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Summary 
 
Directed forgetting refers to the phenomenon that people can intentionally forget material 

designated as unimportant. Two paradigms are usually used to explore people’s ability to 

forget on purpose: The item method and the list method. In the item method, stimuli are 

presented individually, each followed by an instruction to forget or remember the previous 

item. In the list method, two lists of stimuli are presented. The first list is followed by a 

forget instruction in the forget condition, while a remember instruction is given in the 

remember condition. Memory is tested for all items regardless of initial instruction in a 

recall test. Directed forgetting occurs as reduced recall of to-be-forgotten compared to to-

be-remembered stimuli in the item method and as reduced recall of the first list in the 

forget condition compared to the remember condition. Although directed forgetting 

paradigms have been used widely, some important issues have been neglected and are less 

well understood: (1) Is directed forgetting material-specific? (2) Is directed forgetting 

modulated by emotional material? (3) What are the electrophysiological dynamics of 

directed forgetting?  

 

Six experiments will be presented and discussed aiming at answering these questions. Two 

experiments (chapter 1) investigated item method directed forgetting of complex colorful 

pictures. Item method directed forgetting has been shown with verbal material, but no 

previous study explored item method directed forgetting of complex and colorful 

photographies. Experiment 1 investigated item method directed forgetting of neutral 

complex pictures. Further, experiment 2 focused on behavioral and electrophysiological 

effects of item method directed forgetting of neutral compared to unpleasant complex 

pictures.  

Four experiments (chapter 2) explored list method directed forgetting of words varying in 

emotional content. Although there are several studies on list method directed forgetting of 

emotional material, the findings are inconclusive as systematic investigations on healthy 

participants are missing. Thus, the emotional content of the lists was systematically varied 

in experiments 1-4 exploring the influence of affective material on list method directed 

forgetting. In experiment 1, both lists comprised neutral words and unpleasant words in 

experiment 2. In experiment 3, the first list consisted of neutral words and the second list 

of unpleasant words, while in experiment 4, the first list consisted of unpleasant words and 
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the second list of neutral words. Electrophysiological measures were assessed in all four 

experiments.  

 

The two experiments of chapter 1 found item method directed forgetting for neutral but not 

for unpleasant pictures. Successful forgetting of neutral pictures was related to enhanced 

electrophysiological positivity in frontal regions, which occurred during encoding of the 

forget instruction following neutral pictures. The lack of directed forgetting for unpleasant 

pictures was associated with late positive potentials reflecting enhanced encoding already 

during picture presentation (even before the instructions appeared) and less frontal 

positivity during encoding of the forget instruction for unpleasant pictures. Further, 

regardless of previous picture valence, remember instructions evoked late positive 

potentials, which have been related to enhanced encoding processes.  

In all experiments on list method directed forgetting, directed forgetting was found 

regardless of emotional content of the lists. Moreover, memory effects of context change 

occurred, when the emotional content was changed between the first and the second list 

(experiments 3 and 4). Electrophysiologically, increased activity was found during the 

presentation of words that followed the forget instruction (forget condition) compared to 

words following the remember instruction (remember condition). This activity difference 

occurred as late positive potentials, which have been associated with enhanced encoding 

and attentional processes.  

 

The findings of the current dissertation provide new insights for the above raised 

questions: (1) Directed forgetting is not restricted to verbal material but can also be found 

for complex neutral pictures. (2) Directed forgetting can be found for emotional and 

neutral words equally, while complex pictures depicting affectively unpleasant content are 

not subject to directed forgetting. (3) The electrophysiological recordings suggest that 

successful item method directed forgetting is associated with late positive potentials during 

presentation of remember instructions and frontal activity enhancement during presentation 

of forget instructions. In list method directed forgetting, late positive potentials occurred 

following the forget instruction.  

Thus, the findings support a two-factor for both the item method and the list method: 

Processes of selective rehearsal and inhibition can explain item method directed forgetting. 

Late positive potentials, which are associated with enhanced encoding, indicate selective 

rehearsal. These potentials occurred during presentation of unpleasant pictures and 
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presentation of remember instructions. Inhibitory processes are suggested by frontal 

positivities during forget instructions, which were particularly enhanced following neutral 

pictures. List method directed forgetting can be explained by attentional focusing, which is 

supported by the occurrence of late positive potentials after the forget instruction, and by 

memory effects of context change. 
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Zusammenfassung 
 
Material, welches als unwichtig klassifiziert wurde, kann willentlich vergessen werden. 

Dieses Phänomen nennt sich gerichtetes Vergessen. In der Regel werden zwei Paradigmen 

benutzt, um die Fähigkeit des gerichteten Vergessens zu untersuchen: Die Item Methode 

und die Listen Methode. In der Item Methode werden Stimuli einzeln präsentiert, jedes 

gefolgt von einer Instruktion, den vorangegangenen Reiz zu merken oder zu vergessen. In 

der Listen Methode werden Stimuli in zwei Listen gezeigt. Der ersten Liste folgt eine 

Vergesseninstruktion in der Vergessenbedingung, während in der Merkenbedingung eine 

Merkeninstruktion erscheint. In einem Abruftest wird die Erinnerungsleistung für alle 

Reize geprüft, unabhängig von der ursprünglichen Instruktion. Gerichtetes Vergessen zeigt 

sich als reduzierter Abruf von Reizen mit Vergesseninstruktion im Vergleich zu Reizen mit 

Merkeninstruktion in der Item Methode. In der Listen Methode werden weniger Reize von 

der ersten Liste der Vergessensbedingung erinnert, verglichen mit der ersten Liste der 

Merkenbedingung. Obwohl Paradigmen des gerichteten Vergessens bisher häufig benutzt 

wurden, gibt es einige Themen, die bislang vernachlässigt wurden und weniger gut 

verstanden sind: (1) Ist gerichtetes Vergessen materialspezifisch? (2) Wird gerichtetes 

Vergessen durch emotionales Material moduliert? (3) Welche elektrophysiologischen 

Dynamiken unterliegen gerichtetem Vergessen? 

 

Sechs Experimente, die Antworten auf diese Fragen suchen, werden berichtet und 

diskutiert. Zwei Experimente (Kapitel 1) untersuchten gerichtetes Vergessen von 

komplexen und bunten Bildern in der Item Methode. Gerichtetes Vergessen in der Item 

Methode wurde bereits mit verbalem Material gezeigt, jedoch gibt es bisher keine Studie 

zu gerichtetem Vergessen von komplexen Fotographien. Experiment 1 untersuchte daher 

gerichtetes Vergessen von neutralen komplexen Bildern in der Item Methode. Weiterhin 

fokussierte Experiment 2 auf behaviorale und elektrophysiologische Effekte von 

gerichtetem Vergessen neutraler und unangenehmer, komplexer Bilder in der Item 

Methode.  

Vier Experimente (Kapitel 2) untersuchten gerichtetes Vergessen von Wörtern mit 

unterschiedlich emotionalem Inhalt in der Listen Methode. Obwohl es mehrere Studien zu 

gerichtetem Vergessen von emotionalem Material in der Listen Methode gibt, sind die 

Resultate uneindeutig, da systematische Untersuchungen bei gesunden Versuchspersonen 

fehlen. Daher wurde der emotionale Gehalt der Listen in den Experimenten 1-4 

systematisch variiert, um den Einfluss von affektivem Material auf gerichtetes Vergessen 
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in der Listen Methode zu untersuchen. In Experiment 1 umfassten beide Listen neutrale 

und in Experiment 2 unangenehme Wörter. In Experiment 3 bildeten neutrale Wörter die 

erste Liste und unangenehme Wörter die zweite Liste, während in Experiment 4 

unangenehme Wörter die erste Liste bildeten und neutrale Wörter die zweite Liste. 

Elektrophysiologische Maße wurden in allen Experimenten erhoben. 

 

In den zwei Experimenten von Kapitel 1 wurde gerichtetes Vergessen in der Item Methode 

für neutrale, aber nicht für unangenehme Bilder gefunden. Erfolgreiches Vergessen 

neutraler Bilder stand im Zusammenhang mit verstärkter elektrophysiologischer 

Positivierung in frontalen Regionen. Diese Positivierung trat während der Enkodierung 

von Vergesseninstruktionen für neutrale Bilder auf. Das Fehlen von gerichtetem Vergessen 

für unangenehme Bilder stand in Bezug zu späten positiven Potentialen, die schon während 

der Bildpräsentation (sogar bevor die Instruktion erschien) auftraten und mit verstärkter 

Enkodierung assoziiert sind. Zusätzlich zeigte sich weniger frontale Positivierung während 

der Vergessensinstruktion für unangenehme Bilder. Außerdem lösten 

Merkeninstruktionen, unabhängig von der Valenz des vorausgehenden Bildes, späte 

positive Potentiale aus, welche in Zusammenhang mit verstärkter Enkodierung stehen.  

In allen Experimenten zur Listen Methode fand sich gerichtetes Vergessen unabhängig 

vom emotionalen Inhalt der Listen. Außerdem zeigten sich Gedächtniseffekte des 

Kontextwechsels, wenn sich der emotionale Inhalt zwischen der ersten und der zweiten 

Liste änderte (Experimente 3 und 4). Elektrophysiologisch fand man stärkere Aktivität für 

die Verarbeitung von Wörtern die der Vergesseninstruktion folgten (Vergessenbedingung) 

im Vergleich zur Merkeninstruktion (Merkenbedingung). Dieser Aktivitätsunterschied 

zeigte sich als späte Positivierung, die mit verstärkter Enkodierung und 

Aufmerksamkeitsprozessen assoziiert wird.  

 

Diese Dissertation bietet neue Erkenntnisse für die oben aufgeworfenen Fragen: (1) 

Gerichtetes Vergessen ist nicht auf verbales Material beschränkt, sondern kann auch für 

neutrale komplexe Bilder gefunden werden. (2) Gerichtetes Vergessen tritt für emotionales 

und neutrales Wortmaterial gleichermaßen auf, während komplexe Bilder mit affektiv 

unangenehmem Inhalt nicht gerichtet vergessen werden können. (3) Die 

elektrophysiologischen Maße deuten daraufhin, dass erfolgreich gerichtetes Vergessen in 

der Item Methode mit späten positiven Potentialen während der Darbietung der 

Merkeninstruktionen und verstärkter frontaler Aktivität während der 
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Vergesseninstruktionen einhergeht. In der Listen Methode traten späte positive Potentiale 

für das Material nach der Vergessensinstruktion auf.  

Die Resultate stützen also sowohl für die Item Methode als auch für die Listen Methode 

eine Zwei-Faktoren Erklärung: Gerichtetes Vergessen in der Item Methode kann durch 

Prozesse selektiver Wiederholung und Inhibition erklärt werden. Späte positive Potentiale, 

die mit verstärkter Enkodierung in Zusammenhang gebracht werden, weisen auf selektive 

Wiederholung hin. Diese Potentiale traten während der Präsentation unangenehmer Bilder 

und während der Darbietung von Merkeninstruktionen auf. Die frontale Aktivität während 

der Darbietung von Vergesseninstruktionen, welche besonders nach neutralen Bildern 

verstärkt war, deutet auf inhibitorische Prozesse hin. Gerichtetes Vergessen in der Listen 

Methode kann durch fokussierte Aufmerksamkeit, welche sich in späten positiven 

Potentialen zeigt, und durch Gedächtniseffekte des Kontextwechsels erklärt werden. 
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Theoretical Background 

1. Theoretical Background of Directed Forgetting 
 
Forgetting is associated with a loss or the failure to recall information and events. The 

negative connotation of forgetting presumably stems from associations with disorders like 

dementia, Alzheimer disease, or amnesia which are characterized by memory loss even up 

to the point of forgetting one’s own name. Psychologists and psychiatrists have been 

investigating the causes and origins of these impairing forms of forgetting for decades in 

order to help patients improving their lives.  

A phenomenon just from the other end of the remember-forgetting dimension, which has 

fascinated psychologist, concerns people with superior memory abilities. The case of a 

woman (AJ) who remembered excessive amounts of irrelevant personal information was 

described in a paper by Parker, Cahill, & McGaugh (2006). AJ’s life was dominated by 

recalling events from her personal past. When any specific date was given to AJ 

(mentioned in a conversation, in TV, or during the psychological examinations) she would 

immediately and automatically recall a variety of vividly and emotionally 

autobiographical memories associated with this date. AJ herself said the following about 

her superior memory: “Most have called it a gift but I call it a burden. I run my entire life 

through my head every day and it drives me crazy!!!” (page 35 in Parker et al., 2006). 

While AJ might wish to reduce her general memory load, some people might wish to 

forget specific memories, as for example Clementine, a character from the movie “Eternal 

sunshine of the spotless mind”. After some huge fights with her boyfriend Joel she decided 

to delete all the memories related to him and hired a company named Lacuna Inc., which 

offers “a cutting-edge, non-surgical procedure for the focused erasure of troubling 

memories”. 

Thus, although there are unwanted and even pathological forms of forgetting, there might 

be situations in which forgetting is desired and required. Forgetting of irrelevant, 

unnecessary, or unwanted information is related to memory updating and therefore to 

functional and adaptive processes, as illustrated by AJ’s case. This updating, for example 

not remembering an old phone number or yesterday’s parking spot, offers greater memory 

efficiency and less confusion. Due to this everyday demand for forgetting the question 

arose whether and to what amount forgetting really can be deliberate. This led to research 

in the area known as intentional or directed forgetting. 
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Theoretical Background 

Studies of directed forgetting usually employ experiments in which some items are 

presented with an instruction to forget them while others receive a remember instruction. 

To ensure that the stimuli are encoded those instructions are normally presented after the 

corresponding stimuli. Commonly two different paradigms are used for investigations:  

 

The item method (fig. 1) 

All stimuli are presented individually and consecutively at a fixed rate. Each 

stimulus is followed by an instruction to either forget (e.g. “FFF” or “forget”) or to 

remember (e.g. “remember” or “RRR”) the previous item. Equal numbers of 

remember and forget instructions are randomly assigned.  

 
figure 1: Schematic display of an item method design 
 

The list method (fig. 2) 

All items are presented consecutively as two lists. One instruction is given after the first 

list and one after the second. The first instruction is either to forget or to remember the 

previous items whereas the second one is always a remember instruction. This leads to two 

experimental conditions: the F condition in which a forget cue is presented after the first 

list and a remember cue after the second list. Contrary, in the R condition a remember 

instruction is presented after both lists. Typically, each condition is assigned to one group 

of participants leading to an F group and an R group. Additionally to this between-

participant design there are two forms of within-participant design which are sometimes 

used: One possibility is to reduce the whole between-participant paradigm to simply the F 

condition and then compare recall or recognition of the first list with the second list. 

Although in this method any directed forgetting is always confounded by lists position 

(forget list always first, remember list always second) quite a few studies use such a 

design (Basden, Basden, & Gargano, 1993; Bohne, Keuthen, Tuschen-Caffier, & Wilhelm, 

2005; David & Brown, 2003; Golding & Gottlob, 2005; McNally, Clancy, Barret, & 

Parker, 2004; Vonk & Horton, 2006). Another possible approach is to administer both 

conditions to one group of participants (e.g. Conway & Fthenaki, 2003; Zellner & Bäuml, 

2006). In such a design, a total of four lists is presented to each subject, two lists in the 

forget condition and two lists in the remember condition. The order of conditions is then 
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counterbalanced. It appears that using such a within-design does not change the pattern of 

results as suggested by Zellner and Bäuml (2006).  

 
figure 2: Schematic display of a list method design 

 

A modified list method procedure (fig. 3) can be seen in the directed forgetting 

paradigm used by Epstein and colleagues (1972). In this procedure, a list of items 

is presented with a following cue signaling a second list to follow and a final cue. 

The final cue consists of one of the following instructions:  

(a) an “only” instruction indicating that only the first list has to be remembered 

(“only list 1”) respectively list 2 (“only list 2”), thereby implying that the other list 

can be forgotten  

(b) an “either” instruction indicating that both lists can be subject for recall thereby 

requiring remembering of both lists. 

This procedure is very similar to the classic list method with two exceptions: First, 

the condition of remembering selectively list 1 (“only list 1”), and thus forgetting 

selectively list 2, is not integrated in the typical list method paradigm and second, 

the instruction what to remember appears not until the presentation of both lists. 

Nevertheless, “only” can be related to the F condition and the “either” to the R 

condition.  

 
figure 3: Schematic display of the modified list method design 
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Testing memory for all presented items, regardless of initial instruction reveals a directed 

forgetting effect: In the item method, more to-be-remembered items are recalled than to-

be-forgotten items. Using the list method, there are several definitions of directed 

forgetting. While some studies compared the recall of the first list between the forget and 

the remember group (Goernert, 1992; Goernert & Larson, 1994) others proposed a more 

complex concept of the effect (Sahakyan & Delaney, 2005). They suggested two 

components of the effect: costs and benefits of directed forgetting. The R group 

remembers more items of the first list than the F group, commonly referred to as the costs, 

whereas the F group remembers more items of the second list than the R group, commonly 

named the benefits. Yet another concept of directed forgetting is found in Conway et al. 

(2000) and Racsmány & Conway (2006), who defined directed forgetting as poorer recall 

of the first list in the F group compared to their second list and to the first list of the R 

group (costs). A crucial characteristic of list method directed forgetting is that postcue 

encoding is necessary for successful forgetting. Pastötter & Bäuml (2007) showed that 

directed forgetting occurred in the classic list method when a second list was administered 

after the forget instruction but not when the second list was replaced by some distractor 

task. Thus, the learning and remembering of further material is crucial to intentionally 

forget previous other information. 

 

At first glance, the two directed forgetting paradigms seem to be very similar but there are 

some crucial differences, which manifest themselves in the results found in different 

retrieval tests. Free recall and/or recognition tests are normally used to control retrieval. 

Using the item method yields directed forgetting effects with free recall as well as with 

recognition tests (Davis & Okada, 1971; MacLeod, 1999). Sometimes modified 

recognition tests are administered to gain more detailed information about the nature of 

recognition of each single item: Recognition memory includes on the one hand the 

conscious recollection of an event and on the other hand the feeling of familiarity without 

consciously recollecting the event, and both result in the recognition of an event or 

information (Yonelinas, 2002). To differentiate the contribution of those two awareness 

states to the directed forgetting effect in the item method, Gardiner and colleagues (1994) 

implemented the distinction between conscious recollection and the feeling of familiarity 

in the recognition tasks of directed forgetting by collecting either a remember or know 

response for recognized items. Subjects indicated conscious recollection with a remember 

response, which is thought to involve elaborative rehearsal, and the feeling of familiarity 
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with a know response, which is expected to depend on maintenance rehearsal. In such 

retrieval tests, directed forgetting is only found for conscious recollection (see also Basden 

& Basden, 1996; Lee, 2007).  

In contrast to the effects resulting from the item method, directed forgetting occurs in the 

list method when tested with free recall but there are no effects concerning recognition 

memory (Basden et al., 1993; Block, 1971; Elmes, Adams, & Roediger, 1970; Geiselman, 

Bjork, & Fishman, 1983; but see McDonald et al., 2006). 

 

1.1 Underlying mechanisms 
 

This differentiation in outcome depending on the administered memory test raised the 

question about the underlying mechanisms of directed forgetting, or more specifically of 

item and list method directed forgetting. Some of the first ideas and assumptions 

concerning this issue already appeared in the study published by Bjork, LaBerge, and 

Legrand (1968). The authors investigated the effects of proactive interference on short-

term memory using a directed forgetting task. Instructing participants to forget some of the 

presented items led to better recall of the remaining items compared to instructing 

participants to remember all items. Bjork and colleagues interpreted these results as 

interference reduction for which they offered several explanations: Intentional erasure of 

items from the short-term memory and selective rehearsal of the to-be-remembered items 

were seen as possible but unlikely explanations. Another idea was an output interference 

explanation with impaired recall of to-be-forgotten items due to previous recall of to-be-

remembered items (MacLeod, 1998). The fourth suggested mechanism was seen as 

segregation between items that were to be remembered and the ones that could be 

forgotten. This was thought to be done by an active tagging mechanism resulting in 

reduced interference (Bjork et al., 1968). In the following years these different possible 

explanations were further explored, specified, new ones were suggested, and attempts to 

connect them to the two different paradigms were made.  

 

1.1.1 Active erasing  

Although to-be-forgotten items might not have been accessible for recall, studies showed 

that they were not completely gone from memory as they appeared sometimes as 

intrusions in the item method (Bjork, 1970; Bjork et al., 1968; Block, 1971; MacLeod, 
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1999; Muther, 1965; Reitman, Malin, Bjork, & Higman, 1973; Woodward & Bjork, 1971) 

and were recognized to a high rate in the list method (Basden et al., 1993; Block, 1971; 

Elmes et al., 1970; Geiselman, Bjork et al., 1983; MacLeod, 1999). Thus, the hypothesis 

of actively erasing the memory representations of to-be-forgotten items was rejected. 

 

1.1.2 Motivation or demand characteristics 

A recurring criticism directed forgetting research is often exposed to, is the possibility that 

directed forgetting effects simply emerge because participants choose to willingly 

withhold the items asked to forget instead of really forgetting them. A related explanation 

would be that subjects simply do not search as hard for to-be-forgotten items as for to-be-

remembered ones. Then, instead of directed forgetting motivational and demand 

characteristic issues would explain the results of reduced recall of to-be-forgotten items 

(MacLeod, 1999). Some studies explored this concern by offering incentives to the 

participants. Woodward & Bjork (1971) and Bjork & Woodward (1973) manipulated the 

motivation for recall by providing 1¢ for any recalled word and still found directed 

forgetting. However, as recall of both to-be-remembered and to-be-forgotten items was 

reinforced, no conclusion in regard to demand characteristics can be drawn from this 

study. Geiselman, Rabow, Wachtel, & MacKinnon (1985) improved on this by offering 

varying point values for to-be-forgotten and to-be-remembered (1, 5 or 9 points) items 

during recall test. This manipulation did not have any effect on the recall pattern as all 

conditions showed the same directed forgetting effects. In a similarly design, MacLeod 

(1999) offered a monetary value (50 ¢) for recall of additional to-be-forgotten words after 

an initial recall test but also found no change in the result pattern. Thus, these results 

support the view that directed forgetting is not due to motivational or demand 

characteristic issues.  

 

1.1.3 Set differentiation and selective rehearsal 

In the study of Bjork and colleagues (1968) using digits lists containing strings, the idea of 

selective rehearsal was initially rejected because they argued that due to the experimental 

design rehearsal possibilities were ruled out. Starting with one of his following 

publications (1970), Bjork however began to favor the differential rehearsal explanation. 

The main idea of this theory is that to-be-remembered items are rehearsed more and more 

elaborately than to-be-forgotten items. Accordingly, in an experiment, to-be-remembered 
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and to-be-forgotten items would be functionally separated during encoding and organized 

in different groups (Bjork, 1970, 1972; Reitman et al., 1973). After this set differentiation 

only the group of items that was coded with “remember” would receive rehearsal and 

therefore be better remembered than the to-be-forgotten items. This mechanism is thought 

to be mainly involved in item method processing. 

Presenting each item separately with a corresponding instruction creates a set 

differentiation already during encoding: Each item is held in a standby-like mode and the 

processing of this item is postponed until the instruction appears. A remember instruction 

then leads to further processing while a forget instruction will probably result in a 

termination of any further processing. Thus, there will be one set receiving enhanced 

rehearsal, namely the set of to-be-remembered items. Several item method studies used 

retrieval tests after short delay intervals (Goernert, Widner, & Otani, 2006; Horton & 

Petruk, 1980; Hourihan & Taylor, 2006; Wetzel, 1975; Wetzel & Hunt, 1977; Woodward 

& Bjork, 1971) and found better retrieval of to-be-remembered items during immediate 

and delayed tests. MacLeod (1975) showed that the advantage of to-be-remembered items 

over to-be-forgotten ones in an item cued paradigm persisted even after intervals of one or 

two weeks. As this account proposes that to-be-remembered and to-be-forgotten items are 

initially differently processed, the resulting effect should sustain over time. By showing 

this persistence, the mentioned studies support a selective rehearsal account. 

For the item method it is expected that directed forgetting effects would occur using free 

recall or recognition tests because to-be-remembered and to-be-forgotten items were 

differently processed in the first place during encoding (Basden et al., 1993; Bjork, 1970, 

1972; Woodward, Bjork, & Jongeward, 1973). Woodward & Bjork (1971) postulated a 

related idea of set differentiation and selective rehearsal where rehearsal was thought to 

work mainly on the retrieval stages but soon located the differential rehearsal again during 

encoding (Bjork & Woodward, 1973). Several other studies also examined the underlying 

mechanisms and suggested differential rehearsal as mainly contributing to the directed 

forgetting effect (MacLeod, 1975, 1999; Spector, Laughery, & Finkelman, 1973; Wetzel, 

1975; Wetzel & Hunt, 1977). The two mechanisms involved in this account, namely set 

differentiation between to-be-forgotten and to-be-remembered items and the differential 

rehearsal of the resulting sets are both necessary and to some extent dependent on each 

other. For differential rehearsal to be possible, differential coding or tagging is 

indispensable. Therefore, neither of the two processes alone can explain directed 

forgetting results. The assumption of set differentiation and selective rehearsal leads to the 
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anticipation of specific retrieval patterns: Because the differential processing of to-be-

forgotten and to-be-remembered items starts already during encoding, the advantage for 

to-be-remembered items should therefore occur in free recall and recognition tasks. 

Within the list method the instructions are presented after a whole list of stimuli, thus 

following the stimuli with variable delays and therefore the to-be-remembered and the to-

be-forgotten items are thought to receive the same amount of initial elaboration, thus 

arguing against differential rehearsal. Still, some authors consider selective rehearsal to 

contribute to list method directed forgetting (Goernert & Wolfe, 1997; MacLeod, Dodd, 

Sheard, Wilson, & Bibi, 2003; Sheard & MacLeod, 2005; Timmins, 1973; Vonk & 

Horton, 2006) even though not necessarily as the only mechanism (Johnson, 1994). 

MacLeod and colleagues (MacLeod et al., 2003; Sheard & MacLeod, 2005) reported serial 

position and test warning effects and argued that their data supported selective rehearsal 

within the list method: They added two conditions to the classical list method: a delay-

warning condition and a delay-no warning condition. In the delay-warning condition, 

subjects were, prior to a delay, informed that both to-be-forgotten and to-be-remembered 

items should be recalled after that delay. In the delay-no warning condition, the delay 

occurred without warning (procedure based on the one used by Basden & Basden, 1998). 

This procedure yielded the standard effect of directed forgetting in the standard condition, 

a reduced effect in the delay-warning condition, and an increased effect in the delay-no 

warning condition. For examining rehearsal effects, they analyzed the data in regard to the 

memory performance (amount of overall recalled items), because they assumed that 

participants with a high memory performance rehearsed more than the low memory group. 

The low memory group showed similar recall patterns for the two conditions the delay and 

slightly stronger effect when tested without delay due to more recall of to-be-remembered 

items. The high memory group showed a strongly increased effect in the delay-no warning 

condition, a decreased effect in the delay-warning condition, and a medium size effect in 

the standard condition. MacLeod and his co-workers (MacLeod et al., 2003; Sheard & 

MacLeod, 2005) suggested that the low memory group did not rehearse any items during 

the delay as the effect did not increase during the delay. In the high memory group 

however, to-be-remembered items only were rehearsed in the delay-no warning condition 

as the effect increased substantially. On the other hand, receiving a warning also led to 

rehearsal of the to-be-forgotten items resulting in a reduced directed forgetting effect. 

Filling the delay with a distracting task resulted in a strongly diminished effect interpreted 

as result of an inability to rehearse. However, it should be kept in mind that in the study no 
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control condition in which both lists were to-be-remembered was involved and only 

conclusions about delayed recall and not about immediate retrieval could be drawn. 

MacLeod and colleagues (MacLeod et al., 2003; Sheard & MacLeod, 2005) reported 

another set of experiments supporting their view. They examined the serial positions of 

recalled items using a control condition as they expected different serial position patterns 

for to-be-remembered and to-be-forgotten items in contrast to an overall reduced recall for 

the to-be-remembered items as could be expected by other accounts (especially retrieval 

inhibition, see in the corresponding section). Comparing the serial position of the recalled 

items for the first list of the F group and of the R group did not yield any differences while 

comparing list 2 for the groups showed a substantial primacy effect in the F group and no 

such effect in the R group. The authors suggested that the serial position curves reflected a 

different rehearsal strategy participants adopted after the forget instruction compared to 

the remember instruction and assumed that this would likely be selective rehearsal (this 

interpretation has analogies to the change of encoding strategy account by Sahakyan & 

Delaney, 2005; Sahakyan, Delaney, & Kelley, 2004). Based on their interpretation, 

MacLeod and colleagues (MacLeod et al., 2003; Sheard & MacLeod, 2005) can explain 

the benefits of directed forgetting by means of the serial position pattern for list 2 but how 

the costs emerge remains unclear. Although, the missing effect in the recognition task is 

often used as evidence against selective rehearsal, MacLeod and co-workers suggested 

that the absence of an effect with recognition just reflected the pattern of (1) list method 

typically yielding a reduced effect compared to item method and (2) recognition yielding a 

reduced effect compared to recall. This interpretation is somewhat supported by list 

method studies that did find some modulation of recognition in response to the instructions 

(Benjamin, 2006; McDonald et al., 2006; Zacks, Radvansky, & Hasher, 1996). Benjamin 

(2006) found benefits of directed forgetting in recognition data with the list method while 

costs were absent. MacDonald and colleagues (2006) as well as Zacks and colleagues 

(1996) found reduced recognition of to-be-forgotten items compared to to-be-remembered 

items (but: instruction was confounded with list position as there was no control 

condition). Additionally, the base level (free recall) of the list method is already smaller 

compared to the item method, thus leading to an even smaller effect on recognition. Yet, 

an alternative explanation also exists: Assuming, that the list method directed forgetting 

effect is due to serial position effects, and assuming further that recognition does not 

produce serial position effects to the same extent as free recall (Cohen, 1970), directed 

forgetting would be reduced (or possibly not observable) in recognition. 
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1.1.4 Set differentiation and selective search 

Many studies on directed forgetting from the 1970s used paired-associate probe 

experiments and only-either procedures (Bjork, 1970; Elmes, 1969; Elmes et al., 1970; 

Epstein et al., 1972; Epstein & Wilder, 1972; Reitman et al., 1973; Shebilske, Wilder, & 

Epstein, 1971; Spector et al., 1973; Timmins, 1973). In those experiments, typically, two 

sets of stimuli are presented and followed by either the instruction to only remember the 

first set (“only first”), to only remember the second set (“only second”) or to remember 

both sets (“either”, see fig. 3). At recall, “only” trials are better recalled than “either” 

trials. Based on such experiments, Epstein and colleagues proposed (1972) the selective 

search account, assuming that the “only” instruction serves as forget cue for one set and as 

remember cue for the other set and therefore defines a to-be-remembered set that is subject 

for search during recall. An “either” instruction however does not divide the material in 

different sets resulting in a bigger search set than on “only” trials. Thus, set differentiation 

as also proposed by Reitman (1973) and by the proponents of the selective rehearsal 

account (Bjork, 1970, 1972) plays a key role in the selective search hypothesis. An 

additional assumption is, that in contrast to the selective rehearsal account, to-be-

remembered and to-be-forgotten pairs are initially equally elaborated. This is supported by 

findings that subjects could redirect their search to to-be-forgotten words when they were 

informed at cued recall task that the initial instruction had been wrong. The recall 

performance of the to-be-forgotten material increased in that case. However, when the 

participants were not informed, the recall of to-be-forgotten sets was low (Epstein & 

Wilder, 1972). Thus, both to-be-remembered and to-be-forgotten pairs are equally 

available but the recall performance is dependent on the searching of the subject. The 

selective search account contributes to the directed forgetting effect at the time of test 

(Epstein, 1972). 

 

1.1.5 Retrieval inhibition 

The retrieval inhibition account represents a totally different approach to explain the 

directed forgetting effect (e.g. Basden, Basden, & Morales, 2003; Bjork, 1989). The 

results of list method directed forgetting experiments indicated that the to-be-forgotten and 

the to-be-remembered items are equally well encoded and processed as reflected by 

similar memory performance for both item categories in recognition tasks (Block, 1971; 

Elmes et al., 1970; Geiselman, Bjork et al., 1983; Sego, Golding, & Gottlob, 2006). 
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However, there seem to be some differences in processing as more to-be-remembered 

items are recalled in free recall tests than to-be-forgotten items (Basden & Basden, 1996; 

Conway et al., 2000; Sego et al., 2006). These results led to the idea of retrieval inhibition 

as the underlying mechanism (e.g. Basden et al., 1993). In this theory, the emphasis is not 

on privileged processing or encoding of to-be-remembered stimuli but rather on blocking 

or inhibiting the access to to-be-forgotten items during retrieval. In four experiments, 

Geiselman, Bjork, & Fishman (1983) investigated the role retrieval inhibition plays in list 

method directed forgetting and used a list method paradigm including intentional and 

incidental learning. Better recall of to-be-remembered items was found for both items 

learned explicitly and implicitly while in the recognition test the memory performance of 

the items did not differ in regard to the instructions. Additionally, the subjects showed 

poor source memory for words that were presented prior to the forget instruction and the 

recall order of those items was unrelated to the presentation. The authors linked the 

outcomes of this study with a study where correlations of hypnotizability and orderliness 

of recall with posthypnotic source amnesia occurred (Evans & Kihlstrom, 1973). 

Posthypnotic amnesia describes the phenomenon of being unable to remember, after 

hypnosis, what happened during the hypnotized state. Participants that score high on 

hypnotic susceptibility normally show strongly reduced memory performance while those 

low in susceptibility typically show no such effect. This specific amnesia only occurs 

when explicitly induced by suggestions and it is reversible by the administration of a (for 

this purpose) designated cue (Kihlstrom, 1997). The appearance of reversibility strongly 

suggests that some form of retrieval inhibition accounts for the memory effects. The 

similarities between loss of memory and subsequent recovery of learned information in list 

method directed forgetting and posthypnotic amnesia and the idea of retrieval inhibition as 

an underlying mechanism for both paradigms inspired several studies to investigate these 

parallels further (e.g. Basden, Basden, Coe, Decker, & Crutcher, 1994; Coe et al., 1989; 

David, Brown, Pojoga, & David, 2000). The first study directly comparing directed 

forgetting and posthypnotic amnesia was carried out by Coe and co-workers (1989). 

Participants were hypnotized and then had to learn a list of words after which they 

received either posthypnotic amnesia or list method directed forgetting suggestions 

followed by the learning of a second list. Subsequently, a free recall test for both lists was 

administered, followed by the cue to cancel amnesia, and a second recall test. Comparing 

participants high and low in susceptibility in regard to the experimental suggestion they 

received (posthypnotic amnesia or directed forgetting) showed that results differed for the 
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different suggestions. For example, highly susceptible subjects of the posthypnotic 

amnesia group showed strong recovery for the to-be-forgotten items after the amnesia was 

cancelled while neither the high nor the low susceptible group showed such a recovery in 

the directed forgetting condition. It was therefore concluded, that directed forgetting and 

posthypnotic amnesia instructions involved different processes. The next attempt to 

directly compare the two paradigms came from Basden and colleagues (1994). Integrating 

the outcome of Coe’s study (1989) that found release from the inhibition in posthypnotic 

amnesia but not with directed forgetting, Basden and co-workers (1994) suggested that 

although retrieval inhibition was involved in both list method directed forgetting and 

posthypnotic amnesia these inhibitory processes are stronger and more easily released in 

posthypnotic amnesia than in directed forgetting. They investigated this assumption using 

the list and the item method for both the directed forgetting and posthypnotic amnesia 

paradigms. Impaired recall of to-be-forgotten items was found for all three paradigms 

while recognition scores were similar for to-be-forgotten and to to-be-remembered items 

under both posthypnotic amnesia and list method indicating a contribution of retrieval 

inhibition to these results. Additionally, after the cancellation cue, the recall performance 

recovered for to-be-forgotten items in the posthypnotic amnesia condition but not with 

directed forgetting. It was concluded that retrieval inhibition plays a critical role in both 

paradigms but is more readily reversed in posthypnotic amnesia than in directed 

forgetting. Although the studies about directed forgetting and posthypnotic amnesia were 

discordant regarding the underlying mechanisms, they both promoted the idea of retrieval 

inhibition in list method directed forgetting.  

Apart from the approach based on comparisons with posthypnotic amnesia, there is more 

literature promoting the idea of retrieval inhibition as the underlying process of directed 

forgetting (e.g. Bjork, Bjork, & Anderson, 1998; Bjork, 1989). As mentioned before, the 

item method usually yields directed forgetting in recall and recognition while the list 

method yields an effect only with recall. These list method results were interpreted as 

inhibition of the to-be-forgotten items during retrieval, which can, however, be released. 

