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META-ANALYSIS OF RETRIEVAL SUPRESSION

Abstract
The present thesis used meta-analytic methods to define the typical magnitude of the suppression
induced forgetting (SIF) effect produced by the Think/No-Think paradigm as well as assess
several moderators. A literature search was conducted using seven online databases, review
papers and discussion with experts in the field to identify 82 relevant studies. Using Bayesian
multi-level modelling techniques to provide a synthesis of the existing literature it was
determined that the typical Think/No-Think study produced a small SIF effect. This means that
the Think/No-Think paradigm decreases recall accuracy for no-think items relative to baseline
items, with broad heterogeneity in the observed effect across studies depending on the methods.
Additionally, it was determined that the SIF effect was larger (a) in studies using same probe
(SP) tests than independent probe (IP) tests; (b) when the data were conditionalized on successful
learning of the stimuli pairs during the test-feedback phase; (c) when participants were given
more specific instructions on how to avoid thinking of the no-think items, and; (d) at higher
numbers of repetitions (for unconditionalized data). Neither stimulus emotional content nor
stimuli type impacted the magnitude of SIF. These findings provide strong evidence of the
viability of the SIF effect while also informing future theoretical discussions concerning its
mechanisms. Several recommendations are made for future Think/No-Think studies concerning
sample size and methodological decisions in an effort to improve the precision and reliability of

findings.
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General Summary
The aim of this thesis was to determine if the task known as Think/No-Think (TNT) is capable of
consistently producing an effect on memory, as well as identifying specific factors that may
make the effect smaller or larger. This task asks participants to memorize pairs of stimuli
followed by asking them to either think of, or avoid thinking of, one half of the pair when given
the other half. Participants are then asked to remember the pairs, with the expected result being
that items they were told to avoid thinking about being harder to remember than those they were
allowed to think about. This is known as the suppression induced forgetting (SIF) effect. To this
end, a review of published and unpublished research including the TNT task was conducted to
determine its average effect on memory. It was found that the average TNT study shows a
reliable SIF effect, meaning participants were able to forget specific memories when directed.
Additionally, it was found that the effect was larger when participants (a) were tested by giving
them one of the items directly and asking for its pair; (b) were given more specific instructions
on how to avoid thinking about the items, and; (c) had a greater number of opportunities to avoid
thinking about the word. Overall, this thesis suggests that people are capable of intentionally

forgetting specific memories within the TNT task.



META-ANALYSIS OF RETRIEVAL SUPRESSION

Acknowledgements

I would like to first thank my supervisor, Dr. Jonathan Fawcett, for continuing to be an
excellent teacher and mentor throughout an unexpected and unprecedented time. I thoroughly
enjoyed my time working with Jon and look forward to applying the numerous skills and
experiences I have gained as his student wherever the future takes me. I would also like to thank
my parents, Dana and Denise Clark, for a lifetime of support and always driving me to
accomplish my goals. Finally, I would like to thank my family and friends both here on the
island and across the country for their support and help in keeping me (relatively) sane through

the completion of this project and my degree as a whole.



META-ANALYSIS OF RETRIEVAL SUPRESSION

Table of Contents

ADSTTACT. . .ottt i
GeNeTal SUMMATY . ... e e ettt et e e e e e e e a e e e e neeenes 1ii
ACKNOWIEAZEMENLS. ...\ttt e v
LSt Of Tables. . .. viil
5] A G S D X
INtrOAUCTION. . ..o e e 1
Intentional FOTgetting.........oooiie i e 2
Directed FOrgetting. . .......oouuiuii i 2

Retrieval Induced Forgetting.............oooiiiiiiiii e 7
The Think/No-Think Paradigm..............c.ooii e, 8

Theoretical PerspectiVes. .....o.uii i e e 13
Methodological Heterogeneity in TNT.........ooiiiiiiiii e 17

Recall TeSt TYPC. ..ttt e 18

No-think INStruction. ... ..o e 19

Repetitions of Stimuli in the Think/No-Think Phase................................. 20

SHMUIL TYPC. et 21

Stimulus Emotional Content...............ooiiiiiiiiiiii e 22
ConditionNaliZation. .. ...ouiinei e 24

The Current Research.............ooiiii i e 25
IMEthOd. . .o 26
SArCh StratEZY . .. ettt 26
INCIUSION CIIEEIIA. . ... e ettt e e 27



META-ANALYSIS OF RETRIEVAL SUPRESSION

Article Screening and Selection...........o.ooiiiiiiiiii e 27
Data EXTraction. ... ...oouoinii e 28
Effect Size Calculation. ... ... ..o oo 28
Modelling Method. ..o 29
RESULLS . . . e 31
Description Of STUAIES. . ...viii e e 31
Unconditionalized Data............o.ooiiiii i 37
1Y (04 13 2110 ) 40
No-Think Instruction..............ooiiiiiiii e, 40

Number of Repetitions in the TNT Phase..................ooeiiiiiiin... 44

SHMULT TYPC. ..o 44

Stimulus Emotional Content............cccocoiiiiiiiiiiiiiiiiiiii e, 44
Conditionalized Data. ..........o.oiniiiii e 47
1Y (04 13 21 1) 49
No-Think Instruction..............oooiiiiiiiii e, 52

Number of Repetitions in the TNT Phase..............c.oooiiiiiiii.. 54

SHMULL TYPC. . .eeeeee i 54

Stimulus Emotional Content...........cccoceviiiiiiiiiiiiiiiiiieene, 54

Publication Bias.........o.oiiiiii e 58
DIISCUSSION. . .« ettt ettt e e e e e e et et ettt 62
Recall Test Type and the SIF Effect..........cooiiiiiiiii e, 63
Conditionalization and the SIF Effect...............oooiiii e 65
No-Think Instructions and the SIF Effect................coooiiiiii 68

vi



META-ANALYSIS OF RETRIEVAL SUPRESSION

A Sl ] 3V 69

Sl 1T 1 73

Repetitions and the SIF Effect. ... e 75
Stimuli Type and the SIF Effect. ... e, 77
Stimulus Emotional Content and the SIF Effect................ 78

| §500) S o7 15T ) 0 81
LAMItatiONS. . ..ottt 83

FUture DIreCtionS. ...t e 84
LO7073Te] 11 ] 1073 86

R CIONICES. . ..ot 87

Vii



META-ANALYSIS OF RETRIEVAL SUPRESSION

Table 1

Table 2

Table 3

Table 4

List of Tables
Study CharacteriStICS. ... vttt ettt e e e eeeeans 33
Effect of Moderators on the Magnitude of SIF for Same Probe and Independent
PrObE TestS. . ettt e 41
Effect of Moderators on the Magnitude of SIF for Conditionalized Data......... 51

