blank screen with no instruction at all appeared for 2 s. After another 1 s, during which 

a fixation cross was presented on the screen, the next picture was presented. After this 

learning phase, there was a break of 10 min during which participants were asked about 

their strategy and an attention test (d2) was performed in order to make sure that par-

ticipants did not think about the learning phase. 

  

Recognition phase 

A two-alternative old-new recognition test, consisting of a random sequence of the 75 

old and 75 similar new pictures (paired lures), was administered. Each picture was 

shown for 300 ms and participants were asked to decide as quickly as possible, whether 
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they had seen this picture before. Although fast responses were encouraged, there was 

no pre-defined time limit for responses. After the response was given, a fixation cross 

was presented for 700 ms before the next picture appeared.  

All experimental material was presented on a laptop computer (Dell Latitude D830) 

using Presentation Software (Neurobehavioral Systems Inc., Albany, NY). 

 

Statistical analyses 

All statistical calculations were performed with Statistica 6.1© (StatSoft, Inc. 2003, 

www.statsoft.com). The behavioural data were analyzed using repeated-measures 

ANOVAs with the within-factor cue (Forget, Remember, Uncued). Post-hoc compari-

sons were calculated using Fisher’s LSD test. An alpha level of .05 was used for all cal-

culations. 

3.2.3 Results 

Directed Forgetting 

Hits and False Alarms 

Table 4 presents mean hit and false alarm rates in the ‘remember’, ‘forget’, and ‘un-

cued’ conditions. Overall, an interaction of Cue X Response Type (F (2, 56) = 25.42, p 

< .001) was found. 

 

Table 4. Mean hit and false alarm rates in the 'remember', 'forget', and 'uncued' condition. 

 

 

Hit rate was the lowest for UI, being significantly lower than TBF (p < .05), that in turn 

were recognized significantly worse than TBR (p < .001), that is, directed forgetting 

was found for TBF in comparison to TBR, but not in comparison to UI. False alarm rate 
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did not differ between TBF lures and TBR lures (p = .95) but was significantly lower 

compared to UI lures (p < .01, respectively). 

 

Discrimination Accuracy and Response Bias 

Following Snodgrass and Corwin’s (1988) two-high-threshold model, discrimination 

accuracy (Pr = Hits – false alarms) and response bias (Br = false alarms/(1-Pr)) were 

analyzed from the data, simultaneously taking into account hits and false alarms and 

resulting in a bias-free measure of directed forgetting. The resulting response pattern is 

depicted in Fig. 14. A one-factorial (cue: Remember, Forget, Uncued) ANOVA con-

firmed significant differences in the discrimination of differently cued stimuli (F (2, 56) 

= 25.42; p < .001) and revealed that TBR were recognized significantly more accurately 

than both TBF (p < .01) and UI (p < .001). Pr was also significantly higher for TBF than 

for UI (p < .001). There was no significant effect on recognition bias Br (F (2, 56) = .62; 

p = .54).  
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Figure 14. Discrimination accuracy of pictures either 'remember' (R) cued, 'forget' (F) cued, or complete-
ly 'uncued' (U). Asterisks indicate significant differences, whiskers illustrate standard errors. 

3.2.4 Discussion 

The present study replicates the classic item-method directed forgetting effect, that is, 

reduced memory for TBF compared to TBR. This has been attributed to ‘selective re-

hearsal’ (of TBR) and/or – more recently - to ‘active inhibition’ (of TBF), with the im-

plicit assumption that memory for TBF is equally bad (selective rehearsal) or perhaps 

even worse (inhibition) than if no instruction had been given.  

As this has never been investigated and evidence of ironic mental control processes 

suggests that alerting people to the need for cognitive control may have even paradoxi-

cal effects, we introduced an uncued baseline condition to the classic design: Two-thirds 

of the learning trial stimuli were directly followed by a memory cue, either to remember 

or to forget the preceding stimulus, the remainder received no instruction. Memory was 

tested for all items, regardless of their initial instruction. As in the classic design, a di-

rected forgetting effect was found. However, UI were recognized even worse than TBF. 