This release can take place through re-exposure of the items as it happens in a recognition 

test and therefore no effect is found for recognition data or recall data with a preceding 

recognition task (Basden et al., 1993; Whetstone, Cross, & Whetstone, 1996). 

Additionally, the release can be induced through cued recall (Goernert, 1992; Goernert & 

Larson, 1994). Goernert (1992) found that retrieval cues released the retrieval inhibition 

when those cues already had appeared in the initial to-be-forgotten list as well as when 
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they were only semantically related. He further showed that the release increased with a 

growing number of retrieval cues (Goernert & Larson, 1994). Suzuki (2001) found that list 

method directed forgetting occurred for explicit/intentional tests but not for 

implicit/incidental ones. Retrieval seems to be inhibited when memory is accessed 

explicitly while this is not the case with an implicit test (see also Basden & Basden, 1996; 

Basden et al., 1993; Bjork & Bjork, 1996; Vonk & Horton, 2006). Thus, within the list 

method, to-be-forgotten items seem to be available but they are not accessible until 

released from inhibition. This account of the directed forgetting effects is in line with the 

retrieval failure theory of forgetting (Tulving & Pearlstone, 1966). This theory states that 

there is a dissociation between the availability and the accessibility of an item. Information 

that is represented in memory is available, which is a necessary precondition for accessing 

the information. However, availability is not a sufficient condition for retrieval but 

retrieval cues are also needed in either an internally or externally generated form. Thus, in 

order to retrieve information, the information must be available in memory and 

additionally, some cues are needed to allow access to the information. Forgetting occurs, 

when the items are either not available or not accessible. With regard to the retrieval 

inhibition the condition of available but not accessible memories is assumed to cause 

forgetting.  

Additionally, there is evidence that the inhibition might be dependent on competition of 

the learning material within the forget condition: Conway and colleagues (2000) found 

that the directed forgetting effect was reduced when participants performed a secondary 

task during list 2 learning (experiments 2-4). They concluded that in a normal list method 

directed forgetting paradigm the cue to forget list 1 in the forget condition makes this list a 

potential competitor to the following list 2 and therefore triggers the inhibition of list 1. 

When list 2 is not encoded in a way that both lists end up as strong competitors, e.g. due to 

a secondary task, then no or only weak inhibition is triggered resulting in no or a reduced 

directed forgetting effect. The remember cue which is given in the remember condition 

does not lead to a competition of the two lists as is more promotes the integration of both 

lists. Similarly, Soriano & Bajo (2007) found that participants with a low memory span 

were more vulnerable to increased interference during list 2 learning (secondary task or 

longer item lists) and therefore did not produce a directed forgetting effect while 

participants with a high memory span triggered inhibition and showed a directed 

forgetting effect. Thus, the initiation of inhibition seems to depend on both the experience 

of interference and the availability of cognitive resources. This assumption about the 
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generation of inhibition corresponds with the account of attention allocation as described 

later. 

The established view in the literature is that inhibitory processes are involved in the list 

method, while effects of directed forgetting in the item method are predominantly assumed 

to be due to selective rehearsal processes. However, interestingly, the first time the 

concept of inhibitory processes in directed forgetting was introduced, the corresponding 

study used the item method (Weiner & Reed, 1969). Weiner & Reed (1969) showed that 

the recall of to-be-forgotten items was worse than the recall of not-to-be-rehearsed items 

and they interpreted this as an inhibition of memories. Meanwhile there is a handful of 

studies suggesting retrieval inhibition to play a role in item method directed forgetting 

(Geiselman & Bagheri, 1985; Geiselman, MacKinnon et al., 1983; Geiselman & Panting, 

1985). Geiselman & Bagheri (1985) as well as Geiselman & Panting (1985) found that 

when a list of to-be-remembered words was presented to subjects and the very same words 

were shown before as either to-be-forgotten or to-be-remembered, then the repeated 

presentation improved the recall of initially to-be-forgotten items more than of the initially 

to-be-remembered items. Ruling out other explanations by further experiments, they 

concluded that this improvement was due to release of retrieval inhibition. Additionally, 

Geiselman, MacKinnon et al. (1983) compared posthypnotic amnesia and item method 

directed forgetting and found that subjects showed strong retrieval inhibition in the 

hypnotic state. They also showed the lowest recall of to-be-forgotten items in the directed 

forgetting paradigm. The authors therefore concluded that at least some of the underlying 

processes of these two paradigms are the same, namely retrieval inhibition and inhibition 

release. However, Geiselman and co-workers used the item method which might be 

limited in comparability to posthypnotic amnesia and therefore also in the informative 

value: While in posthypnotic amnesia a whole episode of events is subject of the amnesia, 

in item method directed forgetting single items are tagged as to-be-forgotten or to-be-

remembered.  

Different indices of an involvement of retrieval inhibition in item method directed 

forgetting come from recent electrophysiological experiments (Paz-Caballero & Menor, 

1999; Ullsperger, Mecklinger, & Muller, 2000) which will be discussed in detail in section 

1.4. Briefly, during recognition these studies found frontal potentials (Ullsperger et al., 

2000) of to-be-forgotten items and during item presentation early positivities in response 

to to-be-forgotten compared to to-be-remembered and new items (Paz-Caballero & Menor, 

1999) which was interpreted as indicating some inhibitory processes during retrieval. 
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These studies support the view that inhibitory mechanisms are not exclusively involved in 

the list method but also, at least to some extent, in item method directed forgetting. 

Related to the retrieval inhibition account in directed forgetting is the concept of thought 

or memory suppression (e.g. Wenzlaff & Wegner, 2000; Whetstone & Cross, 1998). 

Typically, think/no think (TNT) paradigms1 are used to explore this specific inhibitory 

mechanism (Anderson & Green, 2001; Anderson et al., 2004; Depue et al., 2006; Hertel & 

Calcaterra, 2005; Joormann, Hertel, Brozovich, & Gotlib, 2005). Suppression of learned 

items leads to worse recall than learned items that are not suppressed. The suppression of 

the items is associated with enhanced activation of the dorsolateral prefrontal cortex and 

reduced hippocampal activation (Anderson et al., 2004). Activation changes in these 

regions also play a role in memory formation (hippocampal area, Squire, 1992), stopping 

(prefrontal cortex, Garavan, Ross, Murphy, Roche, & Stein, 2002) or switching (prefrontal 

cortex, Nakahara, Hayashi, Konishi, & Miyashita, 2002) actions. Anderson (2005) 

proposed a hypothesis that integrated inhibitory mechanism of both directed forgetting and 

suppression, the flexible control hypothesis. In this view, the paradigms have a common 

inhibitory mechanism which is goal and representation general. Goal generality refers to 

the recruitment of the mechanism for different cognitive goals, as for example selective 

attention, memory retrieval or intentional forgetting. Representation generality refers to 

the flexibility of the inhibition process in regard to different types of representation. Thus, 

the inhibitory mechanism, when recruited for a special goal, can target different kinds of 

memories (episodic or semantic, different contents) and also different levels of 

representation (individual items or global context).   

 

1.1.6 Episodic inhibition 

A somewhat different account which is related to retrieval inhibition is given by the 

concept of episodic inhibition proposed by Racsmány and Conway (2006) and supported 

by Barnier and colleagues (2007). While retrieval inhibition assumes that episodic 

                                                 
1 Based on the go/no go paradigm (Mesulam, 1985), Anderson & Green (2001) developed the think/no-think 
paradigm which requires thought suppression instead of movement inhibition. Anderson and Green (2001) 
presented word pairs (cue-target) to their subjects which were to memorize so that the target could be 
retrieved by the presentation of the associated cue. In a second phase (think-no-think phase), only the cues 
were shown and subjects had to either respond by recalling and saying the related target word (think) or by 
not to think about the related target and not let it enter consciousness. Testing recall of all items showed that 
no-think items were less often recalled than baseline stimuli which were not presented during the think/no-
think phase. This outcome was interpreted as reflecting suppression mechanisms working on the no-think 
items what was supported by numerous studies that found for example activity enhancements during the no-
think condition in frontal regions which are known to be involved in control processes (Anderson, 2005; 
Anderson et al., 2004; Depue, Banich, & Curran, 2006) 
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memories are inhibited, the idea of episodic inhibition suggests that not the memories per 

se but their contents are inhibited. Based on the findings that in list method experiments 

typically some items of the to-be-forgotten stimuli are recalled it was derived that not the 

whole list of to-be-forgotten items was inaccessible. Episodic inhibition promotes the idea 

that “for every episodic memory there is a pattern of activation/inhibition over the contents 

of the memory, and this strongly influences access to specific features of the content, that 

is, representations of words in a memory of a recently acquired word list” (Racsmany & 

Conway, 2006). It is thought that the activation/inhibition pattern that is applied to an 

episodic memory is due to initial encoding processing as well as later access to memory 

and the processing of certain memory contents. The authors claim that processing the 

same representation of an item can be independent according to the access structure (e.g. 

lexical, conceptual, other knowledge structures or episodic memory). However, compared 

to other knowledge structures, episodic memory is special in that the activation/inhibition 

patterns of previous processing episodes are preserved selectively for this memory 

structure while other access structures are independent from these activation/inhibition 

patterns. Thus, an item that is inhibited in episodic memory can still be activated when 

accessed by other structures but experiences again inhibition when accessed by episodic 

memory. This account was tested in a series of experiments on list method directed 

forgetting and retrieval-induced forgetting2. Consistent with the theory, worse recall of the 

first list was found in the forget group than in the remember group while at the same time 

the reaction times in a lexical-decision task for the same items did not differ between the 

groups. Thus, episodic recall was inhibited for some items while the same items could still 

be accessed lexically.  

 

1.1.7 Attention inhibition 

In addition to the idea of an inhibition mechanism during retrieval there is the assumption 

of attention inhibition during encoding. Hasher & Zacks (1988) proposed a model about 

the role inhibition plays in general cognitive functioning. Inhibition of attention is 

                                                 
2 In a typical retrieval-induced forgetting paradigm (Anderson, Bjork, & Bjork, 1994), subject are asked to 
learn category-example pairs (e.g. tree-maple, tree-oak, profession-teacher…) and subsequently receive a 
retrieval practice task for just half of the pairs of half of the categories by cued stem completion (e.g. tree-
ma__?). This retrieval practice for just some items results in better recall of practiced items (e.g. maple) 
compared to non-practiced items of a different category (e.g. teacher) and worse recall of non-practiced 
items of a practiced category (e.g. oak) compared to the baseline condition of non-practiced items (e.g. 
teacher) of a non-practiced category. The retrieval-induced forgetting is seen to be due to inhibitory 
mechanisms that emerge during retrieval practice of some items to overcome interference from its 
competitors. 
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suggested to suppress activation of irrelevant information and the return to no longer goal 

relevant information. Zacks, Radvansky, & Hasher (1996) assumed that attentional 

inhibition may be one of the crucial inhibitory mechanisms involved in list and item 

method directed forgetting. In response to a forget instruction, such a mechanism would 

lead to inhibited encoding of to-be-forgotten items partially consistent with the hypothesis 

of differential encoding and rehearsal (e.g. Bjork, 1972) but with the additional 

assumption of an inhibitory mechanism. Geiselman and co-workers (1985) showed for the 

item method that a special inhibitory technique, the subvocal “stop” technique, in which 

subjects were instructed to repeatedly and silently say „stop” to themselves, could 

decrease the recall of to-be-forgotten items. This strategy led to lower recall of to-be-

forgotten items than a strategy in which the subjects were instructed to selectively rehearse 

to-be-remembered items. These results indicate that inhibitory processes can affect item 

method directed forgetting during encoding. Correspondingly, Paz-Caballero, Menor, & 

Jimenez (2004) proposed involvement of inhibitory mechanisms in item method directed 

forgetting. Subjects that produced strong effects of directed forgetting also showed an 

enhanced electrophysiological (EEG) positivity in frontal and prefrontal areas which was 

provoked by the forget instruction. This increase of positive-going activity is interpreted as 

reflecting mechanisms of inhibition or blocking thereby supporting the idea of some 

inhibitory processes during item method directed forgetting. Further, Wylie, Foxe, & 

Taylor (2007) examined brain activity during item method directed forgetting. They found 

that during learning of items that were subsequently intentionally forgotten, frontal brain 

areas were more activated than during studying items that were later unintentionally 

forgotten or intentionally remembered, suggesting involvement of frontal control 

processes in item method directed forgetting. 

 

1.1.8 Attention allocation 

A related view on the underlying mechanisms of directed forgetting is offered by the 

assumption of differential attention allocation (Marks & Dulaney, 2001; Wessel & 

Merckelbach, 2006). In a lexical decision task, words were faster responded to when they 

followed a forget instruction than a remember instruction (Marks & Dulaney, 2001). It 

seemed as if an additional task was facilitated following a forget cue because such a cue 

was not attention binding. On the other hand, a remember instruction had attention 

demanding effects resulting in an impairment on a subsequently following task. Regarding 

the list method, some authors (Conway et al., 2000; Wessel & Merckelbach, 2006) 
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suggested attentional focusing as a sufficient account. Conway and co-workers (2000) 

related this account to the idea of inhibitory mechanisms working on the reduced list 1 

recall. Referring to the selective attention literature which showed that focusing the 

attention on an item leads to inhibition of competing items, Conway and colleagues 

assumed that the inhibition processes are triggered through the attentional focusing on list 

2 and that the “distribution of attentional resources at encoding could be an important 

determinant of the extent of inhibition in the DF lists procedure” (p. 412).  

 

1.1.9 Two-factor account 

In contrast to single-process explanations for list method directed forgetting (e.g. retrieval 

inhibition), Sahakyan & Delaney (2005) proposed an account consisting of one 

mechanism being responsible for the costs of directed forgetting (reduced list 1 retrieval in 

the F group) and one mechanism contributing to the benefits of intentional forgetting 

(enhanced list 2 retrieval in the F group). A two-factor account is supported by studies that 

report either costs without benefits (Barnier et al., 2007; Conway et al., 2000; experiment 

2, Sego et al., 2006) or benefits without costs (e.g. Shapiro, Lindsey, & Krishnan, 2006). 

Sahakyan & Delaney (2005) suggested that the costs are caused by a change of mental 

context while benefits of directed forgetting occur in response to a change in the encoding 

strategy.  

Mental context change  
Based on findings from the context-dependent memory literature Sahakyan and Kelley 

(2002) suggested the hypothesis of context change. Context-dependent memory describes 

the phenomenon that information, which is learned in a specific context, is better recalled 

in the same context than in a modified one. The effects are found under both intentional 

and incidental study conditions (Smith & Vela, 2001). All stimuli present during encoding 

can contribute to the context and serve as context cues such as for example odors (Pointer 

& Bond, 1998), environment (Godden & Baddeley, 1975), and sounds (Smith, 1985). 

Additional to those external context stimuli memory can also be dependent on internal 

conditions as being intoxicated (Goodwin, Powell, Bremer, Hoine, & Stern, 1969), 

smoking cigarettes (Peters & McGee, 1982) or mood (Bower, 1981; Lewis & Critchley, 

2003; Schare, Lisman, & Spear, 1984). Based on that, the context change hypothesis 

(Sahakyan & Kelley, 2002) states that within, list method of directed forgetting, increased 

forgetting of list 1 in the F group is due to a mental context change between learning of list 

1 and list 2. The idea is that both the R and the F group learn list 1 in a specific context. 
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The R group then learns list 2 in the same mental context and integrates both lists within 

this context because both lists are to be remembered. However, the F group receives a cue 

after list 1 to forget all previous items and tries to accomplish that by thinking of 

something different and thereby creating a new mental context for the learning of list 2. 

For both groups the mental context of the to-be-remembered items will be present during 

recall and in terms of context-dependent memory, those items will be better remembered 

(Goernert, 2005; Pastötter & Bäuml, 2007; Sahakyan, 2004; Sahakyan & Kelley, 2002). 

The lack in congruence between list 1 and recall context for the F group results in the 

typical costs of directed forgetting. The benefits of list 2 occur for the F group because due 

to the separate contexts for the lists there is less proactive interference (Sahakyan & 

Delaney, 2003). Sahakyan & Kelley (2002) highlight the similarities of their hypotheses 

with Bjork´s (1970) original theory of selective rehearsal account including set 

differentiation. In Bjork´s theory set differentiation occurs when items are tagged as 

belonging to one set and rehearsed within this set. Within the context change theory, set 

differentiation involves separation of the lists by building different context during 

encoding. Directed forgetting then takes place when the context during retrieval does not 

match the original encoding context of list 1 but is more similar to the list 2 encoding 

context thereby explaining the costs of directed forgetting.  

Change of encoding strategy 
Corresponding to the idea of mental context change (Sahakyan & Kelley, 2002), Sahakyan 

and Delaney (2003) proposed a strategy change hypothesis to explain the benefits of list 

method directed forgetting. This hypothesis is based on retrospective reports participants 

gave about their learning strategies. Those reports showed that most participants in the F 

group began the experiment with a shallow encoding strategy and sometimes changed 

their strategy between the two lists to a deeper strategy while the R group mostly stayed 

with the initial strategy. Within the F group the forget instruction allows the participants to 

reconsider the effectiveness of their strategy often leading to a strategy change. List 2 is 

then thought to profit from this change and the corresponding improved encoding and to 

result in the benefits of directed forgetting (Sahakyan & Delaney, 2003; Sahakyan et al., 

2004). This account shares some similarities with the idea of selective rehearsal for the list 

method as proposed by MacLeod and colleagues (MacLeod et al., 2003; Sheard & 

MacLeod, 2005) who suggested that the differences in the serial position of recalled list 2 

items reflect different rehearsal strategy participants use after either the forget or the 

remember instruction. 
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In summary, there are various different theories on the underlying dynamics of directed 

forgetting. They generally refer either to encoding/learning (selective rehearsal, change of 

mental context, change of encoding strategy, attention shift) or retrieval (selective search, 

retrieval inhibition) mechanisms. The broader view in the literature suggests that selective 

rehearsal and retrieval inhibition are the underlying mechanisms of directed forgetting. 

Selective rehearsal being mainly involved in the item method and retrieval inhibition 

being involved in list method as reflected by findings of directed forgetting in both free 

recall and recognition in the item method whereas in the list method directed forgetting 

only occurs for free recall (see Basden & Basden, 1996; Basden et al., 1994; Basden et al., 

1993; MacLeod, 1999). However, there is also strong evidence, that neither within the list 

method nor the item method one mechanism can exclusively explain the results. For 

example recognition leads to generally better retrieval than free recall, thus also producing 

slightly reduced directed forgetting in the item method. This indicates that some items 

were released from inhibition, the remaining directed forgetting effect in recognition, 

however, stems most likely from selective rehearsal. Furthermore, the discussion about 

underlying mechanisms has recently opened again, with Sahakyan and colleagues 

(Sahakyan & Delaney, 2003; Sahakyan et al., 2004; Sahakyan & Kelley, 2002) proposing 

the context change and strategy change hypothesis, which imply some kind of selective 

encoding. Sheard & MacLeod (2005) explicitly suggested selective rehearsal to influence 

results in the list method, and the EEG literature gives some hints about inhibitory 

contributions within the item method (Paz-Caballero & Menor, 1999; Paz-Caballero et al., 

2004; Ullsperger et al., 2000). 

 

1.2 Boundary conditions of directed forgetting 
 

There are several conditions that contribute to or modify directed forgetting, as for 

example individual differences of the participants, relevance and nature of the stimulus 

material, or temporal characteristics of recall order and cue delays. Additionally, directed 

forgetting also affects specific processes, especially memory processes as long-term 

memory and source memory. These conditions will be discussed briefly in order to 

improve the understanding of ongoing mechanisms, processes, and limits of directed 

forgetting. 
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1.2.1 Individual differences 

Personality-related differences 
Geiselman & Panting (1985) investigated the interaction of personality dimensions and 

directed forgetting. They found that the more people tended to respond in a socially 

desired way the less unpleasant to-be-remembered items were recalled. Further, the higher 

scores individuals had on an empathy scale, the more unpleasant to-be-forgotten words 

were recalled. The author claimed that the empathy scale measured sensitization as 

sympathy for others and expected people with high empathy scores to be sensitive to 

negative concepts. Thus, this outcome was interpreted as reflecting the limiting effects of 

sensitization on directed forgetting. 

Several studies used directed forgetting paradigms to investigate repressive coping styles 

which are thought to be involved in some mental disorders as for example trauma-related 

disorders. There is evidence that people who exhibit a repressive coping style (repressors) 

typically show specific memory performances like reduced recall of unpleasant material 

(Davis & Schwartz, 1987). Because repressors are thought to inhibit the retrieval of certain 

memories this was further investigated using list method directed forgetting as retrieval 

inhibition is assumed to play a role in this paradigm. Two studies from Myers and 

colleagues (Myers, Brewin, & Power, 1998; Myers & Derakshan, 2004) examined 

whether repressors show superior retrieval inhibition and therefore enhanced forgetting of 

unpleasant material. Both studies used lists of intermixed pleasant and unpleasant words 

that had to be rated for self-descriptiveness. They found that repressors actually did recall 

less of the unpleasant to-be-forgotten words than the controls. However, when the 

experimental stimuli were not processed in relation to the self, repressors and control 

participants did not differ in their memory performances (McNally et al., 2004; Myers & 

Derakshan, 2004). 

Concerning dissociative tendencies, DePrince & Freyd (2001) investigated directed 

forgetting within a student population using the item method paradigm. The participants 

were divided into groups of high and low dissociators according to dissociation 

questionnaire scores. Item method directed forgetting of neutral, positive, and trauma-

related words under different conditions of cognitive load (selective attention, moderately 

difficult divided attention condition, and highly difficult divided attention condition) was 

in the focus of this study. In the moderately difficult condition of divided attention, 

impaired recall of trauma-related and increased retrieval of neutral to-be-remembered 

words was found for high compared to low dissociators. In a second study, DePrince and 
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Freyd (2004) used the list method design to explore directed forgetting for different 

dissociation levels under different conditions of cognitive load. Again, high dissociators 

showed impaired recall of trauma-related to-be-remembered items and enhanced recall of 

neutral to-be-remembered items compared to low dissociators when words were presented 

under divided-attention conditions. Devilly and colleagues (2007) tried to replicate the 

findings of the two DePrince & Freyd studies (2001; 2004). Although, Devilly et al. 

(2007) did not find that subjects with high scores of dissociation showed impaired recall of 

trauma-related to-be-remembered words compared to neutral to-be-remembered words, 

DePrince, Freyd, & Malle (2007) argued that the results actually were a replication but 

were underpowered and therefore did not reach significance. In a related study 

(experiment 1, Elzinga, de Beurs, Sergeant, van Dyck, & Phaf, 2000), a high and a low 

dissociative group of students were tested for directed forgetting using neutral words 

within an item method paradigm. Here, directed forgetting occurred for both dissociative 

groups. In a following experiment (experiment 2, Elzinga et al., 2000) an additional group 

of patients with a dissociative identity disorder were included and tested for directed 

forgetting of neutral and emotional (sexual-related, anxiety-related) words. Directed 

forgetting appeared to be related to the level of dissociative style. The low dissociative 

group showed the strongest directed forgetting effect, next the high dissociative group, and 

least the clinical group. For dissociative patients the forget instruction increased the recall 

performance, especially for the sexual-related words. The authors interpreted these results 

in terms of a construction hypothesis that proposed enhanced skills in construction of 

experience in people with dissociative style.  

Delaney & Sahakyan (2007) investigated the influences of individual working memory 

capacity on directed forgetting. They assumed stronger directed forgetting effects in 

people with a high memory span. This idea was based on data showing (1) that high-span 

people are less vulnerable to interference and distraction by irrelevant material (Engle, 

Tuholski, Laughlin, & Conway, 1999), suggesting enhanced remembering of to-be-

remembered items, and (2) that high-span people control their memory more effectively 

(Brewin & Beaton, 2002), suggesting reduced remembering of to-be-forgotten items. 

Delaney and Sahakyan (2007) found that list method directed forgetting was related to 

working memory capacity measured by both a verbal and a non-verbal task. High-span 

subjects showed decreased recall of list 1 in the forget condition while low-span subjects 

did not. Based on a context change control condition, which also showed enhanced 

forgetting in the high-span group, the authors suggested that the effective forgetting in 
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high-span subjects in list method directed forgetting might be more context dependent 

than that of low-span people. 

To sum up, there are some personality related characteristics that appear to modulate 

directed forgetting, such as social desirability or empathy (Geiselman & Panting, 1985). 

Also, a repressive coping style influences directed forgetting as reduced recall of 

unpleasant to-be-forgotten words occurred, but only when stimuli were processed in 

relation to the self (Myers et al., 1998). For dissociative tendencies, the extent of directed 

forgetting seems to vary with the dissociative style; subject with low dissociative style 

produce the strongest directed forgetting effect, participants with high dissociative style 

generating a medium effect, and clinical patients yielding no effect (Elzinga et al., 2000).  

Age-related differences 
Relatively well investigated are age-related differences in directed forgetting. Several 

researchers were interested in the developmental improvements in memory performance 

of children and how these interacted with directed forgetting (Harnishfeger & Pope, 1996; 

Lehman, McKinley-Pace, Leonard, Thompson, & Johns, 2001; Lehman, Morath, Franklin, 

& Elbaz, 1998; Lehman, Srokowski, Hall, Renkey, & Cruz, 2003; Wilson & Kipp, 1998; 

Wilson, Kipp, & Daniels, 2003). Typical findings showed that children produced smaller 

directed forgetting than adults did (Harnishfeger & Pope, 1996; Lehman et al., 2001; 

Lehman et al., 1998; Lehman et al., 2003). For their list method study, Harnishfeger & 

Pope (1996) interpreted these findings as resulting from inefficient inhibition processes in 

children. The inhibitory mechanisms are thought to improve during development as 

comparisons of the memory performance across different grade levels suggested: While 

first graders showed little inhibition processes, the memory pattern of fifth graders showed 

more similarities with the patterns of efficient inhibition college students show in their 

memory performance. Thus, in young children the inhibitory processes are not fully 

developed resulting in to-be-forgotten or task-irrelevant information leaking into working 

memory. In adults the inhibition mechanisms become more effective and enable more 

efficient cognitive processing leading to better retrieval inhibition in directed forgetting 

(Harnishfeger & Bjorklund, 1994). Lehman and co-workers (2003) used the item method 

and interpreted their reduced directed forgetting in children also as stemming from 

inefficient inhibition. However, in contrast to retrieval inhibition, they located the 

inhibitory mechanisms mainly in early processes which is consistent with the attentional 

inhibition hypothesis of Zacks and colleagues (1996). An additional explanation for the 

reduced directed forgetting in children was suggested by Lehman and colleagues (2001; 
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1998) who suggested that the encoding of the cue information whether an item should be 

remembered or could be forgotten is poorer in children. They also assumed that the major 

developmental change occurred in adolescence as second, fourth, and sixth graders 

differed remarkably from college students (Lehman et al., 1998).   

Several other studies investigated whether and how directed forgetting differed between 

younger and older adults and ambiguous results were obtained. One line of evidence 

supported the view of reduced inhibitory efficiency in older people as proposed for 

example by Hasher & Zacks (1988). A framework of inhibitory mechanisms is assumed 

which makes sure that relevant information can enter the working memory while 

irrelevant information is kept outside. For elderly subjects this inhibition processes are 

thought to become less efficient resulting in more irrelevant information entering the 

working memory. Originally, this hypothesis accounted for deficits in working memory 

but since then the concept has been applied to various other cognitive domains. For 

example, age-related impairments were found in response inhibition in Stroop tasks 

(McCabe, Robertson, & Smith, 2005), in modified Stroop tasks (Troyer, Leach, & Strauss, 

2006), in antisaccade tasks (Butler & Zacks, 2006), and also in the fan effect paradigm 

(Radvansky, Zacks, & Hasher, 2005). Concerning the directed forgetting effect, Earles & 

Kersten (2002) as well as Dulaney, Marks, & Link (2004) found that younger adults 

produced stronger directed forgetting effects for verbal material in an item method 

paradigm than older subjects did. Accordingly, when asked to recall to-be-remembered 

items, older adults showed more intrusions of to-be-forgotten stimuli than younger 

subjects during immediate recall (experiment 1, Zacks et al., 1996). Sego and colleagues 

(2006) as well as Salthouse, Siedlecki, & Krüger (2006) found that no age-related 

differences occurred for recall of to-be-forgotten items while older subjects retrieved less 

to-be-remembered stimuli resulting in smaller directed forgetting effects. When tested 

with a modified list method, older subjects did not intrude more to-be-forgotten items than 

younger adults during immediate recall but did so in the delayed recall test (experiment 2, 

Zacks et al., 1996) and they also took longer to reject to-be-forgotten stimuli during an 

immediate recognition task (experiment 3, Zacks et al., 1996). Andrés and co-workers 

(2004) also found less directed forgetting in elderly adults compared to younger ones in a 

modified directed forgetting paradigm: Two trigrams were presented to the subjects 

consecutively with the second one being cued to-be-forgotten. In the following recall 

phase only the first trigram had to be retrieved. Older subjects were less able to inhibit the 

second trigram compared to younger ones. On the other hand, there are some studies that 
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did find equivalent directed forgetting effects for older and younger individuals using the 

item method (Gamboz & Russo, 2002) and list method directed forgetting (experiment 2, 

Sego et al., 2006; Zellner & Bäuml, 2006). 

To sum up, there is evidence for inefficient inhibitory mechanisms in both children and 

elderly people while young adults seem to have the most effective inhibition processes. 

However, some studies suggest equivalent directed forgetting in younger and older adults. 

 

1.2.2 Self-reference and self-relevance 

Although several studies implemented self-referential material, the main focus of these 

studies was the investigation of directed forgetting in clinical or other special groups 

(Hertel & Gerstle, 2003; Myers et al., 1998; Myers & Derakshan, 2004; Power, Dalgleish, 

Claudio, Tata, & Kentish, 2000; Tekcan, Caglar Tas, Topcuoglu, & Yucel, 2007; Tolin, 

Hamlin, & Foa, 2002). Most of the studies therefore did not analyze or describe the effect 

of self-reference on directed forgetting in normal healthy subjects in detail. Anyhow, some 

results concerning the comparison between the effects of self-relevant material with 

stimuli that were not relevant for the self can be found (Myers et al., 1998; Myers & 

Derakshan, 2004; Power et al., 2000; Tekcan et al., 2007; Tolin et al., 2002). Power and 

colleagues (2000) showed that normal healthy participants recalled more pleasant than 

unpleasant to-be-forgotten items when the stimuli were processed in relation to the self-

concept (self-descriptiveness) while recall did not differ for the two valences when the 

material was processed in an alternative conceptual manner: Normal subjects did not differ 

from dysphoric participants in recall of pleasant and unpleasant items when these were 

processed just for their pleasantness. However, adding the self-reference dimension, the 

normal subjects showed the mentioned pleasant bias, which was absent for the dysphoric 

subjects. Similarly, Myers, Brewin, and Power (1998) found a correlation between the 

amount of unpleasant items assigned as self-relevant and the recall of pleasant words for 

normal participants: The more unpleasant words were rated as self-descriptive the fewer 

pleasant items were recalled. Tolin and his co-workers (2002) showed that patients with 

obsessive-compulsive disorder (OCD) recalled more to-be-forgotten items that were self-

relevant than control participants did. This impaired forgetting was regardless of the items’ 

valence, suggesting that self-relevance is the key factor in impaired forgetting abilities in 

OCD. Similarly, Tekcan and colleagues (2007) found smaller effects of directed forgetting 

in patients with anorexia nervosa compared to control participants. This reduction was due 

to higher recall of diagnosis-relevant to-be-forgotten items while groups did not differ in 
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recall of neutral to-be-forgotten items. In borderline personality disorder (BPD), item 

method directed forgetting of pleasant, neutral, and unpleasant-borderline words showed 

that memory for the to-be-remembered words differed neither between patients and 

controls nor between the valences. For to-be-forgotten items, however, borderline-related 

words were remembered better by BPD patients than by controls. This recall of forget-

cued words correlated positively with BPD symptoms (Korfine & Hooley, 2000). 

Concerning posttraumatic stress disorder (PTSD), patients did not differ from controls in 

regard to recall of to-be-forgotten words (trauma-related, pleasant, neutral) using the item 

method directed forgetting paradigm (McNally, Metzger, Lasko, Clancy, & Pitman, 1998). 

List method directed forgetting of trauma-related and pleasant words in adults, reporting 

either repressed, recovered, or continuous memory of childhood sexual abuse (CSA), 

showed that all groups yielded a robust directed forgetting effect and that groups did not 

differ in their ability to forget trauma words (McNally et al., 2004; McNally, Ristuccia, & 

Perlman, 2005). Testing item method directed forgetting for trauma-related, pleasant, and 

neutral words, showed that subjects with repressed or recovered CSA did not differ from 

the control group in forgetting and remembering of CSA-related words (Geraerts, Smeets, 

Jelicic, Merckelbach, & van Heerden, 2006; McNally, Clancy, & Schacter, 2001). There 

are only few studies that explored self-reference in directed forgetting outside a clinical 

context (Barnier et al., 2007; Joslyn & Oakes, 2005). The two that did, investigated 

directed forgetting of autobiographical memories, which are by definition highly self-

relevant and found that even highly self-relevant memories could be forgotten 

intentionally.  

To sum up, the studies on PTSD (McNally et al., 1998), CSA (Geraerts et al., 2006; 

McNally et al., 2004; McNally et al., 2001; McNally et al., 2005), and autobiographic 

memories (Barnier et al., 2007; Joslyn & Oakes, 2005) did not find a modulated directed 

forgetting effect in response to self-relevant material. However, several other studies 

showed that the self-relevance dimension could influence directed forgetting. First, self-

relevance modified the directed forgetting effect in that normal subject recalled more 

pleasant to-be-forgotten items (Power et al., 2000), second, recall of pleasant items was 

negatively correlated with dysphoria measures and unpleasant self-descriptiveness (Myers 

et al., 1998; Power et al., 2000), and third, self-relevance was responsible for impaired 

forgetting in OCD (Tolin et al., 2002), anorexia nervosa (Tekcan et al., 2007), and BPD 

(Korfine & Hooley, 2000). 
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1.2.3 Stimulus material 

Although, the most commonly used stimuli in directed forgetting experiments are single 

words, there are some studies that investigated directed forgetting of more complex 

material, as for example stereotype information (Araya, Akrami, & Ekehammar, 2003). 

One study explored directed forgetting of numerical items by presenting single phone 

numbers to their subjects (Gottlob, Golding, & Hauselt, 2006). Two numbers were 

presented separately, each with a corresponding cue to either forget or remember the 

previous phone number. In the forget group, the first number received a forget cue and the 

second number a remember cue, while both numbers were to be memorized in the so 

called remember group. The retrieval data did not differ between recall and recognition: 

Subjects from the forget group remembered the first phone number less than subjects from 

the remember group while this pattern was reversed for the second phone number with 

enhanced recollection in the forget group compared to the remember group. In a 

subsequent experiment elaborate encoding of the first phone number was forced: The first 

phone number was presented three times and had to be written down three times to ensure 

that subjects encoded this number carefully. Here, the results differed in regard to recall 

and recognition. No differences occurred for the recognition data. The recall data did not 

show a difference of the first phone number between the groups while the forget group 

was better in recalling the second number than the remember group. Thus, directed 

forgetting was limited to the benefits and this was interpreted as being due to a termination 

of rehearsal processes of the first phone number in the forget group allowing better 

memory for the second number. The study showed that single items can be intentionally 

forgotten and that directed forgetting extends to everyday situations.  

Another study on real-life memories was conducted by Joslyn & Oakes (2005). They 

examined list method directed forgetting of autobiographical events using a two-week 

diary paradigm. Subjects had to record ten unique events per week for two weeks and give 

narrative descriptions, two-word summaries, ratings for mood and intensity, and several 

specific details about time, location, and other people present. The forget group received 

the forget instruction after the first week and was asked to memorize the events of the 

second week while the remember group did not receive such a forget instruction. The 

recall test was given after the second week and subjects were asked to recall the events as 

closely to the original experience as possible. Indeed, participants from the forget group 

recalled less events from the first week than the remember group while they did not differ 

in their recall performance of the second week. Similarly, the studies conducted by Barnier 

 38



Theoretical Background 

and colleagues (2007) also investigated directed forgetting of autobiographical memories, 

but in a laboratory setting. Within a list method paradigm, lists of words, which served as 

cues to generate autobiographical memories, were presented to the subjects. All generated 

memories had to be written down in a booklet and were given a brief title, a short 

description about who was present, what did happen, and where did it happen, as well as 

ratings concerning importance, clarity, intensity, and frequency of rehearsal. Directed 

forgetting (costs only) was found for neutral memories (experiment 1), for memories 

generated in response to related cues in list 1 and 2 (experiment 2), for related memories 

(experiment 5 and 6), and for emotional memories (experiment 4, 5, 6) in free but not cued 

recall (experiment 4). Thus, these studies showed that autobiographical memories can be 

subject of directed forgetting.  