Results of the Publication Bias Analyses for all Test Types and Conditionalization

Y (511100 1o 59

viii



META-ANALYSIS OF RETRIEVAL SUPRESSION

Figure 1
Figure 2

Figure 3

Figure 4

Figure 5

Figure 6

Figure 7

Figure 8

Figure 9

Figure 10

Figure 11

Figure 12

Figure 13

Figure 14

List of Figures
Typical Procedure and Trial Events for the Think/No-Think Paradigm............ 9
Meta-Analysis Inclusion Flowchart...................oooii e, 31

Magnitude of SIF for Unconditionalized Data Produced by IP and SP Tests as a
Function of Instruction Given to Participants..............ccooovviiiiiiiiiiennnnnn. 38
Effect of Instruction on SIF for SP and IP Testing...............cccooviiiiiiinnnnn. 42
Effect of the Type of Thought Substitution Instruction on SIF for SP Testing... 43
Effect of the Number of Repetitions of No-Think Items on SIF for SP and IP

L] 0 45
Effect of Stimuli Type and Emotional Content on SIF for SP Testing............. 46
Magnitude of SIF for Conditionalized Data Produced by IP and SP Tests as a
Function of Instruction Given to Participants...............cooeiiiiiiiiiiiiin. 48
Effect of Conditionalization on SIF for SP and IP testing........................... 50
Effect of Instruction on SIF for Conditionalized data with SP and IP Testing.... 53
Effect of the Number of Repetitions of No-Think Items on SIF for
Conditionalized Data with SP and IP testing...............ccooiiiiiiiiiiiiin.. 55
Effect of Stimuli Type and Emotional Content on SIF for Conditionalized Data
WIth SP TeSting.... .ot 56
Effect of Target Emotional Content on SIF for Conditionalized Data with IP
S 52 P 57
Difference in the SIF Effect Size as a Function of Test Type, Conditionalization

and Standard Brror. ..o 60



META-ANALYSIS OF RETRIEVAL SUPRESSION

Figure 15

Difference in the SIF Effect Size as a Function of Test Type, Conditionalization

and SamPIe SIZe.......oiiiiii e 61



META-ANALYSIS OF RETRIEVAL SUPRESSION

Forgetting as a Consequence of Retrieval Suppression:
A Meta-Analytic Review of the Think/No-Think Paradigm

Memory is one of the most crucial aspects of cognition, playing a role in subtle
underlying processes and everyday cognitive functioning such as remembering dates, times,
names, and general life events. As such, the study of memory has long played a significant role
in the study of cognition with some of the most well researched memory effects involving
improving and maintaining an individual’s memory capabilities (e.g., Craik & Watkins, 1973;
Levy, 1996; MacLeod et al., 2010; Verhaeghen et al., 1992). However, a somewhat less studied,
yet equally important, area of cognitive research is the study of forgetting, or how information is
removed from memory. The act of forgetting has historically been portrayed as an autonomous,
passive process unaffected by conscious intention (e.g., Brown, 1958). Contrary to this belief,
theorists in the realms of cognition and cognitive neuroscience have long held that there exist
direct neurocognitive mechanisms that act to selectively influence the strength of specific
memories, limiting successful recall.

The origins of these theories can be traced as far back as the original two factor theory of
interference that implied that memories could be unlearned to prevent future intrusions (Melton
& Irwin, 1940). Similarly, Freud argued that memories could be selectively repressed to reduce
psychological conflicts (Breuer & Freud, 1955). More modern proponents of these theories argue
that forgetting, particularly when intentional, contributes broadly to the maintenance and
efficiency of cognition (e.g., Anderson & Hulbert, 2021; Fawcett & Hulbert, 2020; Norby,
2018). However, there remains some debate concerning the exact mechanisms employed during
intentional forgetting, as well as the exact efficacy of intentional forgetting processes. To provide

clarity to this discussion, the present thesis seeks to examine the ability to intentionally suppress
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retrieval of specific memories in the think/no think paradigm as well as to examine several key
moderators that may alter the effectiveness of retrieval suppression.
Intentional Forgetting

Intentional forgetting can be broadly defined as a collection of cognitive processes which
are engaged by the conscious and directed desire to forget previously encoded information. A
review of the cognitive neuroscience literature surrounding intentional forgetting conducted by
Anderson and Hulbert (2021) identified that these processes include the disruption of memory
encoding and retrieval. A variety of laboratory paradigms have been utilized to empirically study
these processes, including but not limited to item—method and list-method directed forgetting
(MacLeod, 1999), retrieval-induced forgetting (Anderson et al., 1994) and the think/no think
paradigm (Anderson & Green, 2001). Each of these paradigms examines distinct aspects of
intentional forgetting, thus it is important that they be described in sufficient detail to
differentiate their contributions to the literature. As such, I will first provide a brief overview of
the directed forgetting and retrieval-induced forgetting paradigms before providing a more in-
depth description of the think/no-think paradigm as the primary focus of the present thesis.
Directed Forgetting

The directed forgetting paradigm was first formally defined in the early 1970’s (Bjork &
Woodward, 1973) and involves participants being presented with a series of items, typically
words (e.g., DePrince & Freyd, 2004) or pictures (e.g., Quinlan et al., 2010), followed by an
instruction to forget or remember specific items. Next, participants complete a test of free recall
(i.e., asking participants to name or describe as many stimuli as they can; e.g., Bailey &
Chapman, 2012), or recognition (i.e., asking participants to classify stimuli as new or old; e.g.,

Sahakyan et al., 2009). Originally, the directed forgetting paradigm consisted of a unitary effect
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which was largely thought to be caused by selective rehearsal (Bjork, 1972). Over time the
theory behind the effect dissociated into two main areas of focus, resulting in two distinct
versions of the directed forgetting paradigm depending on the timing with which the participants
receive the remember and forget instructions (Basden et al., 1993; MacLeod, 1999).

