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SUMMARY

Negative visual memories are persistent distressing mental images and a hallmark symptom of post-trau

matic stress disorder (PTSD). However, ongoing attempts to directly modulate negative memories are often 

ineffective. Here, we show that targeting the memory with embedded positive verbal content can indirectly 

modulate negative visual memory. Participants encoded sequences of positive words embedded within 

negative pictures. Following encoding, participants were instructed to remember or to forget the 

embedded words. Results show that verbal memory was weaker when participants were directly instructed 

to forget relative to remember the words. Importantly, intentional forgetting of positive verbal memory indi

rectly reduced negative visual memory for pictures that followed the words. An additional experiment re

vealed that in the absence of verbal memory retrieval, instructions to remember the words indirectly 

reduced negative visual memory. These findings emphasize the potential of positive experiences to down

regulate negative memories, possibly uncovering future strategies for treating psychopathologies such 

as PTSD.

INTRODUCTION

Over the course of our lives, we experience distressing events 

that we may prefer to forget. However, contrary to such desires, 

negative experiences often remain in our memory as they 

attract more attention and cognitive resources than neutral 

events and are often encoded into durable negative mem

ories.1–3 Following encoding, negative memories tend to 

persist over time4 through repeated memory reactivations2,5

while maintaining their emotional intensity and vividness6–8 by 

engaging sensory brain areas and the amygdala during mem

ory encoding and retrieval.1,2,9 In addition, negative memories 

are prioritized at retrieval and are harder to deliberately sup

press relative to neutral visual memories,10–13 promoting 

distress long after the negative event had terminated. At an 

extreme, negative memories can become maladaptive as their 

excessive persistence and involuntary intrusive retrieval are 

linked to psychopathologies such as post-traumatic stress dis

order (PTSD).14

The enduring nature of negative memories and their associ

ated emotional burden encouraged research on direct memory 

modulation.15,16 However, reliable direct modulation of negative 

memories in humans remains elusive.16–19 Pharmacological and 

neuromodulation methods show some promise in modulating 

the emotional intensity of negative memories,20–23 but these 

findings do not appear to replicate consistently.16,17,24,25 There

fore, first-line clinical practices typically rely on behavioral expo

sure in the context of cognitive-behavioral therapy.26,27 Howev

er, direct exposure of patients to traumatic memories causes 

substantial distress, precipitating high dropout rates,28 and is 

often ineffective in preventing traumatic memory reexperienc

ing.29 In addition, negative emotional responses and memory 

intrusion sometimes relapse after treatment termination.30,31

Given the obstacles associated with direct modulation of 

negative memories, we tested the possibility of indirect modula

tion of such memories. It has been recently suggested that pos

itive memories have the power to downregulate negative mem

ories.13 Positive emotions tend to reduce stress-related 

responses32 and negative affect.13 Accordingly, the retrieval of 

positive memories buffers stress33–36 and improves negative 

mood.37–39 Associating negative memories with positive mean

ing can attenuate their negative emotional intensity,40,41 implying 

that positive memories may have the capacity to indirectly 

weaken negative memories.

Here, we aimed to indirectly modulate negative visual mem

ories by direct modulation of adjacent positive verbal content. 

Humans are capable of directly modulating their memories 

when instructed to remember or to forget newly encoded infor

mation, as demonstrated by the list-method directed forgetting 

(DF) paradigm.42–44 Intentional forgetting of previously encoded 

content elicits prefrontal inhibitory control over mnemonic hippo

campal processing, leading to decreased content memory 
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strength.42–44 However, the intentional forgetting of negative 

content is generally less effective,45–47 and negative context 

can impair the intentional forgetting of neutral content.48 In 

turn, intentional forgetting of positive content is typically reli

able,45,46 and positive content, which suggested to mitigate 

the effects of negative memories,13 may indirectly modulate 

negative memories. Leveraging approaches for indirect memory 

modulation,49–53 in a between-subjects design, we first had par

ticipants study two lists of positive words interleaved with nega

tive pictures. After studying the first list, participants were in

structed either to remember or to forget the words of the list 

they just saw, in line with the DF list-method paradigm.42–44

Importantly, the direct modulation of positive verbal memory 

by instruction was geared to indirectly modulate negative visual 

memories (Figure 1A). Upon studying a second list of words, ver

bal and visual memories were measured using word-free recall 

and two-alternative forced-choice (2AFC) picture recognition, 

respectively (Figure 1B). We hypothesized that the instructions 

for the words will directly modulate positive verbal memory 

strength while indirectly modulating negative visual memory 

strength. In a second experiment, we tested whether verbal 

memory recall in itself54–56 affects indirect visual memory modu

lation. We reasoned that the absence of verbal memory retrieval 

may differentially affect negative visual memory modulation.