Other studies (Araya, 2003; Araya et al., 2003; Macrae, Bodenhausen, Milne, & Ford, 

1997) have dealt with the question whether stereotypical information can be intentionally 

forgotten as it may for example be needed for jurors. In two different studies (Araya, 

2003; Macrae et al., 1997, experiment 1), half of the participants were primed with a social 

category and list method directed forgetting for words matching this category was 

investigated. Subjects that were not previously socially primed produced a classical 

directed effect with costs and benefits. Socially primed participants also showed costs of 

directed forgetting but did not produce benefits; the forget instruction failed to enhance the 

memorability of the words of the second list. This absence of benefits was attributed to the 

resource-demanding nature of forgetting stereotypical information. Attentional resources 

are needed to accomplish forgetting of stereotypical material and therefore fewer resources 

are available during learning of the second list resulting in a lack of benefits.  

Directed forgetting of performed actions versus read action words was examined by Earles 

& Kersten (2002). In an item method paradigm verb-noun pairs were presented to the 

participants describing simple actions (e.g. lift hand). Subjects should either perform the 

described action or just read the verb-noun pair. While classical directed forgetting was 

observed for the nonperformed actions, no intentional forgetting occurred when the action 

had been performed. This outcome was interpreted in that performance of actions led to 

enhanced item-specific processing of these actions and thereby facilitated later 

recollection. 

Several studies expanded directed forgetting research from using word stimuli to pictorial 

material. Directed forgetting effects were obtained with pictures in the list (Basden & 

Basden, 1996, experiment 1; Conway et al., 2000, experiment 1c; Schmitter-Edgecombe, 
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Marks, Wright, & Ventura, 2004) and the item method (Basden & Basden, 1996, 

experiment 1; Lehman et al., 2001, experiment 2; Lehman et al., 1998; Salthouse et al., 

2006). However, in all these studies the pictorial material comprised simple line drawings. 

One crucial characteristic of these simple line drawings is that they usually display single 

objects which are easily verbally coded. Therefore it is not really clear whether the 

directed forgetting effects found in the mentioned studies were actually due to successful 

directed forgetting (respectively, selective rehearsal processes in the item method and 

retrieval inhibition mechanisms in the list method) of the pictorial information or more to 

the forgetting of verbally coded information. To our best knowledge there is only one 

study that used complex photographs (Payne & Corrigan, 2006). The authors explored 

directed forgetting in the list method with lists of either emotional (pleasant and 

unpleasant) or neutral IAPS (International affective pictures system, Lang, Bradley, & 

Cuthbert, 2005) pictures. Directed forgetting was observed for lists of neutral pictures but 

not for lists of emotional pictures. It should be mentioned that in this study all pictures 

were accompanied by verbal descriptions. Therefore it is not clear whether effects were 

due to forgetting or remembering of the pictorial information per se or to some interaction 

with the verbal descriptions. 

To summarize, directed forgetting can be found with various material including single 

phone numbers (Gottlob et al., 2006), autobiographical events (Barnier et al., 2007; Joslyn 

& Oakes, 2005), stereotypes (Araya, 2003), line drawings (Basden & Basden, 1996), and 

complex pictures when accompanied by a verbal description (at least neutral pictures, 

Payne & Corrigan, 2006). However, certain types of experimental stimuli reduced or 

eliminated directed forgetting as for example self-performed actions in an item method 

paradigm (Earles & Kersten, 2002) or emotional complex pictures in a list method 

experiment (Payne & Corrigan, 2006). So far, the material categories for which directed 

forgetting occurred are directly related to verbal processing paths as for example words 

(e.g. Hourihan & Taylor, 2006; Sego et al., 2006), phone numbers (Gottlob et al., 2006), 

written stereotype information (Araya et al., 2003), and verbal descriptions of 

autobiographic memory (Barnier et al., 2007; Joslyn & Oakes, 2005). Therefore, further 

research is needed for those dimensions that do not involve verbal coding to explore 

whether directed forgetting is linked to specific processing pathways or can also be found 

for other material. This is of special interest, as for example experiences of visual 

sensations appear to be prevalent in intrusive memories of most patients with PTSD 

(Michael, Ehlers, Halligan, & Clark, 2005). Intrusions, unwanted and distressing 
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memories, are a core symptom of PTSD. Thus, investigating directed forgetting of visual 

material would not only enhance the knowledge about general versus modality-specific 

processes but might also improve the understanding of impaired memory processes in 

psychiatric disorders such as PTSD. 

 

1.2.4 Recall order   

Several studies indicate that the directed forgetting effect can be modulated by the recall 

order of the to-be-forgotten and to-be-remembered items. Golding & Gottlob (2005) found 

that in a within-participants list method directed forgetting paradigm (all subjects receive a 

forget instruction after the first list and a remember instruction after the second list) the 

majority of participants began the free recall with to-be-remembered words and therefore 

the effect of directed forgetting might just be due to output interference. Thus, controlling 

for recall order by forcing participants to begin the recall with either the to-be-forgotten 

items of list 1 or the to-be-remembered words of list 2 showed that typical effects of 

directed forgetting occurred when to-be-remembered items were recalled before to-be-

forgotten ones but no effect was observed when the recall started with forget items. Thus, 

list method directed forgetting was suggested to depend on the output order of items 

(Golding & Gottlob, 2005).  

In a different list method experiment examining the recall order (experiment 7, Conway et 

al., 2000), a forget group and a remember group were used to control for list order. 

Although participants were instructed to recall all items from list 1 first, significantly 

fewer items were recalled from list 1 in the forget group compared to the remember group. 

The authors therefore suggested that output interference processes between the two lists 

are not mainly responsible for the directed forgetting pattern. Kimball & Bjork (2002) 

varied the recall order in a list method paradigm and analyzed only the recall data of the 

list that was recalled first. Using this procedure yielded a typical directed forgetting effect 

of costs and benefits. Similarly, Zellner & Bäuml (2006) as well as Barnier and colleagues 

(2007) also found directed forgetting in the list method when controlled for output order.  

 

1.2.5 Memory representation 

Retrieval processes, and therefore directed forgetting, might depend on the strength of 

memory representations of to be retrieved items. Indicators of the strength of memory 

representations can be seen in a) item strength, b) the number and nature of information 
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given during encoding and retrieval and c) the time given for establishing the 

representations, which can be explored by modifying inter-item and item-cue intervals. 

Strength of a memory representation depends on the presented and offered information. 

Thus, adding information, as for example color, has been shown to enhance memory 

representations for line drawing compared to black and white items (Rossion & Pourtois, 

2004; Tanaka, Weiskopf, & Williams, 2001). Regarding directed forgetting, effects are 

assumed to decrease with increasing item strength, particularly for to-be-forgotten items. 

Enhancing the encoding process by not only reading action words but also performing 

them resulted in elimination of directed forgetting (Earles & Kersten, 2002). Hourihan, 

Goldberg, & Taylor (2007) investigated whether spatial memory representations had 

influences on directed forgetting. Therefore, words were presented in peripheral locations 

during the learning phase of an item method paradigm. All words were re-presented in 

either the same or different locations in a subsequent recognition task. Retrieval of to-be-

forgotten was enhanced when items were presented in the same location while to-be-

remembered items were unaffected by spatial location suggesting that additional spatial 

information facilitated retrieval.  

As variation of cue delay is mainly interesting in studies using the item-cued method, 

where each item is individually followed by a corresponding instruction, all studies 

discussed in the following used the item method. Woodward & Bjork (1971) varied the 

word-cue intervals by presenting the word for either 1, 2, or 4 seconds and found directed 

forgetting for all three intervals. In a following item method experiment (Woodward et al., 

1973), the presentation time for the items was kept constant at one second while the word-

cue delay was either 0, 1, 2, 4, 8, or 12 seconds long. Neither immediate nor final recall of 

to-be-forgotten and to-be-remembered words was affected by the word-cue delay while 

final recognition increased with the delay. Gardnier and colleagues (1994) kept the inter-

item intervals constant but varied whether a blank 5-sec interval appeared before (long 

delay) or after the cue (short delay) and found more remembering (remember responses 

capture conscious recollection and know responses capture feelings of familiarity) in the 

short cue condition. Wetzel & Hunt (1977) varied the delay between items and the 

corresponding instruction by keeping the intervals between word stimuli constant but 

varying the pre- and post-cue intervals leading to word-cue delays with the shortest 

duration of one second and longest one of eight seconds. Recall of to-be-remembered 

words and discarding of to-be-forgotten items was more efficient with the short delays 

than with long delays. This advantage for immediate cuing was enhanced when the inter-
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stimulus interval was increased and the authors interpreted their results in terms of time-

sharing control processes: Participants can employ different amounts of maintenance and 

rehearsal processes during short and long cue delays. Similarly, Sego et al. (2006) 

presented either item and cue simultaneously or with a item-cue delay and also found 

smaller effects of directed forgetting in the delay condition. Comparable results were 

found by Hourihan & Taylor (2006) who used a modified item method paradigm in which 

they varied selectively the word-cue interval for the to-be-forgotten words while keeping 

the interval for to-be-remembered words constant. Although to-be-forgotten words were 

significantly less recalled for all word-cue intervals, there was also a significant linear 

trend of increasing recall of forget items with increasing interval. Additionally, another 

study (Lee, Lee, & Tsai, 2007) manipulating the post cue interval found enhanced 

recognition for to-be-forgotten items with increasing post cue interval.  

 

1.2.6 Test delay 

In addition to cue delay, another issue of the temporal dimension concerns the delay after 

which the retrieval test is given. As most studies on directed forgetting use retrieval tests 

that followed either directly the study phase (MacLeod, 1999; McNally et al., 1998; 

McNally et al., 2005; Paz-Caballero & Menor, 1999; Taylor, 2005) or a short distractor 

task (Araya et al., 2003; Basden et al., 2003; Lehman et al., 1998; Lehman et al., 2003; 

Sahakyan et al., 2004), little information about the temporal dynamics of directed 

forgetting can be inferred from these studies. MacLeod (1975) was the first who addressed 

the question of long-term effects of directed forgetting. He tested item method directed 

forgetting with a surprise recognition test either one or two weeks after initial learning. 

To-be-remembered items were better recognized after both intervals with no differences in 

effect size. Gardiner and colleagues (1994) tested the recognition memory for an item-

cued paradigm after one day and found significant effects of directed forgetting. Both 

studies showed directed forgetting after long intervals indicating that directed forgetting is 

a stable and persistent effect, at least in the item method. 

 

1.2.7 Source memory 

The issue of how directed forgetting influences source memory was mainly investigated 

using list method experiments (Bjork & Bjork, 2003; Gottlob & Golding, 2007; Sahakyan 

& Delaney, 2005). Bjork & Bjork (2003) presented non-famous names in the first list and 
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famous names in the second one to the participants and asked them later to make a fame 

judgment and a decision whether the name had been shown during the study phase. 

Participants who were cued to forget the first list indicated more old non-famous names as 

famous while simultaneously attributing them as new than subjects of the remember group 

did. It was suggested that non-famous names elicited feelings of familiarity for subjects in 

the forget group and impaired source recollection led to a tendency of assuming those 

names were famous. Similarly, Sahakyan & Delaney (2005) did not find costs of directed 

forgetting while the source memory for list 1 items seemed to be affected by the forget 

instruction as more list 1 items were assigned as list 2 items during the recognition task by 

the forget group than by the remember group. Additional multinomial modeling3 analyses 

revealed that impairment of source memory was not necessarily linked to a list 

discrimination problem. Their calculations suggested that the forget and remember group 

differed significantly in their guessing rates: the forget group was biased to answer that 

correctly detected items were shown in list 2, while the remember group was biased in the 

opposite direction. Goernert (2005, experiment 2) also investigated source monitoring in 

list method directed forgetting. Asking participants to only recall list 2 items, led to 

increased erroneous recall of list 1 items in the forget group. Another study using 

multinomial models, Gottlob & Golding (2007) also found that the forget instruction 

influenced the source memory and concluded that source identification might be a more 

sensitive indicator for directed forgetting than pure recognition rates.  

 

1.3 Emotion, emotional memory, and directed forgetting 
 

A common perspective of emotion is a dimensional approach in which emotion is defined 

by two dimensions: valence and arousal (e.g. Lang, Bradley, & Cuthbert, 1998; Russell, 

2003). Valence refers to the perceived pleasantness of a given event or item ranging from 

pleasant to unpleasant and is seen to be the primary dimension. The valence of an affective 

stimulus leads to the activation of one of two motivational systems, either the defensive or 

the appetitive system. Based on the activated motivational system, emotions can be seen as 

action dispositions that are either approach or withdrawal related. Arousal refers to the 

                                                 
3 Multinomial processing models (e.g. Batchelder & Riefer, 1990) take data from source monitoring 
experiments and can separately measure underlying cognitive capacities as item-detection, source 
identification, and guessing  biases. Compared to traditional statistical methods which are often confounded 
by the different involved cognitive processes the parametric models are seen as advantageous as they 
provide separate measures of old-item detection and source discrimination.  

 44



Theoretical Background 

intensity of the valence dimension or rather of the motivational system and therefore has 

no own neuronal substrate (Lang et al., 1998). Additionally, emotions direct attention to 

evolutionary and motivationally relevant signals (e.g. signals associated with reproduction 

and survival) which are then processed preferentially, a process referred to as motivated 

attention (Lang, Bradley, & Cuthbert, 1997; Öhman, Flykt, & Lundqvist, 2000). 

Facilitated responsiveness to emotional material is reflected e.g. in modulations of the 

startle reflex, reaction times, and brain activity. 

Electrophysiological investigations have shown that event-related responses are influenced 

by the emotional content of the corresponding stimuli. Early posterior negative potentials 

are enhanced for emotionally arousing material compared to affectively neutral material. 

This has been suggested to reflect early facilitated processing (Herbert, Junghofer, & 

Kissler, 2008; Schupp, Junghofer, Weike, & Hamm, 2003). Further, enhancement of a 

positive potential peaking at approximately 500 ms after stimulus onset has been related to 

deeper encoding processes of emotional material (Codispoti, Ferrari, & Bradley, 2006; 

Schupp et al., 2000). These facilitated encoding processes are related to another 

characteristic of emotional material, to enhanced memory for events with emotional 

significance. There is ample evidence that memory for emotional events is enhanced 

compared to neutral events (for an overview see: Dolan, 2002; Hamann, 2001). Both recall 

(Arntz, de Groot, & Kindt, 2005) and recognition (Anderson, Wais, & Gabrieli, 2006; 

Tabert et al., 2001) as well as passive encoding (Palomba, Angrilli, & Mini, 1997) and 

more elaborate processing (Bradley, Greenwald, Petry, & Lang, 1992; Dolcos & Cabeza, 

2002) of emotional arousing and neutral material led to better memory retrieval of the 

arousing items. This memory enhancement is reflected by increased subsequent memory 

effects (enhanced activity during encoding for subsequently retrieved items compared to 

subsequently forgotten items) for emotional stimuli compared to neutral items which can 

be seen in electrophysiological recordings (Dolcos & Cabeza, 2002) and functional 

magnetic resonance imaging (Canli, Zhao, Brewer, Gabrieli, & Cahill, 2000; Dolcos, 

LaBar, & Cabeza, 2006). Modulating activity of the amygdala during both encoding and 

post-encoding processes is thought to account for the memory enhancement (Canli et al., 

2000; Dolcos, LaBar et al., 2006; Hamann, 2001; Kensinger, 2004). The amygdala is 

assumed to enhance the functions of crucial memory structures and thus, to modulate the 

long-term memory. Several studies found that memory for emotional events was related to 

increased functional connectivity or interactions between medial temporal lobe regions 

and the amygdala during encoding (Dolcos, LaBar, & Cabeza, 2004b; Phelps, 2004; 
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Richardson, Strange, & Dolan, 2004). Similarly, the amygdala exerts modulating effects 

on the medial temporal lobes during consolidation and storage processes (Cahill & 

McGaugh, 1998; Phelps, 2004) as well as during retrieval (Buchanan, 2007; Dolcos et al., 

2004b). Additionally, the prefrontal cortex is involved in arousal-mediated memory as 

suggested by modulation of prefrontal regions by the amygdala (Dolcos, LaBar, & 

Cabeza, 2004a; Kilpatrick & Cahill, 2003).  

 

Thus, the spontaneous enhancement of emotional memories also leads to the question 

whether memories of emotional events can be regulated, for example whether they can be 

willingly forgotten if unpleasant or irrelevant. Several studies addressed this question by 

implementing emotional stimuli in directed forgetting paradigms. Although, most of these 

studies were mainly interested in investigating clinical disorders as OCD (Wilhelm, 

McNally, Baer, & Florin, 1996), depression (TNT paradigm, Joormann et al., 2005), and 

PTSD (McNally et al., 1998; Zoellner, Sacks, & Foa, 2003), they also included healthy 

control subjects whose results will be discussed in this section.  

Directed forgetting of emotional material has been studied in several item method 

experiments. Tolin, Hamlin, & Foa (2002) examined directed forgetting for pleasant and 

unpleasant words and found that normal control subjects showed intentional forgetting for 

both word categories. A corresponding result occurred in the study of Geiselman & 

Panting (1985) who found directed forgetting for pleasant and unpleasant words but with 

the stronger effect for pleasant items. Wilhelm and colleagues (1996) conducted an 

experiment in which unpleasant, pleasant, and neutral nouns were presented individually 

with either a forget or a remember instruction. The healthy control participants showed a 

robust directed forgetting effect in both free recall and recognition regardless of the words’ 

valence. Similarly, several studies (DePrince & Freyd, 2001; study 1, Devilly et al., 2007; 

McNally et al., 1998; Moulds & Bryant, 2002) implemented trauma-related, pleasant, and 

neutral words as the to-be-remembered and to-be-forgotten stimuli and also found lower 

recall for to-be-forgotten items regardless of the items’ valence for the control group 

respectively for subjects with low dissociation levels under normal conditions. Again the 

words’ valence did not affect the intentional forgetting. Directed forgetting effects for 

words of different valences occurred also in several other studies (Dumont, 2000; Elzinga 

et al., 2000; Korfine & Hooley, 2000; McNally, Otto, Yap, Pollack, & Hornig, 1999). 

Using depression-related words (Dumont, 2000), words with sexual content (Elzinga et al., 

2000), borderline-related (Korfine & Hooley, 2000), or threat-related words (McNally et 
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al., 1999) did not change the pattern of directed forgetting regardless of valence. Zoellner 

and her colleagues (2003) extended the investigations of emotional effects on directed 

forgetting from using threat-related, pleasant, and neutral words in their study to also 

inducing mood. Here directed forgetting for the different valences was observed in free 

recall and recognition after the induction of serenity but not after dissociation induction.  

Another set of studies investigated list method directed forgetting of emotional material. 

Several studies used lists containing equal numbers of different valenced words (DePrince 

& Freyd, 2004; McNally et al., 2004; McNally et al., 2005; Myers et al., 1998; Myers & 

Derakshan, 2004; Power et al., 2000). For example, Myers, Brewin, & Power (1998) and 

Myers & Derakshan (2004) used lists of intermixed pleasant and unpleasant words in their 

experiments. While normal control subjects showed directed forgetting effect for the 

unpleasant and an even stronger one for the pleasant words in one study (Myers et al., 

1998) there was no effect for pleasant material in the other study (Myers & Derakshan, 

2004). In a different study (McNally et al., 2004), trauma-related and pleasant words 

yielded a directed forgetting effect in free recall with trauma words being over all recalled 

more than pleasant words. Using lists of intermixed trauma-related and neutral words 

(DePrince & Freyd, 2004; McNally et al., 2005) revealed effects of reduced recall of to-

be-forgotten items for the trauma-related words but not for the neutral words. Devilly and 

colleagues (study 2, 2007) however, found better recall of to-be-remembered items 

regardless of valence for subjects with low dissociation levels. The failure to find a 

directed forgetting effect for neutral words in the studies from DePrince & Freyd (2004) 

and McNally and colleagues (McNally et al., 2005) in normal subjects might be due to 

specific experimental designs but since the mentioned studies investigated clinical 

populations the results concerning only healthy controls were not discussed in detail. 

However, in yet another clinical study (Bohne et al., 2005) lists of intermixed unpleasant 

and neutral words were presented and here the healthy control subjects tended to recall 

more to-be-remembered items for both the unpleasant and the neutral words. Power and 

colleagues (2000) investigated directed forgetting in the context of emotional modulation 

with lists of pleasant and unpleasant trait adjectives. Here again, a directed forgetting 

effect for both valences occurred in free recall when the adjectives were processed during 

a pleasantness rating. An even more substantial effect appeared when the information was 

processed in a more self-related way. This effect differed somewhat between the two 

valences in that more pleasant to-be-forgotten words were recalled than unpleasant ones. 

In one study (Moulds & Bryant, 2005), words of three valences (pleasant, neutral, and 
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unpleasant) were presented randomly and controls showed more directed forgetting for 

pleasant and unpleasant words than for neutral words. A recent non-clinical study from 

Wessel & Merckelbach (2006) also investigated directed forgetting for emotionally 

unpleasant and neutral words using lists containing only one valence. Either two neutral or 

two unpleasant lists were presented to the subjects with a mid-condition instruction to 

forget the previous words for half of the participants and no such instruction for the other 

half. The subjects showed a very strong directed forgetting effect for the free recall data. 

Irrespective of the words’ valence, the F group recalled more list 2 items than the R group 

(benefits) and the R group recalled more of list 1 than the F group (costs). As mentioned 

before, studies on autobiographical memories (Barnier et al., 2007; Joslyn & Oakes, 2005) 

investigated directed forgetting using the list method of memories varying in emotionality 

and the findings also support the view that emotional material, here emotional 

autobiographical memories, can be intentionally forgotten even though unpleasant 

memories might reduce the effect (experiment 3, Barnier et al., 2007). In another study 

(Payne & Corrigan, 2006), lists of either emotional (pleasant and unpleasant) or neutral 

IAPS pictures (Lang et al., 2005), all accompanied by a verbal description, were used 

within the list method. The recall data of this experiment showed a strong directed 

forgetting effect for to-be-forgotten pictures that were neutral but the effect was absent 

when the to-be-forgotten items were emotional.  

To sum up, the current literature is inconclusive concerning the role of emotion as a 

modulating factor of directed forgetting. While in some studies similar amounts of 

directed forgetting occurred in list (Power et al., 2000; Wessel & Merckelbach, 2006) and 

item method directed forgetting (Geiselman & Panting, 1985; Wilhelm et al., 1996) 

irrespective of valence, directed forgetting was modulated by emotion in other studies (as 

well as some of the very same studies as just mentioned). For example, pleasant items 

were found to produce stronger directed forgetting effects than unpleasant material in one 

study (Geiselman & Panting, 1985), whereas another study (Power et al., 2000) found the 

opposite pattern when stimuli were processed in a self-referential way. Another different 

result pattern was presented by Moulds & Bryant (2005) who found stronger effects of 

directed forgetting for pleasant and unpleasant items compared to neutral material. Yet 

another finding was reported by Payne & Corrigan (2006): List method directed forgetting 

occurred only for neutral items and not for emotional (pleasant and unpleasant) ones when 

lists of either emotional or neutral IAPS (Lang et al., 2005) pictures were used. Thus, 

while the majority of studies using words stimuli suggests directed forgetting irrespective 
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of valence (e.g. Joslyn & Oakes, 2005; Wessel & Merckelbach, 2006), some studies, as for 

example a study using complex visual material that was accompanied by a verbal 

description (Payne & Corrigan, 2006), showed no effective forgetting of unpleasant 

material. 

 

1.4 Brain dynamics of directed forgetting 
 

In addition to the large number of behavioral studies on directed forgetting there are just a 

few experiments that explored the corresponding brain processes of the phenomenon using 

electrophysiological measures. 

All but one study (Bäuml, Hanslmayr, Pastötter, & Klimesch, 2008) chose the item 

method directed forgetting paradigm to investigate the electrophysiological activities 

during encoding (Paller, 1990; Paz-Caballero & Menor, 1999; Paz-Caballero et al., 2004; 

Ullsperger et al., 2000) and recognition (Paz-Caballero & Menor, 1999) of the presented 

items. The first published study (Paller, 1990) had a slightly modified presentation 

procedure than the typically used item method: The color of the words served as 

instruction cue whether the word was to-be-remembered or to-be-forgotten. Thus, both the 

item and the corresponding instruction appeared at the same time. Directed forgetting 

effects occurred for free recall and cued recall, but not for priming. Concerning the event-

related potentials (ERPs), Paller found that words accompanied by a remember instruction 

elicited enhanced parietal positivity between 250 and 600 ms while to-be-forgotten words 

produced increased positivity from 600 ms on. He also examined the differences between 

the ERPs for words that were remembered later and for those that were not remembered 

later. This effect is called subsequent memory effect or difference in memory (Dm). When 

the Dm was analyzed in regard to the performance on the different recall tests (free recall, 

cued recall, and priming), electrophysiological activity for to-be-forgotten and to-be-

remembered words differed depending on the test. The Dm was smaller for to-be-forgotten 

words than for to-be-remembered words in free recall and cued recall but similar for both 

word types for priming. Because the cued recall and the priming task were identical and 

differed only in the given instruction, Paller concluded from these results that the 

contribution of the involved mechanisms differed between implicit and explicit tests.  

Paz-Caballero & Menor (1999) also examined the electrophysiological correlates of 

directed forgetting effects in direct and indirect memory tests. During the study phase of 

item-cued directed forgetting, ERPs related to the instructions following the target words 
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were recorded. During the test phase with a direct recognition task and an indirect 

categorization test, ERPs elicited by the test items were recorded. Similar to the findings 

of Paller (1990), remember instructions produced more positive-going ERPs than forget 

instructions within the initial 400 ms and became then more negative-going. These 

outcomes of differences between activities elicited by forget and remember instructions 

supported the differential rehearsal account. In the direct test phase, effects of directed 

forgetting were found in the behavioral and electrophysiological measures. Between 200 

and 300 ms forget instructions produced increased positive activity, mainly at frontal 

electrodes, compared to remember instructions. Within a later latency (P600), an old-new 

effect occurred with larger P600s for old than for new words. Concerning the initial forget 

and remember instructions, enhanced P600s were found for to-be-remembered words 

compared to to-be-forgotten words. The authors interpreted the enhanced P600 as 

reflecting recollection processes. During the indirect task, neither the behavioral nor the 

electrophysiological data showed effects of directed forgetting. Paz-Caballero & Menor 

(1999) suggested that while the ERPs from the study phase supported the differential 

rehearsal hypothesis, the results from the recognition phase pointed more to a retrieval 

inhibition hypothesis. Based on the assumption of an early N400, which is related to 

semantic processing, the enhanced positivity evoked by the forget words between 200 and 

300 ms was interpreted as reflecting difficulties in assessing the semantic representations 

of the forget items. The lack of effects in the indirect task was explained with a slightly 

reformulated retrieval inhibition hypothesis stating a limitation of the inhibitory processes 

so that only conscious access to the study phase could be inhibited. 

Ullsperger and colleagues (2000) conducted an ERP experiment to further investigate the 

mechanisms that are involved in item-cued directed forgetting. The basic idea of their 

study was to compare the electrophysiological activity during recognition after an item-

cued directed forgetting paradigm with the recognition EEG data of an experiment that 

manipulated the level of processing. The assumption was that if the differences in memory 

of to-be-remembered and to-be-forgotten items were due to differential encoding, to-be-

remembered items would be processed in a deep and elaborate way while to-be-forgotten 

items would only receive a shallow processing. Consequently, the hypothesis was that if 

differential encoding was the mechanism underlying item method directed forgetting then 

the spatio-temporal pattern of the EEG data during recognition within a directed forgetting 

experiment should be similar to the electrophysiological recognition activity in an 

experiment that varied the levels of processing. It was found that the recognition rates of 

 50



Theoretical Background 

both experiments were very similar. Both to-be-remembered and deeply encoded words 

were more often correctly recognized than to-be-forgotten and shallowly encoded words. 

For the electrophysiological data it is important to know that in a typical old-new study 

items that are correctly classified as old generally provoke an enhanced positivity 

compared to correctly classified new items (for an overview: Curran, Tepe, & Piatt, 2004; 

Johnson, 1995; Rugg, 1995; Rugg & Allan, 2000b; Rugg & Henson, 2002). Within this 

old-new effect, three separate effects are distinguishable: Between 300 and 500 ms a mid-

frontal effect occurs that is thought to be associated with familiarity of the item (Curran, 

2000; Rugg et al., 1998). At about 400 ms an effect is seen over left temporo-parietal 

regions lasting for approximately 500 ms (Rugg & Allan, 2000a). The results of several 

studies suggested that this left parietal effect reflects conscious recollection (e.g. Allan & 

Rugg, 1997; Curran, 2000; Düzel, Yonelinas, Mangun, Heinze, & Tulving, 1997; Wilding 

& Rugg, 1996, 1997). The third old-new effect starts at a similar latency as the left parietal 

effect but lasts longer and is maximal over right frontal regions (Rugg & Allan, 2000a). It 

is assumed to reflect postretrieval operations (Wilding & Rugg, 1996). The three just 

mentioned old-new effects were analyzed in the study from Ullsperger and colleagues 

(2000) to examine similarities and differences between the directed forgetting recognition 

and recognition of deeply and shallowly processed items. Concerning the depth of 

processing, only quantitative differences between ERPs for deeply and shallowly encoded 

items occurred: Deeply encoded items produced larger old-new differences for all three 

effects than shallowly encoded items did. The EEG data of the directed forgetting 

experiment however, showed both quantitative and qualitative differences: While the early 

mid-frontal old-new effect was, as expected by the differential rehearsal account, larger 

for to-be-remembered items than for to-be-forgotten items (analogous to the depth of 

processing experiment), the parietal effect was absent for to-be-forgotten items, and the 

right frontal effect was in opposite to the expected pattern with a larger old-new effect for 

to-be-forgotten than for to-be-remembered items. Additionally, the topographies evoked 

by the parietal and the right frontal old-new effect differed for to-be-remembered and to-

be-forgotten items. All these differences suggested that forget instructions did not simply 

lead to a shallower encoding of the items than remember instructions. Therefore, the 

results were interpreted as being contradictory to the differential rehearsal mechanisms as 

the only account. Ullsperger and colleagues (2000) proposed the following interpretation 

for the function of the late frontal effect: During the study phase, all to-be-forgotten items 

were seen as not important for the task but with the recognition test they suddenly became 
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relevant for memory performance. Retrieval of to-be-forgotten items demanded release 

from retrieval inhibition as they were thought to suffer from blocking by the enhanced 

activation of to-be-remembered items (Bjork, 1989). This deblocking from inhibition to 

access the to-be-forgotten items might be reflected in the late frontal old-new effect. Thus, 

the conclusion from this experiment was that there are several processes during both 

encoding and retrieval that are involved in item cued directed forgetting. 

In another study, Paz-Caballero and colleagues (2004) investigated how the 

electrophysiological activity provoked by the instructions during the study phase was 

related to subsequent forgetting. On the basis of the behavioral directed forgetting effect, 

the participants were either assigned to the high (HFE) or the low forgetting effect group 

(LFE). The assumption of this study was that if selective rehearsal was the underlying 

mechanism of directed forgetting then the HFE subjects would exhibit a deeper and more 

elaborate processing of the to-be-remembered items than the other group while both 

groups would produce similar activity for the to-be-forgotten items. The results showed 

that the ERP differences between forget and remember instructions were similar for the 

two groups between 300 and 600 ms after cue onset. In this time window, remember 

instructions led to more positive-going activity at parietal sites. This is in line with the 

findings from Paller (1990) and was interpreted as different attentional allocation. 

However, the groups showed quite different activity patterns during the first 300 ms. The 

forget and the remember instruction elicited different ERPs only in the HFE group: The 

forget instructions produced a pronounced positivity at frontal and prefrontal regions 

between 100 and 200 ms. Although both groups exhibited more positive-going ERPs in 

response to the remember instruction than to the forget instruction between 200 and 

300 ms, this positive activity was more concentrated and less distributed in the HFE group 

and mainly located in parietal regions. Paz-Caballero and her colleagues interpreted these 

results in that the enhanced positivity associated with the forget instruction between 100 

and 200 ms was likely to reflect an active suppression mechanism during learning of the 

to-be-forgotten items. Additionally, it was proposed that the words were held in a stand-by 

mode until the instructions for further processing appeared. A subsequent remember 

instruction would then lead to the re-activation of the physical trace which would be 

reflected by the enhanced positivity at parietal regions in the HFE group between 200 and 

300 ms. 

Additionally to these electrophysiological investigations there is a study on the 

hemodynamic mechanisms underlying item method directed forgetting (Wylie et al., 
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2007). Wylie and colleagues (2007) found typical patterns of directed forgetting and they 

analyzed the following contrasts: Successful remembering, successful forgetting, 

unsuccessful remembering, and unsuccessful forgetting. The neural substrates active 

during successful forgetting were mainly located in frontal regions and were different 

from those involved in successful remembering or unsuccessful remembering suggesting 

some frontal control mechanisms involved in intentional forgetting. 

Concerning list method directed forgetting and electrophysiological processes, there is one 

study from Bäuml and colleagues (2008) analyzing the oscillatory correlates of intentional 

updating in episodic memory. EEG was recorded during presentation of list 2, thus, 

following either a forget or a remember instruction. The two behavioral effects, costs and 

benefits, were selectively associated with differential oscillatory effects: Costs of directed 

forgetting were related to decreased phase coupling in the upper alpha band while benefits 

were associated to an enhancement in upper alpha band power. The authors suggest a two-

factor account of list method directed forgetting due to this dissociation of the behavioral 

effects. They assume that the reduced coupling associated with the costs reflects some 

inhibitory mechanisms leading to unbinding of items of list 1. Oscillations associated with 

the benefits are thought to indicate a change in encoding strategy analogous to the 

suggestion of Sahakyan, Delaney, and Kelley (2004).  

In regard to specific brain areas involved in directed forgetting, there are ambiguous 

results. Fleck and colleagues (1999) used an item method directed forgetting paradigm to 

investigate the memory loss that is associated with mesial temporal lobe damage due to 

epilepsy (temporal lobe epilepsy, TLE). Consistent with the literature (e.g. Leritz, Grande, 

& Bauer, 2006), TLE patients showed an overall reduced memory performance compared 

with controls. Furthermore, the control participants showed directed forgetting while the 

patients did not produce such effects. The authors suggested that the memory deficits 

found in TLE reflected “an inability to process relevant and irrelevant information 

differentially” (Fleck et al., 1999). Another lesion study (Conway & Fthenaki, 2003) 

investigated directed forgetting in patients with unilateral temporal lesions and unilateral 

frontal lesions compared to control subjects. In an item method paradigm both the subjects 

with temporal lesions and the control group produced directed forgetting in recall and 

recognition tests while for the group with frontal lesions no effect occurred. Taking the 

laterality of the frontal lesions into account, it appeared that subjects with lesions on the 

left side produced the typical effect of directed forgetting in recall and recognition, 

whereas for participants with lesions on the right side no successful directed forgetting 
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was obtained. For list method directed forgetting, this outcome pattern was attenuated. 

Still, patients with frontal lesions did not show directed forgetting while participants with 

temporal lesions and control subjects produced the effect (costs) as in the item method. 

