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In the Think/No-Think (TNT) task, the effect of memory suppression on later recall is 
typically assessed by the difference in total recall score between No-Think and baseline 
words, termed suppression-induced forgetting (SIF). Considering the usually small, and 
occasionally null, effects, we reason that this recall score, that is based on a binary 
measure (remembered or forgotten), might be too insensitive to detect the effects of 
suppression on later recall. In this study, we therefore tested recall delay as a potentially 
more sensitive measure, as it is measured on a continuum. Recent studies using modified 
TNT tasks suggest that No-Think words are indeed recalled slower than baseline or Think 
words. We tested this effect using a typical TNT task with word pairs, in a larger sample 
(N = 80), and with a preregistered analysis plan complemented by Bayesian analyses. 
Moreover, we tested recall delay for emotionally negative words. Using a same-probe 
recall test, the SIF effect was significant but small, and it was not supported by a Bayesian 
analysis. Moreover, the SIF effect was not significant for neutral and negative words 
separately. Retrieval suppression did not slow down recall time, but retrieval practice 
(i.e., Think condition) sped up later recall compared to baseline words. These findings 
support growing concerns regarding the robustness of suppression effects on later recall. 

1. Introduction   

Intrusive memories of traumatic events, such as in pa
tients with post-traumatic stress disorder (PTSD), can be 
distressing and hinder recovery (Ehlers & Clark, 2000). Re
search in the last decades has shown that it is possible to 
suppress memory intrusions (e.g., Gagnepain et al., 2017; 
Levy & Anderson, 2012), and that this suppression can 
cause forgetting (Clark et al., 2025; Stramaccia et al., 2021). 
The Think/No-Think task (TNT; Anderson & Green, 2001) 
is an experimental paradigm designed to test this retrieval 
suppression and its effects on later memory recall. The TNT 
task consists of three main phases: learning, TNT, and re
call. First, participants learn word pairs containing one cue 
and one target word (e.g., waffle – maple). During the TNT 
phase, the cue (e.g., waffle) is presented, and participants 
must either think of the target (e.g., maple; Think condi
tion) or suppress any thoughts of the target (No-Think con
dition). During the recall phase, participants are presented 
with the cues again and must recall the target (e.g., maple). 
No-Think targets are typically poorly recalled in this later 
cued recall phase compared to words that were learned but 
not manipulated (baseline words), an effect referred to as 

suppression-induced forgetting (SIF; Anderson & Green, 
2001). In this study, we investigated if retrieval suppres
sion can also influence the time it takes to recall suppressed 
memories. 
In healthy individuals, the SIF effect size is typically 

small to moderate (d ≈ 0.20 – 0.40 in Clark et al., 2025; d 
= 0.28 in Stramaccia et al., 2021), but not all studies find 
a SIF effect (Bergström et al., 2009; Bulevich et al., 2006; 
Mecklinger et al., 2009; Wiechert et al., 2023). Recent stud
ies have raised concerns that the SIF effect may be less ro
bust and replicable than previously assumed (Wessel et al., 
2020, 2025; Wiechert et al., 2023), as well as dependent on 
optimal test conditions (Zhao et al., 2025), thereby limit
ing the potential for generalization outside a controlled lab 
setting. Besides the potential lack of robustness of SIF it
self, null findings could also be attributed to, for example, 
the use of an online context (Wiechert et al., 2023) or sub
optimal test conditions (Zhao et al., 2025). The effect size 
is further negatively related to unspecified suppression in
structions (Stramaccia et al., 2021) and a lack of instruction 
compliance (Liu et al., 2021). 
Another possible explanation for null findings could be 

the insensitive measurement of the SIF effect. Many TNT 
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studies use word pairs as stimuli (e.g., 17 of 25 studies in 
the meta-analysis by Stramaccia et al., 2021). Besides, the 
SIF effect is smaller for words than for pictures (Stramaccia 
et al., 2021). This may not reflect words being harder to for
get, but rather the greater sensitivity of recall measures for 
pictures compared to the typically binary measures used for 
words. While picture recall is scored on a continuum, words 
are scored as either recalled or forgotten, and considering 
the small effect size of SIF, many suppressed words are later 
successfully recalled. The effects of memory suppression on 
later recall may be more subtle, and typical recall measures 
might be too insensitive to detect these effects. 
In the current study, we investigate the use of recall 

response time as a potentially more sensitive measure of 
suppression effects. Slower recall time of suppressed target 
words could reflect a weakening of the cue-target associ
ation, such that perceiving the cue no longer leads to the 
automatic retrieval (or intrusion) of the target as quickly 
as before suppression. In daily life, this delay in memory 
retrieval allows for interference from thoughts or external 
stimuli, which can halt retrieval and prevent the intrusion 
from entering awareness. Slower memory retrieval could 
therefore reduce the likelihood of intrusions. 
Recall response time has been assessed in previous stud

ies, but often as an additional measure without a hypothe
sis or specified definition (e.g., if final recall time was cor
rected for baseline recall time, i.e., recall delay; Cano & 
Knight, 2016; Noreen & MacLeod, 2013; Schechtman et 
al., 2021; Waldhauser et al., 2012). Furthermore, hetero
geneity in experimental designs makes it difficult to com
pare the findings across studies. Only two studies have 
specifically tested recall response time (Haghighi et al., 
2020; Nishiyama & Saito, 2021: Study 2). In these studies, 
participants needed more time to recall No-Think words 
compared to Think or baseline words, respectively. These 
findings indicate that memory suppression influenced later 
recall, even if the word was successfully recalled. 
Both studies, however, used modified versions of the 