Selective rehearsal approaches can explain a higher recognition of TBR compared to 

TBF and UI but active inhibition accounts would predict worse recognition of TBF as 

compared to TBR and UI.  
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So how can the present data be reconciled with increasing neuroscientific evidence that 

processing following F cues is qualitatively different from the selective rehearsal in-

duced by R cues and specifically with the repeated suggestions of active inhibitory pro-

cessing? One possibility is that these inhibition processes will contribute to a directed 

forgetting effect but cannot compensate for the initial alerting process. As a conse-

quence, both TBR and TBF are remembered better than UI. Different findings (e.g., 

Fawcett & Taylor, 2008, 2010; Lee et al., 2007) suggest that TBF are not instanta-

neously and per se toned down during the learning trial. As Lee et al. (2007) show, even 

F items profit from longer post-cue intervals. This finding supports the idea that when a 

stimulus is presented it is being held online to begin with. Right after onset of a ‘mean-

ingful’ cue (i.e., R and F), respective stimuli receive special attention as reflected in the 

above-mentioned physiological and behavioural data. By contrast, UI may be the ones 

to be truly ignored.  

Also, ironic processes in Wegner’s sense may be involved. Alerting people to the need 

for cognitive control has been shown to have paradoxical effects (Wegner et al., 1987; 

Wegner, 1997). The F cue in item-method directed forgetting may indeed have an ‘alert 

potential’ as it – more or less explicitly – commands ‘get this out of your mind!’ 

whereas UI may actually go without any special attention.  Both in mental control and 

in item-method directed forgetting prefrontal structures have been shown to be involved 

(Conway & Fthenaki , 2003; Wylie et al., 2008; Giuliano & Wicha, 2010). In this spirit, 

may item-method directed forgetting be an illustration of ironic processes with a re-

bound at recognition?  The required tasks are a) to remember TBR, which is a rather 

over-learned task for students and b) to forget TBF, which is comparably unusual. Due 

to time pressure in the experimental setting, the ‘monitor’ can overtake the ‘processor’ 

at least in the more ‘sensitive’ operating process and hamper successful forgetting. The 

Lee et al. (2007) data support this view. When the post-cue interval was extended from 

1s to 5s, recognition rate (i.e., discrimination accuracy) for TBF rose from .51 to .71. 

Only when there is no cue at all, no processing is needed and the stimulus is readily 

deleted from its temporary store. This again may lead to a higher insecurity at recogni-

tion and, as a consequence, to enhanced false alarms as in the present study. 

In his chapter from 1998, Bjork illustrates differences between the discussed paradigms 

(but also acknowledges that others such as Martin Conway regard them as closely re-

lated). As a central aspect, he points to the fact that in directed forgetting participants 
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are not only told to get something out of their minds but also to keep things in mind. 

Cues refer to ‘well-defined episodic events’, that is, recently learned material, not to 

relatively abstract concepts ‘that already exist in memory’. Conway, however, points to 

the fact that forgetting requires ‘the allocation of central resources to that goal’. 

We tried to rule out alternative explanations for the resulting pattern. As an incentive for 

optimal recognition performance, participants were informed that they would receive 20 

Euro-Cent for every hit and lose the same amount for every false alarm. Also, we asked 

participants about their learning trial strategy and most of them answered that they had 

not only understood the three different cues but also that they had been able to imple-

ment them. All participants responded to have processed both TBF and TBR actively. 

Five participants claimed to also have labelled UI as TBR but their recognition patterns 

across the cues did not differ from the other participants.  

The present study is the first one to present evidence that the phenomenon of item-

method directed forgetting actually only holds in comparison to a ‘remember’ instruc-

tion rather than compared to an ‘ignore’ instruction. Further research is needed to inves-

tigate whether this effect is solely due to enhanced attentional processing elicited by the 

F cue or is still compatible, at least with modified versions of an inhibition account. 

Also, it should further be investigated in how far cue timing indeed affects directed for-

getting. Incorporating uncued baseline stimuli in neuroscientific studies of directed for-

getting may further aid qualitative interpretation of the arising neural effects and, at 

least in regard to electrophysiology help to address the temporal dynamics of processes 

underlying item-method directed forgetting.   
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In the documentary In Search of Memory (Petra Seeger, 2008), Nobel laureate Eric 

Kandel gives a perfect impression of what is so captivating about memory when he 

says: “Memory is everything. Without it we are nothing. It is the glue that binds our 

mental life together and provides a sense of continuity on our lives.” Beyond that, his 

description also illustrates how devastating it may be to suffer either hurtful memories 

or mnemonic dysfunctions. This fascination is also reflected in the fine arts. Arthur 

Schnitzler was obsessed with memory and incorporated this into his oeuvre. Screen-

writer and director Christopher Nolan sends both his main charactor Leonard and the 

audience through the nightmare of amnesia when telling the story of Memento (2000) 

backwards. In his movie Inception (2010), he deals with the idea of cognitive control. 

