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Abstract

Think/No-Think studies have shown that people can prevent memories from coming up to their mind by explicitly attempt-
ing to not think of them. However, there is an important limitation in the measures typically used: binary recall vs. no-recall
accuracy under a specific time deadline. In this study, we instead focused on recall latency with a longer response window to
accommodate a wider range of recall latencies. We found in Experiment 1 that direct suppression in the standard No-Think
condition had a relatively uniform, graded effect, slowing the recall process in such a way that more recall failures occur
with a short deadline, but a longer deadline (10 s) allows for successful recall at rates comparable to a baseline condition.
In Experiment 2, thought substitution also caused the slowdown of the recall despite still lower recall rate than a baseline in
10 s. These results suggest that memory recall is subject to graded impairment across all items in a consistent manner instead
of the breakdown of recall among a subset of memories. For understanding forgetting by retrieval stopping, excessive use

of recall rate should be avoided, and recall latency is a potential alternative.

Keywords Retrieval stopping - Think/No-Think - Recall latency - Inhibition - Interference

It is widely believed that people tend to suppress unpleas-
ant or otherwise unwanted memories, and considerable
experimental support for such a process has been published
(Anderson & Hulbert, 2021). For example, studies with the
Think/No-Think (TNT) paradigm have shown that explicit
attempts to not think of memories (hereinafter, retrieval
stopping) can induce memory inhibition, resulting in for-
getting as well as emotional and perceptual degradation
of memories (Anderson & Green, 2001; Gagnepain et al.,
2014, 2017; Kim & Yi, 2013; Nishiyama & Saito, 2022).
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The TNT literature has also demonstrated possible neural
mechanisms of retrieval stopping (Anderson & Hanslmayr,
2014) and associated deficits in clinical disorders (e.g., Mary
et al., 2020; Stramaccia et al., 2021). However, it is still
unclear precisely what impact the retrieval stopping process
has on memory recall. Does it break down (strongly disrupt)
the recall of target memories, which results in long-lasting
inaccessibility of the memories? Alternatively, are there per-
haps more graded effects that might be suggestive of some-
thing, such as the slowdown of target recall, other than the
breakdown of memory recall? Furthermore, it is typically
assumed that items that are still recalled despite the effects
of retrieval stopping somehow evaded the recall break-
down. However, what if instead all of the target memories
were consistently weakened in a more graded way? More
broadly, what kind of changes in memory/recall processes
are referred to as “forgetting” in TNT studies?

The existing TNT studies report significant effects show-
ing outright failures to recall some of the memories subject
to the retrieval stopping, relative to baseline items. How-
ever, it is possible that the experimental settings in the recall
phase of these studies could contribute to such findings—
in particular, the use of a fixed deadline within which a
response must be made. If the memories subject to retrieval
stopping are consistently degraded in some way, then they
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may take longer to recall and thus are differentially affected
by this response deadline, with random variability deter-
mining which items are recalled within the deadline. This
is the question we address in the two experiments reported
here, which employed two different widely-used TNT par-
adigms, but with a significantly longer response deadline
(10 s instead of the 4 s typically used).

Typical TNT experiments consist of three phases. First,
participants study pairs of memory items, one of which is
called the cue and the other is the farget. Then, in the TNT
phase, participants are presented with cues and required to
recall the corresponding targets (Think condition) or to stop
thinking about the targets (No-Think condition). Finally, par-
ticipants perform recall tests where they attempt to recall the
targets from the cues presented on the display, regardless of
the instructions in the TNT phase. The benchmark finding
of the TNT procedure is below-baseline forgetting in the
final cued-recall test, which refers to lower recall rates of
No-Think targets than that of the targets that are studied
in the first study phase but neither recalled nor avoided in
the TNT phase (Baseline targets). To obtain the recall rate,
recall performance of each target is labeled as one of two
classes: recall success or failure within a fixed response
deadline, which is typically 4 s (Nardo & Anderson, 2024),
but some studies set it to around 3 s (Benoit & Anderson,
2012; Nemeth et al., 2014; van Schie et al., 2013) or 5 s
(Anderson et al., 2004, 2011; Bergstrom et al., 2009; Berk-
man et al., 2009). Although the recall rate (or number of
recalled items) has been useful in a broad range of memory
studies, this binary classification does not sufficiently cap-
ture the dynamic nature and operating principles of memory
retrieval involved in recall processes (i.e., memory activa-
tion), which in turn limits the understanding of mechanisms
underlying memory impairment by retrieval stopping.

Consider the recall latency underlying the recall rates
shown in the bar plot in Fig. 1A, which is a typical result
from TNT studies. As illustrated, there are two qualitatively
different underlying distributions of recall over time that
could give rise to the same pattern of results at deadlines
around the standard 4 s. In one case, there is an overall
reduction in the area under the curve for the No-Think tar-
gets along with a relatively small shift in the RT distribu-
tion to account for some slowing of these items (Fig. 1B).
That is, recall of a subset of No-Think targets is broken
down.! However, the same pattern of recall around the 4-s
deadline can be produced by just a pure slowing of the No-
Think distribution, with no change in total area under the
curve (Fig. 1C). In this case, there is no residual difference

! The “breakdown” of recall is not necessarily derived from loss or
removal of memory traces (i.e., strong from of forgetting by Davis
et al., 2007).

in accuracy at the longer deadline (e.g., 10 s; Fig. 1E), in
contrast to the case of the recall breakdown, where the dif-
ference in total area under the curve causes a persistent
reduction in No-Think recall (Fig. 1D). In the pure slowing
case, it is clear that retrieval stopping produces a consistent
overall effect on successfully recalled and forgotten items,
as contrasted with the partial impairment of a subset of
items. Thus, this figure illustrates the importance of meas-
uring the full distribution of the recall curves in order to
obtain a better understanding of the nature of the underlying
effects of retrieval stopping.