In list-method directed forgetting participants are typically presented with an entire list of
words before being told to remember or forget the list as a whole (e.g., Zellner & Bauml, 2006).
This method is frequently utilized in between-subjects designs wherein participants are presented
with two lists of words and instructed to forget or remember the first list depending on the
assigned condition. List-method directed forgetting consistently results in decreased recall of
forget lists relative to remember lists (Macleod, 1999). Contrary to this finding, list-method
directed forgetting commonly fails to produce a difference in recognition between remember and
forget items (Golding & MacLeod, 1998). However, some theorists hold that these studies focus
exclusively on recognition of items presented pre-cue, demonstrating that there is a directed
forgetting effect for post-cue items (Benjamin, 2006). Specifically, items following a cue to
forget the preceding items show increased recognition accuracy, potentially indicating a benefit
to remember items as opposed to reduced memory of forget items. Alternatively, some theorists
argue that the inability to observe an effect on recognition is due to methodological issues in
testing as opposed to an inherent issue with list-method directed forgetting (Sahakyan et al.,
2009).

List-method directed forgetting has also been examined using modified versions of the
typical paradigm described above. Sahakyan et al. (2013) summarized that the typical method
confounds the memory instruction with other factors such as proactive interference between the

first and second list, wherein there may be interference for the second list but not the first. As a
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result, multiple alternative methods have been utilized to mitigate these complications including
the three-list design (Lehman & Malmberg, 2009) wherein participants are told to remember or
forget the second list as opposed to the first. This theoretically allows for proactive interference
to equally influence both the ‘target’ (2"%) and ‘control’ (3) lists. Alternatively, the four-lists
design proposed by Zellner and Bauml (2006) utilizes a within-subjects manipulation by using
two-blocks of two list testing as well as counterbalanced order of testing to reduce order effects.
However, there are some concerns that this method allows for the refinement of encoding
strategies in the second block of lists, introducing an additional confound (Delaney & Knowles,
2005). While the viability of the various different methods are discussed throughout the
literature, it should be noted that list-method directed forgetting consistently produces the same
effect regardless of the method employed.

As mentioned previously, one of the earliest theories behind directed forgetting was the
selective rehearsal account which posited that the effect was the result of participants
preferentially rehearsing the remember items at the cost of the forget items (Bjork, 1972). While
this explanation may be sufficient to explain the difference in the recall accuracy between the
two lists it fails to provide an answer for the lack of difference in recognition for list one in list-
method directed forgetting which can be commonly observed. Later theories began to focus
primarily on inhibitory mechanisms that selectively reduce the success of the encoding or
retrieval of stimuli in the forget list (Bjork, 1989). However, some researchers have argued that
this inhibitory perspective is unable to identify what is specifically inhibited during the
presentation of forget instructions and thus it cannot fully explain list-method directed forgetting
(Sahakyan et al., 2013). These same theorists argue instead that directed forgetting is the result of

two-factors; a meta-cognitive belief in the ability to forget the items and a resulting selection of
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any specific forgetting strategy ranging from thought suppression to thinking of substitute
thoughts (Sahakyan et al., 2013). It is thought that this decision to utilize a cognitive strategy to
forget the list results in a mental context change which weakens any context clues connected to
the forget list. This idea is more specifically defined as the context account of directed forgetting
wherein participants preferentially expend effort to connect mental context clues to the list they
are told to remember as opposed to the forget list, allowing for easier recall of said items relative
to the forget list (Hanczakowski et al., 2012). Overall, while the exact mechanism is clearly
disputed it is typically assumed that list-method directed forgetting is the result of some form of
intentional forgetting operating during memory retrieval at test. While this is similar to other
paradigms such as think/no-think, the level of ambiguity still surrounding the exact mechanism
behind the effect makes comparison between the two difficult.

As opposed to list-method directed forgetting, item-method directed forgetting instead
assigns each individual item to forget or remember conditions and presents them to participants
one at a time alongside their instruction (e.g., Wylie et al., 2008). Due to this difference in
methodology, item-method directed forgetting is largely examined using within-subjects designs.
Contrary to list-method studies, the item-method paradigm consistently produces decreased
memory for forget items relative to remember items in recall and recognition testing (Macleod,
1999).

Similar to list-method directed forgetting, the earlier explanations for item-method
directed forgetting focused primarily on various forms of selective rehearsal of remember items
and passive decay of memory for forget items (Bjork, 1972). However, more recent theorists
have focused on active processes such as inhibition as the mechanism behind the effect, resulting

in conflicting theories between supporters of an active mechanism and the passive account in the
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absence of an active mechanism. More specifically, the most prominent inhibition theories
surrounding the effect suggest some form of active forgetting mechanism which becomes
engaged when presented with forget instructions (Anderson & Hanslmayr, 2014). This is
supported by studies which have observed various indicators of increased cognitive load during
the presentation of forget items. For example, Fawcett and Taylor (2008) demonstrated that
participants were slower to react to an attentional probe following the forget instruction relative
to the remember instruction, indicating greater cognitive effort required in the forget condition.
Fawcett and Taylor (2010) expanded on this and demonstrated that the probability of
successfully inhibiting a response during the stop-trials of a stop-signal reaction task improved
following the forget instructions in a directed forgetting task relative to the remember
instructions, potentially indicating that the two processes engaged similar active inhibitory
mechanisms. Researchers have also failed to find indicators of increased cognitive load during
item-method directed forgetting. Most notably, pupil dilation (thought to be indicative of
cognitive effort) was found to be larger following the presentation of remember items relative to
the presentation of forget items (Lee, 2018; Scholz & Dutke, 2019), supporting theories such as
selective rehearsal.

