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ABSTRACT 
 

The current thesis compared the effectiveness of the direct (blocking memory) and 
substitution (thinking of something else) memory suppression strategies using the 
Think/No-Think (TNT) task. Eighty participants completed a TNT task using either the 
direct or substitution strategy during every occurrence of 12 repetitions for no-think 
word-pairs. Memory intrusions were reported by participants after each trial and their 
memory for both the think and no-think words were tested after all TNT trials were 
completed. A significant memory suppression effect was obtained for memory intrusions 
but not for either of the two memory tests (same-probe test, independent-probe test). 
The memory suppression effect also increased for memory intrusions reported by 
participants as the number of no-think repetitions increased across trials.  
 
The memory strategy used by participants did not affect memory suppression (self-
reported intrusions or memory test) suggesting that the two memory strategies are 
equally as effective for suppressing memories. However, future research is needed to 
support this conclusion as maintaining strategy compliance throughout a cognitively 
demanding Think/No-Think experiment was challenging for many of our participants. A 
failure to replicate a memory suppression effect for either of the memory tests also 
makes this conclusion more difficult to accept on the basis of the data collected in the 
current thesis. 
 
Keywords: memory suppression, memory intrusions, memory repression, Think/No-
Think task, memory suppression strategies  
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Introduction 

Since the mid-1990s, a debate termed the “memory wars” by Fredrick Crews in 1995 has 

raged in the realm of psychology. Memory wars refer to the disagreement between clinical and 

scientific communities on whether memories could be repressed or if repression is explained by 

false memories alone. Early on, scientific communities believed that false memories were the 

end-all, be-all for repression, while the clinical and therapeutic community maintained that 

individuals have the ability to repress memories. This debate emerged from early therapy and 

psychoanalysis efforts, sparked by theories from Johann Friedrich Herbart (Erdelyi, 2006) and 

popularized by Freud in the early 1900s as part of his psychoanalytic framework (Akhtar, 2020; 

Boag, 2006 and 2020; Frued, 1981). In his writings, Freud framed repression as an unconscious 

mechanism with the function of rejecting and keeping something out of consciousness. In some 

instances, such a mechanism could be used defensively to protect an individual from high-stress 

or traumatic events. The idea of repression became a cornerstone of Freud’s psychoanalytic 

framework and was repopularized in the 1980s to the 90s. 

Belief in this phenomenon of memories being repressed and retrieved later in life and the 

divide between scientific and clinical communities remains today; however, the scientific 

community is now divided on the issue as well (Otgaar et al., 2021; Patihis et al., 2014). Skeptics 

of repression referenced the lack of evidence for repressed memories in literature, with the 1990 

review of repression in child sexual abuse by David Holmes at the forefront. Supporters of 

repressed memories pointed to the recovery of memories in therapeutic settings; however, 

skeptics pushed back, citing the use of guiding or suggestive therapy practices for such instances 

of recovered repressed memories (Yapko, 1994). In the case of these recovered memories, many 
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skeptics believed that they were nothing more than false memories, a memory recalled that never 

actually occurred, caused by high suggestibility or leading information (Loftus, 1974).  

The focus of neuroscience and behavioral science research on this topic has allowed for 

clearer evidence in both directions of the discussion. The early steps of this research were 

towards developing from the broad and general idea of repression as an aspect of memory and 

forgetting to more clearly defined mechanisms, such as suppression and inhibition, for how 

individuals may repress memories or purposefully forget. Experimental research began pushing 

for the existence and definition of suppressed memories with the development of the directed 

forgetting paradigm by Robert and Elizabeth Bjork in 1989. The directed forgetting paradigm 

had participants view stimuli followed by an instruction to either remember or forget the stimuli 

presented. This paradigm showed that participants could intentionally forget a formed memory. 

Additionally, it was determined that the intentional forgetting seen was via retrieval inhibition 

(Bjork et al., 1998) and that this method of forgetting was an adaptive aspect of memory used in 

day-to-day life to reduce interference from unneeded information.  

 Further evidence of mechanisms that actively suppress memories has arisen since the 

onset of the memory wars with support for mechanisms such as a) retrieval-induced forgetting 

(RIF) in which favoring retrieval of one set of memories in turn suppresses and, over time, 

causes forgetting of competing memories (Anderson et al., 1994) and b) suppression-induced 

forgetting (SIF) which is a consequence of retrieval suppression in which individuals 

purposefully prevent retrieval of target memories, and leads to a reduction in the memory’s 

valence and, eventually, forgetting (Anderson et al., 2004). The current paper focuses on the 

latter of these two mechanisms.  
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The processes leading to SIF have many similarities to motor response inhibition, which 

involves an individual engaging inhibitory control over motor actions to prevent the operant 

action from occurring. Retrieval suppression uses a similar form of inhibitory control but to 

prevent retrieval of a memory from occurring rather than a motor action. Retrieval suppression 

and SIF have been studied using the Think/No-Think (TNT) Paradigm, first introduced by 

Anderson and Greene in 2001. The TNT paradigm was developed to investigate memory 

retrieval stopping and, as such, was created by adapting from the go/no-go task, which 

investigates motor response inhibition (Gordon, 1983). 

The TNT task involves three experimental phases: (1) The first is the learning (memory 

encoding) phase, where participants memorize a list of weakly associated word-pairs (e.g., 

INSECT-GRASS), where the left word is the cue word, and the right word is the target or 

response word for each word-pair. Participants must successfully recall a baseline (minimum) 

percent of these word-pairs before moving on to the next phase of the TNT task. Only after 

passing the baseline criterion for the learning phase could participants move on to the (2) second 

phase, the Think/No-Think phase. For this phase, the experimenter pre-assigned each word-pair 

to either a think, no-think, or baseline condition. For a think trial, the participant is instructed to 

recall the target word when the cue word for that word-pair is displayed. For a no-think trial, the 

participant is instructed to suppress the recall of the target word when the cue word is displayed. 

Baseline word pairs are not displayed in the Think/No-Think phase and are used as a baseline for 

initial learning in final memory tests. Before the full TNT phase, participants are generally given 

a set of practice trials containing both think and no-think trials to ensure a full understanding of 

task expectations. 
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In Anderson and Green’s original 2001 study, the participants were told which word-

pairs would require retrieval and which would be suppressed via lists before the Think/No-Think 

trial phase. However, this approach was changed by Anderson and Green (2004), and the now-

preferred method is to signal this information using different text colors for displaying the cue 

words. Think trials are indicated using a green text color for the cue word, and no-think trials are 

indicated using a red text color. Not only did Anderson and Green (2001) test for a trial type 

(think v. no-think) memory suppression effect, but they also varied the number of times each cue 

word was presented to the participant and, due to this, varied how often a specific target word 

was suppressed. The number of repetitions varied from zero (no rehearsal or suppression for 

these word-pairs) to one, eight, and sixteen repetitions throughout this phase. In the original 2001 

study, the zero-repetition condition was considered the baseline. Filler word-pairs from the list of 

word-pairs shown to participants in the learning phase were also used to double the number of 

think trials, consistent with a majority (pre-potent) response for the go trials in the go/no-go 

task.  

After the Think/No-Think phase, the participant is tested for their recall of the target 

words for each word-pair using two cued-recall memory tests, same-probe and independent-

probe, in the (3) recall (memory test) phase. The same-probe (SP) test uses the previously seen 

cue words as prompts, in the same way, participants were tested in the first phase of word-pair 

learning (e.g., INSECT-____). The independent probe (IP) test cues retrieval of the target word 

with a semantic category that relates to the target word and includes the first letter of the target 

word to be recalled (e.g., YARD-G___). Anderson and Green created the IP test to distinguish 

memory suppression from memory interference in the no-think trials in 2004. If poorer recall 
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resulted in no-think trials on the IP test when using a unique cue (semantic category), this would 

suggest that memory suppression was occurring rather than memory interference.  

Anderson and Green (2001) hypothesized that suppressing the recall of target words on 

no-think trials would negatively impact later recall from long-term memory due to inhibition of 

their memory activations. Poorer recall was found for both cued-recall tests when the no-think 

trials were compared with the think trials; additionally, no-think trials (suppression in 

Anderson’s figure) had a lower recall rate and think trials had a higher recall rate than baseline 

word-pairs. Anderson and Green found a stronger memory suppression effect as the number of 

no-think repetitions increased, and we refer to this critical finding as the ‘repetition effect.’ These 

effects can be seen in Figure 1, taken from Anderson & Greene’s 2001 study below.  

Figure 1 

  

 

 

 

 

 

 

Note. Average values across experiments from Anderson & Greene, 2001 for respond (think) and 

suppress (no-think) trials on same (SP) and indep. (IP) final memory tests. 

Since these findings, intrusion ratings during the TNT phase were introduced. Intrusion 

ratings appear after each trial, regardless of type, and measure the self-reported amount of 

intrusions during the preceding trial. Intrusions are unwanted memories entering consciousness 

via retrieval meant to be suppressed. Participants rate intrusions on a 3-point scale ranging from 
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no intrusions to very frequent intrusions. Intrusion ratings were first introduced into Think/No-

Think research in 2012 by Levy & Anderson as a measure for memory suppression on a trial-by-

trial basis. Intrusion ratings were an adaptation of a trial-by-trial introspection method used in 

attention research (Levy & Anderson, 2012). Previous research has shown that successfully 

preventing an intrusion from occuring is correlated with later successful suppression-induced 

forgetting (SIF) on recall tasks (Hellerstedt et al., 2016; Levy & Anderson, 2012). 