RESULTS

Direct modulation of positive verbal memory

Positive verbal memory was affected by the instructions for the 

words (Remember/Forget) and the study list order (List1/List2) (F 

(1,32) = 5.08, p = 0.031, η2
p = 0.137) (Figure 2A). Verbal memory 

for List1 was weaker when participants were directly instructed 

to forget relative to remember the words, consistent with the inten

tional forgetting effect42,43 (t(32) = − 2.47, p = 0.019, d = − 0.848) 

(Figure 2A, left). Verbal memory strength for List2 was similar 

regardless of whether List1 words were instructed to be remem

bered or to be forgotten (t(32) = 0.79, p = 0.438, d = 0.269) 

(Figure 2A, right).

Indirect modulation of negative visual memory

Next, we tested whether the direct modulation of positive verbal 

memory indirectly modulated negative visual memory. Negative 

visual memory showed comparable strength under the instruc

tions to remember and to forget the words (F(1,32) = 2.202, 

p = 0.148, η2
p = 0.064) and was not affected by the interaction 

between the type of instruction (Remember/Forget) and the list 

order (List1/List2) (F(1,32) = 0.082, p = 0.777, η2
p = 0.003) 

(Figure 2B). Previous findings indicate that direct memory 

modulation can differently affect memory for preceding59–62 or 

Figure 1. Study design 

(A) Participants were asked to study two lists of positive words interleaved within negative pictures. Upon studying the first list of words (List1), participants were 

instructed to remember or to forget the studied words. Then, participants studied an additional list of words (List2) and were instructed to remember it. 

(B) Prior to measuring individual verbal and visual memory strength, participants completed a distractor task to reduce deliberate rehearsal of the words. Later 

participants performed word-free recall (verbal memory test) and a 2AFC picture recognition (visual memory test). The pictures illustrated are from the Disgust- 

Related Images (DIRTI) and the Nencki Affective Picture System (NAPS) databases.57,58
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following63–69 events; therefore, we tested whether verbal mem

ory modulation affected negative visual memory for pictures ap

pearing before or after the words. Visual memory strength across 

study lists for pictures appearing before the words was equiva

lent under both instruction types (Remember/Forget) (F(1,32) = 

0.111, p = 0.741, η2
p = 0.003) (Figure 2C). However, direct 

instruction to forget, relative to remember the words, indirectly 

reduced negative visual memory strength across study lists for 

pictures that followed the words (F(1,32) = 4.536, p = 0.041, 

η2
p = 0.124) (Figure 2D), implying indirect modulation of negative 

visual memory.

Previous studies have shown that competition between mem

ories could lead to indirect memory modulation.50,51,53 There

fore, to confirm and better understand the current results, we 

examined the interactions between verbal memory and negative 

visual memory at the single-trial level, using a predictive model 

Figure 2. Direct modulation of positive verbal memory resulting in indirect modulation of subsequent negative visual memory 

(A) Instructions for the positive words directly modulated verbal memory strength. The instructions to forget the words (blue) of List1 reduced verbal memory 

strength, compared to the instructions to remember the words (red). These instructions did not affect verbal memory for the words of List2. 

(B) There were no differences in negative visual memory strength for both types of instructions (Remember/Forget) and list order (List1/List2). 

(C) Visual negative memory for pictures appearing prior to the words was not affected by the direct modulation of the positive verbal memory. 

