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Episodic memories may become suppressed, both incidentally and intentionally. Incidental suppression is a
result of a competition induced by interfering items or responses. In contrast, intentional suppression is said
to result from conscious attempts to suppress certain memory items, and should thus not depend on compe-
tition induced by interfering items or responses. However, intentional suppression is typically engendered
using the Think/No-Think paradigm, in which participants are required to retrieve some target items and to
suppress others. Therefore, rather than intentional suppression, forgetting in this paradigm may reflect inci-
dental suppression of No-Think items induced by interference via prior retrieval of the Think items. To dis-
tinguish between these possibilities, we tested participants (n= 40) using an adjusted suppression paradigm,
which did not include the Think condition (ExcludeThink paradigm) and compared it with the standard sup-
pression paradigm (IncludeThink paradigm; n= 39) which included a think condition. We found that sup-
pression was not observed in the ExcludeThink paradigm, but only in the IncludeThink paradigm. These
results indicate that interference via prior retrieval is necessary to induce forgetting.

Public Significance Statement
The current study questions the sweeping claim that people can weaken or even erase unwanted mem-
ories by volitional suppression alone. Rather, forgetting is induced via interference from competing
items or associations. Understanding the mechanisms of induced forgetting is important because forget-
ting is a regulatory process that is crucial for our cognitive and affective well-being. Thus, forgetting is
vital for (a) memory-regulating strategies in healthy people and (b) the development of treatments for
mental disorders involving memory regulation, such as posttraumatic stress disorder and depression.
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It has long been acknowledged that forgetting serves important
adaptive functions, which positively impact our psychological well-
being and our cognitive efficiency (Bjork et al., 1998; Fawcett &
Hulbert, 2020; Gamoran et al., 2020; Nørby, 2015, 2020; Sadeh &
Pertzov, 2020). Forgetting is essential for emotional regulation
(via selective forgetting of negative experiences), generalizing
across exemplars to create categorical knowledge, and freeing up
limited working-memory resources (Popov et al., 2019). Given the
adaptive value of forgetting, a crucial question has concerned

scientists for years: are humans able to intentionally suppress their
memories?

An influential paper published in 2001 appeared to give a posi-
tive answer to this question, reporting the first evidence for
suppression-induced forgetting (SIF). SIF is a putative process by
which retrieval of memories can be intentionally suppressed, result-
ing in increased subsequent forgetting of those memories. These
findings were obtained using the Think/No-Think (TNT) paradigm,
which consists of three phases. First, participants learn a list of cue–
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target word pairs (e.g., roach-ordeal). During the second phase, a
third of the pairs are assigned to the Think condition, in which partic-
ipants are instructed to covertly retrieve the target in response to the
cue. Another third of the pairs are assigned to the No-Think (NT)
condition, in which participants are instructed to suppress the target
word despite the presence of the cue. The last third of the pairs, the
Study-Only (SO) cues, are not presented at the second phase and
serve as a control condition. In the third phase, participants perform
two types of recall tests: Same-Probe (SP), in which the original cue
words are used, and Independent-Probe (IP), in which novel, seman-
tically related cue words are used. Many studies employing this par-
adigm have reported that the recall rate of target words from the NT
condition is lower than the recall rate in the control condition, osten-
sibly reflecting SIF1 (e.g., M. C. Anderson & Hanslmayr, 2014;
M. C. Anderson et al., 2004; Benoit & Anderson, 2012; Detre
et al., 2013; Gagnepain et al., 2014; Scotti & Maxcey, 2022) (see
Stramaccia et al., 2021 for a meta-analysis). This effect is reported
to generalize to other modalities of cue–target pairs, such as face–
word pairs (Hanslmayr et al., 2009), and face–scene pairs (Depue
et al., 2007; however, for failures to replicate see Bulevich et al.,
2006; Wessel et al., 2020; Wiechert et al., 2023).
A prominent theory proposed to account for SIF is the inhibition

theory. According to this theory, neural inhibitory mechanisms take
part in the processes which result in forgetting (M. C. Anderson &
Hanslmayr, 2014; M. C. Anderson & Huddleston, 2010; Benoit &
Anderson, 2012; Gagnepain et al., 2014; Levy & Anderson,
2002). Forgetting via inhibitory mechanisms may occur either inten-
tionally or unintentionally (Scotti & Maxcey, 2021). In TNT, neural
inhibition is thought to be induced intentionally via an act of sup-
pression, which excludes certain memories from consciousness
(M. C. Anderson et al., 2004).
However, the inhibition theory of forgetting is not without oppo-