Additional support for Anderson and Green’s memory suppression hypothesis comes 

from neuroimaging studies or neurological mechanism theory using the TNT paradigm 

(Anderson, 2003; Anderson et al., 2004; Benoit et al., 2015; Butler and James, 2010; Depue et 

al., 2007; Hu et al., 2017; Levy and Anderson 2012; Wang et al., 2015; Yan et al., 2022; Yang et 

al., 2021); for a review, see Anderson & Hulbert, 2021. These studies concluded that the TNT 

effect of suppression-induced forgetting was not caused by less memory rehearsal of words 

during no-think trials compared to think trials; instead, it was produced via increased activity 

found in the inhibitory control areas of the brain (prefrontal cortex, parietal cortex) during no-

think trials. An increase in inhibitory brain activity was also matched with reduced activity in the 

memory-processing areas of the brain, such as the hippocampus, through inhibitory regulation 

via the right middle and right inferior frontal gyri (rMFG and rIFG) (Gagnepain et al., 2014) and 

the sensory-processing areas of the brain, such as the occipital cortex (Butler and James, 2010; 

Levy and Anderson, 2012). Specifically, it has been found that the dorsal anterior cingulate 

cortex (dACC) is initiated in response to unwanted memories and, in turn, initiates inhibitory 

control via the right dorsolateral prefrontal cortex (rDLPFC) on the hippocampus (Crespo-García 

et al., 2022). These findings highlight how important the TNT methodology has become for 

supporting the existence of memory suppression, specifically during the inhibition of intrusive or 
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unwanted memories, and provide evidence for a neurological inhibitory mechanism for 

suppression-induced forgetting.  

Within the Think/No-Think task, two common inhibitory strategies can be employed to 

achieve the goal of suppression-induced forgetting. These strategies are that of direct 

suppression, in which participants simply keep their mind blank or force thoughts out of 

recollection during no-think trials, and substitution, which has a participant retrieve or recall 

competing memories rather than the target memory of a trial (Benoit & Anderson, 2012; Marsh 

& Anderson, 2022). These strategies have been shown to differ in their mechanisms for 

suppression, as can be seen in Figure 2 (Benoit & Anderson, 2012; Racsmẚny et al., 2012). 

Direct suppression produces memory suppression when the right dorsolateral prefrontal cortex 

(PFC) inhibits the hippocampus, which commonly initiates retrieval. This reduction of 

hippocampus activity impacts retrieval and consolidation of memories universally as seen by the 

occurrence of amnesic shadows, a reduction in recall for events occurring while an individual is 

suppressing a memory (Hulbert et al., 2016; Zhu & Wang, 2020). Substitution produces memory 

suppression through the engagement of the caudal prefrontal cortex and mid-ventrolateral 

prefrontal cortex regions (del Prete et al., 2012); however, it does not inhibit the hippocampus 

(Benoit & Anderson, 2012), rather brain regions activate to resolve the conflict between the 

produced substitute and a prior memory (Noreen et al., 2016). Additionally, substitution causes 

interference from the competition between substitutes and learned associates (see Figure 2) 

(Benoit & Anderson, 2012; Levy & Anderson, 2008). The retrieval of a substitute as a 

competitor has been shown to cause forgetting (Wimber et al., 2015) and providing a substitute 

to use during substitution has been shown to aid suppression (Hertel & Calcaterra, 2005); 
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however, substitution has been shown to lack suppression when participants are given non-

semantic cues (Bergstrom et al., 2007). 

Figure 2 

 

On the left of Figure 2, a direct strategy pathway is shown with (1) suppression of the 

retrieval for a learned associate displayed as red lines across an arrow representing retrieval. On 

the right of Figure 2, a substitution pathway is shown, displaying (2) an increase in the strength 

of the connection between the trained cue and a substitute with a decrease in the connection 

between the trained cue and the learned associate via competition between the substitute and 

learned associate, this competition is resolved over time by repeated favoring of the preferred 

substitute. Research using the directed forgetting (DF) paradigm has given further support for 

different strategy mechanisms, as performance on a Stop Signal task, specifically used to 

measure inhibition, was only correlated with the success of direct strategy and not with a 

substitution strategy (Hubbard & Sahakyan, 2023). 
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Regardless of the strategy employed, SIF requires compliance with instructions in order 

to occur (Liu et al., 2021). Due to this, determining task compliance is necessary to gauge the 

effectiveness of the TNT task on an individual basis. To rectify this, post-experiment 

questionnaires to get a self-report measure of task compliance have gained traction. Post-

experiment questionnaires ask questions to determine the prevalence of the use of either direct or 

substitution strategies, adherence to overall TNT task instructions, and to gauge final memory 

test expectancy. These questions aim to determine if individual participants followed instructions 

and performed the TNT task correctly and how much of each strategy an individual believes they 

used across the experiment. In analysis, these measures can be used as exclusion criteria to filter 

out individuals who may have not shown SIF due to noncompliance. Additionally, questions 

looking at strategy use can be used to determine how difficult individuals found a strategy. If a 

participant scores low on compliance on their instructed strategy or scores high on a strategy 

they were not instructed to use, it can be said that they may have had difficulty with strategy use. 

As more research investigated inhibitory mechanisms contributing to SIF, multiple 

studies showed inhibition fatigue within no-think intrusion ratings from the TNT phase of the 

TNT task (Anderson & Huddleston, 2011; Rogers, 2020; van Schie & Anderson, 2017). 

Inhibition fatigue is noted as a reduction in the no-think effect normally seen in the TNT 

paradigm and can be seen in a rise of reported intrusions on later no-think trials during the TNT 

phase or final memory test results across repetitions. Inhibition fatigue is hypothesized to be 

caused by task or cognitive fatigue over time. This can be seen in previous research we 

conducted, in which the negative slope of no-think intrusion rates flattened at six repetitions and 

followed an upward trend to eight repetitions (Rogers, 2020) (Figure 3). Inhibition fatigue in the 

TNT paradigm was supported by previous literature when sustained inhibitory control can 
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caused deficits in memory suppression due to fatigue (van Schie & Anderson, 2017), sustained 

inhibition (Lee, Lee & Tsai, 2007), or high cognitive demand (Noreen & de Fockert, 2017) when 

using direct suppression. Notably, Noreen & de Fockert (2017) found that high cognitive load 

specifically reduced the ability to inhibit, seen in a reduction of SIF during independent-probe 

tests, but did not impact the effects of interference on later reduced recall, as same-probe tests 

still presented with reduced recall for no-think items.  

Figure 3 

Note. Data for this figure is from pilot data for the current experiment using shortened TNT methods. 

Inhibition fatigue is seen in multiple areas of research concerning inhibitory control. 

Response inhibition fatigue or mental fatigue is frequently seen in the literature using the go/no-

go task and can be purposefully induced via increased cognitive load or increased overall task 

time (Guo et al., 2018; Kato et al., 2009). In go/no-go literature examining ERPs, it was shown 

that available cognitive resources reduce as an experiment goes on, and, as cognitive resources 

are used up, inhibition of responses can be slowed, specifically a slowing of conflict detection 



MEMORY SUPPRESSION STRATEGIES’  

 
 

11 

between mental representations of go and no-go stimuli (Guo et al., 2018). Go/No-Go literature 

has shown deterioration of cognitive control across experiment time via reduction of dopamine 

systems within the anterior cingulate cortex (Lorist et al., 2005). Additionally, research using the 

go/no-go task has shown mental fatigue to cause difficulty in response preparation, attention 

focusing, and ignoring unnecessary information (Boksem et al., 2005; Boksem et al., 2006; 

Boksem & Tops, 2008; van Linden & Eling, 2006). The inhibitory pathways used in motor and 

behavioral response inhibition are quite similar, if not the same, as those used in memory 

retrieval inhibition (Aron et al., 2004; Castiglione et al., 2019; Castiglione & Aron, 2021; Depue 

et al., 2010; Depue et al., 2012; Depue et al., 2016; Levy & Anderson, 2008, Mecklinger et al., 

2009; Wessel & Aron, 2014). Several researchers have proposed that the network for inhibitory 

control is universal across inhibitory actions, with different inhibitory actions utilizing aspects of 

the same network (Depue et al., 2016; Guo et al., 2018: Levy & Anderson, 2008; Wessel & 

Aron, 2014). 

The TNT paradigm has a longer task time, higher resource need, and lower applicability 

in the current digital age compared to the other memory suppression paradigms, such as the 

directed forgetting paradigm or selective retrieval tasks. The current study will use a modified 

version of the TNT task, which eliminates the vast majority of experimenter-participant 

interaction, uses typed responses with which participants can submit answers as soon as they are 

complete, and takes approximately 34 to 42 minutes, depending on the number of cycles needed 

to reach a 50% baseline. This shortened methodology was shown to replicate repetition effects 

from previous literature via pilot data (Figure 3). In our previous research using a standard TNT 

task (Rogers, 2020), participants took on average 62 minutes. Given the replication of previous 

research using a shortened version of the TNT paradigm in pilot data and the reduction of 
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average task duration by 20 to 28 minutes, we hope we can remove task time from potential 

parameters impacting mental and inhibition fatigue.  