Screenwriter Charlie Kaufman has been interested in memory research for years and 

was blogging on the issue before he created the character of Clementine, who seeks 

professional help in order to erase the hurtful memories of her relationship with Joel in 

Michel Gondry’s Eternal sunshine of the spotless mind (2004). In the Men in Black 

films (Barry Sonnenfeld, 1997, 2002), top-secret agents use so-called ‘Neurolyzers’ to 

erase memories of their existence and to replace them with mundane information in 

people to whom they had to disclose their identity before. 

The preceding paragraph might admittedly consist mainly of name-dropping: there are, 

nonetheless, reasons why I did not want to let these big names go unmentioned. With 

some of these great personalities I share the passion for the cinema. And with all of 

them I obviously share my preoccupation with and fascination for memory. One aspect 

of this is at the center of this dissertation. The present work aimed at investigating the 

effects of stress and emotion on an intentional memory control process. Two experi-

ments on either traumatic or experimental stress and their effect on item-method di-

rected forgetting were conducted as well as two experiments on more basic aspects of 

this memory control process. Our major goal was to find out whether stress (as a person 

characteristic) generally disrupts directed forgetting or whether other factors outside the 

individual (such as stimulus features) regulate the effect.  
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4.1 Four studies in retrospect 

In general, this dissertation suggests that item-method directed forgetting shows up for 

relatively low-arousing material but not for highly arousing and very emotional stimuli. 

Also, we find indications that, beyond selective rehearsal and active inhibition, ironic 

control processes are involved in this phenomenon. As a consequence, the non-

existence of directed forgetting is not necessarily explained by deficiencies in the for-

mer two mechanisms. In individuals suffering from psychological traumatization, we 

found the effect to disappear completely. Again, this may be more due to alterations in 

stimulus perception than to specific person characteristics.  

In study I, we investigated directed forgetting in PTSD which is characterized - among 

other symptoms - by intruding memories of a traumatic event. This suggests that there is 

also an alteration of memory control in PTSD. Although there has been a scientific dis-

course on the issue, experimental evidence from individuals with PTSD is scarce and 

inconsistent. We investigated the issue in civil war victims in Uganda, all of which had 

experienced traumatic events, about 50% (n = 26) suffered from PTSD. In an item-

method design, we used neutral pictorial stimuli that had been rated as neutral in a pre-

test. All pictures had been taken in Uganda. Memory was tested in a recognition phase 

in which all initially presented photographs and thematically similar distractors were 

shown. At the end of the experiment, we collected post-experimental ratings of picture 

valence and arousal. We observed that there was directed forgetting in the non-PTSD 

group whereas there was none in individuals with PTSD. This was mostly due to a 

higher number of false alarms in the latter group. Also, a significant correlation between 

the directed forgetting performance of an individual and the mean arousal score he or 

she had assigned to the stimulus material (with the PTSD patients giving higher arousal 

ratings) was found. To our knowledge, this was the first investigation that examined and 

demonstrated directed forgetting in a sample from a non-industrial population. It is 

rather difficult to compare our present findings on directed forgetting in PTSD with 

previous ones for three reasons. First, qualitatively different stimuli were used. Second, 

a previously unsampled population was assessed. And third, previous studies did not 

report on false alarms rates that, in our study, had a great effect. Payne and her col-

leagues demonstrated (Payne et al., 2002) that stress can potentiate false recognition of 
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lures related to original learning stimuli. This is what happened in this study: PTSD 

patients did not differ from healthy participants in hit rates but produced significantly 

more false alarms. Additionally, directed forgetting performance correlated negatively 

with arousal rating. This suggests that those participants who felt more aroused by the 

stimuli during recognition (predominantly those suffering from PTSD) relied on gist 

knowledge but did not remember exact stimulus details. Furthermore, frontal deficits 

may lead to reduced inhibitory control. These data indicate that directed forgetting is 

reduced in PTSD and that the reduction is related to stimulus arousal. Furthermore, in-

dividuals with PTSD showed a more global encoding style than individuals without 

PTSD, which was reflected in a higher false alarm rate. In sum, traumatized individuals 

with (but not without) PTSD are impaired in their ability to control their episodic mem-

ory. This impairment may contribute to clinical features of the disorder such as intru-

sions and flashbacks.  