nents (Raaijmakers, 2018; Raaijmakers & Jakab, 2013; Tomlinson
et al., 2009). Opposing views maintain that the forgetting effect—
namely, the lower memory performance in the NT versus the SO
condition—is induced by interference from competing items or
responses. According to one view, the forgetting effect arises to a
large extent from the vagueness of the NT instructions. This results
in a substitution strategy, whereby individuals retrieve another, new
word instead of the NT target during the second phase of the TNT
paradigm (Raaijmakers, 2018).
An additional account also attributes forgetting in TNT to interfer-

ence (Tomlinson et al., 2009). However, here, the hypothesized
mechanism is different. The rationale of this account is based on
two-stage global memory models of recall, which include a sam-
pling stage, followed by a recovery stage. In the first stage, item rep-
resentations are sampled from the search set, with the probability of
sampling dependent on the degree of overlap between the item and
contextual features. In the second stage, certain features of the sam-
pled item become activated, and if enough of these features are acti-
vated, the item will be recovered into consciousness. Because the
cue–target associations in TNT are well-learned, some NT targets
are occasionally sampled automatically in the second phase of the
TNT, and are associated with a so-called “sit quietly” response.
Consequently, in the recovery stage during the third, and final,
phase of the TNT paradigm, recall of NT items will suffer from inter-
ference from the association with the “sit quietly” response. Hence,
these items are more likely to be forgotten than think and SO items.
This account was supported by the finding of forgetting in a

modified TNT paradigm, in which the NT condition was replaced
by a condition in which individuals were instructed to do nothing
in response to the cue word (Tomlinson et al., 2009). Therefore, it
was concluded that, rather than intentional forgetting, the TNT effect
is induced by competition from an interfering response during the
third phase of final recall.

These findings raise an important question: what conditions are
necessary for such interference, leading to induced forgetting?
According to the interference account described above (Tomlinson
et al., 2009), interference is induced in the context of a retrieval
task, which involves a sampling stage. During this stage, some of
the to-be-forgotten items are automatically sampled and associated
with a “sit quietly” response, which interferes with these items’
retrieval during final recall. Thus, interference necessitates a
retrieval phase prior to the third and final recall phase, during
which sampling of the to-be-forgotten items can occur. Indeed, to
our knowledge, all TNT studies to date (for a meta-analysis see
Stramaccia et al., 2021) included retrieval prior to final recall: the
retrieving of Think items during the second phase. According to
our rationale, the forgetting effect should be eliminated when
excluding the think condition. This would effectively entail no
retrieval phase prior to final recall, hence preventing sampling of
the NT targets, and their association with an interfering response.
If, on the other hand, the forgetting effect is observed even when
the think condition is excluded, this would heavily shift the balance
toward an intentional inhibition account.

To distinguish between these two possibilities, we implemented a
modified version of the TNT paradigm in which the think condition
was excluded. We based the current study on the procedure
employed by Taubenfeld et al. (2019), who reported forgetting
effects on explicit tests (SP and IP as described above). That study
also found forgetting in an implicit test of memory, not requiring
conscious retrieval and ostensibly providing a metric of forgetting
not dependent on retrieval strategies. Our procedure directly fol-
lowed that of Taubenfeld et al. (2019) with the exception that the
think condition was excluded. To directly test whether a forgetting
effect is observed only when the think condition is included, we
compared results of the modified TNT paradigm excluding the
think condition to those of the standard one, run in the same lab
and under the same conditions as the modified TNT paradigm.
The standard TNT paradigm included the think condition and was
a direct replication of Taubenfeld et al. (2019). In addition, we con-
ducted a comparison between the modified TNT paradigm and the
original data from Taubenfeld et al. (2019).

Method

The method closely followed a previous study which demon-
strated a TNT effect (Taubenfeld et al., 2019), with the modification
that we excluded the think condition. This modified paradigm—

1 A related phenomenon to SIF is known as list-method directed forgetting.
Here, participants are instructed to forget items from a first list after their
study and before learning a second list. This results in poorer recall of List
1 items compared both to List 2 items and to a condition in which participants
are instructed to remember List 1 items (in this condition recall performance
of List 1 exceeds that of List 2). In contrast to SIF, which involves suppression
of item representations, list-method directed forgetting occurs via route deac-
tivation. Namely, rather than inhibiting access to the items themselves as in
SIF, here access to the items’ retrieval routes is inhibited.
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henceforth ExcludeThink—was compared to a direct replication of
Taubenfeld et al. (2019), which is henceforth referred to as
IncludeThink. The outline of paradigms (only depicting the SP
test) is presented in Figure 1.