The current study proposes that, given differing mechanisms in direct and substitution 

strategies, inhibition fatigue may differ across strategy use. Support for this hypothesis of 

separate fatigue of mechanisms can be seen in the study by Noreen & Fockert in 2020, in which 

they found participants could still prevent unwanted memories from being recalled when they 

switched strategies. Direct suppression may have an earlier onset or stronger impact of inhibition 

fatigue compared to that of memory suppression via substitution. This hypothesis stems from the 

support for substitution employing both top-down inhibition similar to what is seen in direct 

suppression, but through separate pathways, and interference via competing memory traces of 

the substitute thoughts during no-think trials. With the additional pathway and method for 

suppression seen in substitution strategies, we believe individuals may be able to activate 

inhibitory mechanisms more before inhibition fatigue becomes present or that the non-fatiguing 

interference will counteract the inhibition fatigue seen and thus show weaker inhibition fatigue 

compared to direct suppression.  

 With the current study, we aim to determine the differences in strategy effectiveness by 

examining inhibition fatigue in both direct and substitution strategies, the two most commonly 

employed strategies for memory suppression. We believe this research is both a current gap in 

memory suppression literature and a highly necessary gap to fill. Previous research has shown 

that certain groups, such as individuals with ADHD (Depue et al., 2010; Storm & White, 2010), 

PTSD (Steward et al., 2020; Sullivan et al., 2019; Waldhauser et al., 2018), alcohol dependence 

(Nemeth et al., 2014), borderline personality disorder (Sala et al., 2009), anxiety (Fawcett et al., 

2015; Quaedflieg et al., 2020; Waldhauser et al., 2011) or depression (Dieler et al., 2012; Hertel 



MEMORY SUPPRESSION STRATEGIES’  

 
 

13 

& Gerstle, 2003; Hertel & Maham, 2007; Noreen & Ridout, 2016; Noreen et al., 2020; Sacchet 

et al., 2017; Yang et al., 2020; Zhang et al., 2016) have memory suppression deficits. Intrusive 

thoughts and deficits in memory suppression have been proposed as a hallmark of many 

psychological disorders overall (Costanzi et al., 2021; Strammacia et al., 2021). Additionally, it 

was found that older adults showed deficits in memory suppression, and the difficulty was in the 

implementation of a strategy effectively (Murray et al., 2015). Many groups with below-average 

memory suppression capabilities are at-risk or experience recurrent involuntary memories 

(Sullivan et al., 2019). If the pitfalls and effectiveness of memory suppression strategies can be 

determined, we believe future research could implement actions such as strategy switching or 

strategy-use training to circumvent deficiencies in memory suppression.  

Methods 

Participants 

A total of 92 individuals participated in the current experiment. All participants were 

undergraduate psychology students attending the College of William and Mary. Students were 

recruited through the SONA system used at the college. Forty-seven (~58%) of the participants 

were male identifying and thirty-three (~42%) were female-identifying. The participants had a 

mean age of 19.19 years. Participants were given course credit as compensation for participating 

in this research and provided informed consent before participating. An a priori within-between 

repeated measures ANOVA analysis using G*Power 3.1.9 using an effect size of .25 based on 

our pilot data and past literature, a power of .9, an alpha of .05, and a .2 correlation among 

repeated measures estimated the need for forty participants to achieve a power of .91. Due to the 

possibility of analyses using exclusion criteria, we collected data until eighty participants had 
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passed learning criteria. The college’s ethics committee approved the research conducted in this 

thesis.  

Pilot Data 

The current study implemented a shortened version of the Think/No-Think task in hopes 

of reducing task time, resources used, and demand characteristics. Pilot research was conducted 

to determine if the shortened-TNT task replicated the reduction of no-think intrusion ratings. Our 

pilot study tested whether a Think/No-Think task using only 38 word-pairs (ten baseline, ten 

think, ten no-think, and ten filler), allowing typed input rather than verbal, and with no practice 

trials could produce similar results as previous literature; specifically, if the repetition effect was 

reproduced, as this is the main area of concern for the current study.  

Pilot data was collected from 40 participants of which 30 were female-identifying and 10 

were male-identifying. The sample had a mean age of 18.9 years. A 2 (Trial Type: think v no-

think) X 8 (Trials: Number of Times each word-pair was repeated) within-subject ANOVA had 

significant trial (F(1,39) =18.47, p<.001, ɳٰ2p =.321), trial type (F(1,39) =122.80, p<.001, ɳٰ2p 

=.759), and trial by trial type interactions (F(1,39) =16.38, p<.001, ɳٰ2p =.296) with an effect size 

of η2 = .296. Additionally, an ANOVA looking at change across no-think trials showed a 

significant repetition effect (F (1,39) =17.778, p<.001, ɳٰ2p =.313), as seen by the decrease of no-

think intrusions across trial repetitions in Figure 2, consistent with previous literature and an 

effect size of η2 = .313. In the current study, given replication of all the major intrusion rating 

effects, we will use the shortened TNT methodology, described in detail below, as well as use 

the effect sizes from pilot data for post hoc power analyses. 

Think/No-Think Task 
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 Participants took part in a modified version of the Think/No-Think task. The Think/No-

Think Task involved three phases: The learning phase, the Think/No-Think (TNT) phase, and 

the recall phase.  Data from each phase was automatically collected through the PsychoPy 

program and all stimuli’s order and conditions were randomized within phases and between 

participants. Stimuli consisted of one of three 38-word pair lists in the form of a left-hand cue 

word and a right-hand response word (i.e., GRASS - INSECT). Of the 38-word pairs, ten were 

assigned as think, ten as no-think, ten as baseline, and eight as filler word pairs. Thirty of the 38-

word pairs were randomly pre-assigned as either a think, no-think, or baseline word pair for each 

of the three word-pair lists participants were assigned to. The eight remaining word pairs were 

used as filler word pairs and held constant across lists. All word pairs and their conditions by list 

can be found in Appendix A. Participants were counterbalanced across word lists. 

Learning Phase. 

 Participants were presented with the 38-word pairs and instructed to learn them so, if the 

left word was shown, they could recall the right word. Each word pair was presented for four 

seconds and preceded by a 400ms fixation cross. Following the presentation of all 38-word pairs, 

participants were evaluated on their recall of all word pairs. The left word of each pair was 

presented in the center of the screen for up to eight seconds. During that time, participants were 

instructed to type the target word previously paired with the cue word shown on screen. After 

confirming their answer, the correct feedback was given via presentation of the word-pairing for 

two seconds. Participant recall was evaluated based on the percentage of think, no-think, and 

baseline word pairs answered correctly. To move to the TNT phase, a participant was required to 

reach or surpass a 50% recall rate of the 30 measured word pairs. Participants were given up to 
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three attempts to reach the 50% criteria to move on in the experiment; however, if the criteria 

were not reached in those three attempts, their experiment was ended and data excluded.  

TNT Phase. 

 Participants were first instructed on how to approach this phase of the experiment via 

several sets of instructions. These instructions informed the participant that the left word of 

previous word pairs would be shown in either green or red. If the left word was shown in green, 

the participant was to actively attempt to recall the word previously paired with the displayed 

word. If the left word was shown in red, participants were instructed one of two ways. If the 

participant was in the direct suppression group, they were instructed to actively prevent the word 

previously paired with the displayed word from being recalled by keeping their mind blank and 

not thinking of anything else. Participants in the substitution suppression group were instructed 

to prevent the paired word from coming to mind by thinking of something else during the trial. 

Additionally, participants were informed that, after each word presentation, a three-point scale 

would appear. The participant was to select how much an intrusion occurred during the previous 

word, with an intrusion being defined as a thought relating to the word pairing coming to mind. 

They selected either ‘1’ as no intrusion, ‘2’ as some intrusion, or ‘3’ as a complete intrusion. 

After instruction, participants began the TNT phase. 

The TNT phase consisted of twelve repetitions of each think cue-word in green and no-

think cue-word in red. Baseline word pairs were not presented in this phase. All words were 

presented in groupings of two repetitions each, and these groupings were randomized and 

presented six times; such that for a word to be shown a third time, all other words must have 

already been shown twice; for a word to be shown a fifth time all other words must have been 

shown four times, etc. Filler word pairs were displayed in green to act as think trials to raise the 
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percentage of think trials to ~65%, as seen in previous literature (Anderson and Greene, 2001; 

Anderson et al., 2004; Gordon, 1983).  As such, 336 trials total were seen, with 216 of the trials 

being think-instructed trials. Each word appeared on screen for four seconds, preceded by a 

400ms fixation cross. After each word presentation, the 3-point scale was displayed and would 

remain on-screen until the participant gave input. Upon input, the next fixation cross and word 

pair presentation was immediately given. Once data was collected, the 3-point scale was 

converted to a dichotomous scale of either an ‘intrusion’ or a ‘non-intrusion’ trial. This was 

recoded by having any trial with partial (2) or full (3) intrusion considered ‘intrusion’ trials, 

while trials with no (1) intrusion were considered ‘non-intrusion’ trials; consistent with previous 

literature (Castiglione & Aron, 2021; Levy & Anderson, 2012; van Schie & Anderson, 2017)  

Recall Phase. 

 Participants were given two memory recall tasks to evaluate recall of the think and no-

think word pairs after administration of the TNT phase. The two memory recall tests were a 

same-probe (SP) and an independent-probe (IP) test. The SP test involved displaying the target 

word for each word pair for up to eight seconds, followed by a 400ms fixation cross. During the 

eight seconds, the participant was instructed to type the remembered target word in response to 

the displayed cue word, regardless of whether the cue word it had been paired with was part of a 

think or no-think trial during the TNT phase. During the IP test, a semantic category for the cue 

word and the first letter of the target word for each word pair was presented. For example, 

PLANT - G___ was displayed for the word-pair BUG - GRASS. Each category and first letter 

pair were shown for up to eight seconds and preceded by a 400ms fixation cross. Participants 

were instructed to input a previously learned target word that matched the category and began 

with the letter displayed. Test order was counterbalanced across participants. Final memory test 
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recall rates were converted to baseline-centered values for additional analysis. Baseline-centered 

values were calculated by subtracting baseline recall in same-probe and independent-probe tests 

from think and no-think recall, for each test respectively. 