(D) However, visual negative memory for pictures following the words was indirectly modulated by the instructions for the words. Visual memory strength was 

weaker under the instruction to forget the words (light blue) compared to the instruction to remember the words (light red). Error bars represent ±1 standard error 

of the mean (SEM) *p < 0.05.
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that evaluates single-trial performance. Consistent with our pre

vious results, the model did not predict negative visual memory 

strength for pictures preceding the words (χ2(3) = 0.431, p = 

0.934), and none of its predictors could explain negative visual 

memory strength (neither the instructions for the words [β = 

− 0.09, SE = 0.25, Z = 0.346, p = 0.730], the list order [β = 0.01, 

SE = 0.16, Z = 0.067, p = 0.947], nor verbal memory performance 

[β = 0.1, SE = 0.18, Z = 0.548, p = 0.583]) (Figure 3A, left). In 

contrast, the model did predict negative visual memory strength 

for pictures that followed the words (χ2(3) = 7.91, p = 0.048), sug

gesting their memory was indirectly modulated. Further, the in

struction to forget the words reduced subsequent negative vi

sual memory (β = − 0.55, SE = 0.26, Z = − 2.068, p = 0.039), 

but not list order (β = − 0.28, SE = 0.16, Z = − 1.764, p = 0.078) 

or verbal memory performance (β = 0.14, SE = 0.17, Z = 0.811, 

p = 0.417), suggesting that intentional forgetting applied for 

the words specifically lead to indirect inhibition of negative visual 

memory (Figure 3A, right). Additional Bayesian analysis found no 

evidence for the instruction type (Remember/Forget) indirectly 

affecting preceding visual memory (MedianF-R = − 1.09, 95% 

highest density interval (HDI) [− 8.95, 6.44], Figure 3B). However, 

the analysis confirmed that the instruction to forget relative to 

remember the words indirectly reduced negative visual memory 

(MedianF-R = − 6.93, 95% HDI [− 14.75, 0.29], Figure 3C).

The second experiment tested whether verbal memory recall 

affects indirect visual memory modulation. Results showed 

that in the absence of verbal memory retrieval, negative visual 

memory strength was lower under the instructions to remember 

relative to forget the words (F(1,32) = 6.526, p = 0.016, η2
p = 

0.169) (Figure 4A), indicative of indirect negative memory modu

lation. Negative visual memory strength across the study lists for 

pictures appearing before the words was similar under both in

struction types (Remember/Forget) (F(1,32) = 2.173, p = 0.15, 

η2
p = 0.064) (Figure 4B). However, direct instruction to 

remember, relative to forget the words, indirectly reduced nega

tive visual memory strength across study lists for pictures that 

followed the words (F(1,32) = 9.321, p = 0.005, η2
p = 0.226) 

(Figure 4C).

DISCUSSION

The current results indicate that direct modulation of positive 

verbal memory indirectly modulated negative visual memory. 

In the first experiment, the instruction to forget, relative to 

remember the words, resulted in weaker positive verbal memory 

strength, consistent with the well-established DF literature.42–44

Additionally, the instructions for the words indirectly modulated 

subsequent negative visual memory, with the instruction to 

forget relative to remember the positive words attenuating the 

negative memory. This is contrary to neutral verbal memory, 

which fails to elicit indirect modulation of negative visual mem

ory,48 suggesting that positive valence may play a role in the 

attenuation of negative visual memories. A single-trial level 

model further ascertained that the instruction to forget the 

words, but not list order or verbal memory strength, predicted 

reduction in negative visual memory. In the second experiment, 

which did not involve word recall, negative visual memory was 

lower under the instructions to remember relative to forget the 

words. Consistent with the first experiment, the instructions for 

the words indirectly modulated subsequent negative visual 

memory but not preceding negative visual memory. Together, 

the current findings suggest that modulation of positive verbal 

memory can counteract the dominance of negative visual mem

ory and enable its indirect modulation.