Participants

ExcludeThink

A total of 42 students from Ben-Gurion University of the Negev
(28 female, 14 male; Mage= 24.47, SD= 1.61; range= 21–29)
were recruited to participate in exchange for either academic credit,
or payment of 80 shekels (�$23). Informed consent was obtained
from all participants according to a protocol approved by the
Institutional Review Board of Ben-Gurion University of the Negev.
Two participants were excluded from the analyses due to technical
malfunctions in the experiment software. Participants were asked
to specify their gender by selecting one of two provided options:
“male” or “female.” Results thus include data from 40 participants.
The sample size was chosen to be identical to that in Taubenfeld
et al. (2019), who obtained reliable forgetting effects.

IncludeThink

A total of 43 students from Ben-Gurion University of the Negev
(30 female, 13 male; Mage= 24.44, SD= 1.38; range= 21–28)
were recruited to participate in exchange for 12 academic credits,
or payment of 120 shekels (�$32). Informed consent was obtained
from all participants according to a protocol approved by the
Institutional Review Board of Ben-Gurion University of the
Negev. Participants were asked to specify their gender by selecting
one of two provided options: “male” or “female.” Four participants
were excluded from the analyses due to technical malfunctions in the
experiment software. Results thus include data from 39 participants.
The sample size was chosen to be identical to that of the
ExcludeThink paradigm, so that any possible differences between
the two paradigms could not be accounted for in terms of power.
The two groups (ExcludeThink and IncludeThink) did not differ

in age, as supported by a Bayesian independent sample t test
(BF01= 4.080) nor in gender, as supported by a Bayesian chi-square
test (BF01= 3.585).

Materials

ExcludeThink

Following Taubenfeld et al. (2019), four exemplars were selected
from 22 semantic categories (e.g., mammals: “zebra,” “panther,”
“kangaroo,” and “fox”) using norms determined for Hebrew usage
(Rubinsten et al., 2005). For each exemplar, based on the norms
for Hebrew usage, one weakly related word was chosen as a cue.
This weak semantic relation enabled the construction of a meaning-
ful association for initial study, cued recall testing, and the
Suppression phase. A second weakly related word was chosen as
an independent cue, for the independent-probe recall test. For exam-
ple, for “zebra,” one associate was “safari” and another was “hoof,”
while for “fox,” one associate was “forest” and another was “tail.”
Thus, 88 sets of triplets were created. These 88 sets were divided
to three conditions: initial study test with subsequent suppression
practice (33 items, NT condition); initial study test without

subsequent practice (33 items, SO condition); no initial study test
(22 items, category verification task test-only baseline condition).
An additional 14 unrelated word pairs were constructed for use as
fillers and practice trials. The assignment of triplet to condition
was counterbalanced across participants.

IncludeThink

The Materials were identical to those of the ExcludeThink para-
digm, with the exception that the 88 sets of triplets were divided
to four conditions: initial study test with subsequent suppression
practice (22 items, NT condition); initial study test with subsequent
covertly retrieve practice (22 items, Think condition); initial study
test without subsequent practice (22 items, SO condition); no initial
study test (22 items, category verification task test-only baseline
condition). Here too an additional 14 unrelated word pairs were con-
structed for use as fillers and practice trials.

Procedure

ExcludeThink

For an overview of the experimental procedures, see Figure 2.
Associative Learning. In the first phase of the experiment, each

participant was trained on 66 critical and 14 filler word pairs, for a
total of 80 study pairs. Thesewere divided into two lists, studied sep-
arately, each including 33 critical and seven filler word pairs, with
filler pairs at the beginning and at the end of the lists and three addi-
tional fillers randomly distributed throughout the list. Theword pairs
were presented individually for 5 s in the center of a computer screen
(black font on white background), with the cueword displayed to the
right of the target (as Hebrew is read right-to-left). Participants were
instructed to attempt to think of an association between the two pre-
sented words, in preparation for a later unspecified test. Trials were
separated by a 1 s blank-screen interval. After learning the first list,
participants were probed with cue words from that list, and asked to
recall the corresponding target words and to say them aloud as
quickly as possible. The correct answer was presented on screen
5 s after the cue was presented, for 2.5 s. The test phase started
and ended with two fillers. The same procedure was then followed
for the second list. Participants completed either two study-test
cycles of both lists, or one cycle for both lists if a minimum of
60% of the targets were correctly recalled in the initial cycle.