Investigating the distributions of recall latency could
reveal different characteristics of memory impairment for
the two types of No-Think strategies: direct suppression
and thought substitution. Direct suppression refers to a No-
Think strategy without any help from diversionary thoughts
or other forms of interference (e.g., Bergstrom et al., 2009;
Catarino et al., 2015). On the other hand, thought substitu-
tion refers to retrieval stopping with diversionary thoughts
about something other than the target (e.g., del Prete et al.,
2015; Hertel & Calcaterra, 2005). Both strategies result in
below-baseline forgetting to the same extent in non-clinical
samples (Stramaccia et al., 2021), although different mecha-
nisms are involved (Benoit & Anderson, 2012). Specifically,
forgetting by direct suppression is attributed to memory
inhibition (Anderson & Green, 2001; Anderson & Hulbert,
2021; Taubenfeld et al., 2019; Wang et al., 2019). Forget-
ting by thought substitution is attributed to interference
from diversionary thoughts (Wang et al., 2015), although
some studies reported that thought substitution also causes
memory inhibition (Benoit & Anderson, 2012; del Prete
et al., 2015). While we did not have any specific predic-
tion on which breakdown or slowdown is associated with
each of the strategies and underlying mechanisms (inhibi-
tion and interference), observed distributional patterns could
demonstrate the similarities and differences of the strategies
discussed above.

To determine which of the two alternative distributions
shown in Fig. 1 is driving the observed below-baseline for-
getting, we conducted two experiments using a long dead-
line (10 s) that should allow a more complete estimation of
the full underlying distributions across conditions. As an
important replication check, we are still able to simulate
recall rates at deadlines that have been employed in previous
studies, such as 3, 4, and 5 s, to compare our results with
prior studies. Although several previous studies measured
recall latency (Cano & Knight, 2016; Haghighi et al., 2020;
Nishiyama & Saito, 2021; Salamé & Danion, 2007), those
studies did not examine the full distributions as we do here.
Haghighi et al. (2020) pointed out the issue of trial duration
in the recall tests and collected recall latency with long trial
duration, but their focus was on ERP analyses of neural sig-
nals, not the distinctions we focus on here.
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Fig. 1 Illustration of possible recall latency distributions that produce
the typical patterns of recall rates in the TNT paradigm. A Typical
recall rates for the TNT paradigm, which are typically obtained in
recall tests with a duration of 4 s. B A possible distribution of recall
latencies that produce the typical recall rates depicted in Panel A. The
distribution for No-Think targets is characterized by an overall reduc-
tion in the area under the curve along with a relatively small shift
in the RT distribution, assuming the recall breakdown of a few No-
Think targets. C Another possible distribution of recall latencies that
produce the typical recall rates depicted in Panel A. The distribution

In the two experiments, different instructions were pro-
vided for the critical retrieval stopping manipulation in
the No-Think condition to target the potential differences
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Recall latency (s)

for No-Think targets is characterized by the slowdown of recall with
no change in total area under the curve, assuming overall slowdown
of recall of No-Think targets. D Cumulative recall rate corresponding
to the area under the curve of the latency distribution in the case of
recall breakdown (as depicted in Panel B). The recall rate of the No-
Think targets is lower than the other targets in 10 s as well as in 4 s.
E Cumulative recall rate corresponding to the area under the curve of
the latency distribution in the case of recall slowdown (as depicted in
Panel C). Below-baseline forgetting is observed in 4 s, but it is not in
10 s. (Color figure online)

between direct suppression vs. thought substitution. Par-
ticipants were given the direct suppression instruction in
Experiment 1, and the thought substitution instruction in
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Experiment 2, but the methods were otherwise identical,
and the same as used in many other published TNT studies,
except for the use of the longer 10-s response deadline.

Method

The current experiments were approved by the Institutional
Ethics Committee for Experimental Psychology Research
at the Graduate School of Education, Kyoto University
(approval number: CPE-203). All participants provided
written informed consent in accordance with the protocol.
Sample sizes of 36 were determined by a priori power analy-
sis with G*Power 3.1 (Faul et al., 2007) as well as by the
number of counterbalancing conditions for the assignment
of items to the conditions (three conditions) and for the
order of final recall tests (two conditions). The power analy-
sis ensured that the statistical power was higher than 80%
using a two-sided paired ¢ test with a significance level of
5% when the effect size of the difference between No-Think
and Baseline was medium (d,=0.5) and the sample size was
larger than 34.> As reported below, the number of partici-
pants tested was more than the target sample size (i.e., 36)
in both experiments. The reason was that some participants
were excluded based on some criteria (see below in detail),
and additional participants were recruited to achieve the tar-
get sample size. The exclusion criteria were set before data
collection, and the recruitment procedure was done before
data analysis.