However, the analysis concerning laterality showed that in addition to the controls costs 

occurred only for the patients with right temporal lesion. Subjects with left temporal and 

left frontal lesions produced non-significant patterns but in the expected direction and the 

group with right frontal lesions showed no directed forgetting at all. These findings of 

mainly right frontal lesions leading to impaired directed forgetting were interpreted as 

reflecting damaged networks in right frontal regions which normally “mediate willed 

attempts not to encode current information […] [(item method)] as well as to forget 

recently acquired knowledge […] [(list method)]” (Conway & Fthenaki, 2003). A different 

pattern, no effect of directed forgetting in patients with left frontal lesions, was found by 

McDonald and colleagues (2006). Yet another pattern occurred in the study of Andrés & 

Van der Linden (2002). Patients with focal frontal lesions were examined in regard to their 

ability to inhibit information no longer relevant. Although the patients showed reduced 

performance of short-term storage, they did not differ from controls in their inhibition4 

ability or interference sensitivity. Consistent results were obtained by another study 

(Andres, Van der Linden, & Parmentier, 2007) examining item method directed forgetting 

in patients with frontal lesions. Again patients were found to have a generally reduced 

performance in episodic recall, while there was no impairment in forgetting no longer 

relevant information. Concerning traumatic head injury, Schmitter-Edgecombe and 

colleagues (2004) investigated individuals with severe closed-head injury (CHI) in regard 

to their ability to inhibit irrelevant information using the list method directed forgetting 

paradigm. Individuals were considered as having a severe CHI when the duration of their 

coma had lasted for at least 48 hours or when the coma depth had been less than eight 

points on the Glasgow Coma Scale (Teasdale & Jennett, 1974). The free recall data 

suggested an overall reduced memory performance. However, the subjects with CHI 

produced a similar directed forgetting effect as the controls.  
                                                 
4 Inhibition ability was measured with a modified directed forgetting paradigm which was adapted from the 
procedure Reed (1970) used. In the directed forgetting condition, two consonant trigrams are presented 
consecutively with the second one being directly followed by a cue to forget the second trigram. After some 
distractor activity the subjects were asked to recall the two trigrams in strict serial order. The recall 
performance of this condition was compared to a single trigram condition in which only one trigram was 
presented for memorizing and to an interference condition in which again two trigrams were presented and 
both had to be remembered and recalled. Capacity for inhibition was measured by the difference in recall 
scores between the single trigram and the directed forgetting condition. Interference sensitivity was assessed 
by the difference between recall scores for the single trigram and the interference condition (Scoring: One 
point was given for each correct letter recalled and an additional point for correct serial position of that 
letter). 
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In summary, the results from the studies investigating brain activity elicited by item 

method directed forgetting indicated that differential rehearsal alone would not be 

sufficient to explain the results of ERPs obtained. The EEG data during both study and 

recognition phase showed that the ERPs did not only differ quantitatively in regard to to-

be-remembered and to-be-forgotten items as it would be expected with selective rehearsal. 

The results of the study phase EEG rather indicated some inhibitory or suppression 

mechanism that is reflected by an enhanced positivity associated with forget instructions 

in an early latency (Paz-Caballero & Menor, 1999; Paz-Caballero et al., 2004). Also, the 

recognition related ERPs indicated an involvement of inhibitory mechanisms as reflected 

by the late frontal effect (Ullsperger et al., 2000). Even though the studies did not entirely 

oppose the contribution of selective rehearsal mechanisms to directed forgetting, they 

suggested that at least one more mechanism was involved, probably an inhibitory process. 

Similarly, functional MRT suggests frontal control processes as successful forgetting was 

accompanied by enhanced activity in frontal areas (Wylie et al., 2007). Concerning the list 

method (Bäuml et al., 2008), the two oscillatory effects, reduced upper alpha phase 

coupling and increased upper alpha power, seem to be related to two distinct brain 

processes: The costs are associated with reduced coupling in the alpha band presumably 

reflecting some inhibitory mechanism while the benefits are associated with an 

enhancement in upper alpha band power presumably reflecting a change in encoding 

strategy. The lesion studies on the one hand, support the view that frontal regions are 

critically involved in the mechanisms necessary in directed forgetting (Conway & 

Fthenaki, 2003) but on the other hand, other studies found evidence for normal directed 

forgetting in spite of frontal lesions (Andres & Van der Linden, 2002; Andres et al., 2007). 

 

1.5 Summary and experimental motivation 
 

The discussed topics gave a broad overview of the directed forgetting literature, 

concerning underlying cognitive and neuronal mechanisms as well as limiting and 

influencing factors. The common view on underlying processes of directed forgetting is 

that mainly selective rehearsal processes are involved in the item method and retrieval 

inhibition in the list method (Basden et al., 1993). However, the involvement of inhibitory 

mechanisms has also been suggested to play a role in item method directed forgetting by 

behavioral studies (Geiselman et al., 1985; Zacks et al., 1996) and by recent studies 

recording psychophysiological activity (Paz-Caballero & Menor, 1999; Paz-Caballero et 
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al., 2004; Ullsperger et al., 2000; Wylie et al., 2007). Results of ERP and fMRI studies, 

which found for example frontal activities during encoding of to-be-forgotten items, 

support the assumption of inhibitory mechanisms contributing to item method directed 

forgetting (Paz-Caballero & Menor, 1999; Paz-Caballero et al., 2004; Ullsperger et al., 

2000; Wylie et al., 2007). The list method on the other hand has also been connected to 

differential encoding by Sheard and MacLeod (2005), attention allocation (Conway et al., 

2000; Wessel & Merckelbach, 2006) as well as to dual-process accounts by Sahakyan and 

colleagues (Sahakyan & Delaney, 2003; Sahakyan et al., 2004; Sahakyan & Kelley, 2002). 

Sahakyan and her co-workers assumed that costs and benefits of directed forgetting are 

dissociable and are associated with different underlying processes: Costs are assumed to 

result from changes in mental context initiated by the forget instruction (Sahakyan & 

Kelley, 2002) while benefits are thought to stem from a change in encoding strategy also 

initiated by the forget instruction (Sahakyan & Delaney, 2003). 

The literature suggests that directed forgetting is a stable effect over time (Gardiner et al., 

1994; MacLeod, 1975), independent of output interferences (Barnier et al., 2007; Conway 

et al., 2000; Kimball & Bjork, 2002; Zellner & Bäuml, 2006), and dependent on the 

strength of memory representations as directed forgetting decreases with increasing item-

cue intervals (Hourihan & Taylor, 2006; Wetzel & Hunt, 1977). Further, it seems that 

directed forgetting can be modulated by some specific characteristics of the participants 

and specific conditions of the stimulus material. For example, subjects dissociation scores 

seems to affect the amount of directed forgetting (Elzinga et al., 2000). The higher a 

subject’s dissociation score, the smaller the directed forgetting effect. Additionally, 

directed forgetting is reduced in OCD (Tolin et al., 2002), BPD (Korfine & Hooley, 2000), 

and anorexia nervosa (Tekcan et al., 2007) when the stimulus material is related to the 

diagnosis. Otherwise, participants with a repressive coping style show reduced recall of 

unpleasant to-be-forgotten items when they were processed in relation to the self (Myers et 

al., 1998).  

So far, directed forgetting has been shown to occur for a variety of material as for example 

words (Sego et al., 2006), single phone numbers (Gottlob et al., 2006), stereotypes (Araya 

et al., 2003), autobiographical memories (Barnier et al., 2007; Joslyn & Oakes, 2005), and 

line drawings (Basden & Basden, 1996; Lehman et al., 2001; Salthouse et al., 2006; 

Schmitter-Edgecombe et al., 2004). Also, while several studies found directed forgetting 

for stimuli irrespective of emotional content (e.g. Power et al., 2000; Wessel & 
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Merckelbach, 2006; Wilhelm et al., 1996), others have found that emotional valence 

modulated directed forgetting (Geiselman & Panting, 1985; Power et al., 2000).  

 

Many different issues have been investigated in relation with directed forgetting. 

However, some topics received more attention than others and thus, some issues are still 

unclear and require more and deeper exploration.  

One open question concerned directed forgetting of nonverbal material, for example of 

complex colorful pictures. Using nonverbal material in directed forgetting experiments is 

desirable as photographic items seem be more naturalistic and more similar to real-life 

than words. Concerning potential future application of colorful pictures in directed 

forgetting experiments to explore impaired memory processes in specific populations (e.g. 

intrusions in PTSD), exploring directed forgetting of complex pictures in healthy controls 

first is necessary. As mentioned, directed forgetting has been found for various stimuli as 

words (Sego et al., 2006), single phone numbers (Gottlob et al., 2006), stereotypes (Araya 

et al., 2003), autobiographical memories (Barnier et al., 2007; Joslyn & Oakes, 2005) that 

are directly connected to verbal processing. Directed forgetting also occurred for line 

drawings (Basden & Basden, 1996; Lehman et al., 2001; Salthouse et al., 2006; Schmitter-

Edgecombe et al., 2004), which can be very easily verbalized as they all depict single 

objects. Also, while words offer few cues, colorful complex pictures contain information 

about color and space. Such additional information can enhance the memory 

representations of the items (Rossion & Pourtois, 2004; Tanaka & Presnell, 1999), thereby 

presumably reducing directed forgetting. Although there is one study on list method 

directed forgetting of complex pictures (Payne & Corrigan, 2006), the conclusions are 

limited as all pictures were accompanied by a short verbal description and thus, it is 

difficult to disentangle the individual influences of verbal and pictorial processes. In 

chapter 1 the issue of item method directed forgetting of complex colorful material was 

explored: In experiment 1, item method directed forgetting of neutral complex pictures 

and in experiment 2, influences of emotional content of pictures on item method directed 

forgetting and corresponding electrophysiological activity were investigated. 

Although many studies implemented emotional material in the list method and found 

effects of directed forgetting (e.g. Power et al., 2000; Wessel & Merckelbach, 2006; 

Wilhelm et al., 1996), there are also other studies suggesting some modulation of directed 

forgetting depending on emotional content (Geiselman & Panting, 1985; Power et al., 

2000). The majority of those studies focused on differences between control and (sub-) 
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clinical participants, thus not always offering detailed information about effects for control 

subjects. Therefore, it was difficult to draw conclusions about directed forgetting of 

emotional material in healthy control subjects. Thus, the influence of emotional words on 

list method directed forgetting in healthy control subjects was systematically investigated 

in chapter 2. Emotionality (neutral versus unpleasant) of the lists was varied across four 

experiments. Additionally, electrophysiological activity was recorded during encoding 

with the intention to better understand the underlying processes of list method directed 

forgetting.  
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2. Chapter 1: Item method directed forgetting of 
complex pictures 

 

2.1 Experiment 1: Neutral complex pictures5 
 

Although forgetting implies a failure to recall previously available material and as such 

appears detrimental, the ability to forget is important for our functioning in everyday life. 

We need to be able to let unnecessary information go in order to focus on currently 

relevant tasks. This everyday demand for forgetting gives rise to the question to what 

extent forgetting can be deliberate. Research in the area known as intentional or directed 

forgetting seeks answers to this question (overview: Johnson, 1994; MacLeod, 1998). 

Directed forgetting is studied in experiments where subjects are explicitly instructed to 

forget some items and to remember others. Two types of paradigms are commonly used, 

namely the list method and the item method. In the item method, originally also known as 

‘word method’ (e.g. Basden et al., 1993), items are presented separately, each followed by 

an instruction to either forget or remember the preceding item. In the list method, the 

remember or forget instruction is given at the end of an entire list of items. All previously 

presented items of a list are to be either remembered or forgotten. In both cases directed 

forgetting is obtained in subsequent retrieval tests as reduced memory for to-be-forgotten 

items compared to to-be-remembered items. However, with the list method, directed 

forgetting is found only in free recall but not in recognition tests, suggesting some form of 

retrieval inhibition as the underlying mechanism (Basden et al., 2003). With the item 

method, on the other hand, directed forgetting is found in both free recall and recognition. 

This is thought to be mainly due to selective rehearsal processes (e.g. Basden et al., 1993).  

Thus the item and list methods of directed forgetting affect distinct memory processes. 

The list method primarily affects organization, accessibility, and retrieval control of 

memories. The item method, by contrast, mainly taps into encoding processes and thus the 

actual memory representation itself. Subjects are to hold the representation of an item on-

line until the cue appears and then selectively rehearse the ‘remember item’ and discard 

the ‘forget item’. The thesis that item method directed forgetting affects the memory 

representation itself is supported by findings that show that the time available to build 

                                                 
5 This section in modified form was published in Memory, 2008 Jun 27:1-13 (co-authored by Johanna 
Kissler). 
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memory representations determines the strength of directed forgetting: The shorter the 

item-cue interval is, the stronger the directed forgetting effects become because subjects 

are told relatively early whether to rehearse an item or not (Hourihan & Taylor, 2006; 

Wetzel & Hunt, 1977).  

So far, most research on directed forgetting in the item method has used words (e.g. 

Hourihan & Taylor, 2006; Sego et al., 2006) or other verbally processed material such as 

phone numbers (Gottlob et al., 2006) or verbally presented stereotype information (Araya 

et al., 2003). Some studies also found item method directed forgetting of line drawings 

depicting everyday objects, typically from the Snodgrass-Vanderwart set (Lehman et al., 

1998), animals (Basden & Basden, 1996), or drawings of fruits, vehicles, or body parts 

(Lehman et al., 2001). However, such single object line drawings are very easily if not 

automatically verbalized. Given the ease of verbalization of such line drawings, in 

previous experiments the pictures may have been not only visually but also verbally 

encoded and then recalled or recognized by their verbal tags.  

Remarkably, the only study we know of that did not use easily verbalized material did not 

find an effect of directed forgetting. Earles & Kersten (2002) investigating item-cued 

directed forgetting of self-performed compared to verbalized actions, found normal 

directed forgetting for the verbal encoding condition while no intentional forgetting 

occurred for self-performed actions. Thus, although directed forgetting has been found for 

a broad range of stimuli these materials share the crucial characteristic of being verbal or 

at least easily verbalized.  

However, items that do not require verbal processing may be not or less susceptible to 

directed forgetting. Recent theories stress the role of encoding modality and perceptual 

systems in memory representations (Barsalou, 2008; Rubin, 2006). Rather than assuming a 

unitary memory store, these theories, in line with neuropsychological findings of patients 

with ‘visual memory deficit amnesia’ (Greenberg, Eacott, Brechin, & Rubin, 2005; 

Greenberg & Rubin, 2003; Rubin & Greenberg, 1998) and earlier theorists (Paivio, 1986; 

Polanyi, 1966) assume modality specific processing in memory. Goldstein and Chance 

(1974) already argued in favor of a verbal-pictorial dichotomy in recognition memory and 

proposed that there may exist further sub-divisions, even within the visual memory 

system, beyond a simple verbal-pictorial dichotomy. Therefore it might be premature to 

conclude from the extant research that directed forgetting effects would generalize from 

verbal or easily verbalized material to memories mediated by other perceptual systems.  
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For example, people are able to recognize faces (Ellis, Shepard, & Davies, 1980; Polanyi, 

1966) and unusual forms (Attneave, 1957) much better than they are able to name them. A 

large body of research further demonstrates that verbalization may alter and impair recall 

of perceptually rich visual or gustatory stimuli (Melcher & Schooler, 2004; Schooler, 

2002; Schooler & Engstler-Schooler, 1990; for review: Schooler, Fiore, & Brandimonte, 

1997) or motor action (Zimmer et al., 2001). Indeed, for example performance but not 

verbalization of actions abolishes directed forgetting effects (Earles & Kersten, 2002).  

Moreover, Hourihan, Goldberg, & Taylor (2007) showed that providing the spatial 

location of a previously learned item as an additional cue reduced the directed forgetting 

effect by enhancing recognition of to-be-forgotten items. Moreover, inhibitory 

mechanisms in working memory seem to differ between verbal and visuo-spatial processes 

(Palladino, Mammarella, & Vecchi, 2003). Also the episodic memory retrieval inhibition 

effect of retrieval-induced forgetting6 does not occur for complex photographs in the same 

way as it does for verbal items (Hauer, Wessel, Merckelbach, Roefs, & Dalgleish, 2007). 

Thus, from the point of view of modality-specific memory systems it is perfectly feasible 

that a memory effect that appears for verbal memories may disappear for memories 

mediated by other perceptual systems and some such evidence already exists (Earles & 

Kersten, 2002). 

However, even without assuming modality specific memory systems, directed forgetting 

may be reduced or even abolished when complex colored photographs rather than words 

and line drawings are used as stimuli. Complex pictures are represented more strongly in 

memory than are words. Shepard (1967) first demonstrated better recognition memory for 

photographs and colored prints than for words, the ‘picture superiority’ effect. The picture 

superiority effect arises, because pictures are encoded in a more distinctive and elaborate 

way than words (Dewhurst & Conway, 1994; Rajaram, 1993) and they are thought to have 

direct access to semantic processing, without initiating phonemic and orthographic 

processing or lexical access (Conway & Gathercole, 1990; Nelson, Reed, & McEvoy, 

1977). Complex pictures offer more perceptual cues than words, such as color, multiple 

spatial configurations, and multiple objects. For example colored drawings enhance 

memory representation compared to black and white drawings (Rossion & Pourtois, 2004; 

Tanaka & Presnell, 1999). The more features a stimulus has, the stronger the memory 

representation will be. Thus, learning of pictures that offer many cues should result in 

                                                 
6Retrieval-induced forgetting refers to the phenomenon that while memory is better for practiced verbal 
stimuli memory for related but unpracticed items is inhibited compared to unrelated and unpracticed items 
(Anderson et al., 1994). 
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comparatively strong memory representations. Such stronger memory representations may 

render pictures less susceptible to the effects of directed forgetting. 

So far most research on directed forgetting entailed explicit or at least potential verbal 

processing. The existing studies suggest that directed forgetting can be found for 

written/verbal or easily verbalized items, but the research on non-verbal material has been 

comparatively neglected. Theoretically, two lines of reasoning suggest that memory 

effects found with linguistic material need not generalize across other input modalities. 

First, if, as recently suggested, memory performance is highly dependent on the input 

modality (Barsalou, 2008; Rubin, 2006), this possibility is obvious. It already finds some 

empirical support in that directed forgetting does not occur for self-performed motor acts, 

whereas verbal descriptions of these same motor acts are subject to directed forgetting 

(Earles & Kersten, 2002).  

Second, the possibility that item method directed forgetting may not generalize to complex 

pictures, arises from the fact that pictures are represented more strongly in memory than 

words are. Because representational strength is a crucial factor in item method directed 

forgetting, the directed forgetting effect may be reduced or even eliminated for such more 

strongly represented material which contains a multitude of perceptual cues for 

recognition. Therefore, in the present study we explore to what extent directed forgetting 

occurs for pictorial material that is more complex, more naturalistic, and does not trigger 

verbal encoding easily by displaying single objects. We chose to present complex color 

photographs of social scenes, work scenes, and landscapes and tested directed forgetting in 

a recognition test. Although in item method directed forgetting free recall is commonly 

implemented and often precedes recognition testing, we decided not to use it as it would 

initiate verbal processes, at least at the level of retrieval, which may impair subsequent 

recognition performance of perceptually complex material (see Schooler, 2002; Schooler 

et al., 1997). 

Directed forgetting is also increasingly applied to clinical populations. The item method of 

directed forgetting has repeatedly been used to investigate alterations in the encoding style 

of different anxiety disorder patients. Particularly, previous studies have investigated 

whether dissociative symptoms, which often occur in acute or post traumatic stress 

disorder, are related to either an avoidant (Bryant & Harvey, 1997; Moulds & Bryant, 

2007; Terr, 1994) or an intrusive encoding style (Shobe & Kihlstrom, 1997). Recent work 

focused on the directed forgetting performance of student subjects with high versus low 

scores on dissociation questionnaires (DePrince & Freyd, , 2004; DePrince et al., 2007; 
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Devilly et al., 2007). This work was motivated by the theoretical assumption that 

dissociation proneness mediates some of the memory alterations observed in anxiety 

disorder patients (Freyd, 1994) and as such the memory abnormalities, particularly an 

avoidant encoding style, should be observable in the population at large when sampling 

from the extremes of the distribution. An interaction between attentional deployment and 

an avoidant encoding style as reflected by an increased directed forgetting effect for 

aversive words under divided attention conditions was found by DePrince and Freyd 

(2001; 2004), but not replicated by Devilly et al. (2007, but see DePrince, Freyd & Malle, 

2007 for a critical discussion).  

While most memory abnormalities related to dissociation, anxiety and stress have been 

related to specific, mostly aversive, fear and trauma-related contents, there is also the less 

investigated possibility of content-independent, process-related abnormalities (McNally, 

1997). Some studies have investigated cognitive concomitants of high versus low 

dissociation scores in non-clinical samples: For instance, de Ruiter and colleagues (2003) 

report an enhanced ability to both direct and divide attention in non-clinically high 

dissociators. De Ruiter et al. (2004) also found better rather than worse working memory 

in high versus low dissociators, which was confirmed by Veltman et al. (2005) using 

functional neuroimaging. Another recent study in dissociative disorder patients (Elzinga et 

al., 2007) confirms enhanced working-memory performance in these patients. These 

combined findings lead the authors to conclude that ‘dissociation as a trait reflects a 

constitutionally determined cognitive style’, perhaps paradoxically ‘associated with 

enhanced attentional and memory capacities’ (Elzinga et al., 2007). Regarding item 

method directed forgetting with word stimuli this group of authors reports that dissociative 

disorder patients seem to lack the directed forgetting effect, sub-clinically high 

dissociative style subjects show a medium, and low dissociative style subjects a normal 

size effect (Elzinga et al., 2000) which is consistent with altered, potentially even superior 

memory performance in high dissociators, but inconsistent with the above hypothesis of an 

avoidant encoding style. 

Because of the controversial findings on clinical concomitants of different degrees of 

directed forgetting, we chose to asses clinical variables as covariates and measure their 

influence on the ability to segregate and selectively rehearse memory traces as reflected in 

item method directed forgetting for complex pictures. Our primary focus was on the role 

of dissociation scores as measured by the FDS (Fragebogen zu Dissoziativen Symptomen, 

Spitzer, Stieglitz, & Freyberger, 1994), a German version of the DES (Bernstein & 
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Putnam, 1986). Based on the above literature, two competing hypotheses were tested: 

First, based on the avoidant encoding hypothesis, the amount of directed forgetting could 

be positively related to dissociation scores. Second, the amount of directed forgetting 

might be unrelated (Zoellner et al., 2003) or, on the basis of intrusive encoding style 

(Shobe & Kihlstrom, 1997), inversely related to dissociation scores (Elzinga et al., 2000). 

This analysis is rather exploratory in that a failure to find a correlative relationship 

between these measures may be due to restrained variance in a randomly sampled student 

population.  

As people with high dissociation scores often also exhibit elevated anxiety (Elzinga et al., 

2007) and depression (Maaranen et al., 2005) scores, we also measured the relationship 

between state and trait anxiety (STAI, Laux, Glanzmann, Schaffner, & Spielberger, 1981) 

as well as self-reported depression (BDI, Hautzinger, Bailer, Worall, & Keller, 1994) and 

item method directed forgetting. Moreover, because of the previously discussed 

association between attention capacities and dissociation, we also assessed speeded 

selective attention with the d2 letter cancellation task (d2 Aufmerksamkeitsbelastungstest, 

Brickenkamp, 1994). 

 

In sum, we investigated whether and to what extent item method directed forgetting occurs 

for recognition of complex color-photographs. Complex colored pictures may result in 

qualitatively different memory representations than verbal material that may alter directed 

forgetting patterns. Moreover complex pictures offer more cues than words or simple line 

drawings resulting in a stronger memory representation of those items compared to verbal 

material and may consequently quantitatively reduce or eliminate the directed forgetting 

effect. Item method directed forgetting manipulates encoding and thus the actual stimulus 

representation and allows to test for retrieval in a language-free recognition paradigm 

eliminating potential interference from verbal recall. Reliance on recall of perceptual 

stimulus features was encouraged by presenting distractor and target pictures with related 

contents, likely resulting in the same verbal labels. Finally, we assessed whether control of 

memory encoding as reflected by the magnitude of item method directed forgetting is 

correlated with dissociative symptoms, measures of anxiety, depressive symptoms or 

attention performance. 
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2.1.1 Method 

Subjects 

21 students (15 female) of the University of Konstanz with a mean age of 22.9 years 

participated in this experiment. The participants provided informed consent and received 

either course credit or payment of 5 €. Data from one subject were excluded from the 

analyses because the recognition rates differed more than two standard deviations from the 

mean of the other subjects. Thus, data from 20 subjects were analyzed. 

Stimuli, Design, Procedure 

A set of 100 visually complex color-photographs was used, including 32 pictures from the 

International Affective Picture System (IAPS, Lang et al., 2005). The pictures showed 

landscapes, work environments, street scenes, neutral faces or social scenes. Two sets of 

pictures were established with each picture set having a picture with related content in the 

other set (see fig. 4 for an illustration). The to-be-remembered and to-be-forgotten items 

were drawn from one set while the pictures of the other set served as distractors in the 

recognition task. The two picture sets did not differ with regard to valence [F(1, 98)=.649, 

p=.422], arousal [F(1, 98)=.007, p=.934], or jpg-size as a measure of complexity [F(1, 

98)=.029, p=.865]. Moreover, the pictures were rated by 20 independent subjects who did 

not participate in this study for their complexity according to the procedure introduced by 

Bradley et al. (2007). Bradley and colleagues measured the complexity of photographs in 

terms of subjective perception of the picture composition. Pictures were rated on a 9-point 

Likert scale with ‘figure-ground’ at one end reflecting a clear composition of one figure or 

object against a background and ‘scene’ at the other end of the scale reflecting a complex 

scenic arrangement with multiple elements and no clear figure-ground composition. IAPS 

Pictures 7009 and 2560 were given as anchoring examples for the extremes. In our study, 

this complexity measure did not differ for the two picture sets [F(1, 98)= .041, p=.839].  

 

 
figure 4: Exemplary illustration of the similarity between the pictures of the two sets 
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Subjects completed the Beck Depression Inventory (BDI, German version, Hautzinger et 

al., 1994), the dissociative symptoms questionnaire FDS (Fragebogen zu dissoziativen 

Symptomen, Spitzer et al., 1994), and the State-Trait Anxiety Inventory (STAI, German 

version, Laux et al., 1981) to assess clinical variables. The BDI (Hautzinger et al., 1994) is 

a self-report questionnaire to index depressive symptoms. The FDS (Spitzer et al., 1994) is 

a self-report screening instrument used in both clinical and research environments. It 

assesses dissociative phenomena such as amnesia, absorption, derealisation, and 

conversion. The FDS is the German adaptation of the Dissociative Experience Scale 

(DES, Bernstein & Putnam, 1986) and includes a DES score. The STAI (Laux et al., 1981) 

is a clinically and scientifically used instrument to assess both state and trait anxiety. 

The 50 pictures from the learning set were presented in a continuous sequence for 2000 ms 

each. Directly after each picture either a “VVV” (‘vergessen’ ~ forget) cue indicating that 

the previous picture could be forgotten or a “MMM” (‘merken’ ~ remember) cue 

indicating that the previous picture was to be remembered, appeared for another 2000 ms. 

Hereafter, a fixation cross was shown for 1500 ms before the next picture was presented. 

25 pictures had a “VVV” cue and 25 a “MMM” cue. The assignment of the cues to the 

pictures was pseudorandom in that no more than three identical cues appeared in 

sequence. All participants were instructed to try to memorize the pictures with the 

“MMM” cue and to forget those followed by the “VVV” cue. After the learning phase, the 

participants performed the ‘d2’ digit cancellation test (Brickenkamp, 1994) as a measure 

of selective attention. The d2-test requires subjects to identify target letters in arrays of 

target and distractor letters.  

In the subsequent recognition test, all 50 pictures from the learning phase and the set of 50 

new pictures were presented in random order for 300 ms each. Participants had to perform 

an old-new decision by clicking the left or the right mouse button with the index or middle 

finger of the right hand. The finger assignment was balanced across participants. 

Participants were instructed to react as quickly and accurately as possible. After the old-

new decision the next picture appeared. As there was no time limit for the responses, the 

reaction time data were corrected by excluding responses differing more than two standard 

deviations from the individual mean score from the analyses.  

 

2.1.2 Results 

Recognition data were statistically analyzed using repeated-measures ANOVAs with the 

within factor item type (old forget, old remember, new). Post-hoc comparisons were 
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carried out using t-tests. Pearson correlations were used to assess the relationship between 

clinical measures and the magnitude of directed forgetting (difference between the 

recognition rate of to-be-remembered and to-be-forgotten items). All statistical analyses of 

data were calculated with an alpha level of 0.05. 

Clinical questionnaires: Questionnaire mean scores and standard errors are displayed in 

table 1. The DES score is given as an index of the number of various dissociative events 

and the frequency of those events. The mean score here was similar to previous reports 

(Maaranen et al., 2005; Waller & Ross, 1997). The BDI score indexes depressive 

symptoms and the score here is lower than in other studies of non-clinical samples 

(Arnault, Sakamoto, & Moriwaki, 2006; Bostanci et al., 2005). The STAI scores give 

measures of state anxiety (STAI-S) and trait anxiety (STAI-T). The scores in this study are 

comparable to scores of American students (Iwata & Higuchi, 2000).  

 
table 1: Means and standard errors (SE) for the questionnaire scores of the dissociative experience scale 
(DES), the beck depression inventory (BDI), the state and trait anxiety scores (STAI-S and STAI-T), and of 
the d2 attention test (d2 GZ-F=error corrected score). 

 DES BDI STAI-T STAI-S d2 

 GZ-F 

d2  

percentile 

d2  

omission 

error 

d2 

commission 

error  

mean 

SE 

 9.20 

 1.91 

4.00 

0.70 

36.30 

1.96 

34.20 

1.24 

501.00 

17.40 

89.36 

3.30 

17.11 

5.51 

7.41 

6.54 

 

Recognition rate: The mean proportion of correct recognition of to-be-forgotten, to-be-

remembered, and new pictures is displayed in table 2. A one-way repeated measures 

ANOVA was calculated for the factor picture type (R instruction, F instruction, new 

pictures) and revealed a significant main effect [F(2, 38)=5.42, MSE=.003 p<.01], 

indicating that correct responses to old to-be-remembered (R) and to-be-forgotten (F) 

pictures and new pictures differed. Most correct responses were made for old R pictures, 

followed by new pictures, and least correct responses were made for old F pictures. The 

correct responses to old R and F pictures differed significantly [t(19)=-4.05, p<.001)], 

reflecting a directed forgetting effect: Recognition of F pictures was significantly reduced. 

Correctly categorized new pictures differed neither from correctly classified F pictures 

(t(19)=-1.84, p=.082) nor from correctly classified R pictures (t(19)=1.23, p=.23).  

Clinical correlates: The magnitude of the directed forgetting effect was negatively 

correlated with the BDI score (r=-0.46, p<.05) and the total DES score (r=-0.53, p<.05), as 

well as the DES subscales amnesia (r=-.52, p<.05) and absorption (r=-.53, p<.05). There 
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was no significant correlation with STAI anxiety measures (STAI-T: r=-0.34, p=.15; STAI-

S: r=0.06, p=.81) or d2 attention measures [error corrected d2 score, GZ-F (sum score – 

error score): r=0.12, p=.72; d2 omission errors: r=.12, p=.63; d2 commission errors: r=.08, 

p=.75]. 

Reaction times: The mean reaction times for the different conditions are shown in table 2. 

A two-way ANOVA with the factors response type (correct, incorrect) and picture type (F 

instruction, R instruction, new pictures) revealed no effects (effect of response type: F(1, 

19)=.011, p=.92; effect of picture type: F(2, 38)=2.50, p=.10; interaction response type x 

picture type: F(2, 38)=1.03, p=.37). 

 
table 2: Means and standard errors (SE) of the recognition rate and reaction times for correctly classified 
items in the recognition task (F = to-be-forgotten, R = to-be-remembered, N = new, CR = correct rejection, 
FA = false alarm) 

 hits F  hits R CR N miss F  miss R FA N 

recognition rate 

mean 

 

0.84  

 

0.90  

 

0.87 

 

0.16 

 

0.10 

 

0.13 

0.02 0.02 0.02 0.02 0.02 0.02 SE 

reaction time 

mean 

 

812.35 

 

790.44 

 

859.17 

 

879.32 

 

747.24 

 

844.80 

32.92 32.88 39.40 46.14 76.47 SE 

 

63.53 

2.1.3 Discussion 

We explored whether item method directed forgetting occurs for complex colored pictures 

in the same way as it does for words or line drawings and if so whether its magnitude is 

related to clinical or attention measures. Following an item-cued encoding phase, memory 

for colored photographs was tested with a recognition test. Directed forgetting has 

previously been shown for words (Hourihan & Taylor, 2006; Sego et al., 2006) or simple 

line drawings (Basden & Basden, 1996; Lehman et al., 1998), but no such effect has been 

found for one’s own actions (Earles & Kersten, 2002). Investigations of other memory 

processes suggest that complex pictures are not necessarily encoded and retrieved in the 

same way as verbal material. For example, false memory is less likely to occur when 

complex pictures are used (Garry & Wade, 2005; Israel & Schacter, 1997; Schacter, 

Cendan, Dodson, & Clifford, 2001). Additionally, retrieval-induced forgetting of complex 
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visual material was found absent in a modified retrieval induced forgetting procedure: 

Retrieval practice on certain details of a complex picture from the IAPS slides enhanced 

recall of those details but did not impair recall of other, unpracticed, details (Hauer et al., 

2007). Retrieval induced forgetting did not emerge, regardless of whether central or 

peripheral details were retrieval-practiced. 

Here, we found a small but consistent effect of item based directed forgetting in the 

recognition data. Complex pictures which had to be remembered were recognized more 

often correctly than pictures followed by a forget instruction. These results contrast with 

reports of no directed forgetting for actions (Earles & Kersten, 2002) and qualitatively, 

albeit not quantitatively, correspond to previous item method research using words (e.g. 

MacLeod, 1999) and line drawings (e.g. Lehman et al., 2001) that also found an advantage 

in recognition of to-be-remembered items compared to to-be-forgotten items.  

Thus, in principle, item method directed forgetting occurs, in addition to words (e.g. 

Hourihan & Taylor, 2006) or easily verbalized single object line drawings (e.g. Lehman et 

al., 1998), also for complex visual stimuli such as colored scenic photographs that have 

stronger memory representations and cannot be reduced to a one word verbalization. The 

picture sets used were constructed in such a way that single word labels for a target and its 

distractor would likely be the same, rendering the use of a verbal strategy very unlikely. 

The test format, a recognition test, likewise requires no verbalization of the material as a 

recall test would have. In sum, the results suggest that item method directed forgetting is 

not dependent on verbal encoding and extends to complex pictures, which are usually 

much better encoded then words. 

In order to prevent subjects from relying on verbal strategies at test, we created a distractor 

set for the recognition phase in which each old item (regardless of initial `forget` or 

`remember` instruction) had its own thematically similar new distractor item (see Figure 

1). The old and new pictures are clearly perceptually discriminable, but the possibility that 

this relatedness could have affected the pattern of results merits discussion. So far, there is 

no research on the impact of item similarity at recognition test on directed forgetting, but 

data on the effect of item similarity at encoding on item-cued directed forgetting exist. 

Studies on the effect of item-cued directed forgetting on false memory using associatively 

and categorically related material showed that directed forgetting reduced both veridical 

and false recall, suggesting a differential spread of activation to the related associates of 

remember and forget words (Lee, 2007; Marche, Brainerd, Lane, & Loehr, 2005). A 

similar mechanism might be operational when new distractors are presented which are 
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semantically related to the old items. A differential pre-activation of the associative 

networks may result in the directed forgetting effect spilling over to these new distractor 

items. This assumption clearly requires a further explicit test. Still, the fact that 

recognition of our new items was a little below the recognition of old `remember` items, 

although new items are often classified most accurately on recognition tests (Johansson, 

Mecklinger, & Treese, 2004; Kissler & Hauswald, 2008; Smith, Dolan, & Rugg, 2004), 

provides some support for this thesis.     

On the basis of recent theories stressing separate, perceptual system dependent memory 

systems (Barsalou, 2008; Rubin, 2006), we had hypothesized that a memory effect 

occurring in verbal memory need not generalize to visual memories. The present pattern of 

results does not bear on the issue of different perceptual memory systems. However, if 

such distinctions exist, our results show that for visual memories, item method directed 

forgetting occurs, while it may not for motor memories (Earles & Kersten, 2002). 

A different line of argument was based on superior encoding of pictorial than verbal 

information within a unitary memory store (Paivio, 1986; Paivio, Rogers, & Padric, 1968; 

Shepard, 1967). Previous work had demonstrated that the item method directed forgetting 

effect crucially depends on the delay between item presentation and encoding cue and is 

reduced or eliminated for long delays (Hourihan & Taylor, 2006; Wetzel & Hunt, 1977). 

Although we did find directed forgetting for complex pictures in our study, its magnitude 

was reduced compared to previous reports using similar item-cue delays (e.g. Dumont, 

2000), which may well be due to superior picture encoding within a given interval. 

Previous studies yielded much larger effects7 compared to the one we found, but the 

present reduction in effect size is not due to an increase in variance or due to the fact that 

few people carried the effect. Fifteen of our twenty participants exhibited a directed 

forgetting effect. Across all participants, the directed forgetting effect ranged between -.08 

and .17.  