Post-Experiment Questionnaire  

 Due to the manipulation of strategy, a post-experiment questionnaire based on prior 

literature (Hertel & Calcaterra, 2005; Liu et al., 2021) was included to measure participant’s 

overall compliance with the Think/No-Think task as well as the use of both direct and 

substitution strategies. The questionnaire consisted of five questions on a zero to four scale (0-

Never, 1-Rarely, 2-Sometimes, 3-Frequently, 4-Very Frequently) based on questions used in 

previous literature (Liu et al., 2021). The first question measured the frequency of use of a 

substitution strategy. The second question measured the frequency of use of a direct strategy. 

The last three questions each measured an aspect of compliance with overall TNT task 

instructions; therefore, participants were rated on a 0-12 scale for overall compliance, zero being 

high compliance and twelve being low compliance. Additionally, we administered a three-point 

scale of “Yes”,” No”, and “Unsure” taken from previous literature (Hertel & Calcaterra, 2005) to 

measure test expectancy. The full questionnaire can be found in Appendix B.  

Procedure 

 Participants were told that all instructions and information would be displayed on an X” x Y” 

screen for the experiment and that the door would be closed to prevent interruption. Word pairs 

were presented in the center of the screen with size 0.1 letter height (equivalent to 10% of the 

screen height or ___ inches) in Open Sans font. Participants were randomly assigned to one of 

three word-pair lists (List 1, 2, or 3, see Appendix A), the order of final recall tests they would 

receive (Same Probe First or Independent Probe First), and the strategy they would be instructed 

to use (Substitution or Direct); each was counterbalanced. Strategy was manipulated by the 
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instructions given to participants prior to the Think/No-Think phase, described below. Once they 

completed the study, participants received credit for their participation. They were sent an email 

containing a debrief of the experiment and an email to contact experimenters for any 

questions.  This experiment was administered using PsychoPy v2021.2.3 on Windows 10.  

Results 

 Ninety-two participants took part in the current experiment; however, eighty participants 

reached or surpassed the 50% learning criterion within three learning phases. Sample statistics 

and analyses will only use data from the eighty participants that reached or surpassed the 

learning criterion. This sample had a mean age of 19.19 years (STD = 1.264) and was made up 

of 58.8% (47) male-identifying individuals. This sample had individuals counterbalanced across 

lists (List 1: n=28, List 2: n=26, List 3: n=26), test order (SP 1st: n=40, IP 1st: n=40), and 

strategy instruction (Direct: n=38, Substitution: n=42). Additionally, 51 of the participants 

(63.7%) reached the 50% baseline criterion in one cycle of the learning phase, 21 (26.3%) 

needed two cycles, and 8 (10%) needed three cycles. On average, participants needed 1.54 cycles 

to reach the 50% baseline criterion. There were no significant differences in age, gender, lists, 

test order, cycles to meet the learning criterion or compliance to TNT instructions between 

strategy groups.  

 Previous research (Liu et al., 2021) suggests that compliance to the TNT instructions can 

be an issue in TNT experiments. Compliance was measured using three separate questions and 

the sum of responses to these questions was used as a measure of TNT compliance, as was done 

in Liu et al., 2021. Scores ranged from 0 (max compliance) to 12 (very poor compliance) with a 

mean of 6.06 and a standard deviation of 2.58. However, when this compliance score was 
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included as a covariate in ANCOVA analyses the compliance measure did not produce any 

significant effects and so these results will not be reported here.   

 Participants in the current experiment were required to follow a specific memory 

suppression strategy for each of the 120 no-think trials in the TNT phase. Some participants 

struggled to comply with this request with 5 of the 35 Direct group reporting that they never or 

rarely blocked words and 5 of the 42 Substitution group reporting they never or rarely thought of 

something else. The statistical analysis that follows was conducted again after removing these 

participants from the data analyzed, but removing these participants did not affect any of the 

significant results obtained, so these analyses will ne be reported here. 

A three-way Strategy (Direct, Substitution) X Type of trial (think, no-think) X Trials (1-

12) ANOVA was conducted for memory intrusions reported by participants. A significant main 

effect was obtained for trial type, F(1,79) =161.90, p<.001, ɳ2
p =.675 as would be expected when 

comparing intentional intrusions (think trials) versus unintentional intrusions (no-think trials). A 

significant effect was obtained when increasing the number of repeated trials, F(11,79) =16.831, 

p<.001, ɳ2
p =.177, and the interaction of trial type by trials was also significant, F(11,79) 

=17.287, p<.001, ɳ2
p =.181. This interaction is displayed in Figure 3. and reveals that the memory 

suppression effect increased with more repeats of no-think words.  Trend analysis of the no-think 

data revealed significant linear, quadratic, and cubic trends that suggest the memory suppression 

effect was not constant throughout the repeated trials. The effect appears strongest for the early 

repeats and starts to plateau as the repeats reach their maximum of 12 repeats.  

Figure 3 
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Two-way interaction, type of trial x trials.  

 

 

 

 

 

 

 

 

 

 

  

Two-way Strategy group X Trial type ANOVAs were conducted for the two memory 

tests.  Overall memory performance for the target words was very good for the think words (SP 

test M = 92%; SD = 10% and IP test M = 84%; SD = 16%) and the no-think words (SP test M = 

90%; SD = 13% and IP test M = 82%; SD = 16%).. The results of these tests were not 

significant, p>.05. This result is somewhat surprising given he average memory intrusion rate 

across all twelve repeated no-think trials was positively correlated with SP recall of the no-think 

words r(78) = .20, p<.05). 

Discussion 

Participants in the current study were separated into two groups, direct and substitution, 

based on the memory suppression strategy they were instructed to use throughout the TNT trials. 

Self-reported memory intrusions on no-think trials decreased with repeated trials but this effect 

did not differ between the two strategy groups; providing tentative evidence that the different 

strategies do not differ in memory suppression effectiveness with respect to intrusions occurring 
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while performing memory retrieval inhibition. Although a significant correlation was found for 

the suppression effect for memory intrusions and later recall of the no-think words, the current 

study was unable to show a memory suppression effect for either the same-probe (SP) or 

independent probe (IP) tests. Consequently, any conclusions regarding the effectiveness of the 

memory suppression strategies for producing suppression-induced forgetting (SIF) can not be 

made; however, we will discuss how future research can expand on the idea of strategy 

differences. 

The major area of intrigue for the current study is the lack of strategy differences on no-

think intrusion rates across trials. We hypothesized that direct strategies would show inhibition 

fatigue earlier on in trials due to the lack of support from interference that substitution strategies 

can produce. While the current study showed significant quadratic trends in no-think trials for 

both direct and substitution strategies, indicating some fashion of inhibition fatigue; there were 

no significant differences between strategy groups. The lack of differences between strategies 

could imply that there is in fact no difference in effectiveness; however, given the noted 

differences in how direct and substitution strategies achieve suppression-induced forgetting (SIF) 

effects, it is rather unlikely they have equal effectiveness on all measures of change in the 

Think/No-Think paradigm.  

A likely reasoning for the lack of strategy difference would be non-compliance with 

strategy instructions; however, we found that, even with the most severe non-compliers excluded 

from analyses, strategies showed no differences in any of our statistical test. An alternative 

hypothesis for our results is measurement error or practices. The main issue could be how the 

current study attempted to induce fatigue effects. Induction of fatigue effects may be better done 

by more direct methods like lengthening trial duration (van Schie & Anderson, 2017) or 
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preceding the TNT task with another task that is high in cognitive resource use. This could be 

further explored by having trial length be a varying condition for no-think pairs or varying the 

(time between trials). Additionally, adding incentives in the form of promised payment upon 

completed study participation could help reduce confounding factors for reduced intrusion 

decrease in no-think intrusion ratings, such as loss of motivation. Another potential solution that 

can both prevent inattention and produce fatigue would be to have participants complete a task 

between sets of trials or individual trials during the TNT phase of the experiment while using 

strategy as a condition. A potential task to have participants perform in-between TNT trials 

would be a Stroop task, as the Stroop task could decrease inattention, promote further fatigue of 

inhibition mechanisms, and be capable of measuring inhibition fatigue themselves by logging 

errors on the task. Another that was previously used in literature was an n-back task, which has 

shown reduction of inhibition effects on final memory tests (Noreen & de Fockert, 2017). 

Another plausible explanation for no strategy differences could be individual differences 

in strategy use. Individual differences in ability to perform SIF have already been widely noted 

in literature. One aspect that has not been investigated in current TNT literature is individual 

differences for strategy use. The current study found that participants reported using both 

strategies regardless of the strategy instructions they were given. An explanation for this could 

be individual differences in preferred strategies for preventing intrusive thoughts. Individuals 

may find one strategy more effective overall and revert to their preferred or more practiced 

strategy once they find the instructed strategy ineffective. Additionally, it is possible that 

restricting intrusive memory prevention to only one strategy is not effective in the first place. 