Participants

Experiment 1 Forty-three university students participated
in Experiment 1. They were compensated with a book cou-
pon equivalent to 1,000 Japanese yen. All participants were
native Japanese speakers with no history of mental disor-
ders. Data from seven participants were excluded from anal-
yses for the following reasons: The vocal responses of five
participants were not collected in some trials of test phases,
and two participants did not correctly answer the questions
about the TNT instructions at the end of the experiment.
Thus, the final sample size was 36 (mean age =20.53 years,
SD=1.87, men=24).}

Experiment 2 Forty-six university students participated in
Experiment 2, receiving a book coupon equivalent to 1,000
Japanese yen. All participants were native Japanese speakers

2 d, represents the standardized mean difference effect size for
within-subjects designs (Lakens, 2013).

3 We recruited additional participants to compensate the exclusion
before the data analysis.

with no history of mental disorders. Data from ten partici-
pants were excluded from analyses for the following reasons:
Eight participants could not reach the criterion (80% cor-
rect recall) on the pre-TNT recall test, and other two partici-
pants did not correctly answer the questions about the TNT
instructions at the end of the experiment. The final sample
size was 36 (mean age =20.39 years, SD=1.86, men=16).

Materials

The same materials were used in both experiments. Thirty-
six sets of four words (cue, target, substitute, and independ-
ent probe) were used. Twelve additional sets of words were
used as the fillers. All were emotionally neutral, highly
familiar nouns (over 5.5 of 7 in a Japanese corpus; Amano
& Kondo, 1999) with two to five morae. Words for the inde-
pendent probe (IP) were category names of the correspond-
ing targets. The target words were composed of Japanese let-
ters (i.e., hiragana or katakana). Other kinds of words (cues,
substitutes, and IPs) were composed of any types of letter
forms, including Japanese characters (i.e., kanji), or com-
binations of them. Prior to the experiment, the association
strength of each word pair in the word sets was evaluated by
19 university students who were naive to the experimental
purpose and did not participate in either of the two experi-
ments (mean age=21.58 years, SD=2.43, men=14). The
participants rated the association strength of each word pair
presented in a random order on the PC display on a 5-point
scale (1 =very weak to 5=very strong). Cues were weakly
associated with targets and IPs (cue—target, mean=1.41,
SD =0.39; cue-IP, mean=1.55, SD=0.59), and target-sub-
stitute associations were also weak (mean=1.28, SD=0.24).
In contrast, cues were strongly associated with substitutes
(mean=4.35, SD=0.41). Twelve word sets were assigned to
each of the three TNT conditions (Think, No-Think, Base-
line). The assignment was counterbalanced across partici-
pants using a Latin square design.

Procedure

Experiment 1 The experiment consisted of five phases: encod-
ing, pre-TNT recall test, TNT, final recall test, and postexperi-
mental questionnaire (Fig. 2). All phases, except the postexperi-
mental questionnaire, were administered by PsychoPy (Version
1.85.3; Peirce, 2007). In the encoding phase, participants were
presented with all 48 cue—target pairs for 5 s each and prac-
ticed recalling targets from cues. The presentation order of
items was randomized, except that six items at the start and
end of the sequence were always filler pairs. The participants
then strengthened the associations through test and feedback
cycles. In each trial of the cycle, participants were given a cue
and were required to recall the corresponding target aloud

@ Springer
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Encoding Pre-TNT recall test Think/No-Think (TNT) Final recall test
dog
Think apple dog apple apple apple
No-Think strategies
No-Think train coffee train train train
S
= Direct suppression
(Experiment 1)
Baseline sushi bath sushi sushi
Thought substitution
(Experiment 2)

Fig.2 Outline of the experimental procedure. The experiments were
composed of five phases (the fifth phase, postexperimental question-
naire, is not shown in the figure). After participants studied word
pairs (encoding phase), they performed a cued-recall test (pre-TNT
recall test), in which they recalled aloud words (targets) paired with
the presented words (cues). Then, participants performed the TNT
task. They recalled aloud targets as in the cued-recall test when cues
were presented in green (Think trials). Participants engaged in stop-
ping retrieval of targets when cues were presented in red (No-Think

within 5 s. They pressed the space bar when they completed
their vocal response. After participants pressed the space bar or
5 s elapsed, the correct target was presented as feedback regard-
less of whether their response was correct or not. Participants
indicated whether their response was correct or not by pressing
the corresponding keys, the *“;” key, labelled with a circle (O)
for correct, and the “a” key, labelled with a cross (X) for wrong.
After they pressed either key, the feedback disappeared, and the
next trial started. All cues were presented once during the first
cycle. If participants indicated “wrong” for some targets, the
corresponding cues were presented in the next cycle. This test
and feedback cycle continued until they indicated “correct” for
all pairs (mean cycles=1.85, SD=0.52). The presentation order
of cues in the first cycle was randomized in the same way as in
the initial encoding, and the presentation orders in the following
cycles were fully randomized.

After the encoding phase, participants performed a cued-
recall test without feedback (pre-TNT recall test). Partici-
pants were required to recall aloud targets associated with
the cues presented on the display for 10 s. They pressed the
space bar to continue to the next trial after they responded.
All responses were recorded with Blue Microphones Snow-
ball (Baltic Latvian Universal Electronics, LLC) and saved
as separate audio files. Randomization of item presentation
was administered in the same manner as the initial encoding
(i.e., filler pairs were tested in the first and last six trials).

@ Springer

trials). Different No-Think strategies were instructed in Experiments
1 and 2. In Experiment 1, participants attempted to stop retrieval of
targets by pushing away any thoughts other than presented cues from
their awareness (direct suppression). In Experiment 2, participants
were instructed to recall substitutes, which were studied before the
TNT task, instead of targets (thought substitution). Finally, partici-
pants recalled targets as in the pre-TNT recall test (final recall test).
(Color figure online)

In the pre-TNT recall test, participants had to recall at least
80% of the targets successfully to promote intrusion of tar-
gets during No-Think attempts (cf. Levy & Anderson, 2012).
Otherwise, the data were excluded.