The smaller effect obtained with the complex photographical material may be due its 

stronger memory representation. Generally, item representation affects item-cued directed 

forgetting in that strong representations lead to reduced directed forgetting as suggested by 

studies that found bigger effects of directed forgetting with short delay of instruction 

compared to long delays (Hourihan & Taylor, 2006; Lee et al., 2007; Wetzel & Hunt, 
                                                 
7 The differences between the recognition proportions of  to-be-remembered and to-be-forgotten items found 
in other studies were for example 0.202 (control subjects in Dumont, 2000) or 0.297 (MacLeod, 1999) for 
word studies and 0.15 for line drawings (college students in Lehman et al., 1998) while we found an, albeit 
statistically quite reliable, difference of 0.06. 
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1977). As we did not use longer delays than other studies (Lehman et al., 2001; Lehman et 

al., 1998; Sego et al., 2006) the item-cue delay explanation does not account for our 

smaller effect; rather the stimulus attributes might explain this outcome as colored 

complex pictures might lead to stronger memory representations. 

For instance, color affects object representation (Rossion & Pourtois, 2004; Tanaka & 

Presnell, 1999) and therefore improves object recognition (Tanaka et al., 2001). The more 

potent representation of complex pictures is also supported by reliable picture superiority 

effects in recognition and recall found in studies comparing verbal and pictorial memory 

(Paivio et al., 1968; Shepard, 1967). In spite of the various cues offered by a complex 

photograph and the resulting stronger object representation, in the present study directed 

forgetting was not eliminated, but reduced in comparison with word studies using similar 

item-cue delays. This relative reduction appears in line with picture superiority at 

encoding and may be due to the fact that a picture can be better encoded than a word 

within the same amount of time (Dewhurst & Conway, 1994; Rajaram, 1993). Future 

studies may offer more formal tests of this assumption. 

Our results support the view that the mechanisms involved in the item method are mostly 

retrieval independent as we showed that the recognition task, which is thought to release 

retrieval inhibition, did not abolish the directed forgetting effect. Indeed, the effect 

occurred even for recognition of pictures that offer a multitude of perceptual retrieval 

cues. Although theoretically participants may not have forgotten the to-be-forgotten items 

but withheld them on purpose because they guessed what they were expected to do, 

previous studies found that offering a reward specifically for recalled to-be-forgotten items 

did not improve memory performance (MacLeod, 1999). 

In line with other studies, we found clinical correlates of the directed forgetting effect 

(DePrince & Freyd, 2001, 2004; Elzinga et al., 2000). The higher participants scored on 

the BDI and the FDS the less pronounced the directed forgetting effect was. A reduction 

of the directed-forgetting effect with higher dissociation levels is consistent with another 

study (Elzinga et al., 2000) that also found a negative relationship between directed 

forgetting and the level of dissociation. These results are inconsistent with the notion of an 

avoidant encoding style in people with higher dissociation scores (Moulds & Bryant, 

2007; Terr, 1994) which would have predicted the inverse relationship. If operational, an 

avoidant encoding style may be restricted to particular situations, e.g. divided attention 

tasks, and certain types of materials, potentially specifically emotionally highly arousing 
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aversive ones. However even for these materials, reduced rather than enhanced directed 

forgetting effects have been reported (e.g. McNally et al., 1998).  

Conversely, the present results may be in line with the notion of superior, rather than 

impaired working memory function in people with high dissociation scores (de Ruiter et 

al., 2004; Veltman et al., 2005): Some people may need less time to build memory 

representations and will have sufficiently encoded the stimulus already in the item-cue 

interval, resulting in reduced directed forgetting as the additional time devoted to selective 

rehearsal after the cue is not needed for successful item recognition. Alternatively, 

inattention and absorption may also reduce directed forgetting levels as subjects may fail 

to attend to the cues and fail to differentially rehearse upon the cue. Indeed, we observed a 

significant negative correlation between the absorption sub-scale of the DES questionnaire 

and the magnitude of directed forgetting. While we found no association between attention 

performance and magnitude of directed forgetting, there is the possibility that such a 

relationship may arise in different or larger samples. Curiously, we also observed a 

negative relationship between the DES amnesia sub-scale and the magnitude of item 

method directed forgetting. Although this finding may appear contradictory to the above 

suggestion of potentially superior working memory in people with higher dissociation 

scores, it should be noted that the DES amnesia sub-scale by no means measures general 

memory functioning, but rather the frequency with which people encounter episodes that 

must have occurred but of which they have no recollection. Elzinga et al.'s (2003) finding 

of directed forgetting between, but not within dissociative personality states (one of which 

was an amnesic state for which memory was generally reduced) may serve to reconcile 

these observations.  

Overall, the present study, as well as several previous ones that addressed the relationship 

between dissociation and selective encoding using item method directed forgetting in 

patient populations, failed to produce evidence for avoidant encoding resulting in 

increased directed forgetting in people with high levels of dissociation (for a review see 

Geraerts & McNally, 2008). Instead, the reverse, i.e. reduced directed forgetting with 

higher dissociation scores has been reported more often. This latter pattern may result 

from at least two different mechanisms: First, as detailed above, people with higher 

dissociation scores may have superior working memory capacity, resulting in more 

efficient rehearsal. Second, as also repeatedly suggested, although perhaps better tested in 

other experimental designs, high dissociators may suffer from reduced inhibitory 

functioning (see e.g. Anderson, 2005). Although in the domain of directed forgetting 
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research, inhibitory functions might be studied more adequately using the list method, 

contributions of inhibitory processes to item method directed forgetting have also been 

suggested (Paz-Caballero & Menor, 1999; Paz-Caballero et al., 2004; Ullsperger et al., 

2000). If so, the present results would be in line with the thesis that higher dissociation 

scored are associated with reduced memory inhibition.     

Empirically, high scores on dissociation scales are often associated with elevated scores on 

depression scales in both clinical and non-clinical samples (Grabe, Rainermann, Spitzer, 

Gansicke, & Freyberger, 2000; Maaranen et al., 2005; Rubin & Greenberg, 1998). 

Therefore, we assessed depressive symptoms and, extending other studies using the item 

method (Dumont, 2000), we also found a negative correlation between the magnitude of 

the directed forgetting effect and the BDI score. Previous studies of directed forgetting of 

verbal material in clinical depression (Power et al., 2000) reported impaired directed 

forgetting particularly for negative and self-referentially processed material, but the 

present results indicate that the relationship might be more general than previously 

thought. Overall, our data are suggestive of a relationship between specific clinical 

variables and the ability to intentionally control memory. At present, no relationship 

between state or trait anxiety levels or attentional capacity and item-cued directed 

forgetting was found.  

 

In conclusion, the present study showed directed forgetting for complex visual material in 

an item-cued directed forgetting paradigm. The findings build the basis for further 

investigations of directed forgetting using complex pictorial and scenic material that may 

approximate real life episodes more closely. Furthermore, emotional dimensions may be 

implemented and additional variants of intentional forgetting may be tested. Further 

studies should also further investigate the dynamics of directed forgetting in clinical 

groups that suffer from a lack of memory control.  
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2.2 Experiment 2: Neutral and negative pictures – an EEG 

study8 
 

Control over memory in terms of intentional forgetting has been studied in the laboratory 

using mainly directed forgetting paradigms. In item method directed forgetting9, stimuli 

are presented individually each followed by an instruction to either forget or remember the 

previous item. Directed forgetting occurs as reduced retrieval of to-be-forgotten items 

compared to to-be-remembered ones and is usually explained by selective rehearsal 

processes (Basden et al., 1993; Bjork, 1970). This account is supported by findings 

showing that the effect is persistent over time (MacLeod, 1975) and found in both free 

recall and recognition memory (Basden et al., 1993) suggesting processes of differential 

encoding and rehearsal of to-be-forgotten and to-be-remembered items. According to this 

account, each item is held in a standby-like mode and further processing is postponed until 

the instruction appears. A remember instruction will lead to further processing while a 

forget instruction probably will terminate any further processing. Electrophysiologically, 

items that receive enhanced attention, a process associated with selective encoding and 

rehearsal, evoked positive potentials in parietal regions during encoding (Hopfinger & 

West, 2006). 

Item method directed forgetting has been studied with a variety of stimulus material 

including words (e.g. Hourihan & Taylor, 2006; Sego et al., 2006), line drawing (Basden 

& Basden, 1996; Lehman et al., 2001; Lehman et al., 1998), un-arousing complex pictures 

offering a variety of perceptual cues (see experiment 1), and also emotional material (e.g. 

Wilhelm et al., 1996). Effects of emotional material on item method directed forgetting 

were investigated by several studies. All of those studies focused on groups of participants 

with specific clinical disorders or personality traits as for example dissociative style or 

repressive coping style. Therefore, healthy subjects served only as control subjects and 

their recall pattern is mostly not described in detail. Comparing directed forgetting of 

pleasant and unpleasant words revealed intentional forgetting for both valence categories 

(Tolin et al., 2002) with a slightly stronger effect for pleasant words (Geiselman & 

Panting, 1985). Similarly, directed forgetting irrespective of the word’s valence category 

was found using pleasant, neutral, and unpleasant (Wilhelm et al., 1996), trauma-related 

                                                 
8 This section in modified form is submitted for publication in a peer-reviewed journal (co-authored by 
Johanna Kissler). Hannah Schulz helped collect and analyze the data 
9 There is also another directed forgetting paradigm, the so-called list method in which items are presented as 
a list and the whole list is subsequently cued as to-be-forgotten or to-be-remembered. 
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(DePrince & Freyd, 2001; study 1, Devilly et al., 2007; McNally et al., 1998; Moulds & 

Bryant, 2002), depression-related (Dumont, 2000), sex-related (Elzinga et al., 2000), 

threat-related (McNally et al., 1999) words or unpleasant words related to borderline 

disorder (Korfine & Hooley, 2000). Thus, several studies suggest that directed forgetting 

can be found for word material of different valences. Although directed forgetting was 

also found for complex neutral pictorial material (experimetn1), affective content may 

modulate the pattern of directed forgetting. Emotional material is assumed to trigger 

enhanced encoding processes resulting in enhanced memory mediated by e.g. increased 

attention (Talmi, Schimmack, Paterson, & Moscovitch, 2007). As suggested by Arntz and 

colleagues (2005), emotional memory is perceptual, which means that emotional material 

promotes superior perceptual memory. Thus, based on this memory enhancing effect of 

emotional and perceptual processes, it is reasonable to assume stronger memory 

representations for affective complex pictures as they offer both emotional and perceptual 

(e.g. color or spatial information) information compared to simple words or neutral 

pictures. Electrophysiologically, the memory enhancing effect is related to a late positive 

potential (LPP) which is commonly found in response to emotional pictures (Schupp, 

Flaisch, Stockburger, & Junghofer, 2006), emotional words (Dillon, Cooper, Grent-'t-

Jong, Woldorff, & LaBar, 2006; Kissler, Herbert, Peyk, & Junghofer, 2007), and 

emotional faces (Schupp, Ohman et al., 2004). The LPP consists of late (peaking about 

500 ms after stimulus onset) positive activity mainly in parietal regions. The magnitude of 

the LPP amplitude varies with the intensity of emotional arousal and is thus suggested to 

reflect enhanced attention resulting from motivational brain networks activated by 

emotionally arousing stimuli (Schupp, Cuthbert et al., 2004). 

Regarding brain activity during instruction cue presentation, there are some studies that 

investigated neural activity underlying item method directed forgetting (Paller, 1990; Paz-

Caballero & Menor, 1999; Paz-Caballero et al., 2004; Ullsperger et al., 2000; Wylie et al., 

2007). Paller (1990) presented words and the corresponding instruction cues 

simultaneously. Successful directed forgetting occurred and remember instructions 

triggered enhanced positivity between 250 and 600 ms. Similarly, Paz-Caballero & Menor 

(1999) found more positive-going ERPs produced by remember than by forget 

instructions. Using linked mastoids as reference, remember instructions evoked enhanced 

positivity within the initial 400 ms in temporal regions compared to forget instructions 

while forget instructions elicited more positive-going activity between 200 and 300 ms in 

occipital electrodes and between 300 and 800 ms in frontal regions. In another study, Paz-
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Caballero and colleagues (2004) investigated how the electrophysiological activity 

provoked by the instructions during the study phase was related with subsequent 

forgetting. All participants were either assigned to a high (HFE) or low forgetting effect 

group (LFE) based on their behavioral data. The authors suggested that with selective 

rehearsal as the underlying mechanism, deeper and more elaborate processing of the to-be-

remembered items should occur in the HFE group compared to LFE participants while 

both groups should show similar activity corresponding to the to-be-forgotten items. 

However, ERPs elicited by remember instructions did not differ for the two groups: 

Remember instructions evoked more positive-going at parietal sites between 300 and 

600 ms after cue onset. Further, for the HFE group, ERP corresponding to the two 

instructions differed with a pronounced positivity over frontal and prefrontal regions 

between 100 and 200 ms after the onset of forget instructions. Paz-Caballero and her 

colleagues interpreted this enhanced positivity associated with forget instructions as likely 

to reflect an active suppression mechanism during learning of the to-be-forgotten items. A 

recent fMRI study also suggested the contribution of inhibitory mechanisms in directed 

forgetting (Wylie et al., 2007). Wylie and colleagues (2007) compared neural activity of 

subsequently successfully remembered items, successfully forgotten items, unsuccessfully 

remembered items, and unsuccessfully forgotten items. During intentional forgetting, 

mainly frontal regions were active, which were different from those involved in intentional 

remembering or unintentional forgetting suggesting some frontal control mechanisms.  

Moreover, the influences of directed forgetting of neutral or negative pictures on different 

processes of recognition memory were behaviorally investigated. Recognition memory has 

two subcomponents, conscious recollection and feeling of familiarity (Yonelinas, 1994). 

Implemented in a directed forgetting task, it has been shown that the effect of directed 

forgetting occurs only for conscious recollection, assessed by remember responses, but not 

for feeling of familiarity, assessed by know responses (Gardiner et al., 1994). Thus, item 

method directed forgetting seems to depend on the recollection component of recognition 

(Basden & Basden, 1996; Lee et al., 2007). Modulating recollection by strengthening 

memory representations for emotional material might eliminate directed forgetting for 

these items. Based on the findings of a series of experiments, Ochsner (2000) suggested 

that negative valence and arousal of items influenced the recollection component much 

more than the familiarity component (see also Kensinger & Corkin, 2003). Additionally, 

Lee and colleagues (2007) showed that to-be-forgotten items are more often recognized 

via know responses reflecting feelings of familiarity for these items without conscious 
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recollection. Thus, to assess the differential contributions of recognition memory to 

directed forgetting and the modulation of the subcomponents through emotionality 

remember and know responses were collected during the recognition test. 

 

To sum up, while the selective rehearsal account of directed forgetting has been prevalent 

in behavioral studies, recent electrophysiological evidence suggested the involvement of 

inhibitory processes. On the one hand, the selective rehearsal account would be supported 

by findings of attention and encoding related ERPs in response to to-be-remembered 

items. On the other hand, inhibitory involvement would be supported by frontal ERPs 

associated with frontal control mechanisms. In order to elucidate the relationship of item 

method directed forgetting and item emotionality and the underlying behavioral and 

electrophysiological processes, complex pictures with neutral and unpleasant content were 

implemented. Based on findings of enhanced memory for emotional material (Arntz et al., 

2005; Dolcos, LaBar et al., 2006) a modulation of the directed forgetting effect was 

expected depending on item valence. More specifically, as negative and arousing items are 

more richly represented in memory and therefore mainly influence the recollection 

component of recognition memory (Ochsner, 2000) and as previous research (Gardiner et 

al., 1994) found effects of directed forgetting for remember responses (recollection) but 

not for know responses (familiarity), a substantial reduction or elimination of the directed 

forgetting effect was expected for unpleasant pictures.  

 

2.2.1 Method 

Subjects 

19 students (10 female) of the University of Konstanz with a mean age of 24.74 years 

participated in this experiment. Data of two participants were excluded due to extreme 

artifacts, leaving 17 data sets for analyses. The participants provided informed consent and 

received either course credit or payment of 15 €. 

Stimuli, Procedure, Design 

A set of 240 complex pictures was used (120 affectively neutral and 120 negative), with 

111 pictures from the International Affective Picture System (IAPS, Lang et al., 2005). 

The remaining pictures were self-collected from the internet and had similar content as 

IAPS pictures. Normative ratings of valence and arousal were available for all pictures. 

The neutral pictures depicted neutral faces, landscapes, or social scenes and the unpleasant 

pictures showed war scenes, mutilations, accidents, or sad scenes. For each valence 
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category, the pictures were organized into two sets, each containing 60 pictures (sets A, 

B). Each picture in set A had a corresponding one with related content in set B (see Figure 

5 for examples of the pictures used). Within each valence category, the two sets did not 

differ with regard to valence [neutral: F(1, 118)=.252, p=.616; unpleasant: F(1, 118)=.008, 

p=.929] or arousal [neutral: F(1, 118)=.851, p=.358; unpleasant: F(1, 118)=.219, p=.641], 

whereas across valence category, the pictures differed in ratings of valence [F(3, 

236)=288.384, p<0.001] and arousal [F(3, 236)=289.05, p<0.001]. Pictures from the 

different valence categories (neutral, unpleasant) were digitally matched for brightness and 

contrast10.The to-be-remembered and to-be-forgotten items were drawn from one set (A or 

B) of each valence category while the pictures of the corresponding sets served as 

distractors in the recognition task.  

 
figure 5: Examples of pictures from sets A and B for each valence category are given. Each picture in set A 
had a corresponding picture of related content in set B. 
 

One neutral and one negative set were presented in a random sequence (sixty neutral and 

sixty unpleasant pictures). Each picture was shown for 2000 ms each. Directly after each 

picture either a “VVV” (‘vergessen’ ~ forget) cue indicating that the previous picture 

should be forgotten or a “”MMM” (‘merken’ ~ remember) cue indicating that the previous 

picture should be remembered appeared for another 2000 ms. 

Hereafter, a fixation cross was shown for 1500 ms before the next picture was presented. 

30 neutral and 30 unpleasant pictures were followed by a “VVV” cue and another 30 
                                                 
10 Brightness was defined as the mean over all pixels of the black-white-brightness (mean of red, green, and 
blue intensities). Contrast was defined as the standard deviation of this brightness. Brightness and contrast 
were adjusted linearly, brightness of all pixels was in- or decreased by constant values (brightness) and 
brightness variance of the pixel from the mean increased by a factor (contrast). In case of ceiling or floor 
effects (brightness bigger than 255 or smaller than 0) adjustment was done by sinus scaled factors in 
dependence of the initial value. Thus, the more distant a value was from the boundary, the more it was 
adjusted. Therefore, the order of the brightness of the pixel remained while the values near the boundaries 
were compressed so that no ceiling or floor effects would occur (uniform black or white areas). This was 
done iteratively until the specified brightness and contrast values were reached. 
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neutral and 30 unpleasant by a “MMM” cue. The assignment of the cues to the pictures 

was pseudorandom in that no more than three identical cues appeared in sequence. All 

participants were instructed to try to memorize the pictures with the “MMM” cue and to 

forget those followed by the “VVV” cue. After 40 pictures were presented, a short break 

(7 s) was given, with the instruction to the participants to relax, then another 40 pictures 

were presented, again followed by a short break and finally, the last 40 pictures were 

shown. After the learning phase the participants performed the ‘d2’ digit cancellation test 

(test of attention, Brickenkamp, 1994) as a distractor test, which requires subjects to 

identify target letters in arrays of target and distractor letters. In the subsequent recognition 

test all 120 pictures from the learning phase and the remaining sets with the 120 

corresponding new pictures were presented in random order for 300 ms each. Participants 

had to perform a recognition task with the responses ‘remember’ to indicate conscious 

recollection of the picture, ‘know’ to indicate a feeling of familiarity without conscious 

recollection, and ‘new’ to indicate that the picture had not been shown previously. The 

decision was made by pressing one of three buttons on the keyboard with the index, 

middle, or ring finger of the right hand. The finger assignment to the buttons was balanced 

across participants. Participants were instructed to react as quickly and accurately as 

possible. After the recognition decision the next picture appeared. As there was no time 

limit for the responses, the response data were corrected by excluding responses differing 

more than two standard deviations from the individual mean score from the analyses.  

EEG recording 

The EEG was recorded from 65 Ag/AgCl electrodes using Neuroscan (Scan, SynAmps, 

Compumedics, El Paso, USA) soft- and hardware. During recording impedances were 

kept below 5 kΩ. Data were acquired with a sampling rate of 500 Hz and online filters of 

DC-100 Hz. During recording, electrodes were referenced to Cz. The experimental 

stimulation was run under Presentation (Neurobehavioral Systems, Albany, USA). Prior to 

the experiment vertical, horizontal, and blink related eye movements were systematically 

recorded for later eye correction of the experimental EEG data. 

Data analysis 

The recorded EEG data was pre-processed with Brain Electrical Source Analysis (Besa ®, 

MEGIS Software GmbH, Gräfeling, Germany, www.besa.com). The recorded Cz 

reference was offline re-referenced an average reference. The EEG was corrected for eye 

movements, artifacts were rejected (EEG>220 µV), and the data was filtered with a 0.3 Hz 

highpass and a 30 Hz lowpass filter. The corrected and filtered data were then split into 
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epochs separately for picture presentation and cue presentation (-200 ms-1000 ms), 

baseline corrected, and averaged. The ERP analyses of the resulting grand means of each 

condition were done using EMEGS (ElectroMagnetic EncephaloGraphy Software, 

Junghofer & Peyk, 2004).  

Picture presentation: Based on previous literature concerning late positive potentials in 

response to emotional pictures as well as based on visual inspection of the data, the data 

were statistically analyzed as averaged activity at a group of 10 electrodes (CPz, CP3, 

CP4, Pz, P1, P2, P3, P4, PO1, PO2), in a time window from 450-700 ms after pictures 

onset (fig. 6b).  

Cue presentation: During cue presentation, visual inspection revealed that positivity 

increased in response to forget cues at prefrontal sensors starting approximately 350 ms 

after cue onset. Additionally, starting about 450 ms and again about 750 ms after cue 

onset, positivity was selectively enhanced at fronto-central electrodes for forget cues 

following a neutral picture (fig. 6a). Thus, activity patterns associated with forget cues 

were investigated for a left pre-frontal (AF3, AF7, FP1, F5, FT9, FC5), a right pre-frontal 

(AF4, AF8, FP2, F6, FT10, FC6), and a fronto-central group (Fz, F1, F2, FC2, FC3, FC4) 

and for three time windows (350-450 ms, 450-550 ms, and 750-900 ms). 

Concerning activity associated with the remember cues, visual inspection showed that 

between 400 and 500 ms positivity was enhanced for remember cues in parietal regions 

(see fig. 6b). Activity patterns related to remember cues were investigated using the same 

parietal electrode group as for the picture presentation. 

 
figure 6: Selected electrode groups as used for the statistical calculations. a) Three sensor groups (right 
prefrontal, left prefrontal, fronto-central) corresponding to forget cue related activity during cue presentation. 
b) Parietal sensor group corresponding late positive potentials during picture and cue presentation. 
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Statistical analysis 

All statistical calculations were done with Statistica 6.1© (StatSoft, Inc. 2003, 

www.statsoft.com). Post-hoc comparisons were calculated using Fisher’s LSD. A 

significance level of 0.05 was used for all calculations. 

Behavioral data: The statistical analyses of the behavioral data were performed using 

repeated measure ANOVAs with the within-factors condition (F condition, R condition), 

valence (neutral, unpleasant), and recognition response (remember, know).  

Picture presentation: For the electrophysiological data during picture presentation, 

repeated-measures ANOVAs were calculated with the factors valence (neutral, 

unpleasant). 

Cue presentation: During cue presentation, ANOVAS with the within-factors condition (F 

condition, R condition), valence (neutral, unpleasant), and region (right frontal, left 

frontal, fronto-central) were calculated to investigate frontal activity. ANOVAS with the 

within-factors condition (F condition, R condition) and valence (neutral, unpleasant) were 

calculated to investigate parietal activity.  

 

2.2.2 Results 

Behavioral data 

Recognition performance: The mean recognition scores are displayed in table 3. A 

repeated measure ANOVA with the factors valence (neutral, unpleasant), condition (F 

condition, R condition), and response (remember, know) was calculated. Main effects of 

valence [F(1, 16)=11.695, p<.01], condition [F(1, 16)=9.535, p<.01], and response [F(1, 

16)=362.93, p<.001] were found, indicating more correct recognition of unpleasant 

compared to neutral pictures, of to-be-remembered compared to to-be-forgotten pictures 

(effective directed forgetting, see fig. 7 left), and for remember responses compared to 

know responses. Additionally, interactions occurred: Enhanced correct remember 

responses of unpleasant items compared to neutral ones (p<.001) were found, while for 

know responses the two valences did not differ as reflected by the valence x response 

interaction [F(1, 16)=11.333, p<.01]. The condition x response interaction [F(1, 

16)=6.732, p<.05] indicated directed forgetting for the remember responses: A proportion 

of 0.79 of the R-items was remembered whereas only 0.71 of the F-items (p<.01). No 

difference depending on the previous instruction was found for know responses. Also, an 

interaction between valence and condition was found [F(1, 16)=29.522, p<.001; fig. 7 

middle] reflecting directed forgetting selectively for neutral pictures (difference between 
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R- and F-items, p<.001) but not for unpleasant ones. Furthermore, the valence x condition 

interaction occurred selectively for remember but not for know responses as indicated by a 

three-way interaction of valence x condition x response was found [F(1, 16)=5.628, p<.05; 

fig. 7 right]. 

Reaction times: The mean reaction times are displayed in table 3. A repeated measure 

ANOVA with the factors valence (neutral, unpleasant), condition (F condition, R 

condition), and response (remember, know) was calculated and revealed no effects or 

interactions. 

 
table 3: Means and standard errors (SE) of the recognition rate and reaction times for correctly classified 
items in the recognition task (F = to-be-forgotten, R = to-be-remembered) 

 recognition rates reaction times 

 remember know remember know 

 F R F R F R F R 

unpleasant  

mean 

 SE 

neutral  

mean 

 

0.78 

0.03 

 

0.64 

0.04 

   

 

     
figure 7: Left: Main effect of condition (=directed forgetting). Middle: Valence x condition interaction 
(=directed forgetting only for neutral pictures). Right: Valence x condition x response interaction (=directed 
forgetting of neutral pictures only for remember responses). F = forget item, R =remember item 
 

 

 

 SE 

0.81 

0.05 

 

0.77 

0.04 

0.07 

0.02 

 

0.06 

0.02 

0.05 

0.01 

 

0.05 

0.01 

  

878.94 

40.78 

 

889.26 

37.40 

 

893.86 

175.37 

 

 

887.69 

33.98 

934.97 

197.13 

  

925.36 960.62 

177.80 39.54 

864.79 

192.45 
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ERP data 

Picture presentation 

An ANOVA with the factor valence (neutral, unpleasant) was calculated and revealed that 

already during picture presentation, unpleasant pictures elicited enhanced positive-going 

activity in a parietal region between 450 and 700 ms after picture onset [F(1, 16)=20.379, 

p<.001].  

 
figure 8: Effect of the late positive potential during picture presentation. The increased positive activity is 
illustrated by the parietal sensor (Pz) and the difference plot (negative-neutral). 
 

Cue presentation 

Frontal brain activity: 

350-450 ms: An ANOVA with the factors condition (F condition, R condition), valence 

(neutral, unpleasant), and region (right prefrontal, left prefrontal, fronto-central) yielded 

main effects of condition [F(1, 16)=5.265, p<.05] and region [F(2, 32)=13.609, p<.001]. 

The former reflecting more positive activity during the F condition and the latter reflecting 

increased positivity in the fronto-central electrode group compared with the right (p<.01) 

and left prefrontal group (p<.01). Enhanced positivity for the F condition compared to the 

R condition occurred in the right (p<.05) and left (p<.01) prefrontal region, while no 

difference was found in the fronto-central electrode group as reflected by the interaction of 

condition and region [F(2, 32)=6.277, p<.01]. Additionally, an interaction of condition, 

valence, and region occurred [F(2, 32)=5.548, p<.01, fig 2.6] reflecting increased 

positivity for the F condition compared to the R condition in right (p<.05) and in left 

prefrontal areas (p<.01). In the fronto-central electrode group however, activity elicited by 

cues following neutral pictures did not differ for the conditions while negative cues tended 

to produce more negative-going activity in the F condition compared to the R condition 

(p<.05). 

450-550 ms: An ANOVA with the factors condition (F condition, R condition), valence 

(neutral, unpleasant), and region (right prefrontal, left prefrontal, fronto-central) yielded 
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again main effects of condition [F(1, 16)=11.103, p<.01] with increased activity in the F 

condition and of region [F(2, 32)=10.310, p<.001] indexing enhanced positivity in the 

fronto-central electrode group compared to right (p<.001) and left (p<.01) prefrontal 

regions. No differences in activity due to valence was found in the two prefrontal regions 

while neutral cues elicited increased positive activity compared to negative cues (p<.01) in 

the fronto-central electrode group indicated by an interaction of valence and region [F(2, 

32)=9.211, p<.001]. Additionally, independent of valence, forget cues elicited increased 

positivity compared to remember cues in the right (p<.05) and left prefrontal (p.<.01) 

electrode group. However, in the fronto-central region positivity was selectively enhanced 

for neutral forget cues compared to other cues (p<.05). This was reflected by an 

interaction of condition, valence, and region [F(2, 32)=3.403, p<.05, fig. 9].  

750-900 ms: Calculation of an ANOVA with the factors condition (F condition, R 

condition), valence (neutral, unpleasant), and region (right prefrontal, left prefrontal, 

fronto-central) revealed a main effect of valence [F(1, 16)=6.704, p<.05] reflecting 

enhanced positivity in response to cues following neutral pictures compared to those 

following unpleasant pictures. This effect was modulated by condition as shown by the 

interaction of condition and valence [F(1, 16)=4.799, p<.05, fig. 9]. Positivity was 

selectively increased for forget cues following neutral pictures compared to other cues 

(p<.05).  

Topographic analyses 

In order to remove overall differences of amplitude in the contrasted conditions 

(McCarthy & Wood, 1985), the data were normalized (mean of 0, standard deviation of 1) 

and the ANOVAS were re-calculated for the interactions with region: 

350-450 ms: The same interactions were found for the normalized data as in the previous 

ANOVAs: An interaction of condition and region [F(2, 32)=6.183, p<.01] revealed that 

forget cues led to more positive-going activity in the left (p<.01) and right prefrontal region 

(p<.05) while no difference occurred in the central electrode group. An interaction of 

condition, valence, and region [F(2, 32)=5.408, p<.01] showed that forget cues produced 

more positivity than remember cues in the right (p<.01) and left prefrontal regions (p<.01). 

In the central electrode group, forget and remember cues following neutral pictures did not 

differ while forget cues following negative pictures produced less positive activity than 

remember cues following negative pictures (p<.05).  

450-550 ms: Again, the same interactions were found for the normalized data as in the 

previous ANOVAs: Cues following neutral pictures evoked more positivity than cues 
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following negative pictures in the central electrode group (p<.01) while no difference 

occurred in the two prefrontal regions. This was reflected by an interaction of valence and 

region [F(2, 32)=8.917, p<.001]. The interaction of condition, valence, and region [F(2, 

32)=4.395, p<.05] showed that more positive activity was produced for forget cues 

compared to remember cues in the right prefrontal (p<.05) and left prefrontal electrode 

group (p<.05). In the central electrode group, forget cues following neutral pictures 

evoked more positivity than remember cues following neutral pictures (p<.05) while no 

difference occurred following negative picture.  

Parietal brain activity: 

An ANOVA with the factors (F condition, R condition) and valence (neutral, unpleasant) 

was calculated for a parietal electrode group (fig. 6b) between 400 and 500 ms after cue 

onset and revealed a main effect of condition [F(1, 16)=8.949, p<.01]. Remember cues 

elicited enhanced positivity in this parietal electrode group (fig. 9). 

 
figure 9: Display of electrode potentials during cue presentation and selected sensors of prefrontal, fronto-
central, and parietal regions. 
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2.2.3 Discussion 

In experiment 2, the investigation of directed forgetting of complex colorful pictures was 

expanded from only neutral (experiment 1) to neutral and unpleasant pictures. Item 

method directed forgetting was explored for neutral and unpleasant complex pictures that 

were presented in a mixed order. As in experiment 1, memory was tested with a 

recognition task to avoid potential interference from verbal processes that might be 

involved in free recall. Moreover, electrophysiological activity was recorded in order to 

explore the brain dynamics underlying item method directed forgetting, especially for 

items of different valences. 

Behavioral results 

Regarding the neutral pictures, typical effects of directed forgetting were found with 

reduced recall of to-be-forgotten items compared to to-be-remembered ones. This was, 

however, only true for remember responses while no effect occurred for know responses. 

This finding is consistent with other studies that found such differential results for the 

subcomponents of recognition: Recollection (assessed by remember responses) seems to 

be sensitive for directed forgetting instructions whereas familiarity (assessed by know 

responses) appears unaffected (Basden & Basden, 1996; Gardiner et al., 1994; Lee et al., 

2007). However, it should be mentioned that in this study, know responses hardly 

occurred at all (proportion of 0.06) and therefore, the absence of an effect might also be 

due to a floor effect. Still, finding directed forgetting for neutral picture material replicates 

the results of experiment 1 and is consistent with other studies using neutral words 

(Hourihan & Taylor, 2006) and also line drawings (Lehman et al., 1998). Although similar 

patterns of know responses occurred for the two valences, only the remember responses 

were modulated by emotionality: Consistent with studies proposing that unpleasant and 

arousing stimuli lead to richer memory representations and thus affect mainly the 

recollection component of recognition memory (Kensinger & Corkin, 2003; Ochsner, 

2000), the recollection dependent directed forgetting effect did not occur for unpleasant 

material while neutral items were successfully forgotten upon instruction. 

Emotional events are generally better remembered than neutral events. This memory 

enhancing effect has been shown for words (Kensinger, 2004), pictures (Dolcos et al., 

2004a), faces (Fischer, Sandblom, Nyberg, Herlitz, & Backman, 2007), and stories (Arntz 

et al., 2005). From an evolutionary perspective, enhanced memory for emotional (aversive 

and attractive) information is adaptive as it is usually relevant for survival. Processes of 

increased attention (Talmi, Schimmack et al., 2007), rehearsal (Bohannon, 1988), 
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elaboration (Safer, Christianson, Autry, & Österlund, 1998), and item distinctiveness 

(Schmidt & Saari, 2007) contribute to this enhanced memory effect of emotional material 

as well as neural and hormonal mechanisms (Castellano, Cabib, & Puglisi-Allegra, 1996; 

Hamann, 2001). There is also evidence that emotional memory is perceptual. The fact that 

emotion promotes superior perceptual memories is presumably related to better encoding 

(Arntz et al., 2005). While previous studies on directed forgetting of emotional material 

did not find a memory enhancing effect for emotional words (e.g. Dumont, 2000; McNally 

et al., 1999; Tolin et al., 2002), directed forgetting of pictures appears to be modulated by 

emotionality as in this experiment no effect occurred for the unpleasant pictures. This 

suggests that complex colorful pictures depicting unpleasant content are processed 

differently than both unpleasant word material and complex colorful neutral pictures 

resulting in the absence of an effect. Looking at the differences in the stimulus material 

producing directed forgetting (neutral and emotional words and neutral pictures) and 

material not leading to directed forgetting (unpleasant pictures), the crucial difference 

might be the interaction of perceptual and emotional information. Perceptual information 

is thought to enhance memory as for example recognition of objects is facilitated by color 

information (Rossion & Pourtois, 2004). Accordingly, complex pictures offer more and 

more variable perceptual cues compared to word material, presumably resulting in better 

encoding and thus enhanced memory performance. This is consistent with our findings 

concerning the magnitude of directed forgetting: In this study, the directed forgetting 

effect for remember responses for neutral pictures (difference between remember 

responses for R- and F-items) was 0.13 and overall 0.08 (including responses for neutral 

and unpleasant pictures) which are both reliably significant but smaller than effects found 

normally for word material11. The absence of an effect for unpleasant pictures is in line 

with the assumption of Arntz and colleagues (2005) who proposed increased perceptual 

memory for emotional material. This view, of emotional memory being perceptual, is 

further supported by elevated remember rates for unpleasant to-be-remembered pictures 

compared to neutral ones, thereby suggesting stronger memory representation of 

unpleasant memories. Moreover, no directed forgetting for unpleasant pictorial material is 

also consistent with findings of memory enhancing effects of emotion (Dolcos, LaBar et 

al., 2006; Kensinger & Corkin, 2003).  