TNT task. One included a dominant number of No-Think 
trials and assessed baseline performance on a separate day 
(Haghighi et al., 2020), and the other study used word 
triplets, including substitutes, to be used by half of the 
participants during suppression, and a dot-probe task with 
the same words in between the TNT and recall phase 
(Nishiyama & Saito, 2021). Notably, these modifications 
could have affected memory performance. In the current 
study, we tested the effects of memory suppression on re
call delay using a typical TNT task with word pairs, in 
a larger sample (planned N = 80, compared to N = 20 
(Haghighi et al., 2020) and N = 45 (Nishiyama & Saito, 
2021)), and with a preregistered analysis plan comple
mented by Bayesian analyses. Our first hypothesis concerns 
SIF: We predicted that the recall score of No-Think words 
will be lower than the baseline recall score. The second 
hypothesis concerns suppression-induced recall delay: We 
predicted that recall delay of No-Think words will be larger 
than baseline recall delay, i.e., slower responses to No-
Think words. 

Memory intrusions are particularly problematic when 
they are distressing and emotionally negative, such as in 
PTSD. It is therefore even more important to be able to sup
press negative memories. Previous studies on emotionally 
negative stimuli in the TNT task have reported mixed re
sults (Murray et al., 2011; Nørby et al., 2010; van Schie et 
al., 2013). Therefore, we included both emotionally neu
tral and negative word pairs and explored the SIF effect 
and recall delay for these words, separately. Moreover, in 
one previous study (Nishiyama & Saito, 2021), the effect 
on recall delay was larger when participants used thought 
substitution (i.e., thinking of a substitute word; Hertel & 
Calcaterra, 2005) as a strategy during memory suppression, 
compared to thought avoidance (i.e., creating a “blank 
mind”). The memory of the substitute could interfere with 
the original memory (Racsmány et al., 2012), thereby po
tentially slowing down the recall of the original memory. 
In the current study, we included the memory suppression 
strategy (thought avoidance and thought substitution) in 
a randomized, between-subjects design. Due to limited re
sources, and therefore a potential lack of statistical power, 
we analyzed the effects of word emotionality (neutral vs. 
negative) and strategy in an exploratory manner. 

2. Methods   

We preregistered this study on OSF before observing the 
data (https://doi.org/10.17605/OSF.IO/A34CJ). 

2.1. Participants   

An a-priori power calculation using G*Power (Faul et al., 
2009; for ANOVA: Repeated measures, within factors with α 
= 0.05, 1-β = 0.95, effect size f = 0.20, number of groups = 1, 
number of conditions = 3, correlation among repeated mea
sures = 0.50, nonsphericity correction ε = 0.80) indicated a 
required sample size of 78 participants. We based the ef
fect size on the lower boundary of the effect size for the 
SIF effect after a specific suppression/substitution instruc
tion, as reported in a recent meta-analysis (Stramaccia et 
al., 2021). We preregistered a target sample size of 80 par
ticipants. In total, we tested 92 participants, 12 of whom 
had their sessions terminated prematurely because they did 
not learn the preregistered minimum number of word pairs 
within a reasonable time window (see section 2.2). Conse
quently, the data of 80 participants (24 men and 56 women, 
0 non-binary, 73 undergraduate students, age: M = 24.71, 
SD = 5.75) were eligible for analysis. The thought avoidance 
group comprised 11 men and 29 women (age: M = 23.30, SD 
= 3.16), whereas the thought substitution group comprised 
13 men and 27 women (age: M = 26.13, SD = 7.27). 
Participants were mainly recruited on the campus of 

Ruhr University Bochum in Bochum, Germany. Participa
tion was voluntary and participants were reimbursed with 
course credit points or money (€20). Exclusion criteria for 
participation were red-green color blindness, insufficient 
German language skills, and age below 18 years. We addi
tionally checked whether participants had already partici
pated in another TNT study that was conducted at the fac
ulty (N=0). The study was framed as a study investigating 
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Figure 1. Overview of the phases of the Think/No-Think task         
Note: The Test Feedback phase was repeated until at least 80% (24 out of 30) of the word pairs were learned (see section 2.2 for details). Baseline word pairs are not manipulated and there
fore not part of the TNT phase. The microphone indicates the audio recording of verbal responses. 

the cognitive mechanisms behind attention. Participants 
were not informed about the actual purpose of the study, 
and mentioning the word “memory” was avoided until the 
end of the test session. 