In the TNT task, participants engaged in retrieval (Think)
or stopping retrieval (No-Think) of targets paired with cues
on the display depending on the font color of the cues. For
Think trials, cues were presented in green and participants
were instructed to recall the corresponding targets aloud
before the cues disappeared.* They continued to the next
trial by pressing the space bar after they completed their
vocal responses. For No-Think trials, cues were presented
in red and participants were instructed to focus on the cues
but prevent the corresponding targets from coming into their
mind. It was emphasized that they should just focus on the
cues and avoid thinking any other thoughts, including about
the targets (direct suppression; cf. Bergstrom et al., 2009).
After the instructions, participants were asked what they
had to do when they saw green and red cues. If they did not
remember the TNT instructions correctly, the instructions
were repeated. Then, participants performed 12 practice

# Not all the TNT studies required participants to recall the targets
aloud in the Think trials. We employed the current procedure in order
to more likely keep participants’ attention to the task than in the case
where participants perform the TNT task just internally.
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trials (six Think and six No-Think trials) with filler pairs.
Each cue was presented once for 3 s. After the practice, par-
ticipants performed the main 384 trials with the cue—target
pairs assigned to the Think or No-Think conditions. The
main trials were divided into 16 blocks. In each block, the
24 cues were each presented one at a time. The order of
the Think and No-Think trials was randomized. Participants
took a break every after they completed two blocks.

In the final recall test phase, participants performed two
cued-recall tests: the same probe (SP) test and independent
probe (IP) test. The SP test was conducted in the same way
as in the pre-TNT recall test. Prior to the SP test, participants
were instructed to recall one of the studied words associated
with the presented cue. They were also told that each cue
was one of the studied pair. The procedure of the IP test was
identical to the SP test, except that the reminder for each
target was its category name and first letter. Prior to the IP
test, participants were instructed to recall one of the studied
words corresponding to the reminder on the display. They
were also informed about the reminder. The order of the two
tests was counterbalanced across the participants.

At the end of the experiment, participants answered three
questions on Google Forms. First, participants were asked
an open question about their impressions of the experiment.
They typed their answers in a text input area. Second, par-
ticipants were asked about the TNT instructions. They were
given two questions on how they performed when words
were presented in green/red and they typed their answers in
the input areas below each question. Finally, the participants
indicated how well they concentrated during the experiment,
choosing one of four options (“I concentrated on the tasks
throughout the experiment and never felt sleepy”; “I did
not concentrate on the tasks fully, although I did not feel
sleepy”; “I sometimes felt sleepy, although I did not fall
asleep”; “I sometimes fell asleep”). If participants chose the
last option, their data would be excluded from the analysis;
however, no data were excluded for this reason.’

Experiment 2 The procedure was identical to that of Experi-
ment 1, except for the following changes. First, thought sub-
stitution was given as an instruction for the No-Think trials
in the TNT task. Participants were required to recall aloud
a substitute word associated with the cue presented on the
display if the cue’s font color was red. They continued to the
next trial by pressing the space bar after they responded. To
perform thought substitution, participants studied cue—sub-
stitute pairs three times: after the instruction, after the TNT

3 Participants were informed that there was no penalty for the choice.

practice, and after the eighth block of the main TNT task
was completed.

Second, in the instruction of the SP test, it was empha-
sized that to-be-remembered words were those learned in the
study phase performed at the beginning of the experiment.

Third, in the final recall test phase, participants performed
a cued-recall test for the substitute words after the SP and IP
tests were completed. In each trial of the cued-recall test, par-
ticipants were given a No-Think cue for 10 s each and were
required to recall the corresponding substitute word aloud.
They pressed the space bar to continue to the next trial after
they responded. Their vocal responses were recorded. Prior
to the cued-recall test, participants were instructed to recall
one of the words studied in the middle of the experiment (i.e.,
substitutes) corresponding to the cue on the display.

Data analyses

The recall latency data obtained from the recall tests were
subjected to the analyses described below. Recall latency
was computed from an audio file of each trial with the help
of Chronset (Roux et al., 2017), which detects the onset of
the initial vocal response.® If participants gave more than one
response in a trial and the final one was correct (i.e., they
corrected their response), we computed the recall latency
of the final response manually with Audacity 2.1.1 (Audac-
ity Team, 2015). We conducted all statistical analyses in R
(Version 4.0.2; R Core Team, 2020) with the package rstatix
(Version 0.6.0; Kassambara, 2020). For repeated-measures
analyses of variance (ANOVAs), degrees of freedom were
corrected using the Greenhouse—Geisser procedure in case
of a violation of the assumption of sphericity. For follow-
up multiple ¢ tests, p values were adjusted using Holm’s
method. All datasets and analysis codes for the current study
are available at the Open Science Framework repository
(https://osf.io/fuwhk/).

Distribution of recall latency across participants and
log-transformed recall latency We first drew density plots
for correct recall latency across the participants to investi-
gate which of the two recall patterns described in the Intro-
duction was obtained (Fig. 1). Kernel density estimation was
implemented by the “stat_density” function of ggplot2 (Ver-
sion 3.3.3; Wickham, 2016), an R package. Gaussian kernel
was used. Bandwidths were determined by Silverman’s rule
of thumb, which the “stat_density” applies by default. All

6 Chronset is not validated for Japanese in a systematic way. How-
ever, a previous study that conducted onset estimation of Japanese
oral recall by Chronset and manual reported that estimates by Chron-
set reliably matched ones by manual onset detection (R*=.92; Nishi-
yama & Saito, 2021).
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latency data of correct recall from all the participants were
included to estimate a kernel density for each condition.