The observed results pointed to an impact of stimulus characteristics (i.e., valence, 

arousal) on directed forgetting. Based on these data, however, an effect due to person 

characteristics (i.e., having experienced traumatic stress) could not be ruled out. Study 

II was to investigate this more closely by ‘controlling for the stress experience’. Whe-

reas in previous studies item-method directed forgetting was found to be altered in 

PTSD patients (see for example study I) and suppressed for highly arousing negative 

pictorial stimuli in students (Hauswald et al., 2010), no study had yet investigated the 

effects of experimentally induced psychosocial stress on this task or examined the role 

of positive picture stimuli. Student participants performed an item-method directed for-

getting experiment while being exposed either to a psychosocial laboratory stressor, the 

Trier Social Stress Test (TSST), or to a cognitively challenging but non-stressful control 

condition. Neutral and positive pictures were used as stimuli. As expected, salivary cor-

tisol concentrations only increased in the TSST group. Nonetheless, directed forgetting 

was shown by both the stressed and the control group. However, emotional content of 

the employed stimuli affected memory control: directed forgetting was intact for neutral 

pictures whereas it was attenuated for positive ones. This effect was mostly due to se-

lective rehearsal improving discrimination accuracy for neutral (but not positive) to-be-

remembered items. Results suggest that acute experimentally induced stress does not 

alter item-method directed forgetting, while emotional stimulus content does. Data 

therefore suggest that a) the stress reaction itself is not responsible for the disruption of 
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item-method forgetting, as it was still present in our healthy, though experimentally 

stressed participants and that b) the perception of the applied stimuli plays an important 

role in item-method directed forgetting as the classic effect disappeared for positive 

stimuli but not for neutral ones.  

In study III, we further built on the findings from the studies I (correlation between 

directed forgetting effect and arousal ratings), II (reduced directed forgetting in positive, 

but not in neutral stimuli), and another study from our own group (reduced directed for-

getting in negative, but not in neutral stimuli; Hauswald et al., 2010). We introduced a 

set of stimuli varying systematically (i.e. across the complete spectrum) in their valence 

and arousal and could indeed show directed forgetting for neutral and low-arousing, but 

not for highly arousing stimuli. Various studies have shown that directed forgetting dis-

appears when highly arousing stimuli are applied. However, to date, stimulus valence 

and arousal have never systematically been varied along both dimensions. This is ex-

actly what study III attempted: we tried to collect further evidence that item-method 

directed forgetting relies heavily on stimulus characteristics. Healthy students took part 

in an item-cued directed-forgetting experiment using pictorial stimuli, each of which 

was followed by an instruction to either remember or forget this image. Photographs 

belonged to one of five categories: neutral, low arousal - positive, high arousal - posi-

tive, low arousal - negative, high arousal - negative. A recognition test for all initially 

presented photographs revealed directed forgetting, that is, reduced recognition for F 

stimuli in comparison to R stimuli, in the neutral and low-arousal categories but not in 

the high-arousal categories. Data suggest that high arousal leads to deeper processing of 

the respective stimuli, eventually attenuating memory control. These results are in line 

with previous research (Hauswald et al., 2010; Nørby et al., 2010) and our findings 

from the studies I and II. At first sight, the present data may contradict those of Marx et 

al. (2008) or Depue et al. (2006, 2007), who report on successful suppression of emo-

tional material in related paradigms (e.g., in the so-called think/no-think paradigm, for 

more information on this approach, see for example Anderson & Green, 2001). How-

ever, in these studies, emotional stimuli were mostly blocked, which might have lead to 

an adaptation to their content and therefore an attenuated response. In our study, items 

were randomly mixed.  

Studies I and II raised further questions: if the two mechanisms of selective rehearsal 

and active inhibition are really the only ones to underly item-method directed forgetting, 
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how can the reduction of the effect only appear on the level of false alarms? Should a 

deficit in one of these processes not manifest in hits patterns as well? Or, in other 

words: Might there be another process that helps to explain this discrepancy? Study IV 

was conceptualized as a first approach to investigate this rather basic and mechanism-

related question. We introduced a third condition (besides the F cued and R cued) with-

out any cue and showed that directed forgetting of F cued stimuli appeared only relative 

to R cued items but not to uncued ones. This result fosters the assumption of an addi-

tional and previously unconsidered ironic alerting in response to cued items in contrast 

to uncued items. In the light of these findings, one might even conclude that the PTSD 

patients from study I did not primarily show problems with selective rehearsal or active 

inhibition but, instead, were more susceptible to such ironic control processes. 