Individuals may use both strategies for different situations, possibly switching between strategies 

once they find them fatiguing and ineffective.  
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This raise the possibility that SIF is not achieved via one strategy or the other, but 

through a more dynamic and fluid strategy-switching. This aligns with neurological research 

involving the TNT paradigm showing that, even when retained to a single strategy, aspects of the 

other strategy are seen. When an individual is using a direct strategy, substitution does not stop 

occurring, but is not the primary initiator of SIF; similarly, to perform substitution, some amount 

of direct suppression is needed for the substitute to outweigh an original memory during retrieval 

for SIF to occur (Marsh & Anderson, 2022). Future research could investigate dynamic strategy 

use with different forms of brain imaging during no-think trials as well as could have participants 

report how suppression was achieved on a trial-by-trial basis.  

  Methodology was confirmed by pilot research showing replication of expected TNT 

effects in both intrusion ratings and final memory tests, however, the pilot did not manipulate 

strategy use. As such, the changes in results for final memory tests could be due to the addition 

of strategy use as a manipulation. However, changes in intrusion ratings were still replicated and 

previous literature has shown that a decrease in no-think intrusions is predictive of TNT effects 

on final memory tests. Therefore, it comes to question why a strategy use manipulation would 

impact final memory test results but not intrusion rating results. We propose that the previously 

mentioned strategy switching or reversion to a preferred strategy can explain this as well. In the 

current studies intrusion ratings results, both quadratic and cubic trends were seen for each 

strategy. Our original hypothesis was that these trends would point to inhibition fatigue on later 

trials, but these trends appeared in mid-trials between four and eight graphically. We propose 

that these plateaus and rises in no-think intrusions may have been caused by mid-task strategy 

switching by participants, supported by the reporting of some use of each. If true, it could be 

posited that final memory recall tests did not show no-think effects due to mid-task strategy 
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switching. Future research should look at the effects of switching strategy on SIF for same- and 

independent-probe tests.  
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Appendix A 

Post-Experiment Questionnaire 

In the word-pair learning phase, the word pairs consisted of a left (CUE) word and a right 
(RESPONSE) word. In the main phase of the experiment, you were asked to NOT THINK about the 
response word when the cue word was displayed in RED.  
 
During this phase, how frequently did you: 
 

1. think about OTHER words associated with the cue word while the cue word was on screen 
to keep yourself from recalling the response word. 

 
Never  Rarely  Sometimes     Frequently         Very Frequently 

                  0                       1                             2                          3                                4 
 

2. keep your mind BLANK or FOCUS on the cue word while the cue word was on screen to 
keep yourself from recalling the response word.  

 
Never  Rarely  Sometimes     Frequently         Very Frequently 
     0                       1                            2                          3                                4 

 

3. make sure you still remembered the response word first, and then tried not to think of this 
response word while the cue word was displayed. 

 
Never  Rarely  Sometimes     Frequently         Very Frequently 

0                    1                             2                          3                                4 
 

4.  try not to think of the response word while the cue word was displayed, but then after the 
cue word stopped being displayed, quickly checked that you could still remember the 
response word. 

 
Never  Rarely  Sometimes     Frequently         Very Frequently 

0                    1                             2                          3                                4 
 

5. stop yourself from typing the response word while the cue word was displayed but kept 
repeating the response word to yourself so as not to forget it. 

 
Never  Rarely  Sometimes     Frequently         Very Frequently 
    0                        1                             2                          3                                4 

 
____________________________________________________________________________ 
 
When we instructed you to not think about the response word that was paired with a specific cue 
word displayed in RED, did you suspect at the time that you would later be tested on your memory 
for these response words? 
a. No 
b. Yes 
c. Unsure 



MEMORY SUPPRESSION STRATEGIES’  

 
 

27 

 

Appendix B 

Word Pair Lists 

 

 List 1 List 2 List 3 
Filler Word Pairs 

(Same Across All Lists) 

Think Word Pair 1 ACCIDENT - SNOW CANDLE - WINE GLOW - GHOST CRACK - LOBSTER 

Think Word Pair 2 AVENUE - MILE CRUMB - TOASTER BEACH - AFRICA LIBERTY - EAGLE 

Think Word Pair 3 BREATH - NOSE DECAY - CARBON JOURNEY - PANTS NEEDLE - DOCTOR 

Think Word Pair 4 CHOIR - GUITAR HUG - ROSE OFFICER - BLUE PET - MOUSE 

Think Word Pair 5 DIET - CREAM MIXTURE - JAR TAPE - RADIO  PIPE - WRENCH 

Think Word Pair 6 DOUGH - SALT NAIL - PICTURE STUMBLE - CLOWN RELAX - BED 

Think Word Pair 7 HIVE - HEXAGON PICNIC - HILL JAW - GUM SOIL - TOMATO 

Think Word Pair 8 LEAP - BALLET POLISH - DIAMOND ANTLER - KNIFE SURPRISE - SNAKE 

Think Word Pair 9 REMOVE - CANCER RUG - WOOL BROOM - HOUSE  
Think Word Pair 10 VITAMIN - LEMON STEAM - TRAIN CRADLE - PARENT  

No-Think Word Pair 1 CANDLE - WINE GLOW - GHOST ACCIDENT - SNOW  
No-Think Word Pair 2 CRUMB - TOASTER BEACH - AFRICA AVENUE - MILE  
No-Think Word Pair 3 DECAY - CARBON JOURNEY - PANTS BREATH - NOSE  
No-Think Word Pair 4 HUG - ROSE OFFICER - BLUE CHOIR - GUITAR  
No-Think Word Pair 5 MIXTURE - JAR TAPE - RADIO  DIET - CREAM  
No-Think Word Pair 6 NAIL - PICTURE STUMBLE - CLOWN DOUGH - SALT  
No-Think Word Pair 7 PICNIC - HILL JAW - GUM HIVE - HEXAGON  
No-Think Word Pair 8 POLISH - DIAMOND ANTLER - KNIFE LEAP - BALLET  
No-Think Word Pair 9 RUG - WOOL BROOM - HOUSE REMOVE - CANCER  

No-Think Word Pair 10 STEAM - TRAIN CRADLE - PARENT VITAMIN - LEMON  

Baseline Word Pair 1 GLOW - GHOST ACCIDENT - SNOW CANDLE - WINE  
Baseline Word Pair 2 BEACH - AFRICA AVENUE - MILE CRUMB - TOASTER  
Baseline Word Pair 3 JOURNEY - PANTS BREATH - NOSE DECAY - CARBON  
Baseline Word Pair 4 OFFICER - BLUE CHOIR - GUITAR HUG - ROSE  
Baseline Word Pair 5 TAPE - RADIO  DIET - CREAM MIXTURE - JAR  
Baseline Word Pair 6 STUMBLE - CLOWN DOUGH - SALT NAIL - PICTURE  
Baseline Word Pair 7 JAW - GUM HIVE - HEXAGON PICNIC - HILL  
Baseline Word Pair 8 ANTLER - KNIFE LEAP - BALLET POLISH - DIAMOND  
Baseline Word Pair 9 BROOM - HOUSE REMOVE - CANCER RUG - WOOL  

Baseline Word Pair 10 CRADLE - PARENT VITAMIN - LEMON STEAM - TRAIN  
 



MEMORY SUPPRESSION STRATEGIES’  

 
 

28 

References 
 

Akhtar, S. (2020). Repression: A Critical Assessment and Update of Freud’s 1915 Paper. American 

Journal of Psychoanalysis, 80(3), 241–258. https://doi.org/10.1057/s11231-020-09261-z 

Anderson, M. (2003). Rethinking interference theory: Executive control and the mechanisms of 

forgetting. Journal of Memory and Language, 49(4), 415–445. 

https://doi.org/10.1016/j.jml.2003.08.006 

Anderson, M. C., Bjork, R. A., & Bjork, E. L. (1994). Remembering can cause forgetting: Retrieval 

dynamics in long-term memory. Journal of Experimental Psychology: Learning, Memory, and 

Cognition, 20, 1063–1087. https://doi.org/10.1037/0278-7393.20.5.1063 

Anderson, M. C., & Green, C. (2001). Suppressing unwanted memories by executive control. Nature, 

410(6826), 366–369. https://doi.org/10.1038/35066572 

Anderson, M. C., & Huddleston, E. (2012). Towards a Cognitive and Neurobiological Model of 

Motivated Forgetting. In R. F. Belli (Ed.), True and False Recovered Memories: Toward a 

Reconciliation of the Debate (pp. 53–120). Springer. https://doi.org/10.1007/978-1-4614-1195-

6_3 

Anderson, M. C., & Hulbert, J. C. (2021). Active Forgetting: Adaptation of Memory by Prefrontal 

Control. Annual Review of Psychology, 72(1), 1–36. https://doi.org/10.1146/annurev-psych-

072720-094140 

Anderson, M. C., Ochsner, K. N., Kuhl, B., Cooper, J., Robertson, E., Gabrieli, S. W., Glover, G. H., 

& Gabrieli, J. D. E. (2004). Neural Systems Underlying the Suppression of Unwanted Memories. 

Science, 303(5655), 232–235. https://doi.org/10.1126/science.1089504 

Aron, A. R., Robbins, T. W., & Poldrack, R. A. (2004). Inhibition and the right inferior frontal cortex. 