Criterion Test. After the study-test learning phase, participants
performed a criterion test, in which they were tested again on all 66
critical pairs and 14 filler word pairs from both study lists, in a ran-
dom, mixed order. This test was used to determine which word pairs
were successfully learned by the participants. Given that suppression
can only occur in pairs which were learned in the first place, only
pairs in which the participants recalled the target word successfully
were considered properly learned. Accordingly, pairs in which the
participants failed to recall the target word at this phase, were
excluded from the analysis of later recall tests. The pairs that were
included in the analysis of later recall tests constitute the condition-
alized data.

Suppression (NT) Phase. After completing the study phase
and the criterion test, the instructions for the suppression phase
were given; participants were told that some of the studied cue
words will be presented in red on the screen, and that they should
try not to think of the target words which appeared alongside
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these cue words at study. Instead, when the cue appears, they should
try to prevent the target word from entering their consciousness.
Additionally, we employed Direct Suppression instructions
(Benoit & Anderson, 2012), which stressed to participants that
they were to suppress retrieval, while also not generating distracting
thoughts. This started with demonstration and practice trials con-
ducted on the 14 filler word pairs. After the practice phase, partici-
pants were asked to answer a diagnostic questionnaire to ensure that
they understood the instructions and followed them closely. This
procedure was then conducted for the 33 pairs, which were assigned
to the NT (suppress) condition. Each of these pairs was presented 10
times across four blocks (i.e., each pair appeared two to three times
per block), with each block lasting approximately 7 min. Each block
started with two fillers, followed by 110 cue words from the studied
pairs. Cues were presented for 3 s in the center of the screen. Trials
were separated by a 500-ms blank-screen interval. After completing
half of the suppression phase (e.g., after two blocks), participants
were asked to answer a short questionnaire about their ability to

recall or suppress responses as required, in order to maintain
their level of concentration. Participants were encouraged to take
a break between the blocks and at the end of the suppression
phase.

Category Verification Task. After the suppression phase, sub-
jects were given the category verification task instructions.
Participants were asked to answer yes/no by key press (using the
index and middle fingers of their dominant hand) to questions
about category membership of target item names (e.g., “Is fig a
kind of vehicle?”; “Is cider a kind of beverage?”). The target item
and category names were presented in boldface. Altogether, 88
target–category pairs were presented. These pairs were divided
into three conditions: 66 pairs included target words from the NT
and SO conditions (33 each), while the remaining 22 pairs contained
novel target words that were not presented before. The 22 pairs that
contained novel target words constituted the baseline group
“test-only” (TO), for studying priming effects. This task started
and ended with two fillers. For the 22 categories from which four

Figure 2
Schematic Diagram of the Experimental Procedures

Note. See the online article for the color version of this figure.

Figure 1
Outline of Design of the Current Study (Only Depicting the SP Task): The ExcludeThink was a Replication of Taubenfeld et al. (2019), With
the Exclusion of the Think Condition

Note. The IncludeThink was a direct replication of Taubenfeld et al. (2019). SP= same-probe; NT= no-think. See the online article for the color version of
this figure.
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words each were divided among the experimental conditions, two
category members were presented in questions that were to be
answered “yes” and two were presented in questions that were to
be answered “no.” Category names for questions that were to be
answered “no” were different from those providing the exemplars
for experimental conditions. Assignment of item names to yes/no
responses was counterbalanced across participants. The question
was displayed in the center of the screen until response, and response
time (RT) was measured. Trials in which category verification deci-
sions were incorrect were removed from response-time analyses; the
mean number of such removals was 2.02, SD= 0.73.
Same-Probe and Independent-Probe Tests. After the cate-

gory verification task, participants were given instructions for
both same-probe and independent-probe tests. The same-probe
test cued participants with the original cue word (e.g., for the
target word “owl,” the original cue word was “air”). The
independent-probe test cued them with a related hint word and the
first letter of the target word (e.g., “night—o_____”). In a short prac-
tice round, 14 filler word pairs were used to ensure that participants
understood the instructions and did not get confused between the
two tests. After this practice, participants completed the same-probe
and independent-probe tests in a counterbalanced order across par-
ticipants. Each test probed for all of the 66 of target words from
the associative learning phase. Participants were given 5 s to recall
each target word and were instructed to think of the response that
fit each cue and say it aloud.
Stimuli were presented and dependent measures were collected

using E-Prime 2.0 software (PST, Pittsburgh, Pennsylvania,
United States). In the category verification task, trials in which par-
ticipants’ RT was 3 SDs above each participant’s mean RT were
removed from analyses. Statistical analyses were conducted with R
Version 4.2.2 and with JASP Version 0.16.1.0. We followed up
null results with Bayesian analyses, performed using R Version
4.2.2 as implemented by RStudio Version v2022.07.0+548.pro5,
with the BayesFactor package (Morey et al., 2015), and with JASP.