2.2. Think/No-Think Task    

The TNT task was administered using Presentation® 
(Version 23.1, Neurobehavioral Systems, Inc., Berkeley, CA, 
www.neurobs.com). The TNT task comprised four phases: 
Learning, Test Feedback, TNT, and Final Recall. All phases 
were performed consecutively (Figure 1). During the task, 
words were presented in white, unless specified otherwise, 
on a black background. During the first phase, participants 
learned 30 German word pairs containing one cue and one 
target. The cue was a neutral word for all word pairs. How
ever, 15 word pairs contained a neutral target (e.g., proce
dure – cardboard) and 15 word pairs contained a negative 
target (e.g., minute – death). We used an adapted version 
of a TNT task from a previous study (Schmidt et al., 2022). 
Words were selected from the Berlin Affective Word List Re
loaded (BAWL-R; Võ et al., 2009) based on valence and ran
domly allocated to word pairs. Negative and neutral words 
differed in valence and arousal ratings, but not in image
ability. Words within one word pair were not semantically 
associated (for a detailed description, see Schmidt et al., 
2022). The word pairs and instructions are available on 
OSF (https://doi.org/10.17605/OSF.IO/WB4CQ). During this 
learning phase, each word pair was presented once for five 
seconds, and participants were instructed to memorize the 
word pairs. The presentation order of the word pairs was 
randomized per participant. 
Subsequently, these word pairs were tested in a Test 

Feedback phase. Each cue was presented once for four sec
onds and participants had to verbally report the target. 
Again, the presentation order of the word pairs was ran
domized per participant. Trials lasted until the experi
menter pressed a key on the keyboard indicating a correct 
or incorrect answer. If the answer was incorrect, the correct 
target was displayed on the screen for one second. Par
ticipants had to learn at least 80% of the word pairs to 

pass the Test Feedback phase, to ensure the encoding of a 
sufficient number of word pairs for manipulation. If they 
failed to reach this threshold, the Test Feedback phase was 
repeated until the criterion was reached. After each Test 
Feedback phase, participants were allowed to rest for up 
to one minute. If participants needed many Test Feedback 
phase repetitions and appeared to have a flat learning 
curve, the session was terminated as preregistered, and 
participants were debriefed and reimbursed accordingly (12 
out of 92 participants: 13%). To allow for individual differ
ences in learning rate, we did not specify a strict criterion 
for this termination and relied on the assessment of the ex
perimenter regarding participants’ ability to learn enough 
word pairs within a reasonable time window. Eligible par
ticipants learned on average 83.83% of the 30 word pairs (M 
= 25.15, SD = 1.33, range: 24-29), of which 81.08% of the 
15 neutral word pairs (M =12.16, SD=1.35, range: 9-15) and 
86.59% of the 15 negative word pairs (M = 13.00, SD = 1.12, 
range: 10-15) were learned. The number of learned word 
pairs did not significantly differ between baseline, Think, 
and No-Think word pairs (over all word pairs: F(2,158) = 
1.81, p = .167; neutral word pairs: F(2,158) = 1.81, p = .166; 
negative word pairs: F(2,158) = 0.49, p = .612). Participants 
completed on average 6.91 Test Feedback phase repetitions 
(SD = 5.27), with a median value of 6 repetitions (Range: 1 
– 31; with 4 participants with >15 repetitions). 
The TNT phase included 20 word pairs (excluding 10 

word pairs used as baseline) of the initially learned 30 word 
pairs. Baseline words were learned but not manipulated 
during the TNT phase. Each trial started with a central fix
ation cross in white for two seconds, then a central fixa
tion cross in green or red for one second, and the presen
tation of the cue for four seconds, again either in green or 
red, depending on the word condition. Participants were in
structed to think of the target and say the word out loud 
in case of a green word (Think words, 10 word pairs), and 
not to think of the target in case of a red word (No-Think 
words, 10 word pairs). The instruction for the No-Think tri
als depended on the experimental group. Participants in 
the Thought Avoidance group were instructed to clear their 
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minds and to not distract themselves in any way. Partici
pants in the Thought Substitution group were instructed to 
think of a substitute word, and to not think of anything but 
the substitute. They were instructed to refrain from saying 
the substitute out loud, to not induce an additional differ
ence between the thought avoidance and thought substitu
tion instructions. They did not learn substitutes beforehand 
and had to decide upon a substitute themselves. Further, 
they were not allowed to use any of the words from the task 
and were instructed that each red cue needed to have its 
own substitute. The substitutes were not documented by 
the experimenter. 
Participants were randomly assigned to one of the two 

experimental groups (Thought Avoidance or Thought Sub
stitution) before they entered the laboratory, via a simple 
randomization technique (alternating one-by-one). Before 
beginning the TNT phase, participants received written in
structions on the screen, additional verbal instructions 
from the experimenter, and one Think and one No-Think 
practice trial on paper. The experimenter ensured that par
ticipants understood the instructions well before starting 
the TNT phase. We did not use additional diagnostic ques
tionnaires or practice trials. 
In the TNT phase, each word pair was repeated 10 times, 

leading to a total of 200 trials. For each repetition, word 
pairs were presented in random order. Word pairs were 
either in the Think or No-Think condition, i.e., they did 
not switch between conditions during the task. The ex
perimenter scored each trial as correct or incorrect using 
the keyboard. Participants reported to the experimenter 
after each No-Think trial whether suppression was suc
cessful (i.e., correct or incorrect). When No-Think trials 
were scored as incorrect, a short beeping sound was played. 
The TNT phase lasted approximately 25 minutes and did 
not contain breaks. Afterwards, participants rested for two 
minutes. 
During the last phase of the experiment, the Final Recall 