Trends in Cognitive Sciences, 8(4), 170–177. https://doi.org/10.1016/j.tics.2004.02.010 

https://doi.org/10.1057/s11231-020-09261-z
https://doi.org/10.1016/j.jml.2003.08.006
https://doi.org/10.1037/0278-7393.20.5.1063
https://doi.org/10.1038/35066572
https://doi.org/10.1007/978-1-4614-1195-6_3
https://doi.org/10.1007/978-1-4614-1195-6_3
https://doi.org/10.1146/annurev-psych-072720-094140
https://doi.org/10.1146/annurev-psych-072720-094140
https://doi.org/10.1126/science.1089504
https://doi.org/10.1016/j.tics.2004.02.010


MEMORY SUPPRESSION STRATEGIES’  

 
 

29 

Benoit, R. G., & Anderson, M. C. (2012). Opposing Mechanisms Support the Voluntary Forgetting of 

Unwanted Memories. Neuron, 76(2), 450–460. https://doi.org/10.1016/j.neuron.2012.07.025 

Benoit, R. G., Hulbert, J. C., Huddleston, E., & Anderson, M. C. (2015). Adaptive top-down 

suppression of hippocampal activity and the purging of intrusive memories from consciousness. 

Journal of Cognitive Neuroscience, 27(1), 96–111. 

Bergström, Z. M., Velmans, M., de Fockert, J., & Richardson-Klavehn, A. (2007). ERP evidence for 

successful voluntary avoidance of conscious recollection. Brain Research, 1151, 119–133. 

https://doi.org/10.1016/j.brainres.2007.03.014 

Bjork, R. A. (1989). Retrieval inhibition as an adaptive mechanism in human memory. In Varieties of 

memory and consciousness: Essays in honour of Endel Tulving (pp. 309–330). Lawrence 

Erlbaum Associates, Inc. 

Boag, S. (2006). Freudian Repression, the Common View, and Pathological Science. Review of 

General Psychology - REV GEN PSYCHOL, 10. https://doi.org/10.1037/1089-2680.10.1.74 

Boag, S. (2020). Repression (Defense Mechanism). In V. Zeigler-Hill & T. K. Shackelford (Eds.), 

Encyclopedia of Personality and Individual Differences (pp. 4425–4428). Springer International 

Publishing. https://doi.org/10.1007/978-3-319-24612-3_1423 

Boksem, M. A. S., Meijman, T. F., & Lorist, M. M. (2005). Effects of mental fatigue on attention: An 

ERP study. Cognitive Brain Research, 25(1), 107–116. Scopus. 

https://doi.org/10.1016/j.cogbrainres.2005.04.011 

Boksem, M. A. S., Meijman, T. F., & Lorist, M. M. (2006). Mental fatigue, motivation and action 

monitoring. Biological Psychology, 72(2), 123–132. 

https://doi.org/10.1016/j.biopsycho.2005.08.007 

https://doi.org/10.1016/j.neuron.2012.07.025
https://doi.org/10.1016/j.brainres.2007.03.014
https://doi.org/10.1037/1089-2680.10.1.74
https://doi.org/10.1007/978-3-319-24612-3_1423
https://doi.org/10.1016/j.cogbrainres.2005.04.011
https://doi.org/10.1016/j.biopsycho.2005.08.007


MEMORY SUPPRESSION STRATEGIES’  

 
 

30 

Boksem, M. A. S., & Tops, M. (2008). Mental fatigue: Costs and benefits. Brain Research Reviews, 

59(1), 125–139. Scopus. https://doi.org/10.1016/j.brainresrev.2008.07.001 

Bulevich, J. B., Roediger, H. L., Balota, D. A., & Butler, A. C. (2006). Failures to find suppression of 

episodic memories in the think/no-think paradigm. Memory & Cognition, 34(8), 1569–1577. 

https://doi.org/10.3758/bf03195920 

Butler, A. J., & James, K. H. (2010). The neural correlates of attempting to suppress negative versus 

neutral memories. Cognitive, Affective & Behavioral Neuroscience, 10(2), 182–194. 

https://doi.org/10.3758/CABN.10.2.182 

Castiglione, A., & Aron, A. R. (2021). Unwanted Memory Intrusions Recruit Broad Motor 

Suppression. Journal of Cognitive Neuroscience, 33(1), 119–128. 

https://doi.org/10.1162/jocn_a_01642 

Castiglione, A., Wagner, J., Anderson, M., & Aron, A. R. (2019). Preventing a thought from coming 

to mind elicits increased right frontal beta just as stopping action does. Cerebral Cortex, 29(5), 

2160–2172. 

Chen, S., Mao, X., & Wu, Y. (2022). Can’t stop thinking: The role of cognitive control in 

suppression-induced forgetting. Neuropsychologia, 172, 108274. 

https://doi.org/10.1016/j.neuropsychologia.2022.108274 

Costanzi, M., Cianfanelli, B., Santirocchi, A., Lasaponara, S., Spataro, P., Rossi-Arnaud, C., & 

Cestari, V. (2021). Forgetting Unwanted Memories: Active Forgetting and Implications for the 

Development of Psychological Disorders. Journal of Personalized Medicine, 11(4), 241. 

https://doi.org/10.3390/jpm11040241 

https://doi.org/10.1016/j.brainresrev.2008.07.001
https://doi.org/10.3758/bf03195920
https://doi.org/10.3758/CABN.10.2.182
https://doi.org/10.1162/jocn_a_01642
https://doi.org/10.1016/j.neuropsychologia.2022.108274
https://doi.org/10.3390/jpm11040241


MEMORY SUPPRESSION STRATEGIES’  

 
 

31 

Crespo-García, M., Wang, Y., Jiang, M., Anderson, M. C., & Lei, X. (2022). Anterior Cingulate 

Cortex Signals the Need to Control Intrusive Thoughts during Motivated Forgetting. The Journal 

of Neuroscience, 42(21), 4342–4359. https://doi.org/10.1523/JNEUROSCI.1711-21.2022 

Crews, F. C. (1995). The Memory Wars: Freud’s Legacy in Dispute. New York Review. 

del Prete, F., Hanczakowski, M., Bajo, M. T., & Mazzoni, G. (2015). Inhibitory effects of thought 

substitution in the think/no-think task: Evidence from independent cues. Memory, 23(4), 507–

517. 

Depue, B. E. (2012). A neuroanatomical model of prefrontal inhibitory modulation of memory 

retrieval. Neuroscience and Biobehavioral Reviews, 36(5), 1382–1399. 

https://doi.org/10.1016/j.neubiorev.2012.02.012 

Depue, B. E., Burgess, G. C., Willcutt, E. G., Ruzic, L., & Banich, M. T. (2010). Inhibitory control of 

memory retrieval and motor processing associated with the right lateral prefrontal cortex: 

Evidence from deficits in individuals with ADHD. Neuropsychologia, 48(13), 3909–3917. 

https://doi.org/10.1016/j.neuropsychologia.2010.09.013 

Depue, B. E., Curran, T., & Banich, M. T. (2007). Prefrontal regions orchestrate suppression of 

emotional memories via a two-phase process. Science (New York, N.Y.), 317(5835), 215–219. 

https://doi.org/10.1126/science.1139560 

Depue, B. E., Orr, J. M., Smolker, H. R., Naaz, F., & Banich, M. T. (2016). The Organization of 

Right Prefrontal Networks Reveals Common Mechanisms of Inhibitory Regulation Across 

Cognitive, Emotional, and Motor Processes. Cerebral Cortex, 26(4), 1634–1646. Scopus. 

https://doi.org/10.1093/cercor/bhu324 

https://doi.org/10.1523/JNEUROSCI.1711-21.2022
https://doi.org/10.1016/j.neubiorev.2012.02.012
https://doi.org/10.1016/j.neuropsychologia.2010.09.013
https://doi.org/10.1126/science.1139560
https://doi.org/10.1093/cercor/bhu324


MEMORY SUPPRESSION STRATEGIES’  

 
 

32 

Dieler, A. C., Herrmann, M. J., & Fallgatter, A. J. (2014). Voluntary suppression of thoughts is 

influenced by anxious and ruminative tendencies in healthy volunteers. Memory (Hove, 

England), 22(3), 184–193. https://doi.org/10.1080/09658211.2013.774420 

Elsevier Enhanced Reader. (n.d.). Retrieved April 14, 2023, from 

https://reader.elsevier.com/reader/sd/pii/S0028393216302469?token=C8A547E2A0F4C20495C

58C30915829692CAB66EA6661E9EC71C479BB6FF0645896C64E06240280C73F1F87AA57

D392EE&originRegion=us-east-1&originCreation=20230414153353 

Erdelyi, M. H. (2006). The unified theory of repression. Behavioral and Brain Sciences, 29(5), 499–

511. https://doi.org/10.1017/S0140525X06009113 

Fawcett, J. M., Benoit, R. G., Gagnepain, P., Salman, A., Bartholdy, S., Bradley, C., Chan, D. K. Y., 

Roche, A., Brewin, C. R., & Anderson, M. C. (2015). The origins of repetitive thought in 

rumination: Separating cognitive style from deficits in inhibitory control over memory. Journal 

of Behavior Therapy and Experimental Psychiatry, 47, 1–8. 

https://doi.org/10.1016/j.jbtep.2014.10.009 

Freud, S., Strachey, J., Freud, A., & Richards, A. (1981). The standard edition of the complete 

psychological works of Sigmund Freud. London : Hogarth Press and the Institute of Psycho-

analysis. http://archive.org/details/standardeditiono14freu 

Gagnepain, P., Henson, R. N., & Anderson, M. C. (2014). Suppressing unwanted memories reduces 

their unconscious influence via targeted cortical inhibition. Proceedings of the National Academy 

of Sciences of the United States of America, 111(13), E1310-1319. 