IncludeThink

The procedure directly followed that of the ExcludeThink para-
digm with the exception that the instructions for the suppression
(NT) phase also included respond (think) instructions. Participants
were informed that some of the studied cue words would be pre-
sented in either green or red on the screen. For green words, they
were instructed to think of the target words associated with these
cues.

Transparency and Openness (TOP)

Below we detail if and how the current study adheres to the eight
fundamental aspects of research planning and reporting in the TOP
Guidelines.

1. Citation: all data, program codes, andmethods developed by
others are cited in the text and listed in the references
section.

2. Data transparency: the raw data are available on Open
Science Framework (OSF) (https://osf.io/x4jtq/?view_only=d
727347adfa44bc281aaa94778cd349d).

3. Analytic methods (code) transparency: there are no relevant
scripts for data analysis.

4. Research materials transparency: all materials are available
on OSF (https://osf.io/x4jtq/?view_only=d727347adfa44b
c281aaa94778cd349d).

5. Design and analysis transparency: This article adheres to the
APA Style Journal Article Reporting Standards (JARS;
Kazak, 2018) which were deemed relevant to the current
study.

6. Study preregistration: the study was not preregistered.
However, the design of the ExcludeThink paradigm follows
that reported in Taubenfeld et al. (2019), with the appropri-
ate modifications to exclude the think condition. The design
of the IncludeThink condition is identical to that reported in
Taubenfeld et al. (2019).

7. Analysis plan preregistration: The analysis plan was not pre-
registered. However, the analysis of the IncludeThink con-
dition closely follows Taubenfeld et al. (2019).

8. Replication: not relevant.

Results

ExcludeThink

Our analyses focused on the effects of retrieval suppression as
expressed in both the explicit measures—recall rate in same-probe
and independent-probe tests, and the implicit measure—RT in the
category verification test. Since forgetting can only happen for
learned items, we report analyses that consider only the conditional-
ized data; those items that were successfully learned in the study
phase, as determined by the criterion test (mean recall success rate
= 85.8%, SD= 8.3%). This is a frequently used procedure in TNT
experiments (Hulbert et al., 2016). For a nonconditionalized analysis
of all the data, including items that were not recalled in the criterion
test, see the online supplemental materials.

Same-Probe and Independent-Probe Tests

For the same-probe test, a paired samples t test revealed no signif-
icant difference in recall rate between the NT (M= 0.973, SD=
0.04) and the SO (M= 0.975, SD= 0.038) conditions, t(39)=
−0.249, p= .804, 95% CI [−0.015, 0.011], Cohen’s d=−0.042
(Figure 3). Likewise, for the independent-probe test, a paired sam-
ples t test revealed no significant difference in recall rate between
the NT (M= 0.539, SD= 0.126) and the SO (M= 0.534, SD=
0.124) conditions, t(39)= 0.236, p= .815, 95% CI [−0.041,
0.051], Cohen’s d= 0.043 (Figure 3).

A Bayesian analysis was conducted to further examine the effects
for the same-probe test and independent-probe test. Results revealed
support for the null hypothesis—no differences between conditions
for each task (same-probe: BF01= 5.693; independent-probe:
BF01= 5.711).

Category Verification Task

For this analysis, we compared the RTs for words from both the NT
condition and the SO condition to the RTs for words from the TO con-
dition (Figure 4). Faster RTs were found in the NT condition (M=
1,421, SD= 224) and in the SO condition (M= 1,448, SD= 264),
compared to the TO condition (M= 1,532, SD= 263).

A repeated measures analysis of variance (ANOVA) on the RTs
with condition (NT, SO, and TO) as an independent variable was
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conducted. Because the assumption of sphericity was violated, a
Greenhouse–Geisser sphericity correction was applied. Results
of the ANOVA revealed a significant effect of condition,
F(1.740, 67.843)= 15.746, p, .001, ηp

2 = .288. To explore the
differences between the conditions, we conducted post hoc
tests. These tests showed that the difference between the NT con-
dition (M= 1,421, SD= 224) and the SO condition (M= 1,448,
SD= 264) was not significant, t(39)= 1.313, pHolm= .193, 95%

CI [−77.451, 23.346], Cohen’s d= 0.108. However, significant dif-
ferences were found both between the TO and the NT conditions,
t(39)= 5.382, pHolm, .001, 95% CI [−161.251, −60.455],
Cohen’s d= 0.448, and between the TO and the SO conditions,
t(39)= 4.068, pHolm, .001, 95% CI [−134, −60.455], Cohen’s
d= 0.448.