 

 
                                                 
11 Studies using word material found differences between the recognition proportions of to-be-remembered 
and to-be-forgotten items of e.g. 0.202 (control subjects in Dumont, 2000) or 0.297 (MacLeod, 1999). 
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ERP data: 

Electrophysiological data during picture presentation showed differential ERPs 

corresponding to the two valences even before the cue was presented: A late positive 

potential (LPP) occurred in response to unpleasant pictures in parietal brain regions 

between 450 and 700 ms after stimulus onset. Several other studies have also shown LPPs 

in response to emotionally arousing material as pictures (Schupp et al., 2006), words 

(Dillon et al., 2006), or faces (Schupp, Ohman et al., 2004). These late potentials are 

assumed to reflect increased attentional resources focused on emotional stimuli (Cuthbert, 

Schupp, Bradley, Birbaumer, & Lang, 2000; Schupp et al., 2000) and thus deeper 

processing of the affective stimuli resulting in deeper encoding and stronger memory 

representations. This interpretation of enhanced encoding of unpleasant material is 

supported by the behavioral data showing recognition memory for unpleasant to-be-

remembered items compared to neutral ones. Thus, memorizing complex pictures profits 

from the emotionality of the photographs.   

This picture encoding related activity might be sufficient to explain the behavioral 

outcomes which is consistent with the selective rehearsal account (e.g. Basden et al., 1993; 

Bjork & Woodward, 1973): During picture encoding, unpleasant pictures are selectively 

rehearsed, leading to enhanced encoding and consequently to a lack of directed forgetting. 

Also, the activity found in response to remember cues supports a selective rehearsal 

account: Remember cues evoked enhanced parietal positivity between 400 and 500 ms, 

which is consistent with other studies. Paz-Caballero and colleagues (2004) found more 

positive-going activity in parietal regions in response to remember cues compared to 

forget cues between 300-600 ms. Similarly, Paller (1990) found increased positivity 

between 250 and 600 ms corresponding to the remember cues. Late positive potentials, in 

similar time windows, have been related to attentional processes (Johnson, 1988) and 

memory encoding mechanisms, both promoting memory (Polich, 2007). The attention-

related positivity is maximal in parietal regions (Linden, 2005) and appears to be 

associated with memory performance as stimuli that are subsequently remembered evoke 

enhanced positive potentials during encoding compared to subsequently forgotten items 

(Polich, 2007). These parietal positivity enhancements presumably reflect hippocampal 

activity (Fernandez, Weyerts, Tendolkar et al., 1998) as the hippocampus and adjacent 

structures have been shown to increase in activity during word encoding (Fernandez, 

Weyerts, Schrader-Bölsche et al., 1998) and during pictorial encoding (Stern et al., 1996) 

promoting memory. The parietal positivity in response to remember cues found in this 
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study might be associated with successful memorizing of the corresponding pictures, 

which in turn is reflected in the better recognition of to-be-remembered pictures, thus 

supporting the selective rehearsal account.  

Nevertheless, selective rehearsal might not be the only process underlying the findings. 

The EEG data during forget cue presentation suggests that additional processes might 

contribute to the absence of directed forgetting of unpleasant pictures, respectively to the 

presence of an effect for neutral pictures. During forget cue presentation, the following 

activity patterns occurred: (1) Enhanced positivity in prefrontal areas between 350 and 550 

ms, (2) enhanced negativity in response to forget instructions associated with unpleasant 

pictures between 350 and 450 ms in fronto-central regions, and (3) enhanced positivity in 

fronto-central regions corresponding selectively to forget instructions following neutral 

pictures starting 450 ms and again 750 ms after cue onset. 

The effect of condition between 350- 550 ms with more positive-going activity in response 

to forget cues compared to remember cues in prefrontal regions is consistent with other 

studies. For example, Paz-Caballero & Menor (1999) found increased positive ERPs in 

frontal areas elicited by forget cues between 300 and 800 ms. In another study, Paz-

Caballero and colleagues (2004) showed that forget cues evoked enhanced positivity 

compared to remember cues in frontal regions between 300-600 ms. Frontal brain regions 

have been suggested to play a crucial role in suppression and control processes (Anderson 

et al., 2004; Barbas & Zikopoulos, 2007) as for example actively suppressing unwanted 

memories or thoughts (Anderson et al., 2004; Depue, Curran, & Banich, 2007) as well as 

successful directed forgetting (Wylie et al., 2007) lead to enhanced activity in frontal and 

prefrontal areas. Thus, the frontal activity evoked by forget cues might reflect suppression 

processes, which however, seem to be differently effective on neutral and unpleasant 

pictures as can be seen in the behavioral data. As mentioned above, the enhanced activity 

during encoding of unpleasant pictures (LPP) might result in such strong memory 

representations that the following inhibitory frontal processes are insufficient to actually 

inhibit the recognition of to-be-forgotten items. For neutral pictures, however, the 

suppression activity seems to be sufficient to reduce recognition of to-be-forgotten 

pictures as reflected in the directed forgetting effect for neutral pictures. Thus, the results 

can be explained by enhanced encoding of unpleasant pictures and inhibitory frontal 

processes that are insufficient to impair recognition of to-be-forgotten unpleasant pictures. 

However, there might be alternative explanations as there is, additionally to the activity 

elicited by all forget cues, differential activity for forget cues associated with neutral and 
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unpleasant pictures. Such activity patterns occurred in the fronto-central electrode group 

between 350 and 450 ms with increased negativity in response to forget cues associated 

with unpleasant pictures and between 450-550 ms and 750-900 ms with enhanced 

positivity elicited by forget cues related to neutral pictures. Thus, the absence of a directed 

forgetting effect for unpleasant pictures and the presence of such an effect for neutral ones 

appears to be related to these distinct activity patterns. As the fronto-central electrode 

group is adjacent to the frontal groups, the activities found here might still reflect 

suppression processes. Then, the successful forgetting of to-be-forgotten items might 

depend on longer lasting mechanisms as found for neutral pictures (750-900 ms). 

Alternatively, and due to the interaction with region, the activity recorded in the fronto-

central group might reflect that larger brain regions are activated for the successful 

forgetting of neutral material compared to the intention of forgetting unpleasant material, 

which in turn is not successful. Regarding these issues of specific sources within the brain, 

this study is limited as electrophysiological recording offer excellent temporal resolution, 

but its spatial resolution is comprised by the inverse problem. However, fMRI data of 

memory suppression in a related task, the so called think-no think paradigm12 suggested 

specific brain areas contributing to the suppression of memories (Anderson et al., 2004). 

Enhanced activation of several prefrontal regions occurred during suppression of both 

neutral (Anderson et al., 2004) and unpleasant memories (Depue et al., 2007). Thus, our 

findings of prefrontal and fronto-central positivity enhancement in response to forget cues 

might originate in dorsolateral prefrontal (Anderson et al., 2004), inferior prefrontal, and 

medial prefrontal regions (Depue et al., 2007) as found in fMRI studies on memory 

suppression. Alternatively, increased frontal activity has been shown to occur during 

encoding for unintentionally subsequently forgotten items which might correspond to 

unsuccessful encoding (Otten & Rugg, 2001). Thus, the increase in prefrontal regions in 

response to forget cues related to successful directed forgetting (cues following neutral 

pictures) found in the present study might also just reflect unsuccessful encoding 

processes. However, Wylie and colleagues (2007) investigated fMRI correlates of item 

directed forgetting and found that, although, forget instructions generally evoked stronger 

activity in the middle frontal gyrus and middle cingulate gyrus compared to remember 

instructions, specific regions differentiated between intentional and unintentional 

                                                 
12 In a think- no think paradigm paired cue-target associations are learned in the encoding phase. In the 
following suppression phase one third of the targets should be suppressed and one third retrieved in response 
to cue presentation while one third is not presented (baseline). Subsequently a recall task reveals that 
suppressed items are less often recalled than baseline items while retrieved items are more often recalled 
than baseline items. 
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forgetting: Intentional forgetting, produced increased activity in superior/middle frontal 

gyrus and inferior frontal gyrus. Further, specifically the activity increase in superior 

frontal gyrus differentiated intentional from unintentional forgetting, suggesting directed 

forgetting as an active process.  

 

In conclusion, effects of item method directed forgetting for neutral complex pictures were 

replicated. Further, as suggested by other studies (Basden & Basden, 1996; Gardiner et al., 

1994; Lee et al., 2007), directed forgetting appears to affect the recollection component of 

recognition as intentional forgetting occurred for remember responses but not for know 

responses. However, directed forgetting was not found for unpleasant pictures. The 

electrophysiological data suggests that successful directed forgetting might depend on a 

two-factor account of selective rehearsal and active inhibition. During cue presentation, 

the remember instruction appears to lead to selective rehearsal of to-be-remembered items 

as indicated by activity enhancement in parietal cortex associated with attention and 

subsequent memory. Active inhibition seems to be reflected by enhanced frontal activity 

for forget cues. Thus, these two factors might underlie successful directed forgetting of 

neutral pictures while unsuccessful directed forgetting of unpleasant pictures might be due 

to enhanced encoding of all unpleasant pictures during picture presentation (suggested by 

increased late positive potentials) and to less strong inhibitory processes for unpleasant 

pictures (suggested by the absence to fronto-central positivity). In order to further 

elucidate the roles of selective rehearsal and active inhibition in item method directed 

forgetting, research on the underlying brain structures will be needed. However, the 

present study clearly demonstrates that highly arousing negative material is not affected by 

directed forgetting and reveals distinct ERP effects that contribute to this result. 
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3. Chapter 2: EEG recording during list method 
directed forgetting of different valenced words  

 
Presumably, all of us have experiences about situations that left an unpleasant aftertaste 

like memories about really embarrassing or shattering situations. Usually, such 

experiences are not among the top ten of our favorite memories and forgetting them would 

not bother us. In how far people actually are able to forget on purpose has been studied in 

laboratories with the directed forgetting paradigm. In the list method paradigm13, a list of 

stimuli is presented followed by an instruction to forget all previous items in the forget 

condition (F condition) and to remember all previous items in the remember condition (R 

condition). In both conditions a second list to be remembered is presented after the first 

list. In a free recall test, directed forgetting occurs as reduced recall of the first list in the F 

condition than in the R condition (also known as the costs of directed forgetting) and as 

enhanced recall of the second list in the F condition than in the R condition (also known as 

the benefits of directed forgetting). As list method directed forgetting only occurs in free 

recall but not in recognition, it was suggested that retrieval processes are inhibited during 

recall while a re-presentation of items in a recognition task releases the inhibition and thus 

no effect occurs (e.g. Basden et al., 1993). Although retrieval inhibition is the most 

prevalent theory for list method directed forgetting in the literature, there are other 

explanations: Focusing attention on encoding of list 2 has been suggested to explain list 

method directed forgetting (Conway et al., 2000; Wessel & Merckelbach, 2006). Conway 

and co-workers (2000) linked their account of attentional focusing to the idea of inhibitory 

mechanisms leading to the reduced list 1 recall. Referring to selective attention literature 

which showed that focusing the attention on an item leads to inhibition of competing 

items, Conway and colleagues assumed that the inhibition processes are triggered through 

the attentional focusing on list 2 and that the “distribution of attentional resources at 

encoding could be an important determinant of the extent of inhibition in the DF lists 

procedure” (p. 412). An hypothesis related to attentional focusing has been proposed by 

Sahakyan & Delaney (2005). Their dual-process account based on the finding that directed 

forgetting consists of two distinct components, the costs and the benefits, which can occur 
                                                 
13 There is also another directed forgetting paradigm, the item method paradigm, in which items are 
presented consecutively each being followed by an instruction to either remember the previous stimuli or to 
forget it. Directed forgetting occurs as reduced recall or recognition of to-be-forgotten items compared to to-
be-remembered ones and has been suggested to rely on selective rehearsal of to-be-remembered and to-be-
forgotten items (e.g. Basden, Basden, & Gargano, 1993). 
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independently of each other. Costs of directed forgetting occur as reduced recall of a list 

when instructed to forget this list compared to when told to remember the list. Benefits of 

directed forgetting refer to the enhanced recall of a list following a forget instruction 

compared to a list following a remember instruction. It has been suggested that the costs 

are associated with a change of mental context (Sahakyan & Kelley, 2002) and the 

benefits with a change of encoding strategy, both initiated by the forget instruction 

(Sahakyan & Delaney, 2003). Benefits are thought to occur as a consequence of evaluating 

encoding strategies of list 1 and then improving learning strategies of list 2 in the forget 

condition. This change of strategy for learning list 2 is similar to the proposed attention 

focusing account (Conway et al., 2000; Wessel & Merckelbach, 2006). The costs emerge 

because participants create a new mental context for learning the second list (thinking of 

something else) in response to the forget instruction (Sahakyan & Kelley, 2002). Thus, in 

the F condition the context at recall is more similar to this new context than to the context 

of the first list while in the remember condition no difference is expected. The assumed 

context mismatch between recall situation and list 1 learning in the F condition leads to the 

costs. In terms of mental context and context-dependent memory, emotional material can 

serve as context for example by creating a mood. In mood-dependent memory, retrieval is 

facilitated when the mood of retrieval matches the mood of encoding (Lewis & Critchley, 

2003). Some studies have induced mood by simply presenting emotional material (Bäuml 

& Kuhbandner, 2007). Emotional context has also been created by presenting neutral 

material following an emotional background (Erk et al., 2003). Mood-dependent memory 

is explained by an associative network model which states that emotional memories are 

stored in networks comprising emotion-specific memory nodes that are connected with 

many emotion related aspects and further information about content and context. 

Activation of any of these connections is thought to lead to activation of the node and 

finally of the whole network (Bower, 1981). This pattern of co-activation finally results in 

a merging of context and emotion leading to contextual memory effects of emotion. Erk 

and colleagues (2003) investigated the neural substrates of emotional context memory. 

They presented cue-target pairs with an emotional picture as cue and a neutral word as 

target. To create emotional context, alternating blocks of seven cue-target pairs with the 

same valence (positive, neutral, or unpleasant) were presented. During blocks of neutral 

context, subsequent memory effects (activation for remembered items vs. activation for 

forgotten items during encoding) occurred in left inferior frontal cortex while unpleasant 

context activated amygdalar regions and pleasant context the parahippocampal gyrus. A 
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recent EEG study (Pastötter, Bäuml, & Hanslmayr, 2008) further suggested that brain 

oscillations are affected by mental context change. Such a change in mental context led to 

effects of oscillatory brain activity that are associated with both a reduction of memory 

load and an attention enhancement which improves subsequent encoding processes. 

Concerning event-related potentials, there are late positive potentials that have been 

related to attentional processes as for example the P300 (Gray, Ambady, Lowenthal, & 

Deldin, 2004; Linden, 2005). It has been shown that the P300 amplitude and attentional 

resources engaged in processing of a stimulus are proportional (Johnson, 1988). Another 

positive component which is important in regard to memory processes is the subsequent 

memory effect: Items that are subsequently remembered receive more positive-going 

activity during encoding compared to forgotten items (Paller & Wagner, 2002). Similar to 

the P300, the subsequent memory effect also increases in response to attentional allocation 

(Paller, Kutas, & Mayes, 1987). The scalp topographies of these late positive components 

usually occurred with centro-parietal maxima (Gray et al., 2004; Paller, 1990). While the 

centro-parietal positivity enhancement has been associated with rote encoding strategies, 

additional late positive component in frontal regions has been linked with elaborative 

encoding strategies (Fernandez, Weyerts, Tendolkar et al., 1998). Although the mentioned 

late positive potentials are differentially defined, the existing data suggests that they might 

at least share similar underlying processes (Fabiani & Donchin, 1995; Fabiani, Karis, & 

Donchin, 1990; Fernandez, Weyerts, Tendolkar et al., 1998; Polich & Kok, 1995). 

A general characteristic of directed forgetting is the necessity of learning of new material 

(Pastötter & Bäuml, 2007). An instruction to forget previous items without presenting new 

items is ineffective as illustrated for example by the white bear study of Wegner and 

colleagues (1987). Instructing participants first not to think and suppress thoughts about a 

white bear led later, when explicitly asked to think about the bear, to more frequent 

thoughts about the white bear compared to participants that were not initially instructed to 

suppress white bear related thoughts. Thus, just instructing participants to avoid or 

suppress previous material is not effective. Concerning list method directed forgetting, 

Pastötter and Bäuml (2007) showed that presentation of a second list following both the 

forget instruction and context-change instruction is necessary to produce an effect of 

directed forgetting. This interaction of the two lists suggests that retroactive interference 

plays a role in directed forgetting. Additionally, proactive interference (PI) processes are 

thought to contribute to effective directed forgetting. Inhibiting list 1 at retrieval (Basden 

& Basden, 1996) as well as changing the mental context between list 1 and list 2 
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(Sahakyan & Kelley, 2002) is thought to reduce PI on list 2. Rössner and colleagues 

(1999) investigated electrophysiological activity underlying PI. Participants learned 

paired-associations of cues and targets. Half of the cues were subsequently paired with 

new targets and presented for learning mixed with new association pairs. Comparing old 

cue-new target pairs with completely new pairs showed longer reaction times for the old 

cue-new target pairs reflecting PI. Additionally, learning the new associations were related 

to larger late positive components presumably reflecting the effort to overcome previously 

learned associations. 

 

Memory for emotional events is usually enhanced compared to memories for neutral and 

un-arousing events. From an evolutionary perspective this is highly adaptive as enhanced 

memory for situations or events of potential threat (but also for signals of reproduction) 

facilitates survival (Bradley et al., 1992). As suggested by LeDoux (1993), threatening 

material is processed via fast brain connections, which direct attention to the potential 

origin of threat, therefore referred to as motivated attention (Lang et al., 1997). Thus, 

emotional material is assumed to trigger enhanced encoding processes resulting in 

enhanced memory mediated by e.g. increased attention (Talmi, Schimmack et al., 2007). 

As suggested by Arntz and colleagues (2005), emotional memory is perceptual, that means 

that emotional material promotes superior perceptual memory. The literature further 

showed that emotional material modulates memory by enhancing it (for an overview see: 

Dolcos, LaBar et al., 2006; Hamann, 2001). This preferential memory processing for 

emotional material in found in recall (Bradley et al., 1992), recognition (Dolcos, LaBar, & 

Cabeza, 2005), passive viewing (Palomba et al., 1997), and more elaborative processing 

(Dolcos & Cabeza, 2002).  

Concerning directed forgetting, the memory enhancing effect of emotion led to the 

question whether the successful forgetting of irrelevant items would be diminished for 

emotional material. Wessel & Merckelbach (2006) investigated the modulation of list 

method directed forgetting by emotion. They presented either only neutral or only 

unpleasant word lists to their subjects with an instruction after the first list for half of the 

participants to forget the previous words and no such instruction for the other half. 

Irrespective of the words’ valence the F group recalled more list 2 items than the R group 

(benefits) while the R group recalled more list 1 items than the F group (costs). A series of 

experiments on autobiographical memories also investigated list method directed 

forgetting of memories varying in emotionality (Barnier et al., 2007). Although no 
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directed forgetting was found for unpleasant memories in one experiment (experiment 3), 

equal amounts of intentional forgetting were found for neutral, pleasant, and unpleasant 

memories in several other experiments (experiments 4-6). A similar study on emotional 

memories (Joslyn & Oakes, 2005) showed directed forgetting for memories of pleasant 

and unpleasant mood but only for memories of low emotional intensity and not of high 

intensity. Several other studies with a more clinical focus used list method directed 

forgetting to compare healthy subject with various clinical (e.g. Bohne et al., 2005; Power 

et al., 2000) or sub-clinical populations (e.g. DePrince & Freyd, 2004). Power and 

colleagues (Power et al., 2000) investigated directed forgetting in the context of emotional 

modulation with lists of pleasant and unpleasant trait adjectives. Here, again, a directed 

forgetting effect for both valences occurred in free recall when the adjectives were 

processed during a pleasantness rating although more pleasant to-be-forgotten words were 

recalled than unpleasant ones (Power et al., 2000). In another clinical study (Bohne et al., 

2005), lists of intermixed unpleasant and neutral words were presented and the healthy 

control subjects recalled more (although not significantly) to-be-remembered items for 

both the unpleasant and the neutral words. Myers, Brewin, & Power (1998) and Myers & 

Derakshan (2004) used lists of intermixed pleasant and unpleasant words in their 

experiments on repressors and repressive coping style. They found more forgetting of 

unpleasant material when participants were told to forget compared to when they were 

instructed to remember the items. While in one study this effect did not occur for pleasant 

items (Myers & Derakshan, 2004) it was even stronger than for unpleasant items in the 

other study (Myers et al., 1998). Moulds & Bryant (2005) presented pleasant, neutral, and 

unpleasant words randomly and found stronger directed forgetting effects for pleasant and 

unpleasant words than for neutral words in control participants. Using lists of intermixed 

trauma-related and neutral words (DePrince & Freyd, 2004; McNally et al., 2005) revealed 

effects of reduced recall of to-be-forgotten items for the trauma-related words but not for 

the neutral words while another study (study 2, Devilly et al., 2007) found more recall of 

to-be-remembered items regardless of valence for subjects with low dissociation levels 

under normal conditions.  

In sum, there is evidence for directed forgetting regardless of emotional (e.g. Power et al., 

2000; Wessel & Merckelbach, 2006) as well as studies finding modulation of directed 

forgetting through different emotional categories (e.g. DePrince & Freyd, 2004; McNally 

et al., 2005; Moulds & Bryant, 2005; Myers & Brewin, 1994; Myers et al., 1998). Thus, 

the pattern of emotional influence on list method directed forgetting is still inconclusive, 
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mainly because a systematic investigation of the effects of list emotionality on directed 

forgetting is missing. 

 

Four experiments of list method directed forgetting were conducted, in which the 

emotional content of the lists was systematically varied. Two of the experiments were 

analogous to the study of Wessel & Merckelbach (2006) with neutral-only lists or 

unpleasant-only lists (experiments 1 and 2) and additionally, two experiments were carried 

out in which both valences were used (experiments 3 and 4). Based on effects of enhanced 

memory for emotional material, special interest was devoted to the role of list valence in 

modulating directed forgetting. Due to superior encoding and stronger memory 

representations of emotional material (Arntz et al., 2005; Talmi, Schimmack et al., 2007), 

the directed forgetting effect could be reduced or even eliminated when the to-be-forgotten 

items are of emotionally arousing valence. This has been shown in a previous study using 

complex affective pictures in the item method where no directed forgetting occurred for 

unpleasant items while normal effects occurred for neutral material. Alternatively, as 

suggested by Wessel & Merckelbach (2006), the effect of directed forgetting might occur 

in all four experiments regardless of the lists valence. In terms of context-dependent and 

mood-dependent memory, the valence of a list of words belonging to one valence category 

might create a mood or context (Bäuml & Kuhbandner, 2007; Bower, 1981; Lewis & 

Critchley, 2003). Thus, each change of list valence (experiment 3 and 4) might lead to a 

change in mental context. These valence dependent context changes should occur 

additionally to those initiated by the forget instruction. Based on the assumed context 

changes initiated by both forget instruction and valence change, PI should be modulated 

over the experiments: In the experiments without change of valence (experiments 1 and 2), 

a change of context was expected to occur in the F condition due to the forget instruction 

leading to a reduction of PI compared to the R condition. In the experiments in which a 

change of list valence occurred (experiments 3 and 4), PI was expected to be reduced in 

the F condition due to the forget instruction and additionally, in both the F and the R 

condition due to the change of list valence. Thus, both the forget instruction and the 

change of valence are crucial in directed forgetting as they might initiate context changes 

and thus, consequently modulating PI.  

Concerning electrophysiological measures of list method directed forgetting, there is one 

study exploring oscillatory activity (Bäuml et al., 2008) but none on event-related 

potentials. However, although little is known about the electrophysiological correlates of 

 97



Chapter 2: List method 

list method directed forgetting, based on theoretical considerations, the following 

predictions can be made: As the directed forgetting instruction can exert any effects only 

following this instruction, the main focus lay on electrophysiological measures during 

encoding the lists following the mid-condition instruction (list 2). As enhanced late 

positive components are found in response to attentional demands (Johnson, 1988; Paller 

et al., 1987), we expected similar processes during encoding of list 2 in the F condition 

initiated by the forget instruction and the resulting change of encoding strategy (Sahakyan 

& Delaney, 2003) and attention focusing (Conway et al., 2000). Learning and recall 

promoting encoding is associated with late positive components for subsequently 

remembered items with either frontal maxima reflecting elaborative encoding strategies 

(Fabiani et al., 1990) or centro-parietal effects reflecting rote encoding strategies (Fabiani 

& Donchin, 1995). Forgetting unpleasant material might demand more effort than 

forgetting neutral material and thus we expected more elaborate encoding strategies during 

list 2 when list 1 was unpleasant resulting in increased frontal activity while centro-

parietal positivity was expected when list 1 was neutral.  

 

3.1 Experiment 1: Neutral list 1 and neutral list 2 
 

This study was designed to explore brain dynamics underlying list method directed 

forgetting. Analogous to the study of Wessel & Merckelbach (2006) only neutral words 

were used in order to replicate their results and to further examine brain activity during a 

standard paradigm.  

 

3.1.1 Method 

Subjects 

22 subjects (11 male, 11 female) with a mean age of 25.27 years participated in this 

experiment. The data of one subject was excluded from analysis due to artifacts leaving 21 

data sets for analyses. All subjects were right handed (assessed according to Annett, 1979; 

Oldfield, 1971) and had normal or corrected to normal vision. They provided informed 

consent and received course credit or payment for participation (15 €). 
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Material 

From a set of German nouns with ratings for valence, arousal, and concreteness and scores 

for length and frequency (the latter based on the CELEX database: Baayen, Piepenbrock, 

& Gulikers, 1995) 80 neutral ones were chosen as stimulus material. The words had mean 

scores of 4.86 (SE: 0.13) for valence on a scale from 1 (very unpleasant) to 9 (very 

pleasant) and 3.58 (0.12) for arousal on a scale from 1 (very un-arousing) to 9 (very 

arousing). Four lists of twenty words each were built that did not differ in regard to 

valence, arousal, concreteness, length and frequency. 

Design 

Prior to the experiment the subjects were given verbal and written instructions: “Several 

word lists are going to be shown to you. You shall remember some of them for later. After 

each word list you receive a cue whether the previous list is one to be remembered or 

whether you can forget it”.  The experiment consisted of two conditions: The F (forget) 

condition and the R (remember) condition. All subject received both conditions, with the 

order being counterbalanced. Each condition started with the presentation of list 1 which 

was subsequently followed by an instruction to either forget (F condition) or remember (R 

condition) all previous words. Then, in both conditions, list 2 was shown and followed by 

the instruction to remember all previous words. After that a distractor task was given to 

the subjects (counting backwards in steps of three from a three digit number for 2 min) 

and they were then asked to recall as many words as possible of all previously shown 

nouns irrespective of the initial instructions. After the 2 min free recall test, the R 

condition was presented to subjects that had started with the F condition and vice versa. 

Using such a within-participants design in the list method is not expected to vary from 

using a between-participants design and therefore offers the possibility of investigating 

individual differences in the abilities of remembering and intentionally forgetting (Bäuml 

et al., 2008; Zellner & Bäuml, 2006). During presentation each of the words appeared for 

2000 ms on the display followed by a fixation cross for 1500 ms. All instructions were 

shown for 4 s.  

EEG recording 

The EEG was recorded from 65 Ag/AgCl electrodes using Neuroscan (Scan, SynAmps, 

Compumedics, El Paso, USA) soft- and hardware. During recording impedances were 

kept below 5 kΩ. Data were acquired with a sampling rate of 500 Hz and online filters of 

DC-100 Hz. During recording, electrodes were referenced to Cz. The experimental 

stimulation was run under Presentation (Neurobehavioral Systems, Albany, USA). Prior to 
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the experiment vertical, horizontal, and blink related eye movements were systematically 

recorded for later eye correction of the experimental EEG data. 

Data analysis 

The recorded EEG data were processed with Brain Electrical Source Analysis (Besa ®, 

MEGIS Software GmbH, Gräfeling, Germany, www.besa.com) and offline re-referenced 

to average reference. The EEG was corrected for eye movements, artifact were rejected 

(EEG>140 µV), and the data was filtered with a 0.3 Hz highpass and a 30 Hz lowpass 

filter. The corrected and filtered data were then segmented into epochs (-200 ms-1000 ms), 

baseline corrected, and averaged. The ERP analyses of the resulting grand means of each 

condition were done using EMEGS (ElectroMagnetic EncephaloGraphy Software, 

Junghofer & Peyk, 2004). Of special interest were effects of the mid-condition instruction 

on list 2. Visual inspection of the data showed that between 450 and 660 ms list 2 of the F 

condition yielded more positive-going ERPs than list 2 of the R condition. As the 

topography of this difference change over time, two time windows were determined with 

different but overlapping sensor groups (fig. 11). 

Statistical analysis 

All statistical calculations were done with Statistica 6.1© (StatSoft, Inc. 2003, 

www.statsoft.com). The statistical analyses of the behavioral and electrophysiological data 

were done using repeated measure ANOVAs with the within-factors condition (F 

condition, R condition) and list (list 1, list 2). Single differences were calculated with the 

Fisher’s LSD. A significance level of .05 was used for all calculations. The directed 

forgetting effect was defined as an interaction between condition and list. Also, poorer 

recall of list 1 in the F condition compared to the R condition (costs) and better recall of 

list 2 in the F condition compared to the R condition (benefits) were calculated (mean 

differences) according to Sahakyan and Delaney (2005). Additionally, inter-condition 

comparisons (mean differences) of the two lists were calculated to assess a measure of PI 

and thus of induced context change initiated by both the forget instruction and the change 

of list valence. Under the assumption of effective directed forgetting, mean differences 

were expected to be positive in the R condition while being negative in the F condition. 

 

3.1.2 Results 

Recall data 

Table 4 displays the mean proportions of recalled words for the different conditions. A 

two-way ANOVA with the factors condition (F condition, R condition) and list (list 1, list 
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2) was calculated and yielded a significant interaction of condition and list [F(1, 

20)=15.46, p<.001, fig. 10 right] reflecting benefits of (p<.01) and costs (p<.05) of 

directed forgetting. Mean recall proportion difference of list 1 and list 2 was negative in 

the F condition (-.107, p<.05) reflecting reduced PI and positive in the R condition (.105, 

p<.05) reflecting PI. The scatterplot (fig. 10, left) reveals that most subjects recalled more 

list 1 items in the R condition than in the F condition (costs, more black stars above the 

linear line) and that also most subjects recalled more list 2 items in the F condition than in 

the R condition (benefits, more grey dots beneath the line). 
 

table 4: Details for the recall data. Including mean proportion of recalled words (standard error in brackets) 
and significant results for mean differences (p<.05*, p<.01**). 

mean difference  
 F condition R condition 

F condition – R condition 

list 1 (ntr) .326 (.045) .412 (.048) -.086* (costs) 

list 2 (ntr) .433 (.035) .307 (.028) .126** (benefits) 

mean difference 

list 1 – list 2 -.107*  .105*  
 

 
figure 10: Left: Scatterplot of the individual recall data. The line describes a hypothetically symmetrical 
recall of list 1 and 2 in the different conditions. Right: Bar plot of the interaction condition x list. 
 

EEG data 

450- 520 ms: A repeated measures ANOVA with the within-factors condition (F 

condition, R condition) and list (list 1, list 2) was calculated for a left centro-parietal 

electrode group and yielded a significant interaction condition x list [F(1, 20)=7.23, p<.05, 

fig. 11]. Post-hoc tests showed that list 2 of the F condition elicited increased positivity 

compared to the other lists and conditions (p<.05).  

540-660 ms: The repeated measures ANOVA, calculated for a centro-parietal sensor 

group, yielded again a significant interaction of condition and list [F(1, 20)=5.22, p<.05, 

fig. 11]. Post-hoc comparisons revealed again that during list 2 in the F condition 

positivity was increased compared to all other conditions and lists (p<.05).  
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figure 11: Effect of the increased positivity during list 2 of the F condition compared to list 2 of the R 
condition illustrated by centro-parietal electrodes and the difference plot (F list 2 – R list 2). 

 

3.1.3 Discussion 

Using neutral word material, list method directed forgetting was found as an interaction 

between condition and list. Also, costs and benefits occurred which is consistent with 

several other studies using neutral word material (e.g. Pastötter & Bäuml, 2007; Sahakyan 

& Delaney, 2003). These results fit with the two-factor account of directed forgetting 

suggesting that the forget instruction initiates a change (1) in mental context leading to 

cost and (2) in the encoding strategy leading to the benefits (Sahakyan & Delaney, 2005). 

Comparing the list recall within the conditions showed that recall of list 2 benefited from 

the forget instruction suggesting a reduction of PI from list 1 to list 2 which is probably 

secondary to the change in mental context. In the R condition, recall of list 2 was reduced 

compared to list 1 suggesting effects of PI and memory capacity limits. The ERPs showed 

an increased positivity following the crucial mid-condition forget instruction compared to 

the remember instruction. This is consistent with findings of late positive potentials in 

response to attentional demands (Johnson, 1988; Paller et al., 1987) and therefore supports 

assumption of focused attention (Conway et al., 2000) during encoding of list 2 in the F 

condition presumably associated with a change in encoding strategy (Sahakyan & 

Delaney, 2003). 
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3.2 Experiment 2: Negative list 1 and negative list 2 
 

Experiment 2 was identical to experiment 1 but only unpleasant words were used. 

Emotional material is better recalled compared to neutral material (overview: Hamann, 

2001). Thus, based on this memory enhancing effect, directed forgetting should be 

reduced or eliminated for emotional material. On the other hand, directed forgetting might 

be unaffected by the emotionality of pure lists, thus, replicating the findings of Wessel & 

Merckelbach (2006) who found list method directed forgetting for both pure neutral and 

pure unpleasant lists. Additionally, as in experiment 1 we explored the 

electrophysiological dynamics correlated with the list learning.  

 

3.2.1 Method 

Subjects 

In this study 29 (15 male and 14 female) subjects participated with a mean age of 23.6. 

The data sets of two subjects were excluded due to technical problems while recording and 

another three sets due to extreme alpha waves leaving 24 participants (12 male and 12 

female) for analysis. All subjects were right-handed (assessed according to Annett, 1979; 

Oldfield, 1971) and had normal or corrected to normal vision. Informed consent was 

provided and all received payment (15 €) or course credit for participation. 

Material 

80 unpleasant words were chosen which had mean valence scores of 2.36 (SE: 0.06) on a 

scale from 1 (very unpleasant) to 9 (very pleasant) and 5.58 (SE: 0.13) for arousal on a 

scale from 1 (very un-arousing) to 9 (very arousing). The words were arranged in four lists 

of twenty unpleasant words that did not differ in regard to valence, arousal, concreteness, 

frequency, and length. The lists were randomly assigned to experimental conditions and 

lists. 

Design, EEG recording, data analysis, and statistical analysis 

The design, EEG recording, data analysis, and statistical analysis were identical to those 

used in experiment 1. In regard to the data analysis, visual inspection of the data revealed 

again that between 450 and 620 ms list 2 of the F condition yielded more positive-going 

ERPs than list 2 of the R condition in a left frontal sensor group. This electrode group was 

chosen for statistical analysis (fig. 13). 
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3.2.2 Results 

Recall data 

The mean proportions of recalled items for the different conditions are displayed in table 

5. For the immediate recall data an ANOVA with the factors condition (F condition, R 

condition) and list (list 1, list 2) was calculated. This yielded a significant interaction 

between condition and list [F(1, 23)=9.61, p<.01, fig. 12 right] which was due to costs 

(p<.05) and benefits (p<.05) of directed forgetting. Additionally, the mean difference 

between list 1 and list 2 was negative in the F condition (-.055) reflecting a tendency of 

reduced PI (p=.11) and positive in the R condition (.089) indicating effects of PI (p<.05). 