To ensure that the recall latency enhanced or impaired
memory recall through the Think and No-Think attempts,
mean log-transformed recall latency, which might represent
the central tendency of the recall performance, was subjected
to statistical analyses. The log-transformation was conducted
to correct the skewness of the recall latency distribution.’
Mean log-transformed recall latency was computed for each
participant. We included the trials where participants recalled
correct targets within 10 s.® For mean log-transformed
latency of the pre-TNT recall test and SP test, we conducted a
3 (TNT treatment: Think, No-Think, and Baseline) X 2 (Test:
pre-TNT and SP) repeated-measures ANOVA. We included
the Test factor because the two tests with the same materials
and procedures could be contrasted and because comparing
the performance of the two tests (i.e., performance before
and after the TNT phase) was expected to show the effect of
memory control more clearly than conducting a statistical test
only on the SP test. For log-transformed latency of the IP test,
we conducted a one-way repeated-measures ANOVA, where
TNT treatment served as a within-subject factor.

Recall rate as a function of elapsed time To describe the
recall rates as a function of time, we computed recall rates at
given time points (2, 3, 4, 5, and 10 s) from the recall laten-
cies. If targets were not recalled successfully within a given
time (i.e., wrong targets were recalled or the recall latency
was longer than the time), they were labelled as forgotten.
Otherwise, the targets were labelled as successfully recalled.
To show that the observed size of forgetting depends on the

7 Although there are many options to analyze RT data, we decided
to apply to the RT data log transformation instead of distributional
approaches, such as ex-Gaussian fitting, because the number of obser-
vations was small for each participant (at most 12 observations per
condition). Previous studies showed that smaller observations make
estimation performance worse (e.g., Lacouture & Cousineau, 2008).
Moreover, a recent paper (Blanch & Cousineau, 2024) also justi-
fies our analytic decision by indicating that at least 40 observations
are required for ex-Gaussian fitting. For the same reason of the data
size, we avoided computing mean RT after excluding outliers defined
based on standard deviations or median absolute deviation.

8 When calculating performance in the final recall test, there is an
option to include only the targets that were recalled successfully in
the pre-TNT test (conditionalization; Nardo & Anderson, 2024). The
conditionalization helps to examine the effect of retrieval stopping
on memory more clearly. However, it varies number and contents
of stimuli across participants. The downside was considered more
than the upside in the current study because we planned to contrast
the results of pre-TNT and SP tests. For this purpose, the number
of observations per cell (each condition for each participant) should
be equal between the tests, especially for the analysis of recall rates.
Thus, conditionalization was not conducted. Given that participants
showed over 90% accuracy in the test, conditionalization would not
change the results.
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trial duration of the recall tests, recall rates at 4 s and 10 s
of the pre-TNT and SP tests were subjected to 3 (TNT treat-
ment) X 2 (Test) repeated-measures ANOVA, respectively.
Likewise, we conducted one-way repeated-measures ANO-
VAs with a within-factor (TNT treatment) for recall rates at
4 s and 10 s of the IP test. 4 s was selected as the counterpart
of 10 s because 4 s has been the standard trial duration for
recall tests in the TNT paradigm (Nardo & Anderson, 2024).
The reason for the separate ANOVAs was that the recall
rates at 4 s and 10 s were not independent of each other.

Results

Distribution of recall latency across participants
and log-transformed recall latency

The density plots (Figs. 3A and 4A) describe the distribu-
tions of recall latency across all participants in Experiments
1 and 2, respectively. The distributions were right-skewed
across tests, TNT manipulations, and No-Think instructions.
Although the distributions of the three conditions overlapped
before the TNT task (i.e., in the pre-TNT recall test), differ-
ent distributions were clearly observed in the same probe
(SP) test, which was performed after the TNT task with
the same cues as used in the pre-TNT recall test and in the
TNT phase. Think targets were recalled faster than Base-
line targets. In contrast, No-Think targets were recalled more
slowly than Baseline targets. Consistent with the shapes of
the distributions, in the SP test, mean log-transformed recall
latency, which represents the central tendency of the distri-
bution, was longer in the No-Think condition than in the
Think and Baseline conditions, and it was shorter in the
Think condition than in the Baseline condition (Figs. 3B
and 4B). For mean log-transformed recall latency in Experi-
ment 1, a3 (TNT treatment) X 2 (Test) ANOVA showed that
the interaction was significant, F 7; 5994 =37.11, p<0.001,
né = 0.12. A simple main effect analysis revealed that the
main effect of TNT treatment was not significant for the pre-
TNT recall test, Fyq0= 0.86, p=0.428, ;1(2;: 0.01, whereas it
was significant for the SP test, Fyq0= 43.75, p<0.001, né:
0.28. Post hoc pairwise ¢ tests for the SP test performance
demonstrated that the mean log-transformed recall latency
was significantly longer in the No-Think condition than in
the Think and Baseline conditions, Think vs. No-Think,
1(35)=28.67,p<0.001, d,=1.45,95% CI1[0.97, 1.91]; Base-
line vs. No-Think, #35)=4.20, p <0.001, d,=0.70, 95% CI
[0.33, 1.06]. Furthermore, the mean log-transformed recall
latency for Think targets was shorter than that for Base-
line targets, #(35)=35.95, p<0.001, d,=0.99, 95% CI [0.59,
1.39]. These results indicate that deliberate recall (i.e., Think
attempts) facilitated recall, and direct suppression hindered
memories from being recalled.
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Fig. 3 Distributions of recall latency, mean log-transformed recall
latency, and recall rates estimated from recall latency in Experiment
1. A Density plots of recall latency across participants (N=36). B
Bar plots of the mean log-transformed recall latency. The points rep-
resent individual data points. C Line graphs of cumulative recall rates