The results of a Bayesian repeated measures ANOVA on the RTs
with condition (NT, SO, and TO) as an independent variable
revealed strong evidence in favor of the intercept-only model over
the model with the within-subjects factor of condition (BF01=
8,426.120). Bayesian post hoc tests showed weak support for the
null hypothesis with regard to the comparison between the NT and
SO conditions (BF01= 2.947). In contrast, there was strong support
for a difference between the TO condition and both the NT condition
(BF10= 1,095) and the SO condition (BF10= 2,829). This suggests
that similar priming effects were observed for both NT and SO
conditions.

Comparison With IncludeThink

The ExcludeThink paradigm was identical to that of Taubenfeld
et al. (2019) in every respect except for the absence of the think con-
dition. In the IncludeThink paradigm, we replicated the original
TNT paradigm by closely following the methods of Taubenfeld
et al. (2019; for full results see the online supplemental materials)
and compared results of the two paradigms using a mixed
ANOVA with paradigm (ExcludeThink vs. IncludeThink) as a
between-subject factor and condition (SO/NT) as a within-subject
factor. These analyses were aimed at examining our prediction that
the inclusion (or exclusion) of the think condition should only affect
performance in the NT condition. Hence, any differences between
the two experiments would be specific to the NT condition, or
more pronounced in it.

Figure 3
Results for the Same-Probe and Independent-Probe Tests

Note. Boxes depict the 25th to 75th percentiles of the data, with the median values indicated by the horizontal lines. Whiskers extend up to 1.5 times the IQR
(the difference between first quartile and third quartile), and points beyond are outliers. IQR= interquartile range; SO= study-only; NT= no-think. See the
online article for the color version of this figure.

Figure 4
Results of the Category Verification Task

Note. Boxes depict the 25th to 75th percentiles of the data, with the
median values indicated by the horizontal lines. Whiskers extend up to
1.5 times the IQR (the difference between first quartile and third quartile),
and points beyond are outliers. IQR= interquartile range; SO= study-only;
NT= no-think; TO= test-only. See the online article for the color version
of this figure.
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Same-Probe and Independent-Probe Tests

Results of the same-probe test are displayed in Figure 5A. There
was no significant main effect of paradigm, F(1, 77)= 2.956,
p= .090, ηp

2= 0.037. However, there was a significant main effect
of condition, F(1, 77)= 7.861, p= .006, ηp

2= .093, with higher
recall rates in the SO condition compared to the NT condition.
Most importantly, a significant interaction was found between con-
dition and paradigm, F(1, 77)= 6.594, p= .012, ηp

2= .079. Thus,
the effects of the suppression manipulation are modulated by the
inclusion/exclusion of the think condition. To further explore this
interaction, we conducted post hoc tests. For the NT condition, sig-
nificantly higher recall rates were found in the ExcludeThink par-
adigm (M= 0.973, SD= 0.040) compared to the IncludeThink
paradigm (M= 0.940, SD= 0.082), t(77)= 2.936, pHolm=
0.015, 95% CI [0.003, 0.065], Cohen’s d= 0.661. For the SO con-
dition, on the other hand, no significant difference was found
between the ExcludeThink paradigm (M= 0.975, SD= 0.038)
and the IncludeThink paradigm (M= 0.978, SD= 0.026), t(77)=
−0.0227, pHolm= 1, 95% CI [−0.033, 0.028], Cohen’s d=
−0.051. This was further supported by a Bayesian independent
samples t test showing moderate support for the null hypothesis
(BF01= 4.054).
For the independent-probe test, results are presented in Figure 5B.

We found no significant main effect of condition, F(1, 77)= 2.726,
p= .103, ηp

2= .034, and no significant main effect of paradigm,
F(1, 77)= 3.875, p= .053, ηp

2= .048. Most importantly, there was a

significant interaction between condition and paradigm, F(1, 77)=
4.003, p= .049, ηp

2= .049. To further explore this interaction, we con-
ducted post hoc tests. For the NT condition, a significant difference
was found between the ExcludeThink paradigm and the
IncludeThink paradigm, with higher recall rates in the ExcludeThink
paradigm (M= 0.539, SD= 0.126) compared to the IncludeThink
paradigm (M= 0.459, SD= 0.119), t(77)= 2.728, pHolm= .044,
95% CI [0.001, 0.159], Cohen’s d= 0.614. In contrast, in the SO con-
dition there was no significant difference between the ExcludeThink
paradigm (M= 0.534, SD= 0.124) and the IncludeThink paradigm
(M= 0.516, SD= 0.152), t(77)= 0.617, pHolm= 1, 95%CI [−0.061,
0.097], Cohen’s d= 0.139. This was further supported by a Bayesian
independent samples t test showing moderate support for the null
hypothesis (BF01= 3.693).