The scatterplot (fig. 12 left) reveals that most subjects recalled more list 1 items in the R 

condition than in the F condition (costs, more black stars above the linear line) and that 

also most subjects recalled more list 2 items in the F condition than in the R condition 

(benefits, more grey dots beneath the line). 

 
table 5: Details for the recall data. Including mean proportion of recalled words (standard error in brackets) 
and significant results for mean differences (p<.05*). 

mean difference  
 F condition R condition 

F condition – R condition 

list 1 (neg) .233 (.027) .308 (.029) -.075* (costs) 

list 2 (neg) .288 (.029) .219 (.031) .069* (benefits) 

mean difference  
-.055 (p=.11) 

list 1 – list 2 
.089*   

 

 
figure 12: Left: Scatterplot of the individual recall data. The line describes a hypothetically symmetrical 
recall of list 1 and 2 in the different conditions. Right: Bar plot of the interaction condition x list. 
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EEG data  

450 - 620 ms: A repeated measures ANOVA with the factors condition (F condition, R 

condition) and list (list 1, list 2) was calculated. A main effect of condition occurred [F(1, 

23)=4.656, p<.05] reflecting more positivity during the F condition compared to the R 

condition. This main effect was accounted for by an interaction condition x list [F(1, 

23)=6.34, p<.05, fig. 13] with list 2 of the F condition eliciting increased positive activity 

compared to the other conditions and lists (F list 1: p<.05; R list 1: p<.01; R list 2: 

p<.001). 

 
figure 13: Effect of the increased positivity during list 2 of the F condition compared to list 2 of the R 
condition illustrated by frontal electrodes and the difference plot (F list 2 – R list 2). 
 

3.2.3 Discussion 

In experiment 2, directed forgetting was found as an interaction between condition and list 

using unpleasant words. Significant effects of costs and benefits occurred replicating the 

findings of Wessel & Merckelbach (2006). Again, the findings are consistent with the 

assumption of a two-factor account of costs and benefits of directed forgetting (Sahakyan 

& Delaney, 2005). Comparing recall of the two lists within conditions yielded significant 

effects of PI in the R condition and a tendency of reduced PI in the F condition. This 

reduction might be a result of mental context change initiated by the forget instruction. 

Similar to experiment 1, a positivity enhancement (450 and 620 ms after stimulus onset) 

occurred during encoding of words following the forget instruction. Studies have shown 

that late positive components occur in frontal regions for items that are later remembered 

compared to forgotten ones when the items are encoded with an elaborative strategy 

(Fabiani et al., 1990; Fernandez, Weyerts, Tendolkar et al., 1998) while rote encoding is 

reflected by centro-parietal positivity enhancements (Fabiani & Donchin, 1995; 

 105



Chapter 2: List method 

Fernandez, Weyerts, Tendolkar et al., 1998). In experiment 1, the enhanced positivity 

occurred in centro-parietal regions during subsequent learning following to-be-forgotten 

neutral words. In experiment 2, the increased positivity occurred in left frontal areas 

during learning following to-be-forgotten unpleasant material. Thus, the topographical 

differences found here might reflect the implementation of different encoding strategies: 

As subsequent learning after learning unpleasant material might require more effort 

compared to subsequent learning after neutral material, a more elaborate strategy might be 

used reflected in increased frontal positivity. Frontal regions have also been associated 

with processes of inhibition and suppression (Anderson et al., 2004; Konishi et al., 1999). 

Similarly, keeping information out of mind recruits prefrontal regions (Bunge, Ochsner, 

Desmond, Glover, & Gabrieli, 2001). Thus, the increased frontal positivity might, 

alternatively to elaborate encoding strategies, reflect inhibitory and control mechanisms 

that are engaged during forgetting unpleasant content.  

 

3.3 Experiment 3: Neutral list 1 and negative list 2 
 

Consistent with Wessel & Merckelbach (2006), using pure lists of one valence leads to 

similar behavioral results for both emotional categories. Thus, within experiments using 

only one emotion, emotional material had no influence on the behavioral pattern of 

directed forgetting. However, as recall for unpleasant material has been shown to be 

superior when compared with neutral material (e.g. Hamann, 2001), directed forgetting 

might be modulated when emotional and neutral material are contrasted within one 

experiment. In experiment 3 a neutral list was followed by an unpleasant list. Assigning 

neutral words as to-be-forgotten and the following unpleasant items as to-be-remembered 

might enhance the directed forgetting effect due to memory enhancing effects of 

emotional material. Additionally, to the investigation of memory enhancing effects of 

emotional material, the experiments allows to investigate effects of context change: 

During the massed presentation of words from one valence category in each list emotional 

contexts and/or a mood might be created and mental context changes might occur in 

response to changes of list valence. 
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3.3.1 Method 

Subjects 

Thirty subjects participated in this experiment (14 male, 16 female) with a mean age of 

22.79. Two data sets were excluded due to extreme alpha waves and another set due to 

extreme artifacts leaving 27 data sets (13 male, 14 female) for analysis. All subjects were 

right-handed (assessed according to Annett, 1979; Oldfield, 1971) and had normal or 

corrected to normal vision. Informed consent was provided and all received payment 

(15 €) or course credit for participation.      

Material 

Again, 80 words were chosen from the word pool. Half of the words were unpleasant and 

half neutral. The unpleasant words had a mean valence score of 2.5 (SE: 0.17) on a scale 

from 1 (very unpleasant) to 9 (very pleasant) and a mean score of 6.17 (SE: 0.16) on an 

arousal scale ranging from 1 (very un-arousing) to 9 (very arousing). The neutral words 

were rated on average as 5.3 (0.17) on the valence dimension and had a mean arousal 

score of 2.66 (SE: 0.16). The unpleasant and neutral words differed significantly in regard 

to their valence [F(1, 78)=131.95, p<.001] and arousal scores [F(1, 78)=256.52, p<.001] 

while they were matched for concreteness, frequency, and word length.  

All unpleasant nouns were arranged into two lists consisting of 20 words each with no 

differences concerning concreteness, frequency, and word length. The same was done for 

the neutral nouns resulting in two unpleasant and two neutral lists. 

Design 

The design was identical to the ones in experiments 1 and 2 with the exception that here 

list 1 in both conditions was comprised of neutral words and list 2 of unpleasant ones. 

EEG recording, data analysis, and statistical analysis 

The EEG recording, data analysis, and statistical analysis were identical to those used in 

experiment 1 and 2. In regard to the data analysis, visual inspection of the data revealed 

that between 550 and 750 ms list 2 of the F condition yielded more positive-going ERPs 

than list 2 of the R condition in a posterior regions. This sensor group was determined for 

statistical analysis (figure 15). 
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3.3.2 Results 

Recall data 

The mean proportions of recalled words for the different conditions are displayed in table 

6. A two-way ANOVA with the factors condition (F condition, R condition) and list (list1, 

list2) was calculated and showed better recall of list 2 compared to list 1 [F(1, 26)=14.80, 

p<.001]. Directed forgetting occurred as interaction of condition and list [F(1, 26)=7.49, 

p<.05, fig. 14 right] reflecting trends for both costs (p=.061) and benefits (p=.068). 

Additionally, the mean difference of list 1 and list 2 was negative in both conditions 

reflecting reduced PI with the stronger reduction in the F condition (-.161, p<.001) 

compared to the R condition (-.029 p=.39). The scatterplot (fig. 14 left) reveals that most 

subjects recalled more list 1 items in the R condition than in the F condition (costs, more 

black stars above the linear line) and that also most subjects recalled more list 2 items in 

the F condition than in the R condition (benefits, more grey dots beneath the line). 

 
table 6: Details for the recall data. Including mean proportion of recalled words (standard error in brackets) 
and significant results for costs and benefits (p<.001***). 

mean difference  
 F condition R condition 

F condition – R condition 

list 1 (ntr) .211 (.041) .278 (.036) -.067 (p=.061, costs) 

list 2 (neg) .372 (.026) .307 (.029) .065 (p=.068, benefits) 

mean difference  
-.161*** 

list 1 – list 2 
-.029 (p=.39)  

 

 
figure 14: Left: Scatterplot of the individual recall data. The line describes a hypothetically symmetrical 
recall of list 1 and 2 in the different conditions. Right: Bar plot of the interaction condition x list. 
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EEG data  

550 - 750 ms: A repeated measure ANOVA with the factors condition (F condition, R 

condition) and list (list 1, list 2) was calculated. A main effect of list [F(1, 26)=5.50, 

p<.05] occurred reflecting more positive-going activity during list 2. Enhanced positive-

going activity was found for list 2 in the F condition compared to list 1 (p<.001) and the 

two lists of the R condition (p<.05) reflected by the interaction between condition and list 

[F(1, 26)=6.89, p<.05, fig. 15]. 

 
figure 15: Effect of the increased positivity during list 2 of the F condition compared to list 2 of the R 
condition illustrated by centro-parietal electrodes and the difference plot (F list 2 – R list 2). 

 

3.3.3 Discussion 

An effect of directed forgetting of a neutral list when followed by an unpleasant list was 

found reflected by the condition x list interaction. A tendency for costs and benefits 

occurred which, again, can be explained by the two-factor account of Sahakyan & Delaney 

(2005). Comparing the recall of the two lists within the conditions yielded a significant 

reduction of PI in the F condition and a trend for a reduction in the R condition. In relation 

to experiments 1 and 2 where only one valence was used, here the change of list valence 

affected recall: While the mean differences between list 1 and list 2 were within similar 

ranges for the F and R condition in the previous two experiments, in this experiment the 

difference became bigger in the F condition (-.161, p=.00007) and smaller in the R 

condition (-.029, p=.391). Thus, assuming negative mean differences to reflect reduced PI, 

PI was more reduced in both conditions of experiment 3 compared to experiments 1 and 2. 

This fits with the assumption that the context change in the F condition, which was 

initiated in all three experiments by the forget instruction, was additionally supported by 
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the change of valence in experiment 3 resulting in double context change while in 

experiments 1 and 2 single context change occurred. Similarly to the F condition, a 

reduction of PI occurred in the R condition compared to the experiments in which only 

one valence was used. Again, it seems reasonable to assume that context change was 

induced by the change of list valence leading to the PI reduction. As already found in the 

previous experiments, here again a late positive component (550-750 ms after stimulus 

onset) appeared during encoding of items following the forget instruction which is 

consistent with findings of late positive potentials in response to attentional demands 

(Johnson, 1988; Paller et al., 1987). The scalp distribution of this increase in positive 

activity resembled the topography found in experiment 1. As in both experiments neutral 

words were subject to directed forgetting, this suggests that the valence of the to-be-

forgotten words might be crucial for the strategy during subsequent learning and thereby 

determining for the scalp distribution (Fabiani & Donchin, 1995; Fabiani et al., 1990; 

Fernandez, Weyerts, Tendolkar et al., 1998).  

 

3.4 Experiment 4: Negative list 1 and neutral list 2 
 

As in the previous experiment, here again retrieval for unpleasant items was contrasted 

with retrieval of neutral items. This time, list 1 contained unpleasant words and was 

followed by list 2 consisting of neutral items. Based on literature on the memory 

enhancing effect of emotional material (Hamann, 2001), a reduced or eliminated directed 

forgetting effect was expected. As in experiment 3, here again, creation of emotional 

contexts and/or mood was expected in response to the massed presentation of words from 

one valence category in each list. Mental context changes might occur in response to 

changes of list valence allowing exploration of context change effects in directed 

forgetting. 

 

3.4.1 Method 

Subjects 

 Twenty-eight subjects (15 male, 13 female) participated in this experiment. The mean age 

was 23.74. The data of four subjects were excluded due to extreme alpha waves (n=1), 

artifacts (n=2), and depressive symptoms (n=1) leaving 24 (12 male, 12 female) data sets 

for analysis. All subjects were right handed (assessed according to Annett, 1979; Oldfield, 
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1971) and had normal or corrected to normal vision. They provided informed consent and 

received course credit or payment for participation (15 €). 

Material 

The identical stimulus material was used as in experiment 3. 
Design 

The design was the same as in experiment 1, 2, and 3 except that for each condition the 

first list always consisted of unpleasant words and the second list of neutral ones. 

EEG recording, data analysis, and statistical analysis 

The EEG recording, data analysis, and statistical analysis were identical to those used in 

experiment 1, 2, and 3. In regard to data analysis, visual inspection of the data revealed 

that between 460 and 560 ms list 2 of the F condition yielded more positive-going ERPs 

than list 2 of the R condition in a frontal region. This sensor group was determined for 

statistical analysis (fig. 17). 

 

3.4.2 Results 

Recall data 

Table 7 displays the mean proportions of recalled words for the different conditions. A 

two-way ANOVA with the factors condition (F condition, R condition) and list (list1, list2) 

was calculated and yielded a list main effect [F(1, 23)=6.87, p<.05] and a significant 

interaction [F(1, 23)=9.56, p<.01, fig. 16 right] reflecting benefits of directed forgetting 

(p<.01) and a weak tendency for costs (p=.183). The mean difference between list 1 and 

list 2 was negative (-.131, p<.001) reflecting reduced PI in the F condition and near zero 

(.014, p=.67) in the R condition indicating almost no effect of PI. The scatterplot (fig. 16 

left) reveals that most subjects recalled more list 1 items in the R condition than in the F 

condition (costs, more black stars above the linear line) and that also most subjects 

recalled more list 2 items in the F condition than in the R condition (benefits, more grey 

dots beneath the line). 

 
table 7: Details for the recall data. Including mean proportion of recalled words (standard error in brackets) 
and significant results for costs and benefits ( p<.01**, p<.001***). 

mean difference  
 F block R block 

F condition – R condition 

list 1 (neg) .213 (.025) .258 (.021) -.045 (p=.183, costs) 

list 2 (ntr) .344 (.033) .244 (.031) .100** (benefits) 

mean difference  

list 1 – list 2 -.131*** .014 (p=.67)  
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figure 16: Left: Scatterplot of the individual recall data. The linear line describes a hypothetically 
symmetrical recall of list 1 and 2 in the different conditions. Right: Bar plot of the interaction condition x 
list. 

 

EEG data  

460 - 560 ms: A repeated measure ANOVA with the factors condition (F condition, R 

condition) and list (list 1, list 2) was calculated. A main effect of condition [F(1, 23)=5.36, 

p<.05] reflecting more positive-going activity in the F condition occurred as well as a 

main effect of list [F(1, 23)=5.30, p<.05] reflecting more positive-going activity during list 

1. Also, an interaction between condition and list was found [F(1, 23)=4.77, p<.05, fig. 17] 

with selectively enhanced positivity during list 2 in the F condition compared to list 2 of 

the R condition (p <.001). 

 
figure 17: Effect of the increased positivity during list 2 of the F condition compared to list 2 of the R 
condition illustrated by frontal electrodes and the difference plot (F list 2 – R list 2). 
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3.4.3 Discussion 

Directed forgetting occurred as an interaction between condition and list when an 

unpleasant list 1 and a neutral list 2 were presented. Significant benefits and a tendency for 

costs of directed forgetting occurred which is in line with the two-factor account of 

directed forgetting (Sahakyan & Delaney, 2005). Comparing recall of the two lists within 

the conditions revealed that list 2 recall benefited from the forget instruction in the F 

condition suggesting a reduction of PI which was probably due to a change of context 

induced by a change of list valence. In the R condition, recall of the two lists was at a 

similar level reflecting a PI reduction compared to experiments 1 and 2 (without list 

change). The overall recall pattern was very similar to the one found in experiment 3 in 

which also list valence changed from list 1 to list 2. Electrophysiologically, here again a 

more positive-going activity was found in response to list 2 of the F condition compared 

with list 2 of the R condition as in all the other experiments and as consistent with findings 

of late positive potentials in response to attentional allocation (Johnson, 1988; Paller & 

Wagner, 2002). Similar to experiment 2 in which also unpleasant words were assigned as 

to-be-forgotten, this relative positivity occurred in frontal regions. As the topography of 

the late positivities varies with encoding strategy (Fernandez, Weyerts, Tendolkar et al., 

1998), this finding suggests (as before in experiment 2) that subsequent learning after 

forgetting unpleasant material demands an more elaborate encoding strategy than after 

forgetting neutral material as reflected by the frontal effect. Alternatively, as already 

suggested for experiment 2, the frontal activity enhancement following the forget 

instruction might reflect the engagement of frontal regions in keeping information out of 

mind (Bunge et al., 2001). 

 

3.5 Summary of results 
 

Behavioral results 

Summarizing the results shows that directed forgetting indexed by a condition x list was 

found in all experiments, irrespective of list valence assignment (fig. 18). In the 

experiments with only one valence (1 and 2), significant costs and benefits of directed 

forgetting were found as well as significant effects of PI in the R condition (R-PI) and 

significant reductions in the F condition (F-PI; only a tendency in experiment 2). For the 

experiments in which both valences were used, however, the strongest effect occurred 
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regarding PI: In both the F and the R condition, PI was reduced compared to the 

experiments with one valence (table 8). 

 
figure 18: Overview of the directed forgetting effect as indicated by the condition x list interactions for all 
four experiments. 
 
table 8: Overview of the proportions of mean differences (F-PI: F list 1 – F list 2, R-PI: R list 1- R list 2, 
costs: F list 1 – R list 1, benefits: F list 2 – R list 2) and p-scores of the behavioral data of all four 
experiments. 

 F-PI R-PI costs benefits 
experiment 1 -.107 .105 -.086 .126 
list 1 ntr – list 2 ntr p=.011 p=.012 p=.036 p=.0035 
experiment 2 
list 1 neg – list 2 neg 

-.055 
p=.109 

.089 
p=.014 

-.075 -.075 
p=.036 p=.047 

experiment 3 
list 1 ntr – list 2 neg 

-.161 
p=.00007 

-.029 
p=.391 

-.067 .065 
p=.061 p=.068 

experiment 4 
list 1 neg – list 2 ntr 

-.131 
p=.0007 

.014 
p=.666 

-.045 .100 
p=.183 p=.006 

 

To understand potential influences of the stimulus material on the behavioral data, one-

way ANOVAs were calculated over all four experiments with the factors frequency, 

length, valence, arousal, and concreteness of the stimulus material. The words in 

experiment 2 were less frequent than in the only neutral experiment 1 and the mixed 

valence experiments 3 and 4 [F(2, 237)=5.1617, p<.01]. Also, the words used in 

experiment 1 were significantly shorter than in the other experiments [F(2, 237)=13.763, 

p<.001]. As intended, the mean valence differed over the experiments [F(2, 237)=90.820, 

p<0.001], all experiments differed significantly from each other (p<.001). Stimuli in 

experiment 2 were most unpleasant (mean 2.38), followed by experiments 3 and 4 (mean 

3.69), and stimuli in experiment 1 were least unpleasant (mean 4.86). Analogously, 

arousal differed for the experiments [F(2, 237)=36.320, p<.001]. Arousal differed 

significantly between all experiments (p<.001) with stimuli in experiment 2 being most 

arousing (mean 5.58), followed by stimuli in experiments 3 and 4 (mean 4.45), and stimuli 

in experiment 1 being least arousing (mean 3.58). Concreteness did not differ between 

experiments.  
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To compare the behavioral data of all four experiments, an ANOVA was calculated with a 

between factor experiment (experiment 1, experiment 2, experiment 3, experiment 4) and 

the within factors condition (F condition, R condition) and list (list 1, list 2). Main effects 

of experiment [F(3, 92)=5.559, p<.01] and list [F(1, 92)=5.3001, p<.05] occurred with the 

former reflecting significant more recall in experiment 1 compared to the other three 

experiments (p<.001) and the latter reflecting enhanced recall of list 2 compared to list 1. 

An interaction list x experiment [F(3, 92)=3.76, p<.05] was found showing comparable 

recall of the two lists in experiments 1 (p>.5) and 2 (p>.5) while list 2 recall was enhanced 

in experiments 3 (p<.001) and 4 (p<.05). The ANOVA also yielded an interaction between 

condition and list [F(1, 92)=43.919, p<.001] with costs (p<.001) and benefits (p<.001) as 

well as effects of PI in the R condition (difference between list 1 and list 2, p<.05) and a 

reduction of PI in the F condition (difference between list 1 and list 2, p<.001). 

 

ERP data 

Electrophysiological measures showed enhanced positive activity corresponding to list 2 

of the F condition compared to list 2 of the R condition in all experiments for time 

windows between approximately 450 and 750 ms after word onset (fig. 19). This increase 

in positivity following the forget instruction occurred in centro-parietal regions during 

subsequent learning after forgetting neutral words (experiments 1 and 3) and in more 

frontal regions when unpleasant words were assigned as to-be-forgotten (experiments 2 

and 4).  

 
figure 19: Overview of the ERP results of all four experiments. 
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3.6 Discussion 
 

In this series of experiments, the modulating effects of emotional material on list method 

directed forgetting were investigated. Such modulating effects were expected to be 

reflected in terms of a) context change, b) proactive interference, and c) underlying 

electrophysiological processes. 

Behavioral data 

There are different explanations for list method directed forgetting: The single-process 

account of retrieval inhibition (e.g. Basden et al., 1993) suggests that access to to-be-

forgotten items is inhibited by the forget instruction (costs) thereby reducing interference 

on recall of the to-be-remembered items (benefits). The dual-process assumption of mental 

context change and encoding strategy change (Sahakyan & Delaney, 2005) proposes, that 

the forget instruction initiates (a) a change of the mental context leading to costs and (b) 

an evaluation of the used memorizing strategy, resulting in an strategy improvement and 

therefore resulting in benefits. An explanation related to the context change account 

suggests attention focusing on the list following the forget instruction (Wessel & 

Merckelbach, 2006). Correspondingly, Conway and colleagues (2000) assumed that this 

attention focusing is accompanied by inhibitory processes working on list 1. Thus, for the 

F condition an increased retrieval of list 2 and a reduced retrieval of list 1 would be 

expected while in the R condition both lists would receive comparable amount of attention 

but proactive interference would impair subsequent learning of list 2. In this sense, the 

hypothesis of context change/change of encoding strategy and attentional focusing 

describe very similar processes: Adopting an enhanced encoding strategy presumably goes 

hand in hand with allocating and focusing attention to the new material. The secondary 

inhibition suggested by Conway and colleagues (2000) is comparable to the impaired 

access to the to-be-forgotten information due to the differences in context during learning 

and recall.  

Interactions between condition and list occurred in all four experiments. In this sense, the 

forget instruction influenced final recall in all four experiments and directed forgetting 

was found for all experimental conditions. Costs and benefits of different amounts were 

found in all experiments and the data fit with the two-factor account (Sahakyan & 

Delaney, 2005) as well as with the related account of attentional focusing and secondary 

inhibition (Conway et al., 2000). In how far experimental modulations influenced mental 

context change and/or attentional focusing will be discussed in the following. 
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Experiment 1 and 2 showed directed forgetting of neutral and unpleasant material when 

only words from one valence were used. These findings are consistent with several other 

studies that found directed forgetting for neutral material (Goernert, 2005; Pastötter & 

Bäuml, 2007; Sahakyan & Delaney, 2003; Sahakyan & Kelley, 2002) and with the study 

of Wessel & Merckelbach (2006) in which directed forgetting was also found for 

unpleasant material when only lists of unpleasant words were presented.  

Concerning memory for emotional events, usually memory enhancing effects are found 

for emotional material compared to neutral material (e.g. Hamann, 2001; Kissler et al., 

2007). As suggested by Hadley and Mackay (2006) as well as by Talmi and colleagues 

(2007), emotional items have to be contrasted with neutral items in order to exhibit 

memory enhancing effects. Thus, additionally to experiment 2, in which it was shown that 

unpleasant items can be selectively forgotten in an unpleasant context, experiments 3 and 

4 investigated whether and how directed forgetting is modified when memories with 

emotional contents are contrasted with neutral content. Due to memory enhancing effects 

of emotional material, enhanced directed forgetting was expected in experiment 3 in which 

the list 2 was unpleasant and a reduction or elimination of directed forgetting in 

experiment 4 in which the to-be-forgotten list comprised unpleasant items. A reduction of 

directed forgetting effect for unpleasant to-be-forgotten items was further expected as the 

findings of a previous study showed that item method directed forgetting does not occur 

for complex colorful affective pictures while neutral pictures are subject of directed 

forgetting (experiment 2 in chapter 1). However, the results of experiment 3 and 4 showed 

directed forgetting as reflected by the typical interaction between condition and list 

suggesting directed forgetting of words irrespective of the stimuli’s valence. This outcome 

is consistent with several other studies that found directed forgetting regardless of the 

words’ emotional connotation (e.g. Bohne et al., 2005; Moulds & Bryant, 2005; Power et 

al., 2000). However, the literature had not been unambiguous concerning emotional effects 

on directed forgetting (e.g. experiment 3 in Barnier et al., 2007; Payne & Corrigan, 2006) 

and most studies were mainly focusing on the comparison between (sub-) clinical 

populations and control participants, neglecting a systematical investigation of the 

interaction between emotion and directed forgetting. Thus, our study offers such an 

investigation and strengthens the view that, at least for words, emotional material can be 
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subject to directed forgetting as varying the emotionality of the lists did not eliminate the 

interactions between list and condition14. 

Using emotional material can lead to the induction of mood, especially when items 

belonging to one valence are presented in a blocked manner. For example in a study of 

Bäuml & Kuhbandner (2007) mood was induced through the serial presentation of 

pictures with affective content. Mood was measured with the affective grid which assesses 

the subjective experience of pleasure and arousal (Russell, Weiss, & Mendelsohn, 1989). 

In our study, affective words were used that were previously rated for the subjective 

experience of pleasure and arousal. Thus, it is reasonable to assume that the massed 

presentation of a list of twenty unpleasant or neutral words might have induced a mood 

although this mood might be more subtle than the mood induced with complex, colorful 

pictures as in Bäuml & Kuhbandner (2007). In this sense, there should have been one 

dominant emotional context in experiments 1 and 2, namely a neutral context in 

experiment 1 and an unpleasant context in experiment 2. However, a change of list 

valence as it occurred in experiments 3 and 4 should have led also to a change in mood or 

emotional context. This assumption is supported by the behavioral data showing that the 

interactions of condition and list were relatively symmetrical in experiments 1 and 2 with 

approximately equally large costs and benefits while the interactions in experiments 3 and 

4 were more asymmetrical. Based on mood-dependent memory effects, this asymmetry 

probably reflected processes of context change: Context change may be initiated either by 

the forget instruction or by the change of valence of a whole list. The change of context 

depending on the forget instruction is likely to take place as soon as the instruction is 

presented. Participants in the F condition try to accomplish the forgetting by thinking of 

something not related to the previous inputs (Sahakyan & Kelley, 2002), thereby creating 

a new context for learning of the list following the forget instruction (list 2). Neither the 

remember instruction presented after list 1 in the R condition nor the instruction following 

list 2 initiate a change of context. Thus, recall appears to take place in the same mental 

context as list 2 in the F condition and as list 1 and 2 in the R condition. The mismatch 

between learning and testing context of list 1 in the F condition causes the costs. 

Additionally, in regard to emotional context and mood-dependent memory (Bäuml & 

Kuhbandner, 2007; Bower, 1981), change of mental context can be initiated by a change 

                                                 
14 In order to elucidate the effects of emotion on directed forgetting further, an additional behavioral 
experiment on list method directed forgetting was conducted using lists of intermixed neutral and unpleasant 
words. As in the other, here presented list method experiments, directed forgetting occurred for both neutral 
and unpleasant words equally supporting the view of directed forgetting irrespective of the words’ valence. 
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of emotional context or mood. Presenting a completely neutral list first and then a 

completely unpleasant second list would presumably change the corresponding emotional 

learning context and/or the mood from a neutral to an unpleasant one. This type of context 

change would not be as explicit and immediate and therefore not as powerful as the one 

elicited by the explicitly presented forget instruction. However, unlike the context change 

related exclusively to the forget instruction, this list-valence related change would be 

effective in both the F and the R condition. It is therefore reasonable to assume that in 

experiments 1 and 2 context changes were initiated by the presentation of the forget 

instruction and in experiments 3 and 4 by both the forget instruction (F condition) and the 

change of valence (F condition and R condition), with the forget instruction being stronger 

and more powerful due to its more explicit nature. In experiments 3 and 4 context change 

was initiated in the F condition by the forget instruction and the change of valence while 

in the R condition only the change of valence induced a context change. In terms of PI, a 

stronger reduction of PI in the F condition was expected in experiments 3 and 4 compared 

to experiments 1 and 2. Concerning the R condition, PI was expected to be reduced in 

experiments 3 and 4 compared to experiments 1 and 2 resulting from the change of list 

valence. For experiments 3 and 4 the reduction of PI was assumed to be bigger in the F 

condition (double context change) compared to the R condition (single context change). 

This assumption is consistent with the results of the four experiments: Comparing recall of 

the two lists of the F condition showed that in the experiments with a presumably doubly 

initiated context change (experiments 3 and 4) PI was more reduced (experiment 3: mean 

difference=-.161, p<.001; experiment 4: mean difference=-.131, p<.001) than in the 

experiments with a single cause of context change (experiments 1: mean difference=-.107, 

p<.05; experiment 2: mean difference=-.055, p=.11). Similarly, PI in the R condition was 

stronger in the experiments without context change in the R condition (experiments 1: 

mean difference=.105, p<.05; experiment 2: mean difference=.089, p<.05) than in the 

experiments with context change (experiment 3: mean difference=-.029 p=.391; 

experiment 4: mean difference=.014, p=.666). Thus, our behavioral results are consistent 

with the assumption of context change elicited by either the forget instruction or the 

change of list valence.  

In sum, participants selectively forgot words assigned as to-be-forgotten and benefited 

from the forgetting by enhanced remembering of list 2 words irrespective of the stimulus 

valence: Neutral (experiments 1 and 4) as well as emotional material (experiment 2 and 3) 

can be selectively forgotten. This is also consistent with other studies that found effects of 
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directed forgetting for emotional material (Bohne et al., 2005; Moulds & Bryant, 2005; 

Myers et al., 1998; Myers & Derakshan, 2004; Power et al., 2000). While the amounts of 

costs and benefits were comparable in relation to the overall interaction for all four 

experiments, PI and the reduction of PI varied over the experiments which seemed to be 

mainly due to context change processes initiated either solely by the forget instruction or 

by the forget instruction and the change of valence category. 

Comparing the recall proportions of all experiments showed that overall most items were 

recalled in experiment 1. As analysis of the stimuli showed, the words used in experiment 

1 were shorter than in the other experiments. As memory capacity is limited in terms of 

item amount and item length (Chen & Cowan, 2005), using overall shorter stimuli might 

explain the better recall performance for experiment 1 items. Also, comparing the 

experiments using unpleasant material, only in experiment 3 some effects of enhanced 

memory for emotional material occurred: Recall of unpleasant material was better 

following neutral material (experiment 3) than following other unpleasant words 

(experiment 2). According to work of Hadley & Mackay (2006) and Talmi and colleagues 

(2007) emotional material would be expected to produce beneficial memory effects in 

experiments were emotional and neutral material is used. Further, a previous study that did 

not find directed forgetting for complex colorful pictures with unpleasant content 

(experiment 2 of chapter 1). Memory enhancing effects of emotional material (Hamann, 

2001) are mediated by the amygdala which is sensitive to arousal (e.g. Dolcos, LaBar et 

al., 2006), thus, suggesting a reduction of directed forgetting when unpleasant items are 

assigned as to-be-forgotten. However, here directed forgetting of unpleasant word material 

was not eliminated or reduced compared to neutral material. As affective pictorial material 

has been shown to elicit stronger subjective arousal experiences than word material (e.g. 

Keil, 2006) this might explain why memory enhancing effects did not eliminate directed 

forgetting for unpleasant words.  

EEG data 

Learning a second list is crucial for list method directed forgetting to occur (Pastötter & 

Bäuml, 2007) and therefore, processes of interference are of particular interest, especially 

of PI as the forget instruction is assumed to reduce PI on the second list. Rössner and co-

workers (1999) showed that trying to overcome PI in a paired-association task was 

associated with enhanced late positive components. Other processes and concepts that are 

assumed to contribute to learning and remembering are memory capacity, attentional 

focusing, and memory updating, which are all thought to be involved in a list method 
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directed forgetting task and are highly inter-related. Holding two consecutive lists in 

memory, like in the R condition, is more capacity demanding than holding one list in 

memory and forgetting the other as it happens in the F condition. Thus, effects of working 

memory capacity on encoding of the lists following the mid-condition instruction should 

differ between F and R conditions. Additionally, while list 1 serves as a competitor for 

attentional resources during encoding of list 2 in the R condition, all attention can be 

focused solely on list 2 in the F condition as list 1 becomes irrelevant by the mid-condition 

instruction. In this sense, memory updating should occur in the F condition by discarding 

irrelevant items while in the R condition the learning set simply grows. Thus, different 

amounts of attention should be allocated to list 2 depending on the previous instruction 

being a forget or a remember cue.  

Generally, late positive components are involved in attentional and mnemonic processes. 

One such component is the P300 whose amplitude increases proportional to the attentional 

resources engaged in processing of a given stimulus (Johnson, 1988). Comparing activity 

of subsequently remembered compared to subsequently forgotten items also yields an 

increased late positivity during encoding (Paller & Wagner, 2002). Stimulus encoding that 

promotes successful memory storage facilitating retrieval and recognition produces 

increased late positive potentials (Polich, 2007). Corresponding to the EEG literature of PI 

(Rossner et al., 1999), attention (Johnson, 1988), and memory (Donchin & Coles, 1988; 

Polich, 2007), the electrophysiological data in the present experiments showed increased 

positivity after the forget instruction compared to list 2 of the R condition in experiment 1 

(450-660 ms), experiment 2 (450-620 ms), experiment 3 (550-750 ms), and experiment 4 

(460-560 ms). While these positivities were maximal over parietal areas in experiments 1 

and 3, enhanced positivities occurred selectively in frontal regions in experiments 2 and 4. 

These enhanced late positive potentials during learning of list 2 in the F condition are 

consistent with other studies finding late positive components in response to memory 

updating processes (Donchin & Coles, 1988; Kiss, Pisio, Francois, & Schopflocher, 1998) 

and allocation of attention (Johnson, 1988; Paller et al., 1987). Based on the assumption 

that the late positivities index attentional processes, the findings support the two-factor 

account of Sahakyan & Delaney (2005) and the related idea of attentional focusing with 

the secondary effect of mechanisms inhibiting list 1 as suggested by Conway et al. (2000). 

Additionally, processes of overcoming effects of PI from list 1 might be comparable to the 

effects of PI found in the study from Rössner et al (1999): Associating cues of previously 

learned cue-target pairs with new targets was related to enlarged late positive components, 
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presumably also reflecting the effort to overcome PI as in the present study. No significant 

difference of ERPs between list 1 and 2 in the R condition would be expected as both lists 

are subject to similar attentional focusing due to the remember instructions. In this sense, 

attention allocation would be reflected by benefits of directed forgetting and the inhibitory 

processes, the secondary effects of attentional focusing, would be indexed by costs of 

directed forgetting. Interestingly, the positive potentials occurred in parietal regions in 

those experiments in which the list assigned to-be-forgotten was of neutral valence 

(experiments 1 and 3) as expected by accounts of memory updating (e.g. Kiss et al., 1998). 

For experiments 2 and 4 (unpleasant to-be-forgotten words) the positivity following the 

forget instruction compared to the remember instruction appeared in frontal areas which 

might be due to different contributions of areas involved in networks of cognitive control. 

Based on a fMRI study, Roth, Serences, and Courtney (2006) proposed a fronto-parietal 

network for working memory updating. Additionally, Kusak and co-workers (2000) 

showed that updating mechanisms and executive processes were also reflected by 

enhanced positive activity maximal in fronto-central regions between 500 and 1000 ms. 

Thus, depending on the valence of the to-be-forgotten list, the various regions of the 

memory updating networks might contribute differently to accomplish the goal of 

effective forgetting, respectively of directing the attention away from the to-be-forgotten 

list and focusing on other stimuli. Additionally, it has been shown that while rote encoding 

strategies produce enlarged late positivities in centro-parietal areas, elaborative encoding 

strategies (Fernandez, Weyerts, Tendolkar et al., 1998) as well as organization of 

information in working memory (Blumenfeld & Ranganath, 2006) lead to increased 

activity in frontal regions. Frontal areas are consistently found to be more involved when 

semantic attributes are extensively processed (for a review see Cabeza & Nyberg, 2000). 

Additionally, Erk and colleagues (2003) found that when blocks of neutral trials follow 

blocks of emotional trials, subsequent memory effects occurred during neutral trials in 

inferior frontal cortex. Thus, learning new material after forgetting unpleasant material 

might be more difficult and effort demanding than after forgetting neutral material, leading 

to more elaborative strategies and task monitoring and consequently to differences in 

ERPs following the mid-condition instruction in frontal areas when unpleasant words are 

subject to forget and in centro-parietal regions when neutral words are assigned as to-be-

forgotten. Alternatively to these more attention related interpretations of the frontal 

activity, the frontal enhancement might indicate inhibitory processes. Involvement of 

frontal areas has been found in a variety of tasks assessing inhibition or control 
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mechanisms as for example in think/no think (Anderson et al., 2004) and go/no go tasks 

(Watanabe et al., 2002). Further, frontal activation can be found when the influence of 

emotional distractors on cognitive performance is controlled (Dolcos, Kragel, Wang, & 

McCarthy, 2006) and irrelevant information is kept out of mind (Bunge et al., 2001). In 

line with the assumption of Conway and colleagues (Conway et al., 2000), who suggested 

inhibition to occur secondary to attentional focusing processes, the frontal positivity 

enhancement might reflect inhibitory processes during learning after forgetting unpleasant 

material. As suggested in association with the attention related explanation of frontal 

activity, keeping unpleasant information out of mind might require more effort than 

controlling neutral information, thereby leading to inhibitory processes and enhanced 

encoding strategies. Thus, instead of interpreting the frontal activity following unpleasant 

to-be-forgotten material as either inhibition or enhanced encoding strategy, it might rather 

be that both processes are involved and cause each other. For example, keeping unpleasant 

information out of mind with inhibitory mechanisms might just reflect an enhanced 

encoding strategy. 