 

 

4.2 Integration, potential limitations and perspectives 

Study I contributes well to the existing literature, at least by pointing to particular im-

portant factors that had previously been ignored or accepted without critical inquiry. For 

example, we show that when working with traumatized individuals, it may be especially 

difficult to pre-define stimulus features (just assuming one pick(ed) the right ones may 

not be enough). Experience from work with PTSD patients both in the field and in clini-

cal practice (in the local trauma ambulance) have nourished the assumption that even 

stimuli, completely neutral to the eye of a healthy individual, can be highly arousing to 

an individual suffering from PTSD. Qualitative and quantitative feedback from the par-

ticipants in Uganda showed that this is indeed what happened: in some cases, even pic-

tures of a blue sky or a tree were potent enough to trigger traumatic experiences in the 

bush. One more practical remark must also be made: although a wider range of stimulus 

variation may have delivered even more substance to our hypothesis, we regarded such 

a manipulation as a too heavy price to pay. Conducting quasi-experimental research in a 

refugee camp, which has an internal ‘administrative’ structure and strangers supervised 

by camp representatives, is a challenge anyway. Showing material that is perceived by a 

healthy person as heavily distressing (no matter if violent or sexual) may have led to a 

bad research reputation in general and overly negative consequences for us and - even 
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more so - our local collaborators. Furthermore, as Hauswald et al. (2010) have shown, 

strongly negative stimuli affect and dissolve directed forgetting effects even in healthy 

participants which effect of such material could then have been expected in traumatized 

individuals? 

What is also striking is that, in comparison with findings from Western samples, the 

symptom scores in the Ugandan participants may seem rather low. Indeed, Ugandan 

participants (PTSD patients and controls) seemed to somewhat downplay the severity of 

their symptoms, be it due to the general hardships they experienced throughout their 

lives or for spiritual reasons. Mostly because of this underestimation, only those indi-

viduals without any symptoms were included in the control group. Interpretation of data 

would have been also problematic in cases not fulfilling PTSD criteria but still showing 

a subset of symptoms, such as memory problems. Event load was held constant since 

our hypotheses were based upon differences between non-PTSD and the full-blown 

syndrome and we did not want to introduce a potential confound. The cut-off score we 

applied has also been chosen by other groups and is established in research in Western 

samples (e.g., Foa et al., 1999). Verena Ertl and her collegues, who helped us with the 

participant selection (and from whose large sample our participants were chosen), pro-

vide an extensive description of the used instruments and their validation (Ertl et al., 

2010). The authors illustrate the need for appreciation of cultural differences in 

epidemiological research and for careful adaptation of psychological instruments and 

point to vast discrepancies in diagnoses of different psychiatric disorders when existing 

instruments and cut-offs are applied without modification. They also show high 

sensitivity and specificity of PTSD diagnoses when applying 15 as a cut-off score in 

this Luo PDS version compared to expert diagnoses based upon clinical interviews.  

As mentioned above, it is generally assumed that whereas encoding performance may at 

least to a certain extent profit from stress, retrieval mostly suffers from it. In study II, 

however, stress (at least in terms of its biological marker cortisol) was active in both 

phases. This deserves further elaboration. Item-method directed forgetting is thought to 

occur due to differential processing of R and F items during encoding. Following my 

description of these processes (and of the differences to list-method directed forgetting) 

from the introduction, it seems most likely that the effect is generated mainly in the en-

coding phase. Since our participants were clearly stressed during this theoretically criti-

cal phase, we assume to have covered the most relevant phase. However, the potentially 
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memory-relevant cortisol response was still visible during retrieval. Consequently, there 

is the possibility of ongoing effects due to cortisol secretion, though not necessarily due 

to the full psychological stress experience. Such effects could theoretically differentially 

affect retrieval of more (R items) or less elaborately (F items) processed memories. Our 

investigation is the first study on the issue and, as a point of departure we used a typical 

directed forgetting paradigm and adhered to previously used parameters. Regarding the 

clinical analogy, previously investigated stress disorder patients who suffer from 

chronic stress are likely to be in a similar physiological state during both phases of the 

experiment, making the present manipulation a sensible first step, particularly since 

there is reason to believe that the encoding phase is critical in the present paradigm. 

When putting into questioning whether the present investigation actually tackled stress 

at encoding (despite cortisol being still heightened during recognition), another impor-

tant factor may not be forgotten: stress is not cortisol; it is only marked by it. This has 

not only been shown in the meta-analysis by Dickerson & Kemeny (2004), but it was 

also an important factor when designing the TSST. In this study, the stress induction 

occurred only shortly before and during encoding and major psychological stressor 

characteristics as well as the stressor itself with its respective context were absent dur-

ing retrieval. Accordingly, major stress effects should have occurred during encoding. 