Several mechanisms may support the indirect modulation of 

negative visual memories. Previous studies have shown that 

suppressing thoughts about neutral content can indirectly 

modulate related negative visual memory during encoding.70,71

Reactivation of positive memories during sleep can also downre

gulate associated negative visual memories by inducing compe

tition between memories,72 possibly through mechanisms of 

retrieval-induced forgetting.44 The current findings suggest that 

indirect modulation of negative visual memory can be mediated 

by the retrieval of adjacent verbal memory. Verbal memory 

retrieval may reactivate the associated visual-context mem

ory73–77 and facilitate integration between verbal memory and 

negative visual memory,78–81 enabling synchronized intentional 

forgetting of both types of memories. However, in the absence 

of verbal memory retrieval, visual negative memory is likely to 

be moderately activated,66 leading to its differentiation from 

the verbal memory and competition between visual and verbal 

memories following the instruction to remember the words,82

as shown in previous studies.53 The results may also be ex

plained in the context of retrieval-induced forgetting.44 In the 

second experiment, in the absence of memory retrieval, words 

were more accessible following the Remember instruction,83–85

resulting in attenuation of the memory for the pictures. Thus, 

mechanisms of retrieval-induced forgetting may have operated 

in the absence of purposeful retrieval, consistent with previous 

studies.53 In the first experiment, involving active recall, the diffi

culty in attempting to recall words in the forget condition may 

have led to suppression of the associated negative pictures.

The results indicate that visual memory was similarly modu

lated between lists. In the remember condition, since the same in

structions were applied to both lists, it is conceivable that visual 

memory modulation was not confined to a specific list. In the 

forget condition, intentional forgetting may affect any competing 

memory that is not the verbal memory of List2,42,43,86–88 resulting 

in the observed carry-over effects across lists. Further experi

mentation is needed to clarify these observations.

Figure 3. Predictive modeling of preceding and subsequent negative visual memory 

(A) A single-trial model did not predict the memory for the pictures preceding the words (purple) but predicted the memory for the subsequent pictures (green). 

Subsequent visual memory was reduced by the instructions to forget the words. 

(B) Bayesian analysis found no evidence for indirect negative visual memory modulation by the instruction for the words. 

(C) However, the analysis confirmed that the instruction to forget the words, compared to the instructions to remember the words, indirectly reduced negative 

visual memory. Error bars represent 95% estimate confidence of the model coefficient. Horizontal black lines represent the 95% highest density interval (HDI) 

*p < 0.05.
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The current study demonstrates indirect modulation of nega

tive visual recognition memory, suggesting an attenuation in 

negative visual memory strength,89,90 which may be important 

for the downregulation of traumatic memories.91 Intrusive 

trauma memories and reexperiencing are mostly visual in na

ture14,19,92 and rely on engagement of visual sensory regions,93

implying that visual memory trace fidelity drives memory-related 

psychopathologies. Accordingly, visual recognition of traumatic 

events that lead to intrusions is sustained over time94,95 and is 

positively correlated with PTSD severity and intrusive memory 

reexperiencing.96 Interventions aimed to attenuate negative 

emotional intensity often do not reduce intrusive memory 

reexperiencing,17,19 which may persist even after their emotional 

intensity was decreased.22 Additionally, inhibiting the likelihood 

of negative visual memory retrieval when encountering a spe

cific reminder70–72,97,98 can be challenging as traumatic mem

ories are associated with many cues that require downregula

tion.99–101 Here, we show that direct targeting of positive 

stimuli can indirectly weaken negative visual memory fidelity. 

Such an approach may prove effective in attenuating the persis

tence of traumatic mental images91 and warrants testing in par

ticipants with PTSD.

Figure 4. Indirect modulation of negative visual memory in the absence of verbal memory recall 

(A) Negative visual memory strength was lower for participants instructed to remember relative to forget the words. 

(B) Negative visual memory for pictures appearing before the words was not affected by the instructions for the words. 

(C) However, negative visual memory for pictures following the words was indirectly modulated by the instructions for the words. Visual memory strength was 

weaker under the instruction to remember (light red) relative to forget (light blue) the words. Error bars represent ±1 standard error of the mean (SEM) *p < 0.05, 

**p < 0.01.
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Although usually intentional forgetting of List1 words leads to 

better verbal memory for List2, known as the benefit effect,42,43

this effect was not observed in the current study. When partici

pants are instructed to recall the words of List1 first, instead of 

List2, the benefit effect could be impaired.102 However, previous 

studies indicate that when given a free recall choice as in the cur

rent study, the benefit effect is evident.103 Therefore, the nega

tive pictures presented in our study could have elevated partic

ipant’s cognitive load, thereby reducing the benefit effect.86,104

The presence of the List1 cost effect may be consistent with pre

vious research pointing to its independence of the List2 benefit 

effect,86 indicating that it may appear even when the benefit ef

fect is absent53,105–107 and that it does not depend on recall 

output order.102 Nevertheless, future studies could determine 

the influence of positive word recall order on List2 memory.