Category Verification Task

Finally, we compared the results of the category verification task
between the two paradigms (Figure 6). The results showed no signif-
icant main effect of paradigm, F(1, 77)= 3.081, p= .083,
ηp
2= .038, and no significant main effect of condition, F(1, 77)=

0.247, p= .620, ηp
2= .003. However, like for the SP and IP tests,

here too there was a significant interaction between condition and
paradigm, F(1, 77)= 4.146, p= .045, ηp

2= .051. This interaction
shows that the differences in RTs between conditions were larger
in the IncludeThink paradigm than in the ExcludeThink paradigm.
Hence, the effect of the suppression manipulation differed

Figure 5
Results of the Comparison Between the ExcludeThink Paradigm (Light Gray) and IncludeThink Paradigm (Dark Gray) for the Same-Probe
(A) and Independent-Probe (B) Tests

Note. Black dots denote the mean per condition. Boxes depict the 25th to 75th percentiles of the data, with the median values indicated by the horizontal lines.
Whiskers extend up to 1.5 times the IQR (the difference between first quartile and third quartile), and points beyond are outliers. IQR= interquartile range;
SO= study-only; NT= no-think.
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depending on the inclusion/exclusion of the think condition. To fur-
ther explore this interaction, we conducted post hoc tests. However,
none of the comparisons was significant. Like for the SP and IP
tasks, no differences were found in RTs of the SO condition between
the two paradigms (BF01= 3.070).
The IncludeThink paradigm was an exact replication of

Taubenfeld et al. (2019). Therefore, in addition to the within-
experiment comparison between the ExcludeThink and the
IncludeThink paradigms, we also compared data of the ExcludeThink
paradigm to the data from Taubenfeld et al. (2019). Results of
this comparison are detailed in the online supplemental materials.
The pattern of results was the same as the within-experiment com-
parison reported above, with the following exceptions: (a) for the
SP task, the comparison between experiments in memory scores
for the NT condition only approached significance; and (b) for
the category verification task, we found significantly greater prim-
ing effects in the NT condition of the ExcludeThink paradigm
compared to Taubenfeld et al. (2019). Thus, this additional com-
parison provides further support for our conclusion that forgetting
in the TNT paradigm is dependent on the inclusion of the think
condition.

Discussion

In the current experiment we asked whether a forgetting effect (in
the NT vs. SO conditions) occurs in the TNT paradigm even when
excluding the think condition. The underlying rationale was that a
forgetting effect should not be observed if it is induced by competi-
tion from an interfering response during the third phase of final

recall. Most crucially, a forgetting effects should not be observed
if such interference necessitates a retrieval phase prior to final recall.
This retrieval phase is necessary to trigger sampling of the
to-be-forgotten items and their association with an alternative “sit
quietly” or “do nothing” response. When the think condition is
excluded, the second phase of the TNT paradigm does not involve
retrieval, hence NT items do not suffer interference via prior
retrieval.

On the other hand, if suppression is intentionally induced in the
NT condition, then a forgetting effect should be observed regardless
of the inclusion of the think condition. A forgetting effect should
also be observed according to the substitution account. In the case
of substitution, individuals retrieve a newword instead of the NT tar-
get during the second phase of the TNT paradigm (Raaijmakers,
2018). Because both suppression and substitution are postulated to
be a result of the NTmanipulation and to occur during NT trials spe-
cifically, they should not be influenced by the existence of think
trials.

The current results are most consistent with the interference via
prior retrieval account. In the ExcludeThink paradigm, no significant
difference was found between the recall rates of target words from
the control, SO condition and target words from the NT condition,
both in the same-probe and the independent-probe tests.
Additionally, in the category verification test, priming effects did
not differ between the NT and SO conditions. Therefore, both
explicit and implicit measures indicate that no suppression occurred
in the ExcludeThink paradigm.