More specific neurological findings have demonstrated that participants engage a fronto-
parietal inhibition network when presented with forget items which subsequently results in a
downregulation of hippocampal activity, a crucial region for the successful encoding of
information (Ludowig et al., 2010; Nowicka et al., 2011; Rizio & Dennis, 2013). Overall, there is
still a significant amount of ambiguity and discussion surrounding the theory behind item-
method directed forgetting. Regardless of the exact mechanism behind the item-method directed

forgetting effect it is largely accepted that it mainly affects the encoding of memory, making it
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distinct from the think/no-think paradigm, which is thought to assess suppression of memory
retrieval.
Retrieval-Induced Forgetting

Another paradigm commonly used in relation to intentional forgetting is retrieval-induced
forgetting (RIF). During a typical RIF task, participants are first presented with lists of words
belonging to one of several different categories (e.g., furniture-bed, furniture-table, fruits-lemon,
fruits-orange). They are then prompted to remember some of the pairs when presented with the
category and part of the associated word (e.g., furniture-ta ) while other categories (e.g.,
fruits) are not recalled at all. The assumption behind this practice being that when retrieving the
target from memory participants are also inhibiting retrieval of items that may compete for
attention. Items from the non-practiced categories are left out to serve as baseline items in later
memory tests. There are typically two findings. First, words that are practiced (e.g., table) are
recalled more accurately than both baseline and non-practiced words, replicating well known
effects surrounding rehearsal (Craik & Watkins, 1973). Second, words not practiced but
belonging to a practiced category (e.g., bed) are typically less likely to be successfully recalled
during later tests of memory compared to practiced items and baseline items (Anderson et al.,
1994). RIF is a fairly robust effect, occurring for many different types of stimuli including visual
objects (Ciranni & Shimamura, 1999), facts (Anderson & Bell, 2001), long and short texts
(Johnson & Anderson, 2004; Little et al., 2011), facial features (Ferreira et al., 2014), and many
others. Similarly, RIF is also observed across many different types of memory testing besides
free recall, including recognition (Spitzer, 2014), association tests (Gomez-Ariza et al., 2017),

problem solving (Valle et al., 2019) and phonological generation (Levy et al., 2007).
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From a theoretical perspective, RIF is thought to provide evidence of inhibitory control
processes which selectively target interfering items during retrieval, providing an example of
intentional active forgetting (Anderson et al., 1994; Anderson & Hulbert, 2021). The typical
deficits in recall for non-practiced items are also observed when using independent cues which
are unrelated to the originally learned categories (e.g., using red-to_ to test for food-tomato)
during recall testing (Weller at al., 2013), providing support for the idea of cognitive processes
directly suppressing the words as opposed to the connection between the words and original cue.
Interestingly the inhibitory processes involved in the RIF paradigm are seemingly dependent on
some amount of interference during memory retrieval to begin acting, as forgetting of items is
typically only observed following retrieval of other closely related stimuli. This requirement
makes the RIF paradigm distinct from the think/no-think paradigm which was suggested as a
method of directly studying the inhibition of recall independently of other factors such as
interference.

The Think/No-Think Paradigm

The think/no-think paradigm (TNT) was originally proposed by Anderson and Green
(2001) as a modified go/no-go paradigm with the goal of directly assessing retrieval suppression
processes. The typical TNT procedure consists of three phases: a learning phase, a think/no-think
phase, and a test phase. These phases are represented schematically in Figure 1. In the learning
phase, participants are asked to learn associations between pairs of items. These materials are often
word pairs (e.g., Ordeal-Roach) but can also include faces (e.g., Detre et al., 2013), images (e.g.,
Catarino et al., 2015), pre-recorded auditory stimuli (e.g., Cano & Knight, 2016) or even personally
relevant events (e.g., Noreen & MacLeod, 2013). Once all pairs have been presented, participants

are tested for those items through a series of test-feedback cycles in which they are shown each
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Figure 1

Typical Procedure and Trial Events for the Think/No-Think Paradigm

A - Learning Phase B - Test Feedback Phase C — Think/No-Think Phase
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Note. A) Stimuli pairs are presented next to each other during the learning phase, allowing participants to learn pair
associations. B) Participants are tested for the learned stimuli pairs by providing the cue and asking for the target
during the Test-Feedback phase. C) Some cue items are presented alongside a prompt to either think or not think
during the Think/No-think phase. Instructions are commonly given by having the words presented either in a green
font (think) or a red font (no-think) although other methods of cuing have been used depending on the chosen stimuli
pairs. D) Same probe tests where the participant is given the cue item and asked for the target item E) Independent

probe test where the participant is asked to recall the target when given a semantically similar word. F) Typical results

of the TNT paradigm showing the SIF effect.
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reminder (Ordeal) and asked to produce the associated target (Roach), with feedback provided
following each response. These trials are usually repeated until participants reach either a pre-
specified performance criterion or a maximum number of cycles. This is often followed by a final
test wherein participants are again presented with each reminder and asked to produce the
associated targets, only without feedback following their response. This test is sometimes referred
to as the criterion phase and its purpose is to determine which pairs have been learned during the
preceding test-feedback cycle.

In the subsequent TNT phase, participants are presented with some of the studied cues
(e.g., Ordeal) again and are instructed to either (a) practice retrieving the associated target (Think
trials), or (b) prevent the target from coming to mind, pushing it away if it does (No-Think trials).
The remaining cues are withheld from this phase to serve as a baseline measure of memory
performance during a later test. Both think and no-think items are typically presented multiple
times with the presumption being that retrieval suppression becomes easier with practice and that
repeated suppression of the same item should lead to a greater suppression effect (Anderson &
Green, 2001).