While the DF list-method usually directly modulates recall 

memory,42,43 modulation of recognition memory could be 

observed when the studied items are difficult to elaboratively 

encode or when detailed memory retrieval is required during 

memory test.108 Accordingly, in the current study, participants 

observed scene images that are difficult to elaboratively encode 

and were required to discriminate them from similar lures. Impor

tantly, the DF list-method is thought to modulate mental 

context109–111 and has previously shown to indirectly modulate 

recognition memory for contextual elements such as color and 

source,112,113 suggesting that intentional forgetting may indi

rectly modulate the recognition for contextual images. Accord

ingly, indirect modulation of contextual neutral visual memory 

recognition has previously been demonstrated using a similar 

paradigm.53 However, although previous research has indica

ted that DF modulates the recognition of visual perceptual 

details more than gist,114 future studies could examine whether 

indirect memory recognition modulation is specific to fine 

visual representations or could be extended to gist-based 

representations.

It is likely that the indirect modulation of negative visual mem

ories was mediated by the reward network. Positive memories 

are intrinsically rewarding and activate the reward network.115

Reward network activity can elevate resilience to stress and 

distress,32,116,117 which reduces the reexperiencing of negative 

visual memories.118–122 In the current study, positive verbal 

memories may have increased individuals’ ability to withstand 

the aversive negative context, thus allowing the modulation of 

negative visual memory. Future studies should examine the 

interaction between reward network activity, triggered by posi

tive valence, and frontal network engagement related to memory 

control,44 to disentangle the neural mechanisms of indirect 

negative memory attenuation.

The current findings suggest that positive emotions promote 

memory control under negative context. Negative context usu

ally impairs memory for related neutral events by prioritizing 

attentional and encoding resources toward the negative event, 

at the expense of the related neutral event.3,123,124 Additionally, 

intentional control over neutral memories is impaired by the pres

ence of negative visual context.48,125,126 However, here we 

found that individuals can preserve control over positive mem

ories under a negative visual context. Positive emotions, 

compared to neutral emotions, support intentional memory up

regulation by enhancing the memorability of the encoded 

content127–129 and elevating content memory resistance to inter

ference from negative emotions.127,130,131 Further, positive 

mood can facilitate memory downregulation by increasing work

ing memory capacity,132,133 which has been associated with gre

ater intentional forgetting.134,135 Of note, negative context can 

also strengthen related neutral and positive memories136–140

when they precede negative events136,137 or are linked to a 

threatening context.139,140

In conclusion, comprehensive lines of evidence indicate that 

positive memories can alter negative emotions13; however, the 

capacity of positive memories to downregulate negative mem

ories is mostly unexplored. The current study demonstrates 

that direct modulation of positive memories overcomes the domi

nance of negative visual memories and indirectly attenuates their 

strength. In clinical settings, intentional forgetting of positive con

tent preceding a traumatic event may indirectly downregulate 

subsequent traumatic visual memory. In the absence of preced

ing positive experience, the valence of neutral elements associ

ated with trauma could be elevated,141,142 potentially enabling 

subsequent indirect modulation. Additionally, associating 

consolidated traumatic memories with new positive content 

following deliberate traumatic memory reactivation or sponta

neous intrusive memory reactivation14,16,18,143 may enable indi

rect modulation of traumatic memories. The integrative power 

of positive memories13,144,145 may also help incorporate mal

adaptive visual memories into coherent, adaptive memories, 

potentially benefiting psychopathological outcomes.146,147

These findings emphasize the potential of positive experiences 

to modulate negative memories, possibly uncovering future ap

proaches to downregulate negative visual memories and open 

new avenues for treating psychopathologies such as PTSD.