Our results are especially striking considering that, aside from
excluding the think condition, the ExcludeThink paradigm was
identical to both the IncludeThink paradigm and to a previous
study (Taubenfeld et al., 2019). In both, suppression effects were
found, contrarily to the ExcludeThink paradigm in which suppres-
sion effects were eliminated.

Our results show that the forgetting effect necessitates interfer-
ence which occurs only when there is a retrieval phase prior to
final recall. This might seem similar to the retrieval-induced forget-
ting (RIF) phenomenon that is observed in the retrieval-practice (RP)
paradigm (M. C. Anderson et al., 1994). In this paradigm, partici-
pants are first presented with a group of words from the same seman-
tic category, which serves as their shared retrieval cue (e.g., fruits—
banana, orange, apple, etc.). Then, they perform retrieval practice, in
which they are required to retrieve some of the words (RP+), but not
the others (RP−), in response to the retrieval cue (e.g., FRUITS-
b___?). Lastly, participants preform a recall test for all the words
which are associated with the retrieval cue (FRUITS - ?). RIF is
expressed in results of this recall test, in that the retrieval of
(RP+) items during retrieval practice (e.g., banana) impairs the
recall of the (RP−) items (e.g., apple and orange), which were not
practiced.

According to the Inhibition account, competition in the RP para-
digm occurs between RP+ and RP− items during the retrieval prac-
tice phase. This competition results in suppression of the RP− items,
hence their forgetting. In contrast, the Interference account main-
tains that competition results in interference during retrieval between
the RP+ and the RP− items at the final test phase (for an additional,
context-change account of RIF see Raaijmakers, 2018). Both these
accounts of forgetting in RP differ, however, from the current
account of forgetting in TNT with regard to the source of competi-
tion. In RP, the competition is from the interfering items themselves

Figure 6
Results of the Comparison Between the ExcludeThink Paradigm
(Light Gray) and the IncludeThink Paradigm (Dark Gray) for the
Category Verification Task

Note. Black dots denote the mean per condition. Boxes depict the 25th to
75th percentiles of the data with the median values indicated by the horizon-
tal lines. Whiskers extend up to 1.5 times the IQR (the difference between
first quartile and third quartiles), and points beyond are outliers. IQR=
interquartile range; SO= study-only; NT= no-think.
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(the RP+ items). In contrast, in the current study, competition
most likely arises from the association of the target with a new
response.
An alternative explanation for the current findings is that the

capacity for intentional suppression draws on limited resources,
which do not suffice to support the on-going suppression that was
required of the participants (van Schie & Anderson, 2017).
However, this seems unlikely because previous studies which used
a similar amount of NT items (or even larger) found suppression
effects (Gagnepain et al., 2014). Hence, the current study required
the same level of effort for suppressing items. If anything,
task-switching (from think to NT conditions) should be more effort-
ful than staying on the same task (J. R. Anderson & Lebiere, 2014).
Even if it is the case that on-going suppression is less effective than
switching between suppression and retrieval (as in the original TNT
paradigm), this should require qualification of the Inhibition theory.
At the very least, this elimination of the forgetting effect in the
absence of a think condition, entails that suppression cannot be sus-
tained without intervening trials which do not involve suppression.
In sum, the results of this study show that excluding the think con-

dition from the TNT procedure eliminates the forgetting effect which
is typically found in this paradigm. These results have important
implications. If we want to avoid the retrieval of certain memories
for the long term, interference from competing associations appears
to be key. This, in turn, necessitates the presence of a retrieval phase
prior to final recall. Thus, it seems that the best path to achieve for-
getting is via interference from prior retrieval.

Constraints on Generality

Our reasoning regarding the generalizability of the current finding
is based on findings from previous TNT paradigms which we capi-
talized on, all of which included a think condition. We have no rea-
son to believe that the exclusion of the think condition in itself
should affect the generalizability of our findings.
The stimuli in the current study consisted of Hebrew words. We

expect our results to generalize to stimuli in different languages or
even to nonverbal stimuli, as the TNT paradigm has been previously
demonstrated across a wide variety of stimuli (e.g., Depue et al.,
2006; van Schie et al., 2013), including naturalistic stimuli (e.g.,
Küpper et al., 2014; Noreen & MacLeod, 2013). Our study was
run with undergraduate students serving as participants, as most pre-
vious TNT studies. We believe the results should replicate to addi-
tional populations, as previous studies have found suppression
effects in the TNT paradigm with nonstudent populations (e.g.,
Murray et al., 2011; Sacchet et al., 2017; Waldhauser et al., 2018).
We do not have evidence that the current findings will extend to set-
tings beyond the laboratory.
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