Nonetheless, future studies should investigate differential effects on encoding or re-

trieval in this paradigm with delayed testing following stress at encoding or delayed 

stress induction after encoding but shortly preceding retrieval to allow for firm conclu-

sions. 

With regard to study III, one aspect deserves critical consideration. Mostly female par-

ticipants were recruited and tested (which may be related to their much higher number 

in psychology introductory courses). They perceived and rated the applied stimuli 

somewhat differently than expected. Highly arousing, positive images were perceived 

as positive and more arousing than low-arousing, positive pictures but were still rated 

much lower on arousal than highly arousing, negative ones. Both rating scores and 

qualitative feedback after the experiment suggest that perception and appraisal of this 

latter category varied extremely. This, in turn, may also be reflected in the rather unex-

pected and complicated false alarms pattern for the respective lures (see chapter 3.2). 

Preliminary results from an extended sample (with a higher number of males) indeed 

suggest that whereas women show the above-reported directed forgetting pattern, male 
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participants even show directed forgetting for highly arousing stimuli. Similar to the 

PTSD patients from study I, women may have a different stimulus perception than men. 

Also, such a sex difference might help to explain previous inconsistent findings in the 

field. 

Despite its difficulties, this study further argues for the consideration of item-method 

directed forgetting as a rather software-based rather than a hardware-based phenom-

enon. In addition, it shows that future research in the field should try to control stimulus 

ratings well and choose stimuli very carefully, not only ‘based on experience’. 

With regard to study IV, there may be the question posed whether our design is an ap-

propriate way to test our hypothesis. Bjork’s description (1998) of the phenomena helps 

to evaluate our approach. His main arguments are the following. Whereas in thought 

suppression the instruction refers to a rather abstract “concept, experience, or stereotype 

that already exists in memory”, in directed forgetting a concretely defined episodic 

event is cued. Furthermore, TBR may divert attention from TBF whereas in thought 

suppression it is mostly the subject who has to find a ‘distractor’ himself or herself. 

Finally, in thought suppression experiments, self-monitoring is paramount. As such, 

participants are asked to indicate when they think of the forbidden fruit. In directed for-

getting, however, subjects are normally not asked to do so. In our view, these differ-

ences (which may be disputable) were not removable without considerable changes to 

either of the paradigms. First of all, there is of course no clear measure of directed for-

getting without a (concrete) learning episode. However, even the instruction in Weg-

ner’s design can be conceived as an episode. The stimuli in our studies may not have 

been as concrete as a white bear (although a picture might in some way be more con-

crete than the thought of a white bear). Anyway, the motives we had chosen were not 

abstract or completely unfamiliar and, therefore also touched pre-existing concepts. 

Second, divertion may indeed – especially in the light of the data yielded in study IV – 

be a critical factor, though one of theoretical interest. Bjork claims that R items divert 

attention from F items in the item method, and that this ‘steal’ is responsible for the 

classical directed forgetting effect. This suggests that he regards F items as the equiva-

lent of Wegner’s bear. And indeed, as Wegner’s group has shown, ironic effects are 

reduced when participants are offered an alternative concept to think about (1987), 

which might then constitute an R equivalent. Less rebound for an F item potentially 

equals more directed forgetting. Based on Wegner et al.’s article, it is difficult to verify 
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this logic. In their ‘focused distraction’ condition, participants were asked to think about 

a red Volkswagen when a white bear came to mind. Their dependent variable is the 

number of occurances of the bear. However, the authors do not report on how often the 

Volkswagen came to mind. At any rate, when following Bjork’s argument, it has to be 

concluded that even the command to ignore a certain thought plants the seed of this 

thought. And again the question arises: what is the baseline of the effect? What happens 

to stimuli that do not receive any attention? In turn, Bjork may not be correct with his 

comparison and Wegner’s instruction not to think of something is crucially different 

than a directed forgetting F instruction. In sum, neither could we practically remove a 

set of stimuli from the classic directed forgetting paradigm, nor did we want to do this 

on theoretical grounds. Third and finally, self-monitoring in directed forgetting may be 

higher when memory is tested by recall rather than recognition. Careful analysis of re-

call ‘patterns’ (e.g., order, repetitions, etc.) thus may be part of a solution to this prob-

lem. In our case, however, we did not want to change our basic paradigm (with pictorial 

stimuli) for reasons of comparability and therefore could also not use a recall test. 