Limitations of the study

It is important to acknowledge the limitations of the current 

study. Here, we demonstrated indirect modulation of recently 

acquired negative visual memories. Consolidated negative 

memories are likely harder to modulate,148–150 as they become 

distributed across multiple neural networks.150 Traumatic mem

ories are especially challenging to downregulate, often eliciting 

strong dissociative reexperiencing, known as flashbacks,151

implying that they may be more potent than other negative mem

ories and that their attenuation could require more robust 

intervention. Traumatic memories also exhibit distinct neural 

representations compared to other negative memories,152 which 

may be less responsive to indirect memory modulation. Addi

tionally, we did not examine sex-specific effects of indirect mem

ory modulation, which may be manifested differently among men 

and women.
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STAR★METHODS

KEY RESOURCES TABLE

EXPERIMENTAL MODEL AND STUDY PARTICIPANT DETAILS

Thirty-seven healthy adult volunteers (24 females, Mage = 26.16 years, SD = 4.3, Range = 20–39, see Table S1) participated in 

the first experiment and thirty-six in the second experiment (29 females, Mage = 24.44 years, SD = 2.58, Range = 18–31, see 

Table S2). Participants were recruited to the study through an online advertisement. Participants provided a written consent 

prior to testing and were compensated $12 or course credit. All participants reported no history of neurological or mental 

disorders and sleeping for at least 6 hours the night before the experimental session. One participant was excluded due to dif

ficulty in understanding task instructions, another due to reporting sleeping less than 6 hours the prior night, and three 

participants decided to stop participation due to the emotional content presented in the study. Sample size was determined 

based on a calculated effect size of a pilot study (η2
p = 0.197, power = 0.9). The study was approved by the Tel Aviv University 

Institutional Review Board (approval no. 0000510-8) and was performed in accordance with the relevant guidelines and 

regulations.

METHOD DETAILS

Positive words

Positive words were selected from a Hebrew emotional words database.153,154 The words were divided into pairs matched by 

valence (Mean = 7.83, SD = 0.47, Range = 7.14-8.81 on a 1-9 scale), arousal (Mean = 5.91, SD = 0.78, Range = 4.21-7.79 on a 

1-9 scale), number of letters (Mean = 4.22, SD = 0.79, Range = 3-6), number of syllables (Mean = 2.22, SD = 0.55, Range = 1-3), 

and frequency of appearance in the Hebrew language (https://hlp.nite.org.il/WebCorpora.aspx). Each word from these word-pairs 

was randomly allocated to one of the two study lists (each list consisted of 16 words). To avoid semantic overlap between presented 

words and pictures, the studied words were of abstract concepts with minimum relation to the pictures.

Negative pictures

Negative pictures were selected from various emotional images databases,57,58,155–157 based on the criteria of valence scores lower 

than 4 on a 1–9 Self-Assessment Manikin scale.53 Participants’ ratings in the first experiment confirmed that the pictures were expe

rienced as negative (M = 3.09, SE = 0.14) (rating lower than 4 on the Manikin scale), relative to neutral pictures (M = 5.76, SE = 0.09), in 

both experimental conditions (F(1,32) = 213.41, p < 0.001, η2
p = 0.87). Participants rated the negative pictures as more arousing (M = 

5.55, SE = 0.24) than neutral pictures (M = 2.62, SE = 0.24), in both experimental conditions (F(1,32) = 301.63, p < 0.001, η2
p = 0.9). 

Participants’ ratings in the second experiment confirmed also that the pictures were experienced as negative (M = 3.19, SE = 0.1) 

relative to neutral pictures (M = 5.96, SE = 0.13), in both experimental conditions (F(1,32) = 348.86, p < 0.001, η2
p = 0.916). Accord

ingly, participants rated the negative pictures as more arousing (M = 5.07, SE = 0.26) than the neutral pictures (M = 2.36, SE = 0.18), in 

both experimental conditions (F(1,32) = 159.521, p < 0.001, η2
p = 0.833).