Similarly, for mean log-transformed recall latency in
Experiment 2, a 3 (TNT treatment) X 2 (Test) ANOVA
showed that the interaction was significant, F, ;,=108.56,
p<0.001, 11(2;= 0.29. A simple main effect analysis revealed
that the main effect of TNT treatment was not significant
for the pre-TNT recall test, F,,,=0.40, p=0.674, n;=
0.00, while it was significant for the SP test, F’ 270= 154.56,
p<0.001, né: 0.61. Post hoc pairwise ¢ tests for the SP
test performance demonstrated that the mean log-trans-
formed recall latency was significantly longer in the No-
Think condition than in the Think and Baseline conditions,
Think vs. No-Think, #(35)=14.47, p<0.001, d,=2.41,
95% CI1[1.76, 3.06]; Baseline vs. No-Think, #35)=12.98,
p<0.001,d,=2.16,95% CI [1.56, 2.76]. Furthermore, the
mean log-transformed recall latency for Think targets was
shorter than for Baseline targets, #(35)=5.51, p <0.001,
d,=0.92, 95% CI [0.52, 1.30]. Consistent with Experi-
ment 1, Think attempts enhanced recall performance, and
thought substitution hindered recall.

TNT treatment

Boundary (s)

B mink [ no-mhink [ Baseiine

at given time points. Error bars in Panels B and C show the 95% con-
fidence intervals. SP test=same probe, IP test=independent probe.
Note that No-Think effects were not found in the IP test (see discus-
sion). (Color figure online)

The distributions of recall latency in the IP test over-
lapped among the three conditions in both experiments
(bottom row in Figs. 3 and 4). One-way ANOVAs for log-
transformed recall latency showed that the main effect of
TNT treatment was not significant in either experiment,
Experiment 1, Fy70= 0.23, p=0.795, né: 0.00; Experiment
2, F,70=0.64, p=0.530, né: 0.01.

Recall rate as a function of elapsed time

We estimated the recall rates at each time point during the
recall period. Figures 3C and 4C show that in both experi-
ments the recall rates increased as a function of time, and
reached almost 1 (100%) at a maximum of 10 s in all three
conditions, regardless of the test timing (the pre-TNT or
SP test). This clearly supports the slowdown account for
memory impairment. In line with the slowdown, less below-
baseline forgetting was observed at a later time point, such as
10 s. In Experiment 1, no reliable below-baseline forgetting

@ Springer
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Fig.4 Distributions of recall latency, mean log-transformed recall
latency, and recall rates estimated from recall latency in Experiment
2. A Density plots of recall latency across participants (N=36). B
Bar plots of the mean log-transformed recall latency. The points
represent individual data points. C Line graphs of cumulative recall

was observed at 10 s, #(35)=1.11, p=0.588, d,=0.19,95%
CI[-0.15, 0.51], whereas significant below-baseline forget-
ting was observed when the trial duration was as short as in
the previous studies (e.g., at the standard test duration of
48), 1(35)=2.38, p=0.046, d,=0.40, 95% CI [0.05, 0.73].
In Experiment 2, although there was significant below-
baseline forgetting at 10 s, #(35)=2.60, p=0.027, d,=0.43,
95% CI [0.09, 0.77], the effect size was smaller than at 4 s
(d,=0.81,95% CI [0.43, 1.19]. These results suggest that the
size of forgetting observed using a standard binary assess-
ment method (i.e., recall rate) is influenced by the trial dura-
tion of the recall test.

In both experiments, recall rates in the IP test increased
as a function of time, although there seemed to be no differ-
ence between the conditions (see the line plots in the bottom
right corner of Figs. 3 and 4). One-way ANOVAs showed
that the main effect of TNT treatment was not significant (F
values < 0.3, p values > 0.7), except for recall rates at 10 s
in Experiment 1, F, ;0=3.20, p=0.047, né= 0.05. Post hoc
t tests did not demonstrate any reliable difference between
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rates at given time points. Error bars in the Panels B and C show the
95% confidence intervals. SP test=same probe, IP test=independent
probe. As in Experiment 1, No-Think effects were not found in the IP
test (see discussion). (Color figure online)

the conditions, after Holm’s adjustments for the p values (¢
values < 2.1, p values > 0.13).

Discussion

The TNT literature has provided theoretical and clinical
implications about the control of memory processes (Ander-
son & Hulbert, 2021). However, issues with recall rates have
been understudied. Most TNT studies have tested the effect
of memory control using recall rates, which evaluate the
memory performance for each item using the two catego-
ries of success or failure, although memory recall is actually
exhibited through nonbinary memory activation dynamics.
Furthermore, the trial duration in recall tests, which poten-
tially affects the recall rate, was arbitrarily determined in
most studies. These issues must be considered in the theo-
retical investigation of retrieval stopping.