Following the TNT phase, the test phase involves participants being asked to recall the
target stimuli from the Think, No-think, and baseline conditions. Participants recall accuracy may
be tested using either the same cues they had studied earlier (Ordeal-R; same-probe [SP] test) or
independent cues related to the target (i.e., category) but never presented in any of the previous
experimental phases (Insect-R; independent-probe [IP] test). The theory behind these different
testing methods will be explored later in the paper. As one would expect (Agarwal et al., 2012;
Carrier & Pashler, 1992; Karpicke & Roediger, 2008; Roediger & Butler, 2011; Tulving, 1967),

responses that were practiced during the TNT phase (Think items) are recalled better than baseline

10



META-ANALYSIS OF RETRIEVAL SUPRESSION

responses during the test phase. The finding of primary interest, however, is the observation that
No-Think responses are recalled less often than baseline responses, a pattern which has been
referred to as the SIF effect (Hertel & McDaniel, 2010).

The SIF effect has been replicated many times using word pairs (Anderson & Green, 2001;
Detre et al., 2013; Hanslmayr et al., 2009) as well as autobiographical memories (Noreen &
MacLeod, 2013) and visual stimuli such as pictures and face-word pairs (Catarino et al., 2015;
Depue et al., 2006). However, despite multiple successful replications of the SIF effect, there
remains ambiguity as to its magnitude, variability across studies, and potential moderators.
Further, not all studies have produced the effect. For example, Bulevich et al. (2006) found no
evidence of SIF despite replicating the original procedure by Anderson and Green (2001) with
increasing detail across three experiments. A number of other studies have also failed to replicate
one or more aspects of the basic behavioural effect (Detre et al, 2013; Dieler et al., 2014; Fischer
etal., 2011; Hertel & Gerstle, 2003; Meier et al., 2011; Noreen & Ridout, 2016a; Noreen & Ridout,
2016b; Waldhauser et al., 2011) without a single moderator capable of explaining the varying
results.

Such inconsistencies in findings have led to scepticism concerning the robustness of the
SIF effect. More specifically, a review by Otgaar et al. (2019) commented that a major flaw in the
TNT literature is that successful replications of the SIF effect may be limited to particular,
successful research labs while failed replications are more difficult to publish. As such a review of
literature published in multiple labs as well as unpublished research is critical in further
establishing the credibility of SIF. Additionally, an earlier review by Raaijmakers and Jakab (2013)
noted in some studies the SIF effect was present but small enough to make its practical significance

questionable. As the SIF effect plays a central role in modern theories of inhibitory control, with

11
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broad applications to clinical (Catarino et al., 2015; Joorman et al., 2005; Zhang et al., 2016) and
forensic psychology (Bergstrom et al., 2013; Hu et al., 2015), it is important that it be clearly
defined both in terms of magnitude and reliability. The present thesis represents an effort to provide
a comprehensive theoretical overview of the SIF effect as well as an examination of its magnitude,
between-study variability, and moderators.

A previous meta-analysis conducted by Stramaccia and colleagues (2021) shared similar
goals but had several notable differences which separate it from the present thesis. First and most
notably, the focus of the previous meta-analysis was primarily on SIF in clinical populations, while
the present thesis seeks to establish the magnitude of SIF in the general population. While
Stramaccia et al. did include analyses of “healthy populations” in their paper, the samples were
entirely comprised of control samples in clinical experiments who were screened for psychological
disorders. As such, it is possible that these samples were in fact “healthier” than a typical
population and thus may not be representative of the abilities of a typical individual. More
specifically, there is evidence that executive control ability is negatively correlated with mental
health in disorders such as anxiety and depression (e.g., Warren et al., 2021), and thus individuals
specifically selected for scoring low on measures of mental disorders may demonstrate improved
capabilities to intentionally forget relative to the average person, leading to an overestimation of
the typical SIF effect. Based on this possibility, the present thesis may provide a more accurate
assessment of SIF in non-clinical populations. Secondly, the previous meta-analysis only included
unpublished studies in the form of theses and dissertations. Unpublished data, as highlighted in the
previously discussed review by Otgar et al. (2019), are crucial for providing an accurate measure
of SIF and the present thesis seeks to include a wider range of such data. Finally, due to the focus

on clinical populations the previous meta-analysis included a relatively small number of studies

12
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(25) compared to the entire TNT literature and the present thesis seeks to include a greater number
of studies in order to be as comprehensive as possible. Overall, these differences highlight the
remaining gaps in the literature and support the need for additional meta-analyses on the topic.
Theoretical Perspectives

In their seminal article, Anderson and Green (2001) argued that during No-Think trials
participants engage an inhibitory process aimed at down-regulating the target item’s neural
representation to prevent it from entering awareness. This inhibition was thought to linger such
that on a later test of memory the response would remain inhibited and therefore harder to recall.
There are multiple areas of evidence supporting this inhibitory account. First, several studies have
reported the decreased recall of target words to be independent of the cue word used to test recall,
as revealed by the fact that it emerges in both SP and IP tests (Anderson & Green, 2001; Benoit &
Anderson 2012; Bergstrom et al. 2009). Similar to in the RIF paradigm, this provides evidence
that the SIF effect is a result of mechanisms inhibiting recall of the target directly as opposed to
acting on the connection between components of the stimuli pair. This cue-independence occurs
most consistently when participants are instructed to directly suppress the target as opposed to
simply avoid thinking of the target stimuli (Benoit & Anderson, 2012). This effect of instruction
on SIF provides evidence of an effort driven inhibitory mechanism, which participants can engage
when instructed directly in an effort to stop thinking of specific memories. Second, individual
differences in the SIF effect have been found to correlate with performance on other inhibitory
tasks such as go/no-go and stop-signal inhibition (Herbert & Sutterlin, 2012; Schmitz et al., 2017),
suggesting some amount of overlap between SIF and previously established inhibitory
mechanisms.