phase, participants underwent a same-probe recall test. 
They were presented with the cue of each of the 30 initially 
learned word pairs (including baseline word pairs) in white 
color for four seconds and were instructed to recall the 
target. Recall time could exceed this four-second window, 
though, as trials lasted until the experimenter pressed a 
key on the keyboard indicating a correct or incorrect an
swer. Participants had, in theory, unlimited time to re
spond. However, trials were terminated by the experi
menter when the participant indicated that they did not 
know the target, and at least after the four-second trial win
dow. The word pairs were presented in random order. Dur
ing all trials of the TNT task, participants’ verbal responses 
were recorded using a table microphone. 

2.3. Procedure   

Experimenters (for 63 participants: undergraduate stu
dents; for 29 participants: first author) were extensively 
trained before data collection. They familiarized them
selves with the literature, general lab procedures, and sub
tleties of the TNT instructions, before administering the 
experimental procedure multiple times on fellow students 

who were unfamiliar with the TNT task, for practice. In ad
dition, the initial test sessions with real participants were 
supervised by the first author. 
Upon entering the laboratory, participants read the 

study information and signed informed consent. The exper
iment started with a short demographic questionnaire, ask
ing for age, gender, occupation, the existence of mental dis
orders and/or neurological illnesses, medication use, and 
alcohol and/or drug use one day before and on the day 
of testing (see section 2.5. for data exclusion criteria). We 
did not ask participants about their sleep duration. Then, 
participants performed the TNT task. After completing the 
task, participants rated the emotionality of the target of 
each word pair on a 5-point Likert scale (1 = very negative 
to 5 = very positive). These ratings confirmed that negative 
targets (M = 1.56, SD = 0.60) were rated as more negative 
than neutral targets (M = 3.09, SD = 0.30; t(79) = -23.16, p < 
.001, d = -2.59). Then, participants completed a post-exper
imental questionnaire that assessed self-reported difficulty, 
ability, instruction compliance, and distraction by accident 
and on purpose, on a 4-point Likert scale (not at all, some
times, often, always). Participants also indicated whether 
they had expected the Final Recall phase (yes, no, not sure). 
Results from the post-experimental questionnaire are re
ported in Supplement I. Lastly, participants were debriefed 
and reimbursed. The entire experiment lasted approxi
mately 90 minutes, depending on the number of Test Feed
back phases required and time taken to complete the ques
tionnaires. 

2.4. Outcome Measures    

Raw data was processed using MATLAB (Version 2024b; 
The MathWorks Inc., 2024). The main outcome measures 
were recall score and recall delay. Recall score is the pro
portion of correctly recalled target words per word condi
tion (Think, No-Think, baseline). Only words that were cor
rectly recalled during the final Test Feedback phase were 
included in data analysis (i.e., conditionalized data; Nardo 
& Anderson, 2024). 
The audio recordings were further processed to extract 

the onset of the verbal response relative to trial onset in 
seconds. For this, we manually determined the onset of the 
correct verbal response in each trial by listening to the au
dio recording and viewing the audio waveform using Au
dacity (Version 3.6.4). For each word, recall delay was calcu
lated by subtracting the response time during the final Test 
Feedback phase from the response time during the Final 
Recall phase, to correct for individual response speed. Only 
words that were correctly recalled during the final round of 
the Test Feedback phase and Final Recall phase were in
cluded in data analysis. This means that trials without a re
sponse or an incorrect response were excluded from data 
analysis. However, if participants first gave an incorrect re
sponse and then corrected themselves, the onset of the sec
ond, correct, response was taken as response time and the 
trial was included in the analyses. For each participant, re
call delay was averaged over word conditions (Think, No-
Think, baseline). Due to technical problems with the micro
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phone, the final dataset for the audio responses contained 
data of 62 participants. 
In addition to our preregistered analysis, we also in

cluded the timings of the keyboard presses by the experi
menter during the respective recall phases as an additional 
outcome measure for calculating recall delay. Although 
keyboard presses are temporally less precise than audio 
recordings, we were able to include data from all 80 partic
ipants. Results from these analyses are reported in Supple
ment II. 

2.5. Confirmatory Data Analysis     

Data analysis was done using JASP (Version 0.19.1; JASP 
Team, 2024), using a statistical significance level of α = 
.05. Since our dependent variables were not normally dis
tributed as confirmed by Shapiro-Wilk tests of normality, 
we had to deviate from our preregistered analysis plan. 
Instead of parametric analyses of variance (ANOVA), we 
performed non-parametric Friedman tests with Holm-ad
justed Conover’s post-hoc comparisons. To test the first 
and second hypotheses, we performed Friedman tests with 
word condition (baseline, Think, No-Think) as the within-
subjects factor and as dependent variable recall score, for 
hypothesis one, and recall delay, for hypothesis two. All 
Friedman tests were performed with conditionalized word 
pairs to test the respective hypothesis, and for negative 
and neutral word pairs (conditionalized) separately, for ex
ploratory purposes. In addition, we compared the recall 
score and recall delay of neutral vs. negative words for each 
word condition (baseline, Think, No-Think) separately, us
ing Wilcoxon signed-rank tests. We complemented these 
analyses with Bayesian one-tailed paired samples t-tests for 
all three outcome measures, to determine the amount of 
evidence in favor of the alternative or null hypothesis. We 
used the default Cauchy prior with scaling factor r = .707. 
Bayes factors (BF10) were interpreted using Jeffreys (1961) 
terminology. 
Primary analyses were first performed without account