 

In sum, directed forgetting was found in all experiments. The effects can be explained by 

accounts of context change, change of encoding strategy, attentional focusing, and 

secondary effects of reduced proactive interference and inhibition. Also, differences in 

electrophysiological activity in list 2 due to the mid-condition instruction occurred. 

Directed forgetting of neutral material was associated with differences in parietal regions 

(experiments 1 and 3) and with frontal areas for unpleasant words (experiments 2 and 4). 

After the forget instruction increased late positive potentials occurred which is consistent 

with studies finding late positive components in response to attentional allocation 

(Johnson, 1988; Paller et al., 1987), memory updating (e.g. Donchin & Coles, 1988), and 

subsequent memory (Paller & Wagner, 2002; Polich, 2007). Thus, the results support the 

view that costs of directed forgetting are associated with a change of mental context as the 

behavioral results suggest. The EEG data is consistent with attention allocation on list 2 of 

the F condition thereby supporting the account of enhanced encoding strategies (Sahakyan 

& Delaney, 2003). This interpretation is also consistent with the assumption of increased 

attentional focusing on list 2 in the F condition (similar to the change of encoding strategy 

and corresponding to benefits) and a secondary inhibition of list 1 in the F condition as 

already suggested by Conway et al. (2000).  
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4. General Discussion 
 
Two sets of experiments were presented investigating the influences of pictures and words 

varying in emotion content on directed forgetting and the underlying electrophysiological 

dynamics. Memory enhancing effects of emotional stimuli (Hamann, 2001) suggest some 

modulation of directed forgetting. Of particular interest were the electrophysiological 

brain processes underlying list and item method directed forgetting for emotional and 

neutral material. Additionally, material-specific effects were explored by implementing 

simple word material in some experiments and complex pictorial stimuli in others. 

Chapter 1 investigated item method directed forgetting of complex pictures, modulations 

through valence, and electrophysiological dynamics. Chapter 2 explored list method 

directed forgetting of words varying in emotional content and the underlying 

electrophysiological processes. 

 

Chapter 1: Item method 

Directed forgetting has been shown with a variety of verbal(izable) material (e.g. Basden 

et al., 1993; Gottlob et al., 2006) but directed forgetting of complex visual stimuli 

independent of verbal processes was of particular interested in the present experiments. 

Thus, complex colorful pictures were implemented in item method experiments (neutral 

pictures in experiment 1, neutral and unpleasant pictures in experiment 2) and retrieval 

was tested using a language free recognition task to prevent interference from verbal 

processing. The studies showed that neutral complex pictures were successfully directed 

forgotten (experiment 1 and 2) and that this outcome depended on the recollection 

component of recognition memory. However, no effect occurred for unpleasant material 

(experiment 2) which was presumably due to enhanced memory for emotional material 

(Arntz et al., 2005; Dolcos, LaBar et al., 2006). On an electrophysiological level, the 

memory enhancing effect of emotional material was reflected by increased late positive 

potentials in parietal regions during picture presentation which have been found in several 

other studies and related to motivational attention (Schupp, Cuthbert et al., 2004). 

Moreover, electrophysiological data during cue presentation showed parietal positivity 

enhancements evoked by remember instructions which are suggested to reflect attention 

related activity (Hopfinger & West, 2006) which might originate in hippocampal regions 

(Fernandez, Weyerts, Schrader-Bölsche et al., 1998). A stronger enhancement of positive-

going activity occurred in response to forget instructions following a neutral picture than 
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following an unpleasant one. This corresponds to fMRI findings of Wylie and colleagues 

(2007) who found item directed forgetting activity increased in superior frontal gyrus 

differentiating intentional from unintentional forgetting, suggesting directed forgetting as 

an active process. Thus, chapter 1 showed that complex pictures can be subject to directed 

forgetting and that, corresponding to previous literature, successful directed forgetting was 

associated with increased positive activity in frontal regions (Wylie et al., 2007) while 

successful intentional remembering was related to positivities in parietal regions 

(Fernandez, Weyerts, Schrader-Bölsche et al., 1998; Hopfinger & West, 2006). The 

findings of these two experiments suggest a two-factor account of selective rehearsal and 

inhibitory processes. On the one hand, the assumption of selective rehearsal processes is 

supported by findings of enhanced positive-going activity during picture presentation for 

unpleasant pictures, which is associated with enhanced encoding. The increased parietal 

positivities during remember instructions also support the selective rehearsal account. On 

the other hand, a widespread, increased frontal activity was found in response to forget 

instructions following neutral pictures. As directed forgetting was successful for neutral 

but not unpleasant pictures and frontal activity has been associated with inhibition and 

suppression processes (Anderson et al., 2004; Depue et al., 2007), these frontal potentials 

support the contribution of inhibitory mechanisms in successful item method directed 

forgetting. 

 

Chapter 2: List method 

Previous literature suggested successful list method directed forgetting for words 

irrespective of emotional category (e.g. Power et al., 2000; Wessel & Merckelbach, 2006). 

However, a systematic investigation concerning modulations of directed forgetting as a 

function of list valence was missing. The valance of the lists was varied in four 

experiments, permitting investigations of affective modulations of directed forgetting. As 

emotional context and/or a mood can be induced by blocked presentation of valent 

material (Bäuml & Kuhbandner, 2007), the change of list valence allowed to explore the 

processes of context change due to this valence change and compare them with context 

change processes initiated by forget instructions as suggested by the context change 

account of Sahakyan and Delaney (2003). Directed forgetting as evidenced by interactions 

between condition and list was found in all experiments regardless of list valence. 

However, change of list valence appeared to have induced changes of mental context as 

proactive interference in the forget condition was reduced in experiments with a change of 
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list valence (experiments 3 and 4) compared to experiments with only one valence 

(experiments 1 and 2). Also, in experiments 1 and 2, using only one valence, costs and 

benefits of directed forgetting were of similar amounts. The behavioral findings are 

consistent with the two-factor account of Sahakyan and Delaney (2005) which suggests 

that costs and benefits have different underlying mechanisms. Costs are assumed to result 

from a mismatch of encoding context of list 1 and retrieval context while benefits are 

assumed to result from a change of encoding strategy following the forget instruction. This 

account shares crucial aspects with the assumption of attentional focusing as the 

underlying mechanism of directed forgetting (Conway et al., 2000; Wessel & 

Merckelbach, 2006). Conway and colleagues (2000) suggested that benefits of directed 

forgetting can be explained by focusing attention on list 2 with the secondary effects of 

inhibiting list 1. The electrophysiological data are consistent with this assumption as 

suggested by enhanced positive potentials during encoding list 2 in the F condition. These 

increases occurred in parietal regions during subsequent learning after neutral material had 

received a forget instruction reflecting enhanced encoding and attention processes 

(Johnson, 1988; Paller et al., 1987). After unpleasant material had received a forget 

instruction, subsequent learning of new material led to late positive components in frontal 

regions which is consistent with findings of frontal activation enhancement during more 

elaborate encoding (Fabiani et al., 1990), keeping irrelevant information out of mind 

(Bunge et al., 2001), and suppression (Anderson et al., 2004).  

 

Material-specific effects 

Comparing the results of the presented experiments using complex pictures with those that 

used words material suggests material-specific effects. It appears that while unpleasant 

word material can be subject to directed forgetting as shown in chapter 2, unpleasant 

complex colorful pictures can not be intentionally forgotten as found in chapter 1. 

However, the comparison of directed forgetting of pictures and words is limited as not 

only the material varied over the presented studies but also the directed forgetting 

paradigm: The experiments that implemented complex pictorial items also used the item 

method while the experiments implementing word material all used the list method. In 

order to solve the impact of these confounded variables, additional experiments were 

carried out on list method directed forgetting which are not reported here in detail but 

whose main findings will help to better understand the material-specific effects. 
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One list method experiment15 was conducted using neutral and unpleasant words as in 

experiments 3 and 4 of chapter 2, but this time the material was presented in a mixed 

order. In another list method directed forgetting experiment16 complex colorful pictures of 

neutral and unpleasant valence were used which were presented in a mixed order. The 

results of the additional word experiment (fig. 20 middle) showed directed forgetting for 

both neutral and unpleasant words with costs and benefits of comparable extent paralleling 

the finding of the previous experiments with one valence (experiment 1 and 2 from 

chapter 2, see fig. 20 left). Using neutral and unpleasant words in a mixed order did not 

modulate the directed forgetting effect as it occurred in experiment 3 and 4 using also both 

valences but in a blocked way. This supports further the view that emotional word 

material does not influence directed forgetting per se (experiments 1, 2 and the additional 

experiment) but rather through establishing an emotional context and/or a mood 

(experiment 3 and 4).  

Presenting complex colorful neutral and unpleasant pictures in a mixed order, produced 

list method directed forgetting as reflected by the interaction of condition and list 

irrespective of valence. However, compared with the list method experiments using words 

in which costs and benefits of directed forgetting were yielded, only benefits without costs 

occurred for complex pictures (fig. 20 right). This finding suggests that the processes 

underlying costs and benefits are differentially depending on the material. The main 

differences between the used words and pictures is probably the amount of information 

carried in the stimuli and the subjective arousal experience: While both words and pictures 

contain semantic information, complex pictures offer additionally a variety of cues as for 

example more than one object, color, and spatial information and. thus, complex pictures 

are assumed to be stronger represented in memory than verbal material (Dewhurst & 

Conway, 1994; Rossion & Pourtois, 2004). This enhanced memory representation might 

lead to the lack of costs for complex pictures suggesting that the effect of context change 

diminishes with the increase of memory representation. Further, there is evidence that 

higher subjective experience of emotional arousal is induced by pictures compared to 

words (e.g. Keil, 2006). This assumption is supported by findings of smaller 

electrophysiological responses to words than to pictures (Kissler, Herbert, Winkler, & 

Junghofer, 2008; Schupp et al., 2007). Thus, the lack of item-cued directed forgetting for 

                                                 
15 Data from 19 control participants of a study on list method directed forgetting in schizophrenia are 
reported here.  
16 Data from 40 participants of a between-design list method experiment are reported here. Twenty 
participants were assigned to the F condition and twenty to the R condition. 
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complex unpleasant pictures might be explained by memory enhancing effects which are 

mediate by the amygdala, an structure sensitive to emotional arousal (Cahill et al., 1996; 

Dolcos et al., 2004b). The benefits of list-method directed forgetting are assumed to result 

from changes in encoding strategy (Sahakyan & Delaney, 2003) or attentional focusing 

(Conway et al., 2000; Wessel & Merckelbach, 2006). These processes should not be 

impaired by strengthening the memory representation which is consistent with the findings 

here, of benefits for complex pictures (fig. 20 right).  

 

 
figure 20: Left: Behavioral data for experiments 1 and 2 from chapter 2 show directed forgetting with costs 
and benefits when items of one valence category are applied. Middle: Data from an additional experiment 
using neutral and unpleasant words, which were presented in a mixed order. Right: Data from an additional 
experiment using neutral and unpleasant complex pictures, which were presented in a mixed order p<.05*, 
(p<.01**, p<.001***, bars show standard error).  
 

Memory representations and medial temporal regions 

The memory system that is mainly explored via directed forgetting modulation is episodic 

memory. Episodic memory refers to memories of individual experiences with 

accompanying information about what happened, where did it happen, and when did it 

happen. Thus, they are context-bound (Tulving, 1993). The process of memory formation 

consists of several stages: During encoding, multiple representations of distributed 

neocortical ensembles are activated depending on the material and based on working 

memory. Then, through cortico-thalamic and cortico-hippocampal networks, these 

representations get temporarily connected. Some of these hippocampal connections are 

replaced by coherence assemblies, which are new representations in temporal (enthorhinal, 

perirhinal and parahippocampal cortex) and frontal areas (medial prefrontal cortex). The 

connections between representations are strengthened by reactivation and the coherence 

assemblies contribute to maintaining the cohesiveness among the representations and 

connections (see fig., Paller, 2001). Thus, activity of the frontal lobes and their interaction 

with medial-temporal regions crucially contribute to memory formation (Buckner, Logan, 
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Donaldson, & Wheeler, 2000) and in both structures increased activity related to 

subsequent memory has been shown (Uncapher & Rugg, 2005). The contributions of the 

frontal lobes and hippocampal areas to episodic memory can be dissociated: The 

hippocampus appears to be more important for memory accuracy while frontal structures 

are more crucial for executive functions of memory as strategic processing and decision 

making (Kramer et al., 2005). For example, the frontal lobes have been suggested as part 

of a system which mediates strategic and intentional memory search processes 

(Moscovitch, 1992).  

 
figure 21: Depiction of memory formation (adapted from Paller, 2001) 
 

The above mentioned conceptualization of episodic memory proposes that memories are 

not stored within one single memory store but instead in distributed regions in which the 

information is represented. For example, visual information is stored in areas in which 

visual information is processed and represented (Squire & Paller, 2000). The neocortical 

representations can either be directly activated or accessed via hippocampal connections 

or coherence ensembles. Regarding the experiments of the present thesis, neocortical 

representations of one memory episode are assumed to be stored within in one network, 

thus, accessible via the corresponding hippocampal connections or the corresponding 

coherence ensemble.  

 

ITEM METHOD 

As in item method directed forgetting all items are presented sequentially within one 

episode, one single network of representations of to-be-forgotten and to-be-remembered 

items is formed (fig. 22 left). Explaining item method directed forgetting in this 

framework implies that the representations themselves or the connections to hippocampal 

and surrounding areas of to-be-forgotten and to-be-remembered items differ in strength. 

The findings of successful item method directed forgetting for neutral items and 

unsuccessful forgetting for unpleasant items yielded in experiment 2 of chapter 1 support 
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the view of two underlying processes. Both selective rehearsal processes and inhibitory 

mechanisms can modulate the network in which initially all presented items are equally 

represented (fig. 22): 

 

(1) Selective rehearsal processes  

During initial stimulus presentation, unpleasant pictures elicited enhanced late positive 

potentials in parietal regions, which reflect motivational attention processes (Schupp et al., 

2000) and are related to deeper encoding and increased memory (Dolcos & Cabeza, 2002). 

These late positive potentials are assumed to originate in medial temporal lobes and 

hippocampal areas (Johnson, 1995). Memory enhancing effects of emotional material on 

these temporal regions are mediated by the amygdala. Enhanced emotional memory is 

related to increased functional connectivity between medial temporal lobes and the 

amygdala during encoding (Dolcos, LaBar et al., 2006). Thus, the late positive potentials 

found during encoding of unpleasant pictures in our study might reflect enhanced 

encoding modulated by hippocampal and amygdalar activity resulting in enhanced 

memory. In terms of the proposed network model, representations for all unpleasant items 

are strengthened independent whether they are assigned as to-be-forgotten or to-be-

remembered. Consequently, unpleasant pictures are generally better recognized than 

neutral pictures, which was true for to-be-forgotten items due to the absence of directed 

forgetting for unpleasant pictures but also for to-be-remembered items. Thus, deeper and 

stronger encoding directly strengthens the memory representations, which in turn 

modulate the efficiency of directed forgetting for emotional material. 

During cue presentation, remember cues evoked late positive potentials similar to those 

during unpleasant picture presentation. Better subsequent retrieval of items is often 

reflected by positivity enhancements in centro-parietal regions which are thought to reflect 

hippocampal activity (Fernandez, Weyerts, Tendolkar et al., 1998) and attentional 

processes (Linden, 2005). Thus, these late positivities in response to remember cues 

suggested longer, stronger, and more elaborate encoding compared to forget cues, which 

should result in stronger memory representation of to-be-remembered items in the 

conceptualized network model (fig. 22 right). These findings are consistent with accounts 

of selective rehearsal (Basden et al., 1993). 
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(2) Inhibitory processes 

During cue presentation, forget cues evoked enhanced positive activity in prefrontal 

regions. As prefrontal regions are associated with control and inhibition processes (Aron, 

Robbins, & Poldrack, 2004), the activity increase found for forget cues suggests active 

inhibition which, however, was unsuccessful for unpleasant items as reflected by the lack 

of directed forgetting. Forget instruction following neutral pictures selectively evoked an 

additional fronto-central positivity enhancement presumably also reflecting active 

inhibition or suppression mechanisms (Anderson et al., 2004; Wylie et al., 2007). In 

regard to the network model, the inhibitory processes should result in weaker 

representations of to-be-forgotten items. Representations of neutral to-be-forgotten items 

should be more impaired than of unpleasant to-be-forgotten items as neutral forget items 

are subject to stronger inhibition processes as reflected by the more distributed frontal 

activity. These findings and interpretations are consistent with other studies suggesting 

that inhibitory mechanisms contribute to item method directed forgetting (Paz-Caballero 

& Menor, 1999; Paz-Caballero et al., 2004; Ullsperger et al., 2000; Wylie et al., 2007). 

 

Thus, based on these assumptions and interpretations, strength of memory representations 

and their connections to hippocampal areas and coherence ensembles determine the 

magnitude of directed forgetting. Processes of selective rehearsal and inhibition can 

manipulate the strength of memory representations and of their connections. Selective 

rehearsal can either result from the chosen material (emotionally relevant vs. un-arousing 

items) or by assigning material as relevant or irrelevant by instruction. Inhibitory 

processes result from explicitly assigning material as to-be-forgotten. 

For successful directed forgetting the network model assumes that to-be-remembered 

items are stronger represented due to selective rehearsal and that to-be-forgotten items are 

weaker represented due to inhibitory processes. However, successful directed forgetting 

might be impaired through strengthening memory representations for to-be-forgotten 

items during initial stimulus encoding as reflected by enhanced positivities during 

presentation of unpleasant items and by insufficient inhibitory mechanisms as reflected by 

less widespread frontal activity for unpleasant forget cues. As described, the proposed 

processes of selective rehearsal and inhibition within the framework of the network 

memory model are consistent with the behavioral and electrophysiological results obtained 

experiments 1 and 2 of chapter 1. 
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figure 22: Conceptualization of memory representations of to-be-forgotten and to-be-remembered items 
within one episode in the item method (left). The initial network is modulated by selective rehearsal, which 
strengthens the representations and connections of to-be-remembered items (thick lines), and inhibition, 
which weakens the representations and connections of to-be-forgotten items (thin line).  

 

LIST METHOD 

In list method directed forgetting, the presented items are assumed to be arranged in 

episodes according to their appearance in lists: All list 1 items are presented within the 

same episode and consequently located within the same network of representations. 

Accordingly, all list 2 items are arranged in another network corresponding to another 

episode (fig. 23 left). Directed forgetting occurs when contents of one episode (list 2) are 

accessed while contents of the other episode (list1) cannot be retrieved. The data assessed 

in the four EEG experiments of chapter 2 suggest that processes of attentional allocation 

and of context change contribute to list method directed forgetting. 

 

(1) Context change 

The context change account of Sahakyan and Kelley (2002) assumes that retrieval of list 1 

is impaired compared to list 2 because the context of learning list 1 mismatches recall 

context while context of learning list 2 matches recall context. The behavioral data found 

in the four list method experiments were consistent with this hypothesis. Recall of the 

items presented prior to the mid-condition forget instruction was reduced compared to 

items presented prior to the remember instruction. The data further supported the context 

change account as changes in list context modulated recall: In two experiments, list 

valence was changed following the mid-condition instruction. Assuming that the blocked 

presentation of items belonging to one valence created a mood and/or emotional context 

(Bäuml & Kuhbandner, 2007), the data suggested that a change of list valence led to a 

change in mental context. This context change induced stronger reductions of proactive 

interference in the F condition compared to the experiments with no change. Additionally, 
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reduction of proactive interference occurred in the R condition as less items of list 1 were 

recalled in the experiments with a valence change than in those without a change. 

Regarding the network model, the networks of items that occurred prior to a context 

change should be less accessible due to the mismatch between learning context and 

retrieval context. Thus, item representations corresponding to list 1 (to-be-forgotten items) 

should be less accessible than list 2 items (to-be-remembered items) due to the context 

mismatch between learning list 1 and retrieval (fig. 23 right) as suggested by the context 

change account (Sahakyan & Kelley, 2002). Additionally, in those experiments were a 

change of list valence occurred a change of mental context was not only expected for the F 

condition but also for the R condition. Thus, recall of list 1 items of the R condition should 

also be slightly impaired compared to list 2 items and compared to the experiments 

without a change of list valence. An additional assumption that cannot be elucidated with 

the recorded measures concerns long-term potentiation (LTP) processes: Initially, LTP for 

items of episode 1 (list1) is initiated. The mid-condition forget instruction, however, 

should interrupt the LTP and cancel any further consolidation and strengthening of 

episode 1. This interruption might be supervised by executive functions located in frontal 

areas. LTP generated in response to episode 2 (list 2) should not be disrupted and thus 

consolidation and strength of memory representations and mutually connections are more 

robust than for episode 1. 

 

(2) Attentional focusing 

During stimulus presentation, stronger late positive potentials occurred following the mid-

condition forget instructions than following the remember instruction. These late positive 

potentials correspond in time and region to potentials found in response to attention 

allocation and focusing (Johnson, 1988) and memory updating (Donchin & Coles, 1988) 

suggesting deeper encoding of the episode following the forget instruction (list 2). These 

findings are consistent with the proposed attention focusing account of Conway and 

colleagues (2000) which suggests that following the forget instruction attention is focused 

in list 2 with the secondary effects of inhibiting list 1. The data also fit with the idea of 

change in encoding strategy following the forget instruction which is thought to result in 

better encoding of list 2 (Sahakyan & Delaney, 2003). In terms of the conceptualized 

network model, the attentional focusing should lead to stronger representations of to-be-

remembered items (fig. 23 right). Presumably, the hippocampus contributes to this process 

as it has been suggested that hippocampal activity is associated with late positive 
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potentials (Fernandez, Weyerts, Schrader-Bölsche et al., 1998; Fernandez, Weyerts, 

Tendolkar et al., 1998). Frontal lobes might supervise the hippocampal contribution during 

attentional focusing as they promote executive functions as for example generation of an 

organizational structure (Fletcher, Shallice, & Dolan, 1998). Additionally, fronto-parietal 

networks have been suggested to play a crucial role in attentional control processes 

(Hopfinger, Buonocore, & Mangun, 2000). The frontal lobes might contribute to list 

method directed forgetting by supervising attentional focusing or structure organization. In 

the present experiments, frontal activity occurred during encoding of new words after 

unpleasant words were assigned as to-be-forgotten. Thus, frontal activation might also 

occur due to inhibitory processes needed for keeping unpleasant information out of mind 

(Bunge et al., 2001). These inhibitory processes might reflect a more elaborate encoding 

strategy for subsequent learning after forgetting unpleasant material, as frontal positivity 

has also been suggested to indicate elaborate encoding strategies (Fabiani et al., 1990). 

 

Thus, based on the conceptualized network model, strength of memory representation and 

their connections to hippocampal areas and coherence ensembles determine the magnitude 

of directed forgetting. Processes of context change and attentional focusing are assumed to 

modulate the networks. Context change might either result more explicitly from the forget 

instruction or more implicitly from the change of list valence. Attentional focusing might 

occur as a consequence of the forget instruction as the interruption of the current learning 

episode offers a possibility to evaluate and change the encoding strategy. 

For successful directed forgetting the network model assumes that to-be-remembered 

items are stronger represented due to attentional focusing and that to-be-forgotten items 

are weaker represented due to context change processes. As described in detail above, the 

proposed processes of context change and attentional focusing within the network memory 

model are consistent with the behavioral and electrophysiological data assessed in the four 

list method experiments. 
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figure 23: Conceptualization of memory representations to-be-remembered and to-be-forgotten items within  
two episodes in the list method (left). The initial network is modulated by attention focusing, which 
strengthens the representations and connections of to-be-remembered items (thick lines), and context 
change, which weakens the representations and connections of to-be-forgotten items (thin line). 

 

Related and similar mechanisms underlying the two paradigms 

Interpretation of the findings from chapter 1 and 2 suggest two-factor accounts for both 

paradigms of directed forgetting. While item method directed forgetting has been related 

to selective rehearsal and inhibition, list method directed forgetting was linked with 

attentional focusing and context change. Although the names of the proposed processes 

might lead to the assumption of different mechanisms taking place in the item versus the 

list method, they actually describe similar and overlapping mechanisms which mainly 

differ in terms of timing and surrounding processes: 

 

Selective rehearsal and attention allocation 

Selectively rehearsing items requires focusing attention on these items. In the item 

method, this attention is selectively given to the to-be-remembered items as soon as the 

instruction appears. Thus, items are selectively rehearsed or selectively attended to during 

presentation of the instruction. This was reflected in the present thesis (experiment 2, 

chapter 1) by parietal positivities which occurred during presentation of the remember 

instructions. Similar potentials have been related to attentional and memory processes 

(Linden, 2005), thereby highlighting the similarity between selective rehearsal and 

attentional focusing. Contrary to the item method in which single items are cued as to-be-

forgotten or to-be-remembered, a whole list is assigned as to-be-forgotten or to-be-

remembered in the list method. Thus, consequences of forget or remember instructions 

should occur during subsequent learning (list 2). In the present experiments (experiment 1-

4, chapter 2), this was reflected in late positive potentials during encoding of list 2 after 

list 1 was assigned as to-be-forgotten. When list 1 comprised neutral items, the late 
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positivities occurred parietally and frontally, when list 1 consisted of unpleasant items. 

Thus, similar to the enhanced positive activity during presentation of remember cues in the 

item method, enlarged positive potentials were found in the list methods following the 

forget instruction thereby supporting the proposal that selective rehearsal and attentional 

focusing are related processes. 

 

Inhibition and context change 

Electrophysiological (Paz-Caballero & Menor, 1999; Paz-Caballero et al., 2004) and 

functional imaging (Wylie et al., 2007) data of item method directed forgetting support the 

view that inhibitory processes contribute to the reduced retrieval of to-be-forgotten items, 

which is consistent with the findings of frontal activity enhancements in the present thesis 

(experiment 2, chapter 1). For the list method, costs of directed forgetting (reduced recall 

of to-be-forgotten compared to to-be-remembered items) are explained in terms of context 

change (Sahakyan & Kelley, 2002). Participants in the F condition are thought to create a 

new mental context in response to the forget instruction which then mismatches the 

context at retrieval. Sahakyan and Delaney (2005) interpret this context change account as 

related to retrieval inhibition mechanisms. Conway and colleagues (2000) also proposed 

the contribution of inhibition in the list method by arguing that attentional focusing on list 

2 has secondary effects of inhibiting list 1. The present list method experiments found 

evidence for context changes in response to forget instructions and to changes of list 

valence thereby support the assumptions of the context change account (Sahakyan & 

Kelley, 2002). Additionally, consistently with the attentional focusing account and the 

suggestion of secondary inhibition (Conway et al., 2000), late positive potentials were 

found that usually are involved in attentional processes (Linden, 2005). Further, frontal 

activity increased when subsequent material was encoded after unpleasant material had 

been assigned as to-be-forgotten. Frontal regions are activated during inhibition and 

suppression processes (e.g. Anderson et al., 2004; Depue et al., 2007) and while irrelevant 

information is kept out of mind (Bunge et al., 2001). Therefore, the frontal activity found 

for unpleasant to-be-forgotten items in the list method, might indicate inhibitory 

processes, which in turn might reflect enhanced encoding strategies needed to forget 

unpleasant material (Fabiani et al., 1990). Thus, inhibitory mechanisms might be involved 

in both paradigms, although, inhibition in the item method seems to be a more dominant 

process than in the list method, in which inhibition appears more as a by-product resulting 
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from other processes (secondary to attentional focusing, context change, or encoding 

strategy). 

 

The role of frontal regions 

Frontal areas are active during successful forgetting of neutral pictures and during 

subsequent learning after unpleasant words have been assigned as to-be-forgotten. As just 

described, these increased frontal positivities found in the item method (experiment 2 in 

chapter 1) and the list method (experiment 2 and 4 in chapter 2) might reflect similar 

inhibitory mechanisms. However, as (1) the inhibition in list method appears to be less 

dominant than in the item method and more secondary to attentional processes, context 

change, and encoding strategy, and (2) the frontal regions mediate various functions that 

are important in memory formation, the enhanced positivities found in frontal areas might 

also reflect the contribution and requirement of different executive functions. Frontal 

activity occurs for example, when executive processes operate on encoded items and here 

again in various ways (for an overview see Smith & Jonides, 1999). Executive functions 

include processes as selective attention, inhibition, and organization of information (Smith 

& Jonides, 1999). Additionally to centro-parietal positivity enhancements, attention 

allocation in terms of elaborative encoding results in increased frontal activity (Fabiani et 

al., 1990; Wagner et al., 1998). The contribution of frontal lobes in inhibitory tasks has 

been shown in go/no go tasks (Gondo, Shimonaka, Senda, Mishina, & Toyama, 2000), in 

cognitive set-shifting tasks (Nakahara et al., 2002), think/no think tasks (Anderson et al., 

2004; Depue et al., 2007), and item method directed forgetting (Wylie et al., 2007). It is 

worth mentioning that, although frontal activity is increased corresponding to 

unintentional forgetting (Otten & Rugg, 2001), Wylie and colleagues (2007) showed that 

intentional forgetting can be differentiated from unintentional forgetting by increased 

activity in superior frontal gyrus, suggesting directed forgetting as an active process. 

Further, frontal lobe activity during organization of information and task monitoring has 

been shown for example during more elaborative processing of items compared to rote 

processing (Fabiani et al., 1990; Wagner et al., 1998) and in dual-task paradigms 

(Szameitat, Lepsien, von Cramon, Sterr, & Schubert, 2006). Thus, frontal activity 

increases in the list method might reflect inhibitory processes on the one hand, as 

described above, corresponding to the processes involved in the item method and on the 

other hand attention and monitoring related processes. Additionally, these different 
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processes might co-occur or even depend on each other as inhibition might reflect an 

enhanced strategy for encoding items following to-be-forgotten unpleasant items. 

As mentioned before, networks of frontal and hippocampal regions are involved (Cabeza, 

Dolcos, Graham, & Nyberg, 2002; Kramer et al., 2005) in encoding items into memory. 

Both frontal and hippocampal regions are regulation structures which operate on single 

memory representations or episode representations independent of their actual location 

(Paller, 2001). These networks monitor for example the encoding process of words 

(Fernandez, Weyerts, Schrader-Bölsche et al., 1998) and pictures (Stern et al., 1996) and 

activate the adequate executive functions when needed. Given that the activated executive 

function is related to inhibition and suppression processes, then frontal activity would be 

associated with successful forgetting or non-retrieval of to-be-forgotten items. On the 

other hand, assuming the executive functions initiate processes of attention allocation and 

elaborative strategies then frontal activity would be related to better retrieval of to-be-

remembered items presumably with secondary effects of inhibition of list 1 (Conway et 

al., 2000). Thus, frontal positivity increases in the list method EEG data might reflect 

involvement of the executive functions in terms of attentional, organizational, and task 

monitoring processes and in the item method on the other hand executive functions might 

operate via control processes and active forgetting (Wylie et al., 2007). 

Thus, frontal positivities can be interpreted as reflecting a variety of processes including 

inhibitory mechanisms, cognitive control processes, or executive functions associated with 

task monitoring and organization. In regard to the polarity of potentials and its 

significance on neuronal level, it is worth mentioning that positive scalp potentials have 

been related to inhibitory postsynaptic potentials (IPSPs) and negative scalp potentials 

with excitatory postsynaptic potentials (EPSPs, Elbert, Junghofer, Rockstroh, & Roth, 

1998). This implies that positive scalp potentials might reflect a decrease in excitability 

and negative scalp potentials an increase in neuronal excitability. This could lead to the 

assumption that positive scalp potentials are generally more linked to inhibitory processes 

than to other mechanisms and raise the question which meaning the late positive 

potentials, found in the present EEG experiments, have in regard to inhibitory and 

attentional processes. However, the conclusion that positive potentials generally reflect 

inhibition and negative potentials activation is limited: (1) Within neuronal networks, 

various brain structures contribute to cognitive processes. Depending on the neuronal 

circuits and the synaptic connections, activation of specific structures might lead to 

inhibition of others and vice versa. For example, in fronto-striatal networks, the 
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subthalamic nucleus has excitatory synapses with the pallidum, the pallidum inhibits the 

thalamus, and the thalamus sends excitatory input to the frontal cortex. Stimulating the 

subthalamic nucleus will lead to increases in both inhibitory and excitatory activation 

(Aron, 2007). Thus, various inhibitory and excitatory synaptic connections might 

contribute to any cognitive processes (e.g. inhibition of certain memories, attention to 

certain memories) and therefore limit the conclusions from a cognitive mechanism to the 

underlying postsynaptic potentials and to the polarity of scalp potentials. (2) Various 

neurophysiological and nonneurophysiological factors determine the polarity of a scalp 

potential, as for example the location of the reference electrode, the chosen baseline, and 

whether the information receiving synapses are distal or proximal to the cell body. Thus, 

no conclusion can be drawn from the polarity of a potential to its functional significance 

(Otten & Rugg, 2005). Therefore, instead of interpreting the polarity of scalp potentials, 

one should rather concentrate on the general changes in activity level and the differences 

between scalp potentials capturing different cognitive conditions. 

 

Outlook 

The experiments presented in this thesis investigated the electrophysiological dynamics of 

directed forgetting in interaction with emotion and specific stimulus material. Behavioral 

and EEG data support the assumption of specific cognitive processes underlying 

successful directed forgetting as selective rehearsal and inhibition in the item method and 

attentional focusing and context change in the list method. Although the understanding of 

several issues concerning directed forgetting has been increased with the present 

experiments, several other questions have been raised, which might be worth investigating 

in future experiments:  

(1) Which brain structures are involved in directed forgetting in the item method? 

As electrophysiological measures are limited in regard to spatial distribution, functional 

imaging studies might help elucidating the origins of the electrophysiologically assessed 

potentials and improving the understanding of participating brain structures. Functional 

magnetic resonance imaging might help investigating which frontal regions contribute to 

directed forgetting and whether there are specific regions within the frontal lobes that are 

more involved in forgetting unpleasant material and others in forgetting neutral material as 

suggested by the present item method experiment.  

(2) Which brain structures are involved in directed forgetting in the list method? 
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As in the item method, fMRI might help investigating the contribution of specific brain 

structures in list method directed forgetting. Based on the proposed network model, fMRI 

should reveal hippocampal and prefrontal activation. 

(3) Is item method directed forgetting eliminated by the arousal or the valence dimension 

of affective, complex pictures? 

The present experiments showed that item method directed forgetting is eliminated for 

complex unpleasant pictures. This might be due to either the arousal or the valence 

dimension as neutral and unpleasant stimuli differed in both aspects. Conducting the same 

study with neutral and pleasant material should improve the understanding of which 

dimension of emotionality is responsible for the lack of directed forgetting for unpleasant 

pictures. 

(4) Is item method directed forgetting eliminated for any unpleasant pictorial material? 

The unpleasant pictures used in the present item method experiment displayed mainly 

scenes. There is evidence in the literature that scenes and faces are processes differentially 

in terms of timing and contributing brain structures (Epstein, Higgins, Parker, Aguirre, & 

Cooperman, 2006; Sato et al., 1999). Thus, the lack of directed forgetting in the item 

method for unpleasant pictures might be related to the specific type of the presented 

stimuli. Investigating item method directed forgetting for neutral versus unpleasant faces 

should reveal whether directed forgetting is dependent on specific picture content. 

(5) Do semantically categorized lists lead to similar context change patterns in the list 

method as list with emotional content? 

The four experiments of list method directed forgetting suggested that a change in list 

valence leads to a change in mental context. This might depend on the creation of a 

specific mood related to the list valence or to the general creation of a mental context. 

Thus, presenting nonemotional lists of semantically categorized words and changing the 

category between lists should lead to the same pattern of directed forgetting as found in 

the present experiments when the context change is not emotional dependent but rather 

semantic dependent. 
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