https://doi.org/10.1073/pnas.1311468111 

https://doi.org/10.1080/09658211.2013.774420
https://reader.elsevier.com/reader/sd/pii/S0028393216302469?token=C8A547E2A0F4C20495C58C30915829692CAB66EA6661E9EC71C479BB6FF0645896C64E06240280C73F1F87AA57D392EE&originRegion=us-east-1&originCreation=20230414153353
https://reader.elsevier.com/reader/sd/pii/S0028393216302469?token=C8A547E2A0F4C20495C58C30915829692CAB66EA6661E9EC71C479BB6FF0645896C64E06240280C73F1F87AA57D392EE&originRegion=us-east-1&originCreation=20230414153353
https://reader.elsevier.com/reader/sd/pii/S0028393216302469?token=C8A547E2A0F4C20495C58C30915829692CAB66EA6661E9EC71C479BB6FF0645896C64E06240280C73F1F87AA57D392EE&originRegion=us-east-1&originCreation=20230414153353
https://doi.org/10.1017/S0140525X06009113
https://doi.org/10.1016/j.jbtep.2014.10.009
http://archive.org/details/standardeditiono14freu
https://doi.org/10.1073/pnas.1311468111


MEMORY SUPPRESSION STRATEGIES’  

 
 

33 

Gordon, B. (1983). Lexical access and lexical decision: Mechanisms of frequency sensitivity. Journal 

of Verbal Learning and Verbal Behavior, 22(1), 24–44. https://doi.org/10.1016/S0022-

5371(83)80004-8 

Guo, Y., Schmitz, T. W., Mur, M., Ferreira, C. S., & Anderson, M. C. (2018). A supramodal role of 

the basal ganglia in memory and motor inhibition: Meta-analytic evidence. Neuropsychologia, 

108, 117–134. 

Hertel, P. T., & Calcaterra, G. (2005). Intentional forgetting benefits from thought substitution. 

Psychonomic Bulletin & Review, 12(3), 484–489. https://doi.org/10.3758/BF03193792 

Hertel, P. T., & Gerstle, M. (2003). Depressive Deficits in Forgetting. Psychological Science, 14(6), 

573–578. https://doi.org/10.1046/j.0956-7976.2003.psci_1467.x 

Hertel, P. T., & Mahan, A. (2008). Depression-related differences in learning and forgetting responses 

to unrelated cues. Acta Psychologica, 127(3), 636–644. 

https://doi.org/10.1016/j.actpsy.2007.11.004 

Hu, X., Bergström, Z. M., Gagnepain, P., & Anderson, M. C. (2017). Suppressing Unwanted 

Memories Reduces Their Unintended Influences. Current Directions in Psychological Science, 

26(2), 197–206. https://doi.org/10.1177/0963721417689881 

Hubbard, R. J., & Sahakyan, L. (2023). Differential Recruitment of Inhibitory Control Processes by 

Directed Forgetting and Thought Substitution. The Journal of Neuroscience: The Official 

Journal of the Society for Neuroscience, 43(11), 1963–1975. 

https://doi.org/10.1523/JNEUROSCI.0696-22.2023 

Hulbert, J. C., Henson, R. N., & Anderson, M. C. (2016). Inducing amnesia through systemic 

suppression. Nature Communications, 7(1), Article 1. https://doi.org/10.1038/ncomms11003 

https://doi.org/10.1016/S0022-5371(83)80004-8
https://doi.org/10.1016/S0022-5371(83)80004-8
https://doi.org/10.3758/BF03193792
https://doi.org/10.1046/j.0956-7976.2003.psci_1467.x
https://doi.org/10.1016/j.actpsy.2007.11.004
https://doi.org/10.1177/0963721417689881
https://doi.org/10.1523/JNEUROSCI.0696-22.2023
https://doi.org/10.1038/ncomms11003


MEMORY SUPPRESSION STRATEGIES’  

 
 

34 

Kato, Y., Endo, H., & Kizuka, T. (2009). Mental fatigue and impaired response processes: Event-

related brain potentials in a Go/NoGo task. International Journal of Psychophysiology: Official 

Journal of the International Organization of Psychophysiology, 72(2), 204–211. 

https://doi.org/10.1016/j.ijpsycho.2008.12.008 

Lee, Y., Lee, H., & Tsai, S. (2007). Effects of post-cue interval on intentional forgetting. British 

Journal of Psychology (London, England: 1953), 98(Pt 2), 257–272. 

https://doi.org/10.1348/000712606X120410 

Levy, B. J., & Anderson, M. C. (2008). Individual differences in the suppression of unwanted 

memories: The executive deficit hypothesis. Acta Psychologica, 127(3), 623–635. 

https://doi.org/10.1016/j.actpsy.2007.12.004 

Levy, B. J., & Anderson, M. C. (2012). Purging of Memories from Conscious Awareness Tracked in 

the Human Brain. The Journal of Neuroscience, 32(47), 16785–16794. 

https://doi.org/10.1523/JNEUROSCI.2640-12.2012 

Liu, P., Hulbert, J., Yang, W., Guo, Y., Qiu, J., & Anderson, M. (2021). Driven to forget: Task 

compliance predicts suppression-induced forgetting in a large sample. 

Loftus, E. F., & Palmer, J. C. (1974). Reconstruction of automobile destruction: An example of the 

interaction between language and memory. Journal of Verbal Learning & Verbal Behavior, 13, 

585–589. https://doi.org/10.1016/S0022-5371(74)80011-3 

Lorist, M. M., Boksem, M. A. S., & Ridderinkhof, K. R. (2005). Impaired cognitive control and 

reduced cingulate activity during mental fatigue. Cognitive Brain Research, 24(2), 199–205. 

https://doi.org/10.1016/j.cogbrainres.2005.01.018 

Marsh, L. C., & Anderson, M. (2022). Inhibition as a cause of forgetting. PsyArXiv. 

https://doi.org/10.31234/osf.io/6bwc2 

https://doi.org/10.1016/j.ijpsycho.2008.12.008
https://doi.org/10.1348/000712606X120410
https://doi.org/10.1016/j.actpsy.2007.12.004
https://doi.org/10.1523/JNEUROSCI.2640-12.2012
https://doi.org/10.1016/S0022-5371(74)80011-3
https://doi.org/10.1016/j.cogbrainres.2005.01.018
https://doi.org/10.31234/osf.io/6bwc2


MEMORY SUPPRESSION STRATEGIES’  

 
 

35 

Mecklinger, A., Parra, M., & Waldhauser, G. T. (2009). ERP correlates of intentional forgetting. 

Brain Research, 1255, 132–147. 

Murray, B. D., Anderson, M. C., & Kensinger, E. A. (2015). Older adults can suppress unwanted 

memories when given an appropriate strategy. Psychology and Aging, 30(1), 9–25. 

https://doi.org/10.1037/a0038611 

Nemeth, V. L., Kurgyis, E., Csifcsak, G., Maraz, A., Almasi, D. A., Drotos, G., Szikszay, P., Ando, 

B., Janka, Z., & Must, A. (2014). The impact of intermediate-term alcohol abstinence on 

memory retrieval and suppression. Frontiers in Psychology, 5, 1396. 

https://doi.org/10.3389/fpsyg.2014.01396 

Noreen, S., Cooke, R., & Ridout, N. (2020). Investigating the mediating effect of working memory on 

intentional forgetting in dysphoria. Psychological Research, 84(8), 2273–2286. 

https://doi.org/10.1007/s00426-019-01225-y 

Noreen, S., & Fockert, J. (2017). The Role of Cognitive Load in Intentional Forgetting Using the 

Think/No-Think Task. Experimental Psychology, 64. https://doi.org/10.1027/1618-

3169/a000347 

Noreen, S., O’Connor, A. R., & MacLeod, M. D. (2016). Neural Correlates of Direct and Indirect 

Suppression of Autobiographical Memories. Frontiers in Psychology, 7, 379. 

https://doi.org/10.3389/fpsyg.2016.00379 

Noreen, S., & Ridout, N. (2016). Intentional forgetting in dysphoria: Investigating the inhibitory 

effects of thought substitution using independent cues. Journal of Behavior Therapy and 

Experimental Psychiatry, 52, 110–118. https://doi.org/10.1016/j.jbtep.2016.04.002 

Otgaar, H., Howe, M. L., Dodier, O., Lilienfeld, S. O., Loftus, E. F., Lynn, S. J., Merckelbach, H., & 

Patihis, L. (2021). Belief in Unconscious Repressed Memory Persists. Perspectives on 

https://doi.org/10.1037/a0038611
https://doi.org/10.3389/fpsyg.2014.01396
https://doi.org/10.1007/s00426-019-01225-y
https://doi.org/10.1027/1618-3169/a000347
https://doi.org/10.1027/1618-3169/a000347
https://doi.org/10.3389/fpsyg.2016.00379
https://doi.org/10.1016/j.jbtep.2016.04.002


MEMORY SUPPRESSION STRATEGIES’  

 
 

36 

Psychological Science: A Journal of the Association for Psychological Science, 16(2), 454–460. 

https://doi.org/10.1177/1745691621990628 

Patihis, L., Ho, L. Y., Tingen, I. W., Lilienfeld, S. O., & Loftus, E. F. (2014). Are the “Memory 

Wars” Over? A Scientist-Practitioner Gap in Beliefs About Repressed Memory. Psychological 

Science, 25(2), 519–530. https://doi.org/10.1177/0956797613510718 

Quaedflieg, C. W. E. M., Schneider, T. R., Daume, J., Engel, A. K., & Schwabe, L. (2020). Stress 

Impairs Intentional Memory Control through Altered Theta Oscillations in Lateral Parietal 

Cortex. The Journal of Neuroscience: The Official Journal of the Society for Neuroscience, 

40(40), 7739–7748. https://doi.org/10.1523/JNEUROSCI.2906-19.2020 

Racsmány, M., Conway, M. A., Keresztes, A., & Krajcsi, A. (2012). Inhibition and interference in the 

think/no-think task. Memory & Cognition, 40(2), 168–176. https://doi.org/10.3758/s13421-011-

0144-6 

Rogers, C & Ball, C. (2020). Memory Suppression: The Importance of Baseline Learning for the 

Think/No-Think Task.  