Procedure

Participants completed a list-method DF paradigm, combined with emotionally negative pictures.48 Each participant saw two lists 

containing positive words (16 per list), embedded within negative pictorial context (32 per list).57,58,155–157 Both words and pictures 

were randomized across lists. Each encoding trial featured a triplet of picture-word-picture (Figure 1A), with words presented for 3 

seconds and pictures for 1 second. Inter-stimulus-interval (ISI) between trials was 3 sec. After encoding the words of List1, half of the 

participants received a cue to remember (n = 17) and half a cue to forget (n = 17) the just studied words. Importantly, to evaluate 

indirect modulation of the negative memory and to avoid deliberate rehearsal, participants did not receive any instructions regarding 

the negative pictures. Both groups received the instruction to remember the words of List2, since the encoding of List2 is considered 

vital for the intentional forgetting of List1105,109,158 and is consistent with the indirect modulation of neutral visual memory.53 To reduce 

REAGENT or RESOURCE SOURCE IDENTIFIER

Software and algorithms

MATLAB MathWorks https://www.mathworks.com/

RStudio Version 2023.09.1+494 The R Project for Statistical Computing https://www.r-project.org/

JASP Version 0.14.1 University of Amsterdam https://jasp-stats.org/

Study codes and Data Tel Aviv University https://osf.io/5fdbz/
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deliberate words memorization and recency effects, participants solved arithmetic problems for 1 minute as a distractor prior to the 

memory tests48,53,110 (Figure 1B).

Following the distractor task, participants’ verbal and visual memory strength was evaluated (Figure 1B). First, participants were 

asked to recall and write down as many words as they can from both word lists (List1 and List2), including the list they were asked to 

forget (List1). Then, participants performed a 2AFC picture recognition test. In each trial participants were presented with two pic

tures, one that appeared previously during encoding and a foil picture with the same semantic content and similar visual features 

that was presented for the first time. Using the left and right arrow buttons, participants were asked to select the picture they 

have previously seen as quickly and accurately as possible. In the second experiment participants performed only the picture recog

nition memory test, without verbal memory recall.

Finally, participants rated the emotional valence and arousal of the study pictures159 to verify the pictures were indeed perceived as 

negative. Participants were exposed to all the negative pictures from the encoding phase (n = 64) and an additional set of neutral 

pictures (n = 32), operationalized as pictures with scores between 4 and 6 on a 1–9 Self-Assessment Manikin scale.53

The experiment was conducted using MATLAB (https://www.mathworks.com/).

QUANTIFICATION AND STATISTICAL ANALYSIS

To evaluate verbal and visual memory strength, the percent of correct word recall and picture recognition was calculated for each 

study list. Only exact recall of the studied words, or words with phonetically equivalent spelling mistakes (< 1.2%) were recorded 

as correct answers in the verbal memory test. In the picture recognition test, trials with a response time lower than 300 ms 

(< 0.05%) were excluded.48,53,160 Data points falling further than two standard-deviations from the mean in each experimental con

dition and list were winsorized to the nearest score inside the range of -2<Z<2.161 Finally, to evaluate the perceived emotional value of 

the study pictures, the averages of valence and arousal ratings of the negative pictures were calculated for each list.

Statistical analysis was conducted using the JASP program (https://jasp-stats.org/). A two-way mixed ANOVA was performed for 

word or picture memory strength, with instruction (Remember/Forget) as a between-subjects factor and list (List1/List2) as a within- 

subject factor. A between subjects t-test was performed to examine differences in memory performance in a specific list under 

different instructions (Remember/Forget).

A two-way mixed ANOVA was performed for pictures’ perceived valence and arousal, with instruction (Remember/Forget) as a 

between-subjects factor and list (List1/List2) as a within-subject factor.

A logistic regression was conducted to predict visual memory strength on a single trial level for pictures that appeared either before 

or after the words during encoding. Visual memory was predicted by the between-subject variable type of instruction (Remember/ 

Forget) and within-subjects variables list (List1/List2) and word recall. Additionally, the model controlled for individual variance in 

memory performance of each participant. The predictive power of each model was evaluated by a Likelihood Ratio Test (LRT), 

that compared the predictive model for visual memory of pictures that appeared before or after the words to a null model constructed 

of an individual random effect only. Model predictors were evaluated through a Wald Chi-Squared Test.

These models were further evaluated using Bayesian analysis with the brms package of R (https://www.r-project.org/).
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