ing for the answers to the post-experimental questionnaire. 
The analyses were then repeated after excluding the data 
from participants who indicated a 1 (not at all) on instruc
tion compliance and/or a 4 (always) on distraction on pur
pose (N = 3). Similarly, in case of self-reported mental dis
orders and/or neurological illnesses (N = 9), we repeated the 
analyses without the data from these participants to exam
ine whether the presence of mental disorders and/or neuro
logical illnesses affected the results. 

2.6. Exploratory Data Analysis     

As additional exploratory analyses, we examined the ef
fect of strategy (Thought Avoidance vs. Thought Substitu
tion) and word emotionality (neutral vs. negative) on recall 
score and recall delay. We calculated two indices: SIF-score 
and a retrieval index. The SIF-score for recall score and re
call delay was calculated as follows: ((baseline – No-Think) 
/ baseline; cf., Ashton et al., 2020). A score of zero indicates 
no difference between baseline and No-Think recall. Pos
itive scores indicate forgetting (suppression effect), while 

negative scores indicate better recall of No-Think words. 
The SIF-score was calculated across all words, and sepa
rately for negative and neutral words. 
We also assessed a potential retrieval facilitation effect 

of Think words compared to baseline words. Therefore, a 
retrieval index was calculated, again, separately for recall 
score and recall delay. This index is defined as follows: 
((baseline – Think) / baseline). A score of zero indicates no 
difference between the recall of baseline and Think words. 
Positive scores indicate better recall of baseline words, 
while negative scores indicate better recall of Think words 
(facilitation effect). Next, we conducted four 2 x 2 mixed 
ANOVAs with word emotionality (neutral vs. negative) as 
within-subjects factor, strategy (Thought Avoidance vs. 
Thought Substitution) as between-subjects factor, and SIF 
score, recall delay SIF score, retrieval index, and recall delay 
retrieval index, as dependent variables. A sensitivity analy
ses revealed that the analyses for SIF score and retrieval 
index (with N=80 each) have 95% power to detect effect 
sizes of Cohen’s f≥.20. The recall delay analyses (with N=62 
each) have 95% power to detect effect sizes of Cohen’s f≥.23 
(when assuming a correlation of r=.50 between repeated 
measures for both sensitivity analyses). 

3. Results   

The data and JASP files are available on OSF 
(https://doi.org/10.17605/OSF.IO/WB4CQ/). Unless stated 
otherwise, the results did not differ in terms of significance 
when excluding either participants with mental or neuro
logical conditions (N = 9) or participants who failed compli
ance (N = 3; Supplement III). 

3.1. Confirmatory Analyses on Suppression-    
Induced Forgetting   

In line with our first hypothesis on the SIF effect, recall 
score differed by word condition (χ2(2) = 30.59, p < .001, W 
= .19; Figure 2). A smaller proportion of No-Think words 
were correctly recalled compared to baseline (ΔM = 0.03, 
95% CI [-0.01, 0.07], t(158) = 2.07, p = .040, rrb = .23) and 
Think words (ΔM = 0.10, 95% CI [0.06, 0.17], t(158) = 6.02, p 
< .001, rrb = .80). The Bayesian one-tailed paired samples t-
test for No-Think vs. baseline revealed anecdotal evidence 
for no effect (BF10 = 0.89), but extreme evidence in favor of 
the alternative hypothesis for the difference between No-
Think and Think recall (BF10 = 1077*10^6). Moreover, Think 
words were better recalled than baseline words (ΔM = -0.07, 
95% CI [-0.11, -0.03], t(158) = 3.94, p < .001, rrb = -.64, BF10 
= 646.02). When excluding participants with mental or neu
rological conditions, the difference between No-Think and 
baseline recall was no longer significant (ΔM = 0.03, 95% CI 
[-0.02, 0.07], t(140) = 1.86, p = .066, rrb = .19, BF10 = 0.62). 
However, since the effect size remained almost unchanged, 
we speculate that this non-significant result could be due 
to reduced power. 
We also analyzed the data from negative and neutral 

word pairs separately. For negative word pairs, No-Think 
recall did not significantly differ from baseline words (main 
effect word condition: χ2(2) = 15.50, p < .001, W = .10; post 
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Table 1. Recall scores and recall delays per word condition         

Baseline No-Think Think 

Recall score (proportion) .89 ± .12 .87 ± .13 .96 ± .08 

Negative .92 ± .13 .90 ± .14 .96 ± .12 

Neutral .87 ± .19 .83 ± .19 .97 ± .08 

Recall delay (s) 0.08 ± 0.51 0.35 ± 1.28 -0.35 ± 0.67 

Negative 0.06 ± 0.56 0.32 ± 1.58 -0.24 ± 0.86 

Neutral 0.12 ± 0.86 0.38 ± 1.28 -0.45 ± 0.82 

Note. Values are reported as M ± SD. Negative: Negative word pairs only; Neutral: Neutral word pairs only. 