The primary goal of the two experiments was to deter-
mine the overall shapes of the recall distributions across
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a long recall time window, in order to be able to distin-
guish between two qualitatively different effects of retrieval
stopping in the TNT paradigm, as illustrated in Fig. 1. In
both experiments, the distributions of recall latency were
distinctive across the conditions of TNT manipulation in
the same-probe (SP) test, which was performed after the
TNT phase, in contrast to the overlapped distributions in
the pre-TNT recall test. More Think targets were recalled
faster, whereas more No-Think targets were recalled slower,
compared with Baseline targets. The overall slower recall of
No-Think targets suggests that forgetting by retrieval stop-
ping results from the slowdown of memory recall of many
targets, including the targets that were regarded as “recalled”
in the conventional approach using recall rate, instead of the
breakdown of memory recall of a few targets with other tar-
gets intact. In other words, retrieval stopping cannot induce
long-lasting inaccessibility of unwanted memories, much
less removal of them, but, at best, prevent them from coming
up to the mind. This does not necessarily degrade the effec-
tiveness of retrieval stopping. No-Think targets are recalled
more slowly than Baseline targets even in the experimental
settings where participants try to recall them. Moreover,
people usually have little motivation to recall them for sev-
eral seconds (e.g., 10 s) in everyday life (retrieval tendency
hypothesis by Anderson & Huddleston, 2012). Thus, the
slowdown effect of retrieval stopping can help us keep away
from unwanted memories.

In line with the recall latency distributions, the results of
the estimated recall rate demonstrated that more items were
recalled as a function of elapsed time, and nearly all items
were recalled at 10 s, regardless of manipulations during
the TNT task (i.e., Think, No-Think, or Baseline). Greater
recall rates in all conditions resulted in less below-baseline
forgetting at 10 s despite reliable below-baseline forgetting
at 4 s. Intriguingly, in Experiment 2, below-baseline forget-
ting was still observed at 10 s, although the differences were
smaller than at 4 s. This may represent the breakdown of
memory recall as illustrated by the distributions in Fig. 1B,
suggesting that thought substitution impairs not only recall
processes of No-Think targets in general, but also causes
(nearly) complete loss of a few target memories due to strong
interference from substitutes.

The results of recall latency indicate the similarity and
difference between direct suppression and thought substitu-
tion. Both strategies slow down memory recall, and thought
substitution breaks it down for a few targets. These might
correspond to mechanisms underlying the two strategies that
have been proposed in the literature. That is, the slowdown
might be attributed to memory inhibition, which is assumed
to underlie direct suppression and possibly thought substi-
tution. Memories with inhibited representations are acti-
vated at lower level at the start of cue presentations in cued
recall, resulting in more time to reactivate sufficiently for

recalling them compared with Baseline targets. In contrast,
the breakdown might be attributed to interference, which
is assumed to underlie thought substitution. Spontaneous
recall of nontarget memories interferes with that of target
memories, resulting in longer latency. Associations between
cues and substitutes formed by repeated substitution in the
TNT phase would prompt recall of substitutes in response
to cue presentations at the test phase.

The discussion above is based on the interpretation that
lower recall rate of No-Think targets at 10 s in the thought
substitution group was due to the breakdown of recall of a
few forgotten targets. Alternatively, the below-baseline for-
getting at 10 s could be explained only by the slowdown of
recall, but one that is so strong as to require an even longer
recall deadline beyond the 10 s used here. Indeed, as shown
in Fig. 4, the cumulative recall rate of No-Think targets con-
sistently increased as a function of time, and did not seem
to reach a plateau. Thus, the forgotten targets at 10 s likely
could have been recalled if participants had been given a
much longer time to recall in the cued-recall test. If this is
the case, the shapes of recall latency distributions would
not be indicative of different mechanisms of the two strat-
egies. Indeed, the situation of thought substitution where
ones retrieve a part of items paired with the same cue corre-
sponds to retrieval practice, which causes inhibition of items
that share the cues with the retrieved items but not retrieved
(retrieval induced forgetting; Anderson & Spellman, 1995;
Anderson et al., 1994). That is, memory impairment by
thought substitution is also explained by memory inhibition
like direct suppression (e.g., Benoit & Anderson, 2012). In
any case, the below-baseline forgetting at 10 s suggests that
thought substitution leads to greater memory impairment
than direct suppression.

The current results also illustrate that the trial duration
of a recall test is crucial for detecting forgetting in a binary
manner (i.e., recall rate). Given that many studies demon-
strated below-baseline forgetting in recall tests with a dura-
tion of 4 s (Nardo & Anderson, 2024), 4 s can be accepted
as a trial duration to find a sizable effect of retrieval stop-
ping. Nevertheless, these characteristics of recall rates raise
potential problems with the evaluation of individual differ-
ences in the ability of retrieval stopping. Many previous
TNT studies defined the ability to control unwanted memo-
ries as the size of the below-baseline forgetting. Based on
this definition, individuals who showed the same amount of
below-baseline forgetting are thought to have an equivalent
ability of memory control. However, there are still vari-
ances in the ability of memory control in terms of recall
latency. In addition, the duration-dependent nature of the
recall rate suggests that the size of below-baseline forgetting
reflects the different memory control abilities among studies
where the trial duration varies. This might make it difficult
to compare their results concerning individual differences,

@ Springer



2038

Memory & Cognition (2025) 53:2028-2040

such as correlations between memory control ability and
other variables. Taken together, recall latency can provide
more fine-grained estimates of the effect of retrieval stop-
ping and individual differences in memory control ability
than recall rate.