Sacchet, M. D., Levy, B. J., Hamilton, J. P., Maksimovskiy, A., Hertel, P. T., Joormann, J., Anderson, 

M. C., Wagner, A. D., & Gotlib, I. H. (2017). Cognitive and neural consequences of memory 

suppression in major depressive disorder. Cognitive, Affective & Behavioral Neuroscience, 

17(1), 77–93. https://doi.org/10.3758/s13415-016-0464-x 

Sala, M., Caverzasi, E., Marraffini, E., De Vidovich, G., Lazzaretti, M., d’Allio, G., Isola, M., 

Balestrieri, M., D’Angelo, E., Thyrion, F. Z., Scagnelli, P., Barale, F., & Brambilla, P. (2009). 

Cognitive memory control in borderline personality disorder patients. Psychological Medicine, 

39(5), 845–853. https://doi.org/10.1017/S0033291708004145 

https://doi.org/10.1177/1745691621990628
https://doi.org/10.1177/0956797613510718
https://doi.org/10.1523/JNEUROSCI.2906-19.2020
https://doi.org/10.3758/s13421-011-0144-6
https://doi.org/10.3758/s13421-011-0144-6
https://doi.org/10.3758/s13415-016-0464-x
https://doi.org/10.1017/S0033291708004145


MEMORY SUPPRESSION STRATEGIES’  

 
 

37 

Steward, T., Das, P., Malhi, G. S., Bryant, R. A., & Felmingham, K. L. (2020). Dysfunctional 

coupling of the parahippocampal cortex and inferior frontal gyrus during memory suppression in 

posttraumatic stress disorder. European Neuropsychopharmacology: The Journal of the 

European College of Neuropsychopharmacology, 41, 146–151. 

https://doi.org/10.1016/j.euroneuro.2020.09.634 

Storm, B. C., & White, H. A. (2010). ADHD and retrieval-induced forgetting: Evidence for a deficit 

in the inhibitory control of memory. Memory, 18(3), 265–271. 

https://doi.org/10.1080/09658210903547884 

Stramaccia, D. F., Meyer, A.-K., Rischer, K. M., Fawcett, J. M., & Benoit, R. G. (2021). Memory 

suppression and its deficiency in psychological disorders: A focused meta-analysis. Journal of 

Experimental Psychology. General, 150(5), 828–850. https://doi.org/10.1037/xge0000971 

Sullivan, D. R., Marx, B., Chen, M. S., Depue, B. E., Hayes, S. M., & Hayes, J. P. (2019). Behavioral 

and neural correlates of memory suppression in PTSD. Journal of Psychiatric Research, 112, 

30–37. https://doi.org/10.1016/j.jpsychires.2019.02.015 

van der Linden, D., & Eling, P. (2006). Mental fatigue disturbs local processing more than global 

processing. Psychological Research, 70, 395–402. https://doi.org/10.1007/s00426-005-0228-7 

van Schie, K., & Anderson, M. C. (2017). Successfully controlling intrusive memories is harder when 

control must be sustained. Memory (Hove, England), 25(9), 1201–1216. 

https://doi.org/10.1080/09658211.2017.1282518 

Waldhauser, G. T., Dahl, M. J., Ruf-Leuschner, M., Müller-Bamouh, V., Schauer, M., Axmacher, N., 

Elbert, T., & Hanslmayr, S. (2018). The neural dynamics of deficient memory control in heavily 

traumatized refugees. Scientific Reports, 8(1), 13132. https://doi.org/10.1038/s41598-018-31400-

x 

https://doi.org/10.1016/j.euroneuro.2020.09.634
https://doi.org/10.1080/09658210903547884
https://doi.org/10.1037/xge0000971
https://doi.org/10.1016/j.jpsychires.2019.02.015
https://doi.org/10.1007/s00426-005-0228-7
https://doi.org/10.1080/09658211.2017.1282518
https://doi.org/10.1038/s41598-018-31400-x
https://doi.org/10.1038/s41598-018-31400-x


MEMORY SUPPRESSION STRATEGIES’  

 
 

38 

Waldhauser, G. T., Johansson, M., Bäckström, M., & Mecklinger, A. (2011). Trait anxiety, working 

memory capacity, and the effectiveness of memory suppression. Scandinavian Journal of 

Psychology, 52(1), 21–27. https://doi.org/10.1111/j.1467-9450.2010.00845.x 

Wang, Y., Cao, Z., Zhu, Z., Cai, H., & Wu, Y. (2015). Cue-independent forgetting by intentional 

suppression—Evidence for inhibition as the mechanism of intentional forgetting. Cognition, 143, 

31–35. https://doi.org/10.1016/j.cognition.2015.05.025 

Wessel, I., Albers, C. J., Zandstra, A. R. E., & Heininga, V. E. (2020). A multiverse analysis of early 

attempts to replicate memory suppression with the Think/No-think Task. Memory, 28(7), 870–

887. https://doi.org/10.1080/09658211.2020.1797095 

Wessel, J. R., & Aron, A. R. (2014). Inhibitory motor control based on complex stopping goals relies 

on the same brain network as simple stopping. NeuroImage, 103, 225–234. 

https://doi.org/10.1016/j.neuroimage.2014.09.048 

Wimber, M., Alink, A., Charest, I., Kriegeskorte, N., & Anderson, M. C. (2015). Retrieval induces 

adaptive forgetting of competing memories via cortical pattern suppression. Nature 

Neuroscience, 18(4), 582–589. https://doi.org/10.1038/nn.3973 

Yan, Y., Hulbert, J. C., Zhuang, K., Liu, W., Wei, D., Qiu, J., Anderson, M. C., & Yang, W. (2022). 

Reduced hippocampal-cortical connectivity during memory suppression predicts the ability to 

forget unwanted memories. Cerebral Cortex, bhac336. https://doi.org/10.1093/cercor/bhac336 

Yang, W., Liu, P., Zhuang, K., Wei, D., Anderson, M. C., & Qiu, J. (2020). Behavioral and neural 

correlates of memory suppression in subthreshold depression. Psychiatry Research. 

Neuroimaging, 297, 111030. https://doi.org/10.1016/j.pscychresns.2020.111030 

Yang, W., Zhuang, K., Liu, P., Guo, Y., Chen, Q., Wei, D., & Qiu, J. (2021). Memory Suppression 

Ability can be Robustly Predicted by the Internetwork Communication of Frontoparietal Control 

https://doi.org/10.1111/j.1467-9450.2010.00845.x
https://doi.org/10.1016/j.cognition.2015.05.025
https://doi.org/10.1080/09658211.2020.1797095
https://doi.org/10.1016/j.neuroimage.2014.09.048
https://doi.org/10.1038/nn.3973
https://doi.org/10.1093/cercor/bhac336
https://doi.org/10.1016/j.pscychresns.2020.111030


MEMORY SUPPRESSION STRATEGIES’  

 
 

39 

Network. Cerebral Cortex (New York, N.Y.: 1991), 31(7), 3451–3461. 

https://doi.org/10.1093/cercor/bhab024 

Yapko, M. D. (1994). Suggestibility and repressed memories of abuse: A survey of psychotherapists’ 

beliefs. The American Journal of Clinical Hypnosis, 36(3), 163–171; discussion 172-187. 

https://doi.org/10.1080/00029157.1994.10403066 

Zhang, D., Xie, H., Liu, Y., & Luo, Y. (2016). Neural correlates underlying impaired memory 

facilitation and suppression of negative material in depression. Scientific Reports, 6, 37556. 

https://doi.org/10.1038/srep37556 

Zijian, Z., & Yingying, W. (2020). Forgetting unrelated episodic memories through suppression-

induced amnesia. Journal of Experimental Psychology: General, 150. 

https://doi.org/10.1037/xge0000782 

 

https://doi.org/10.1093/cercor/bhab024
https://doi.org/10.1080/00029157.1994.10403066
https://doi.org/10.1038/srep37556
https://doi.org/10.1037/xge0000782

	19ae7f11-1297-4247-97b0-5a253a199096.pdf
	Testing the Effectiveness of Memory Suppression Strategies
	COMPLIANCE PAGE
	Research approved by

	f4ff7316-6dcc-4507-aaf6-b3ac8ca4ab7b.pdf
	19ae7f11-1297-4247-97b0-5a253a199096.pdf
	Testing the Effectiveness of Memory Suppression Strategies
	COMPLIANCE PAGE
	Research approved by


	f4ff7316-6dcc-4507-aaf6-b3ac8ca4ab7b.pdf
	19ae7f11-1297-4247-97b0-5a253a199096.pdf
	Testing the Effectiveness of Memory Suppression Strategies
	COMPLIANCE PAGE
	Research approved by