Supporting these findings, research has increasingly demonstrated that retrieval
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suppression in the TNT paradigm invokes a fronto-parietal control network aimed at
downregulating medial-temporal sites associated with general retrieval (Depue et al., 2007; Levy
& Anderson, 2012) as well as sites associated with representing the unwanted memory details such
as faces, spatial details and emotional content in the fusiform cortex (Gagnepain et al., 2014; Mary
et al., 2020), parahipocampal place area and amygdala (Depue et al., 2007, 2010; Gagnepain et al.,
2017) respectively. Specifically, successful SIF involves distinct activity patterns in the right
dorsolateral prefrontal cortex (DLPFC) and ventrolateral prefrontal cortex (VLPFC; Anderson et
al., 2004, 2016; Depue et al., 2007; Schmitz et al., 2017) correlated with significant
downregulation of activity in the hippocampus (Depue et al., 2007; Levy & Anderson, 2012). This
pattern of activity typically occurs immediately following no-think instructions, providing
evidence of recruitment of cognitive resources in the pre-frontal region preceding inhibition of the
hippocampus and other memory related areas. This indicates a distinct and intent driven inhibitory
mechanism being recruited to suppress no-think items, which when combined with the past work
supports an inhibition account of the SIF effect.

Many of these brain regions are also prominently featured in the inhibition of motor
behaviours (Depue et al., 2016; Guo et al., 2018; Schmitz et al., 2017). Extending these similarities,
both memory suppression and action stopping are also characterized by activity in regions within
the basal ganglia such as the caudate nucleus and the putamen (Guo et al., 2018; Wiecki & Frank,
2013). Event-related potential (ERP) studies have also found connections between the SIF effect
and other inhibitory mechanisms. Common inhibition related paradigms such as the go/no-go and
stop-signal inhibition have been temporally linked to a significant N2 component in the frontal
region of the brain (Jodo & Kayama, 1992; Kok et al., 2004), a specific pattern of neural activity

associated with behavioural inhibition. The suppression of memory retrieval has also been
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demonstrated to elicit a larger N2 component than retrieval (Bergtrom et al., 2009). Furthermore,
larger N2 amplitude during retrieval suppression is predictive of a larger SIF effect indicated by
more successful suppression and subsequent forgetting (Streb et al., 2016). Memory suppression
has also been shown to elicit greater power in beta waves (12 — 30 Hz) localized to the frontal
brain regions, a pattern of neural oscillation shared with participants completing motor stopping
tasks (Castiglione et al., 2019). These shared neural patterns suggest the SIF effect utilizes similar
neurocognitive mechanisms as are employed to inhibit motor behaviours.

Not all evidence has supported the role of inhibition in producing SIF, giving rise to an
alternate, interference-based account. Classical interference theories propose that conflicts
between new and pre-existing information can result in the forgetting of either (Underwood,
1957). With respect to retrieval suppression, basic interference theory proposes that
independently generated substitute thoughts form connections to the target stimuli similar to the
cue stimuli, resulting in difficulty recalling the target at test due to a blocking effect as a result of
this competition (Hertel & Calcaterra, 2005; Joorman et al., 2009; Wang et al., 2015). Further, it
is argued that this blocking occurs automatically in that participants in the TNT paradigm will
naturally come up with substitute thoughts to focus on when attempting to supress no-think items
and that these thoughts may become associated with the cue stimuli and thus block the original
target stimuli from memory via passive interference (Anderson & Green, 2001; Hertel &
Calcaterra, 2005).

Further advancing the interference account, Tomlinson and colleagues (2009) proposed
that an established interference model of recall, the Search of Associative Memory (SAM) model
of recall (Raaijmakers & Shiffrin, 1980), can be applied to recall suppression to explain the cue-

independence effect long held as evidence of inhibition as the primary account of SIF. The SAM
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model posits that recall consists of a sampling stage where the memory is located and a recovery
stage where the memory is recalled. Applied to TNT, it is argued that individuals partially
engage the recovery stage during no-think trials and the recovery of the target item can become
associated with behavioural stimuli such as sitting still for a period of time. During later tests of
recall, this association then causes interference and impairs recall success in both SP and IP tests,
providing an alternative explanation to the inhibition account for the SIF effect (See Huber et al.,
2015 for a more in-depth review).

Overall, there is evidence that inhibition and interference-related mechanisms can
produce the SIF effect (Benoit & Anderson, 2012; Hertel & Calcaterra, 2005; LeMoult et al.,
2010). Based on this conflicting evidence it has been proposed that thought substitution and
inhibition play a role in retrieval suppression via distinct neurocognitive mechanisms (Huber et
al., 2010), with multiple studies providing behavioural evidence for this dissociation in the form
of the SIF effect produced by either method (Hertel & Hayes, 2015; Hulbert et al., 2016; Wang
et al., 2015). Additionally, research has demonstrated that, relative to participants given direct
suppression instructions (“prevent the target from coming to mind without thinking of other
words”), participants instructed to use thought substitution exhibit different patterns of neural
activity when engaging in retrieval suppression (Benoit & Anderson, 2012; Bergstrom et al.,
2009). Overall, this provides evidence that inhibition and interference, in the form of thought
substitution, are not mutually exclusive as driving mechanisms for SIF as either may play a role
in retrieval suppression as defined in the TNT paradigm depending on the strategy chosen.

One perspective supporting this idea of distinct and co-occurring inhibitory and thought
substitution mechanisms is the non-monotonic plasticity theory (Newman & Norman, 2010). The

theory holds that neural representations of items are strengthened or weakened based on their
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exposure to different levels of excitability and activation. Specifically, low activation leads to no
change and high levels of activation leads to a strengthening of the representation. However,
neural representations experiencing moderate excitability that is comparatively less than highly
excited representations instead show a weakening in connectivity. This is thought to occur due to
competition between the memories, with limited resources for the maintenance and strengthening
of the neural representations being selectively given to the more active memories. Applied to
intentional retrieval suppression, it can be theorized that both inhibition and interference work
concurrently to weaken memory strength. Namely, interference in no-think trials, caused by
thought substitution, and inhibition may act to lower activity into the moderate excitability range
relative to non-suppressed items where processes are then engaged to weaken the connectivity of
the neural representation. This is supported by fMRI research which has demonstrated that the
SIF effect follows a U-shaped curve in relation to neural activation of regions associated with
neural representations of memory, with moderate activity leading to higher forgetting in the TNT
task than low or high activity (Detre et al., 2013). Overall, this theory and the previously
summarized studies may provide evidence to support both theoretical perspectives of TNT but
there have been few direct examinations of the relative strength of the SIF effect produced using
either method.
Methodological Heterogeneity in TNT