Nonetheless, this is an aspect that should be further addressed in future experiments. 

The question of how directed forgetting relates to thought suppression in Wegner’s 

sense not only has theoretical relevance but may also have implications for clinical 

practice. When describing the mnemonic dysfunctions of individuals suffering from 

traumatic experiences, sometimes the rather obvious question arises whether these pa-

tients cannot simply be brought to suppress (or deliberately forget) such memories. As 

mentioned above, directed forgetting data in PTSD are sparse and inconsistent. How-

ever, suppression of traumatic episodes might in fact be counterproductive. It has been 

shown that the tendency to suppress accident-related thoughts at three months after the 

event is an important predictor of PTSD symptoms one year later (Ehlers et al., 1998). 

As a first step to elucidate this issue, study IV asks whether either the R cue or the F cue 

in comparison to no cue at all alerts the person in a special way? The results suggest that 

this occurs and it indeed seems that – at least in healthy individuals – both F and R cues 

trigger an alert that pushes respective items. In F items, however, there is also the com-

peting effect of inhibition that works against this. In study I, we concluded that there 

was no directed forgetting in PTSD in terms of discrimination accuracy. Whereas accu-

racy was significantly higher for R as compared to F items in the non-PTSD group, in 

the PTSD-group, both R and F items reached the level of non-PTSD F items. This might 
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be interpreted as a lack of rehearsal effectiveness (R items remain low) or inhibitory 

power (F items are too high) in PTSD. However, when separating hits from false 

alarms, it becomes clear that in study I (as in study II and III) most of the overall effect 

is based on divergent false alarm patterns whereas there is not much of a difference in 

hits. Together with the findings from study IV, this feeds the assumption that a third 

process - I called this ‘alert(ing)’ throughout the text - apart from inhibition and re-

hearsal plays a central role in item-method directed forgetting. With regards to trau-

matic diseases, it might therefore be of special importance to keep the alert(ing) low in 

order to prevent an excessive rebound. 

 

 

4.3 A speculative model of item-method directed 
forgetting 

The present dissertation was designed to investigate stress effects on directed forgetting 

and mechanisms that modulate them. While traumatic stress indeed disrupted item-

method directed forgetting, experimental stress did not. Stimulus arousal showed up as 

correlate of the effect. Further preliminary evidence that supports this interpretation 

comes from a study of item-method directed forgetting in former drug addicts with and 

without PTSD (Zwissler et al., in prep.), where we found intact directed forgetting of 

stimuli rated as non-relevant in traumatized individuals. Hyperaroused reactions to 

‘trauma-relevant’ stimuli have also been demonstrated in individuals suffering from 

PTSD (Liberzon et al., 1999). The results of both the present and previous studies are 

consistent with a neuroanatomic model of PTSD that posits the medial prefrontal cor-

tex’s failure to inhibit a hyperresponsive amygdala (e.g., Bremner et al 1999b; Rauch et 

al 1998, 2000). Both in study I and study II, the directed forgetting effect was mostly 

due to higher false alarm rates for R lures, while hit rates did not greatly differ. To-

gether with the findings from study IV, it seems as though not only impaired selective 

rehearsal or inhibitory processes contribute to the reduced effect, as this would have 

affected hits as well. Because of the observed variations in false alarms, I come to the 

present conclusion that this aspect deserves more attention. I do not wish to become too 
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speculative in the end, but I have developed a model that might be able to pretty well 

incorporate some of the central findings of this dissertation (Fig. 15). It is rather sche-

matic and since I worked with behavioral data, I wish to primarily stay on this level. 

The following variables are central to the model: processing ‘intensity’ refers to basic 

perceptual and attentional processes. It is assumed that at its appearance (onset), each 

stimulus receives identical processing (since no cue has yet been presented). At cue on-

set, the perceiver needs a certain amount of time to grasp which cue had been given. 

During this phase, the preceding stimulus is held online and is therefore more intensely 

processed. When the cues have been differentiated, the classical item-method directed 

forgtting processes take place: R items are further rehearsed and therefore keep on ris-

ing (this is sometimes, mostly in list-method designs but MacLeod (1998) also applies it 

to the item-method, called the ‘benefit’ of directed forgetting). F items, in contrast, are 

weakended and pushed out of attention by active inhibition (so-called ‘costs’ of directed 

forgetting). This is the pattern that we found in the studies I, II, III, and IV. Items that 

do not receive any attention (i.e., cue) remain at a low level (study IV). These basic 

processes are reflected in the hit rates and a directed forgetting effect at test. Cued items 

alert the individual to the need for processing the instruction and, possibly, R items 

might even have a slightly higher alerting potential than F items (see Fig. 15, left side).  