Figure 2. Individual mean recall scores per word condition for all (conditionalized) word pairs, and negative and                
neutral word pairs, separately.     
Note: The red line depicts the mean and 95% confidence interval. 

hoc test: ΔM = 0.02, 95% CI [-0.03, 0.07], t(158) = 1.60, p = 
.112, rrb = .16), but was significantly lower than Think words 
(ΔM = 0.06, 95% CI [0.01, 0.11], t(158) = 4.09, p <.001, rrb = 
.54). The Bayesian analysis indicated anecdotal evidence for 
no difference between No-Think and baseline words (BF10 
= 0.34), but strong evidence in favor of the alternative hy
pothesis for the difference between No-Think and Think re
call (BF10 = 15.66). The difference between Think and base
line recall was significant (ΔM = -0.04, 95% CI [-0.09, 0.01], 
t(158) = 2.49, p = .028, rrb = -.36, BF10 = 1.82). When exclud
ing participants who failed compliance, the difference be
tween Think and baseline recall was no longer significant 
(ΔM = -0.04, 95% CI [-0.09, 0.01], t(152) = 2.23, p = .055, rrb 
= -.34, BF10 = 1.19). 
For neutral word pairs, recall of No-Think words did not 

significantly differ from baseline (main effect word condi
tion: χ2(2) = 31.31, p < .001, W = .20; post hoc test: ΔM = 
0.04, 95% CI [-0.03, 0.11], t(158) = 1.61, p = .109, rrb = .21), 
but it was significantly lower than recall of Think words 

(ΔM = 0.14, 95% CI [0.09, 0.20], t(158) = 5.99, p < .001, rrb = 
.90). The Bayesian analysis indicated anecdotal evidence for 
no difference between No-Think and baseline words (BF10 
= 0.53), but extreme evidence in favor of the alternative hy
pothesis for the difference between No-Think and Think re
call (BF10 = 2488*10^6). Further, Think words were better 
recalled than baseline words (ΔM = -0.10, 95% CI [-0.16, 
-0.05], t(158) = 4.38, p < .001, rrb = -.79, BF10 = 2586.04). 
Comparing the recall of neutral vs. negative words using 

Wilcoxon signed-rank tests revealed that negative baseline 
words were better recalled than neutral baseline words (z = 
-1.97, p = .049, rrb = -.35), negative No-Think words were 
better recalled than neutral No-Think words (z = -2.89, p 
= .004, rrb = -.48), and Think recall did not differ between 
neutral and negative words (z = 0.81, p = .429, rrb = .22). 
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Figure 3. Individual mean recall delays per word condition for all (conditionalized) word pairs, and negative and                
neutral words, separately.    
Note: Recall delay = (Response time during Final Recall phase) – (Response time during final Test Feedback phase). A value of 0 indicates no difference in recall response time between both 
phases. The more negative the value, the faster the response during the Final Recall phase compared to that during the final Test Feedback phase. The red line depicts the mean and 95% con
fidence interval. 

3.2. Confirmatory Analyses on Suppression-    
Induced Recall Delay    

Recall delay differed by word condition (χ2(2) = 33.52, p 
< .001, W = .27; Figure 3), but the difference between No-
Think and baseline words was not significant (ΔM = -0.26, 
95% CI [-0.65, 0.13], t(122) = 0.73, p = .467, rrb = -.20). Re
call delay was smaller for Think words compared to base
line (ΔM = 0.43, 95% CI [0.21, 0.65], t(122) = 5.42, p < .001, 
rrb = .68) and No-Think words (ΔM = -0.69, 95% CI [-1.12, 
-0.26], t(122) = 6.15, p < .001, rrb = -.67). The Bayesian one-
tailed paired samples t-test for No-Think vs. baseline re
vealed anecdotal evidence for no effect (BF10 = 0.94), but 
extreme evidence in favor of the alternative hypothesis for 
the difference between Think and baseline (BF10 = 3953.89) 
and Think and No-Think (BF10 = 232.42). Thus, the data do 
not confirm a suppression-induced response delay, but only 
a retrieval practice effect on later recall time. 
Once again, we analyzed the data from negative and 

neutral word pairs separately. For negative word pairs, No-
Think recall delay did not significantly differ from baseline 
words (main effect word condition: χ2(2) = 21.32, p < .001, 
W = .17; post hoc test: ΔM = -0.26, 95% CI [-0.76, 0.25], 
t(122) = 1.08, p = .284, rrb = -.26, BF10 = 0.51), but it was sig
nificantly different from Think words (ΔM = -0.56, 95% CI 
[-1.09, -0.02], t(122) = 4.80, p <.001, rrb = -.50, BF10 = 5.64). 
The difference between Think and baseline recall delay was 
significant (ΔM = 0.30, 95% CI [0.02, 0.59], t(122) = 3.72, p < 
.001, rrb = 0.57, BF10 = 6.33). 