Based on these differing theoretical perspectives and various other disagreements there
has been significant heterogeneity in the methodology employed in different TNT studies.
Specifically, several potential moderators of the SIF effect have arisen in the recent literature and
there has not yet been a direct assessment of the exact, quantified, effect of many of these

variables. As such, the present thesis aims to explore several of these key moderators and the
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following section serves to briefly summarize some of the major factors explored in the
following meta-analysis. These key moderators include recall test type, no-think instruction,
target stimuli type, target stimulus emotional content, conditionalization of recall data and the
previously discussed number of repetitions during the think/no-think phase of the paradigm.
Recall Test Type

As discussed above, in the final test phase of the TNT paradigm participants recall
accuracy may be tested using the same cues they had studied earlier (SP test) or independent
cues related to the target (e.g., a category the word belongs to) that were not presented in any of
the previous experimental phases (IP test; Anderson & Green, 2001). The SP test was designed
to emulate the original method through which participants learn the stimuli pairs, providing the
same probe used in the initial learning phase as a prompt for recall. The IP test was proposed as a
method of studying the suppression of the target item independent of its relation to the reminder
cue (Anderson & Spellman, 1995; Anderson & Green, 2001; MacLeod, 2007). More
specifically, the IP testing method is thought to provide a measure of intentional retrieval
suppression of the target item while accounting for alternative explanations for the SIF effect,
namely interference. As the interference perspective commonly holds that SIF is the result of a
blocking effect disrupting the connection between the cue and target items (Hertel & Calcaterra,
2005; Joorman et al., 2009; Wang et al., 2015), changing the prompt for recall to a new item with
no previous connections theoretically allows for the testing of memory for the target exclusively.
While there is some concern as to whether IP memory tests are truly independent from the
original stimuli pair (see Huddleston & Anderson, 2012 for a review) as well as whether
interference can also explain cue-independent forgetting (Tomlinson et al., 2009), they play an

important role in furthering our understanding of how recall suppression acts to weaken memory
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strength by isolating its effect on the target stimuli.

Overall, IP tests are often characterized by a greater variability in recall performance
relative to SP tests due to the loss of context clues from using a new recall cue (Anderson &
Spellman, 1995). In the context of TNT specifically, IP testing commonly results in lower
overall accuracy of no-think, think and baseline items as a whole, resulting in a smaller but still
present SIF effect (e.g., Anderson & Huddleston, 2012; Anderson & Green, 2001; Noreen & de
Fockert, 2017). As such, it is expected that IP testing will produce a smaller and less reliable SIF
effect across the literature relative to SP tests.

No-think Instruction

As mentioned in the theoretical discussion of the TNT paradigm, another important
distinction that has arisen over time in the TNT literature is in the type of instruction given to
participants concerning how they should prevent no-think items from coming to mind during the
TNT phase. While the original paper by Anderson and Green (2001) did not provide a specific
strategy for participants to use, the previously discussed developments in the theoretical
underpinnings of retrieval suppression have led to two prevalent retrieval suppression strategies
which are prompted by specific instructions: (1) “thought substitution” instructions, in which
participants are told to suppress retrieval of the no-think response by blocking it out with another
thought (e.g., “when given Ordeal think of House instead of Roach”; Hertel & Calcaterra, 2005).
Participants may be given specific substitutes to use or left to generate their own; and (2) “direct
suppression” instructions, in which participants are told to directly suppress the no-think
response without replacing it with any other thoughts (e.g., Bergstrom et al., 2009). Based on the
theory surrounding these distinct sets of instructions it is possible that participants may engage in

unique mechanisms to prevent the retrieval of the target item depending on the instructions
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given. Specifically, those told to use thought substitution are promoting the creation of new
connections between the cue item and non-target items that later interfere with recall (Hertel &
Calcaterra, 2005; Joorman et al., 2009; Wang et al., 2015). Conversely, participants in the direct
suppression condition are specifically told not to use thought substitutes and thus are more likely
to engage in cognitive processes such as direct inhibition of the target item memory (Anderson &
Green, 2001).

As previously highlighted, both thought substitution and direct suppression instructions
are successful in producing SIF (Bergstrom et al, 2009; Hertel & Hayes, 2015; Hulbert et al.,
2016; Wang et al., 2015), suggesting that both types of instruction provide a valid method of
producing the effect. The relative strength of the SIF effect produced by the two methods of
instruction has received little attention in the existing literature and thus remains a significant
source of ambiguity in the TNT literature. For the purpose of the present thesis, it is expected
that participants who receive more specific instructions, meaning either thought substitution or
direct suppression, will have a better understanding of how to effectively suppress retrieval and
will demonstrate a larger SIF effect than those given generic or undifferentiated instructions. A
secondary area of interest is whether, when instructed to use thought substitution, participants
given substitute thoughts show greater SIF than those left to generate their own. As previous
research has demonstrated that participants may self-generate substitutes which are insufficiently
related to the cue (Hertel & Calcaterra, 2005), it was expected that participants who are given
substitutes to use would demonstrate a stronger SIF effect than those who were not.