Divergent patterns can be found in the false alarm rates. In neutral/non-relevant mate-

rial, alert and alerting is relatively low and due to instructions; false alarms then more or 

less mirror the respective hit pattern (studies I, II, IV). If an item is processed better, it is 

also more easily distinguishable from a similar distractor. As a consequence, correct 

recognition of the learning stimuli is inversely proportional to false recognition of their 

lures (see upper panel of Fig. 15). In emotional/self-relevant stimuli, false alarm pat-

terns are reversed. The basic alert(ing) is potentiated by emotional arousal and leads to a 

special way of processing the respective stimulus in which the person strongly focuses 

on its central elements. Peripheral details, however, are more or less blanked out (for 

empirical support, see, for example, Heuer & Reisberg, 1990, or Christianson & Loftus, 

1987). This distortion may be directly proportional to the amount of associated 

alert(ing). The advantage or more intense initial processing of R items is thus being 

turned into its opposite (see lower panel of Fig. 15). The false alarm bars are left so 

vague in the illstration of the model to indicate that in the data we collected there is 

much variation on this side of the effect. In this respect, I even make a prediction about 
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a previously fully untested condition. As can be seen at the very right of the lower panel 

of Fig. 15, when following my assumptions, lures of emotional U stimuli should actu-

ally yield the lowest false alarm rate. This is a concrete hypothesis derived from the 

model that remains to be tested. Also, the bars are not scaled: the depictions are in-

tended to be purely symbolic. 

¥

Figure 15. A speculative model of item-method directed forgetting. The upper panel illustrates the 'no 
alert(ing)' situation (e.g., low-arousing stimuli), the lower panel the 'alert(ing)' (e.g., highly arousing stim-
uli, trauma history) situation. 

 

I did not include a possible fourth condition in the illustration. Our U condition in study 

IV might be understood as a baseline of item-method directed forgetting. There are at 

least two other studies that have already incorporated ‘baseline’ measurements (Muther, 

1965; Sahakyan & Foster, 2009). Those studies, however, clearly differ from ours as 

they chose a ‘remember all’ (R all) condition as the baseline. Upon testing, these items 

had a lower recognition rate than R items but a higher one than F items. In my opinion, 

this finding is also much in line with this model. At first, R all items are processed like 

ordinary R items but in the end, they do not gain the benefits that R items receive in 
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exchange for F items costs. As a consequence, R all hit rates fall right between these 

two conditions. Since these authors do not report on false alarms, I chose not to incorpo-

rate this condition in the respective plots. 

 

4.4 Concluding remarks and future research 

The data presented in this dissertation are of course far from conclusive. Future research 

is needed to further investigate our conclusions and to address some of the weaknesses I 

mentioned above. The present work emphasizes the importance of material charcteris-

tics for item-method directed forgetting that needs to be more closely examined. With 

regards to study III, however, it also becomes particularly obvious how important care-

ful stimulus selection is. To date, all rating data that we have collected come from self-

reports. These admittedly do come with certain weaknesses. It might therefore be useful 

to combine this subjective rating procedure (as well as the directed forgetting experi-

ment itself) with (rather objective) online physiological measurement. Just having a 

feeling or yearlong experience may also not be enough to judge how stimuli are per-

ceived. In addition, since the interpretation of study IV regarding both the implications 

for the understanding of the processes underlying item-method directed forgetting and 

of the specific memory control deficits in PTSD are still rather speculative, the U condi-

tion should also be tested a) using electroencephalography and b) in a traumatized sam-

ple. What can be extracted from this dissertation with respect to issues and applications 

in clinical practice is that a focus might need to be put on the arousal management of 

patients in need. This of course requires forming a proper and coherent memory of 

one’s life and then coming to terms with this personal history. Physiological arousal, 

however, should also not be lost sight of. A beta-blocker passing the blood-brain-

barrier, such as propranolol (see Taylor & Cahill, 2002), might dampen the ‘over-

alert(ing)’ by personally relevant information.  

Despite particular weaknesses and the need for further research, the present dataset pro-

vides some important insights into factors that do or do not affect item-method directed 

forgetting and helps to clarify some inconsistencies of earlier research. Probably most 

importantly, it strongly suggests that item-method directed forgetting is not a solely 
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person-based but rather a stimulus-based phenomenon that might be further modulated 

by factors in the person, such as chronic stress. 
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