For neutral word pairs, recall delay for No-Think words 
did not significantly differ from baseline (main effect word 
condition: χ2(2) = 24.81, p < .001, W = .20; post hoc test: 
ΔM = -0.26, 95% CI [-0.71, 0.20], t(122) = 0.20, p = .842, 
rrb = -.09), but it was significantly different from Think re
call (ΔM = -0.83, 95% CI [-1.27, -0.38], t(122) = 4.68, p < 
.001, rrb = -.70). The Bayesian analysis indicated anecdotal 
evidence for no difference between No-Think and baseline 
words (BF10 = 0.63), but extreme evidence in favor of the 
alternative hypothesis for the difference between No-Think 
and Think recall (BF10 = 1628.74). Once again, Think words 
were faster recalled than baseline words (ΔM = 0.57, 95% CI 
[0.21, 0.93], t(122) = 4.88, p < .001, rrb = .57, BF10 = 183.55). 
Comparing recall delay of neutral vs. negative words us

ing Wilcoxon signed-rank tests revealed no significant dif
ferences for baseline (z = 0.78, p = .441, rrb = .11), Think (z 
= -1.62, p = .107, rrb = -.24), or No-Think words (z = -.33, p = 
.742, rrb = -.05). 

3.3. Exploratory Analyses on Word Emotionality       
and Strategy   

Suppression-induced forgetting did not differ between 
neutral and negative words (F(1,78) = 0.26, p = .611) or sup
pression strategy (Thought Avoidance vs. Thought Substi
tution; F(1,78) = 0.29, p = .593). The facilitation effect (bet
ter recall of Think vs. baseline words) was larger for neutral 
compared to negative words (F(1,78) = 6.29, p = .014, η2 = 
.03; ΔM = -0.14, 95% CI [-0.25, -0.03], t(79) = -2.51, p = .014, 
d = -0.37), probably due to worse baseline recall for neutral 
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words (section 3.1.). The facilitation effect was not affected 
by suppression strategy (F(1,78) = 0.38, p = .542). 
For recall delay, SIF score and retrieval index were not 

affected by either word emotionality or suppression strat
egy (p’s > .05 for all). 

4. Discussion   

The current study was inspired by occasional null find
ings in the TNT literature and recent work investigating 
the robustness and replicability of the SIF effect. We rea
soned that the commonly used recall score, that is based 
on a binary measure (remembered or forgotten), might be 
too insensitive to detect the effects of suppression on later 
recall, thereby possibly explaining any null findings. In
stead, recall delay may be a more sensitive measure, and we 
tested this in a typical TNT task in a large sample. How
ever, we only observed a small SIF effect, and no evidence 
for suppression-induced delay of recall time. Contrastingly, 
retrieval practice sped up later recall. 
Fewer No-Think words were correctly recalled compared 

to baseline during the same-probe recall test. The effect 
size was small (rrb = .23), and the Bayes factor indicated 
anecdotal evidence for the null hypothesis (BF10 = 0.89). 
This result corroborates previous reports regarding a small 
SIF effect (e.g., Stramaccia et al., 2021), and casts further 
doubt over the robustness of SIF (Wessel et al., 2020, 2025; 
Wiechert et al., 2023). Optimal test conditions appear to be 
of critical importance for observing a SIF effect (Zhao et al., 
2025). Although we took substantial care to ensure opti
mal conditions for observing SIF, the test conditions could 
be further improved; for example, by adding breaks dur
ing the TNT phase, including a diagnostic questionnaire, or 
screening participants for sleep duration (Zhao et al., 2025). 
Since we did not include a diagnostic questionnaire dur
ing the TNT phase, we cannot confirm that participants, 
especially in the thought substitution condition, followed 
the instructions precisely. A lack of instruction compliance 
can weaken the SIF effect (Liu et al., 2021). Participants an
swered a question regarding compliance in the post-experi
mental questionnaire that revealed generally high levels of 
compliance (see Supplement I). Yet, using existing compli
ance questionnaires that are even more specific can pro
vide better insights into the degree of instruction compli
ance (see e.g., Liu et al., 2021). Relatedly, a large number of 
participants (45 out of 80 participants; 56.25%) reported to 
have expected a final recall test (see Supplement I). Expect
ing a recall test may have affected the suppression of mem
ory retrieval during the TNT phase and thereby also weak
ened the SIF effect. However, one study found that whereas 
test expectation is related to memory checking behaviors 
during the TNT phase, it was not related to SIF (Liu et al., 
2021). 
In the current study, retrieval suppression did not slow 

down later recall time. This finding is in contrast with our 
hypothesis and previous studies that found suppression-
induced recall delay (Cano & Knight, 2016; Nishiyama & 
Saito, 2021; Noreen & MacLeod, 2013; Schechtman et al., 
2021; Waldhauser et al., 2012) or slower reaction time on 
a recognition test (Benoit et al., 2015; Gagnepain et al., 