It should be noted that participants’ strategies in the
cued-recall tests of the current study were possibly different
from most of the previous TNT studies due to the devia-
tion of the procedure that participants performed the task
in a self-paced way by pressing the space bar. It might have
encouraged participants to recall the targets as quickly as
possible in the tests. Considering the speed—accuracy trade-
off (Heitz, 2014), the speed-focused strategy might increase
wrong first responses. However, in the current study, par-
ticipants were allowed to correct their responses, and the
corrected responses were counted as “successful recall.”
Therefore, the self-paced recall might have not critically
influenced the recall rate results. In contrast, participants’
strategies would influence recall latency per se in the final
recall test. For example, the speed-focused strategy would
lead to faster recall regardless of the conditions. However,
their strategies presumably did not matter to the “slowdown”
result of recall by retrieval stopping. Unless participants
intentionally delayed target recall, it is not likely that any
of their possible strategies (e.g., accuracy-focused strategy)
would make recall latency so much longer that participants
fail to recall targets within 10 s (i.e., “breakdown”). Taken
together, the self-paced recall procedure used in the tests is
unlikely to have had a critical impact on the current results.

Although there are several implications of the current
study, there are two limitations in the results. First, the two
experiments both failed to show below-baseline forgetting in
the IP tests. Below-baseline forgetting in the IP test has been
regarded as evidence of memory inhibition by retrieval stop-
ping. Thus, it is still unclear that memory inhibition under-
lies the slowdown of memory recall. The present results in
the IP tests might be due to different phonetic properties
of letters between Japanese, which was used in the current
study, and English, which was used in most of the previ-
ous studies showing below-baseline forgetting in the IP test.
Each English (i.e., alphabetical) letter represents a single
phoneme, whereas the majority of Japanese phonological
letters represent larger single units, which consist of two
phonemes (consonant + vowel). Thus, the first letters of tar-
gets presented along with independent probes have more
information in Japanese than in English. This presumably
made it easier for participants to recall corresponding words
to a presented independent probe. Consistent with this rea-
soning, a previous study where the stimuli were English
words failed to show below-baseline forgetting in an IP test
when the first two letters of to-be-remembered items were
presented as independent cues (Hulbert & Anderson, 2018,
Experiment 1).

@ Springer

However, there also are several studies where below-
baseline forgetting was not observed in the IP tests even
though the materials were alphabetical words (e.g., Salamé
& Danion, 2007; Wessel et al., 2005, 2020), suggesting that
the phonemic issue is not the only factor that might make it
difficult to detect below-baseline forgetting in the IP tests.
Preexperimental semantic associations between the IP and
target are obviously critical for performance on an IP test.
It is likely that the associations were not controlled in the
present materials. The problem is that there is no association
norm that can be applied to materials for IP test cues across
a variety of languages. Alternatively, no below-baseline
forgetting in the current IP tests might indicate that little
memory inhibition was induced by No-Think attempts in
the current experiments.

Given the limitations of the IP test, other tasks can be uti-
lized to test memory inhibition by retrieval stopping. When
to-be-learned materials are words as in the current study, a
word-naming task is a candidate. Healey et al. (2014) dem-
onstrated slower naming of the words that were supposedly
inhibited to resolve their interference in the preceded word
generation task, compared with words in control condi-
tions. When to-be-learned materials are images, a percep-
tual identification task is a candidate. Several TNT studies
showed longer reaction times in perceptual identification
of No-Think targets than Baseline ones (e.g., Gagnepain
et al., 2014; Kim & Yi, 2013; Mary et al., 2020). Although
these tasks do not evaluate forgetting directly, they are ben-
eficial to examine memory inhibition as a potential factor
of forgetting. In addition to averaging reaction times in the
tasks, focusing on their distribution as in the current study
might elucidate the nature of memory inhibition by retrieval
stopping.

The second limitation was that the current “slowdown”
results were possibly influenced by the criterion of the pre-
TNT recall test. The current study required higher criterion
(i.e., 80% accuracy) than most TNT studies (50% accuracy;
cf., Nardo & Anderson, 2024). Although the strict criterion
was introduced based on a theoretical consideration (see
Method in detail), it presumably made cue—target associa-
tions stronger, and consequently, might reduce the likelihood
of target memories being “broken down.” Nevertheless, the
issue raised in the current study remains important to con-
sider in future studies with different training criteria: lower
recall rates, which are often expressed as “forgetting,” do not
elucidate what changes in memory/recall processes underlie
“forgetting.” Suppression-induced “forgetting” is potentially
misunderstood if it is interpreted in strong ways, such as loss
or removal of memories (Davis et al., 2007).

In conclusion, the current experiments showed that
retrieval stopping causes the slowdown of memory recall
rather than the loss of item memory. Therefore, the binary
classification of memory performance (recall success or
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failure, i.e., recall rate) can lead to different results depending
on trial duration in recall tests. These have been overlooked
by excessive use of recall rate. Measuring recall latency
requires researchers to estimate the onsets of vocal responses,
which was a time- and effort-consuming task until recently,
and this was one reason for the smaller number of chrono-
metric studies on memory recall. However, onset estimation
tools like Chronset (Roux et al., 2017) are now available,
which help researchers measure recall latency. Measuring
recall latency allows researchers to investigate cued recall
process in more detail, which contributes to the theoretical
development of memory research (cf. Osth & Farrell, 2019).
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