2017). This discrepancy could be due to differences in ex
perimental design. For example, some studies used pictures 
(Benoit et al., 2015; Gagnepain et al., 2017) or auditorily 
presented words (Cano & Knight, 2016) as stimuli. Perhaps 
more importantly, previous studies generally tested small 
samples (~20-30 participants) and thus had low statistical 
power. Statistically significant findings in these studies are 
therefore less reliable. In contrast, due to our larger sample 
size, our analyses had more statistical power and conse
quently, retrieval suppression may, in fact, not slow down 
later recall. However, we draw this conclusion cautiously, as 
we had insufficient power to detect small effects. 
Participants were instructed to employ either thought 

avoidance or thought substitution during the No-Think tri
als. In our main analyses involving SIF and recall delay, we 
combined the data from both conditions. However, these 
strategies are presumed to have different underlying 
processes. While thought avoidance draws on an inhibitory 
process, thought substitution causes interference (Rac
smány et al., 2012). Therefore, combining both strategies 
in a single analysis may have obscured any theoretically 
meaningful differences. Our sample was relatively small to 
be split up, due to limited resources, so the effects of these 
specific strategies should be investigated in more detail in 
future studies. Exploratory analyses revealed that SIF and 
recall delay did not differ between participants who used 
thought avoidance and those who used thought substitu
tion. Notably, one previous study reported that thought 
substitution was more effective for forgetting than no spe
cific strategy instruction (Hertel & Calcaterra, 2005). How
ever, in studies that assessed thought substitution (e.g., 
Hertel & Calcaterra, 2005; Nishiyama & Saito, 2021), par
ticipants had to learn specific substitutes instead of decid
ing upon the substitutes themselves. Learning word triplets 
(cue, target, and substitute) may be more demanding and 
therefore lead to stronger interference than direct suppres
sion. The strategies may, however, not necessarily lead to 
differences in SIF, especially when using a same-probe cued 
recall test (Racsmány et al., 2012). Future research should 
use well-powered designs to test the differences between 
these strategies. 
Individual differences in memory suppression ability can 

predict SIF (Levy & Anderson, 2012), as well as slower re
call time (Noreen & MacLeod, 2013). Participants who are 
better at controlling their awareness during No-Think tri
als may experience larger forgetting effects later. Future 
studies could investigate recall delay in relation to memory 
suppression ability, for example, by assessing the intrusion 
slope during the TNT phase (Levy & Anderson, 2012). To do 
so, the trial-by-trial measurement of intrusions needs to be 
improved to a 3-point scale (“never”, “briefly”, “often”; see 
Levy & Anderson, 2012) that participants respond to them
selves, in order to reduce any social desirability effects and 
obtain more accurate responses. 
Think words were better and faster recalled than base

line and No-Think words, across all conditionalized word 
pairs and for neutral and negative word pairs separately. 
This finding aligns with previous findings regarding TNT 
(Nishiyama & Saito, 2021; Noreen & MacLeod, 2013) and 
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the retrieval practice effect (Roediger & Butler, 2011). By 
repeatedly retrieving the target word during Think trials in 
the TNT phase, participants likely improved the cue-target 
associations and automatized the retrieval process, lead
ing to better and faster recall (Racsmány et al., 2018). Fur
thermore, the facilitation effect (better recall of Think vs. 
baseline words) was larger for neutral compared to neg
ative words. Instead of emotionally neutral stimuli being 
more strongly facilitated by retrieval practice, this effect 
could be due to baseline differences. Baseline recall for neg
ative words was better than that of neutral words, in line 
with research on beneficial effects of emotions on memory 
(e.g., Kensinger et al., 2007). Yet, this baseline difference al
lowed for larger effects of retrieval practice on neutral re
call, whereas the improvement of negative word recall was 
restricted by a ceiling effect. 
A limitation of the current study is the number of word 

pairs. To allow participants to learn a sufficient number of 
word pairs within a reasonable time window, we included 
30 word pairs, of which at least 24 (=80%) had to be learned. 
Increasing the number of word pairs could increase the sta
tistical power for finding an effect. For example, SIF was not 
present for neutral and negative words separately, poten
tially due to a maximum of only five word pairs per condi
tion. Further studies could consider using a larger number 
of stimuli. It should be noted, however, that the use of 30 
or less stimuli is not uncommon for studies that find a SIF 
effect (e.g., Ashton et al., 2020; Noreen & MacLeod, 2013). 
Moreover, more stimuli will increase the difficulty of, and 
time needed for learning the word pairs, potentially induc
ing fatigue, boredom, and/or frustration in the participant 
and leading to more exclusions due to insufficient learning. 
These factors could, in turn, deteriorate test conditions and 
affect SIF. A potential limitation in our measurement of re
call delay is that we did not instruct participants to respond 
to the cue words in the Final Recall Test as quickly as possi
ble. Although we assume that participants would not with
hold their responses after retrieving them from memory, we 
cannot exclude the possibility that omitting this instruction 
may have influenced the response time results. Further re
search should test the effects of specific recall instructions. 
To conclude, we tested recall delay as a potentially more 

sensitive measure of memory suppression than the typi
cally used recall score. In a large sample, we did not find 
evidence for suppression-induced recall delay, but only for 
the retrieval practice effect. Moreover, the SIF effect for re
call scores was small and not supported by Bayesian analy
ses. These findings should be interpreted with some cau
tion, however, as we had insufficient statistical power to 
detect small effect sizes. Nevertheless, our findings support 
growing concerns regarding the robustness of suppression 
effects on later memory recall. 
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