Repetitions of Stimuli in the Think/No-Think Phase
In their seminal article, Anderson and Green (2001) implied that retrieval suppression

may be a cumulative process which becomes successively stronger with each no-think trial
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during the think/no-think phase. Expanding on this initial assumption, several studies have
included multiple levels of repetitions in their analysis ranging from 2 (e.g., Hertel & Calcaterra,
2005) up to as many as 20 repetitions of no-think items (e.g., Lambert et al., 2010). Across these
studies it has consistently been demonstrated that the SIF effect does increase as the number of
repetitions increases, allowing for the general conclusion that intentional forgetting is more
successful given an increased opportunity to engage in it (Depue et al, 2006). Overall, these
findings support the assumption that retrieval suppression is something that takes a considerable
amount of effort to achieve or that the effect is additive, and that each suppression trial further
diminishes the probability of that item being accessible later on. The present thesis seeks to
provide a more comprehensive examination of the effect of repetition on SIF across studies,
expecting that the previous results would replicate, and that the SIF effect would increase with
repetition across the entire range.
Stimulus Type

The TNT paradigm has been used to study retrieval suppression across a variety of
stimulus types, including variations in the cues and targets. Cue type has largely varied less than
target type across studies due to the primary focus being on the item to be suppressed. However,
there are studies which have used faces (e.g., Depue et al., 2006; Hanslmayr et al, 2010; Dieler,
2011) or photos of objects (e.g., Catarino et al., 2015; Nemeth et al., 2014; Sakakki et al, 2014)
as the cue as opposed to words. The rationale behind this choice varies between studies but
typically includes a desire to test the boundary conditions of the SIF effect, namely whether it
can occur for stimuli besides words. Overall, when either faces or objects are used as the cue the
TNT paradigm typically demonstrates the same SIF effect as when words are used, with similar

variability in the strength of the effect observed across studies as observed with words. For
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example, Dieler (2011) used faces as the cue for several experiments and found that there was no
SIF effect in some cases while in others there was a reversal of the typical effect with improved
recall of no-think items. Contrarily, Chen et al. (2012) found a SIF effect across multiple studies
while also using faces as stimuli. Studies using objects likewise at times demonstrate no SIF
effect (Nemeth et al., 2014) while at others demonstrate a SIF effect (Legrand et al., 2018).
Looking at the variation in target type, the majority of studies use words as the target, but
alternatives include objects (e.g., De Vito & Fenske, 2017; Chen et al., 2012), scenes (e.g.,
Davison et al., 2020; Depue et al., 2007) and personal memories chosen by the participants based
on associations with a cue word (e.g., Noreen & Macleod, 2013; Noreen et al., 2016). In terms of
the results, personal memories typically produce the SIF effect (Noreen & Macleod, 2013;
Noreen et al., 2016). Using objects as the target can produce a SIF effect ranging from a small
decrease in recall accuracy (De Vito & Fenske, 2017) up to a relatively larger decrease (Chen et
al., 2012). Finally, studies using scenes as the target can produce a SIF effect (Depue et al.,
2007) or a reversal of the typical effect with increased recall of no-think items (Dieler, 2011).
Based solely on general research examining how the encoding and recall of various types
of stimuli can differ (Roediger, 1990), it is logical to question if retrieval suppression will also
vary along the same parameters. However, based on the heterogeneity of the effect observed
across studies in the current literature it is unlikely that the effect differs from what is observed
when words are used as the cue and target stimuli. As such, it was predicted that cue and target
type would have no effect on SIF, meaning that studies using non-word cues or targets would not
demonstrate a different effect than those using words.
Stimulus Emotional Content

The emotional content of the chosen stimuli utilized as cues and targets can also vary
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between studies. Most studies examining emotional content have primarily focused on the effect
of negative stimuli on clinical populations including major depressive disorder (MDD),
generalized anxiety disorder (GAD) or post-traumatic stress disorder (PTSD; Joorman et al.,
2009; Marzi et al., 2014; Streb et al., 2016). However, some studies have examined the effect of
emotional content on SIF in more general populations. Examining the cue emotional content
first, studies have examined the effect of negatively associated cues and have demonstrated both
no SIF effect (Herbert & Sutterlin, 2012) and a SIF effect (Benoit et al., 2016). Studies with cues
of mixed emotional content (i.e., a combination of positive, neutral, and negative) demonstrate a
similar inconsistency, ranging from a reversal of the SIF effect to a SIF effect across different
experiments (Lambert et al., 2010). While this pattern is based on a small number of studies it
does indicate a similar overall SIF effect as observed in neutral stimuli.

Examining the emotional content of the target, there is a relatively larger number of
studies that have included non-neutral stimuli. Negative stimuli are by far the most used targets
of the non-neutral stimuli and they can result in a reversal of the SIF effect (Davidson et al.,
2020) as well as a SIF effect (Depue et al., 2007; Legrand et al., 2018). Mixed targets represent a
much smaller group of studies which produce a SIF effect (Dieler et al., 2010; Noreen et al.,
2016). Finally, positive targets make up the smallest group of studies and demonstrate a SIF
effect (Noreen & Macleod, 2013) or a lack of the SIF effect (Ryckman et al., 2018).

The emotional content of stimuli and the resulting recall of said stimuli are commonly
linked together in theoretical perspectives, with many theorists proposing that emotional
memories, particularly negative memories, are more deeply encoded and thus easier to
remember. From this, it logically follows that these emotional memories would be more difficult

to suppress or avoid thinking about, and thus emotional stimuli would reduce the SIF effect
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observed in the TNT paradigm. In support of this, research has demonstrated that emotional
memories are commonly resilient to intentional forgetting using similar memory paradigms such
as item-method directed forgetting (Hall et al., 2021). Further, the TNT paradigm is thought to
be a laboratory analogue of everyday retrieval suppression and so it must be examined in all
emotional contexts which occur in day-to-day life. However, based on the heterogeneity of
effects it is difficult to differentiate the SIF effect between the two. As such, it was expected that
cue and target emotional content would have no effect, meaning the SIF effect produced by using
emotional stimuli as cues or targets, including positive, mixed or negative, would not vary much
from that produced by neutral stimuli.
Conditionalization

The final factor examined in the present thesis which may play a role in the inter-study
variability observed for the SIF effect is conditionalization of the data, meaning assessing solely
the data which meets a specific condition. One of the primary issues with interpreting the results
of a TNT study is the inability to differentiate between a failure to recall the target due to
successful suppression of retrieval and a failure to recall the target due to a previous failure to
successfully encode it. Essentially, you cannot supress the retrieval of information that was never
actually learned. One way to resolve this issue in by conditionalizing the recall data on the
success of initial learning, where only the recall accuracy of items successfully recalled in the
learning phase are included in the final analysis (e.g., Hanslmayr et al., 2010). Data including the
recall accuracy of items unsuccessfully learned in the learning phase are considered
unconditionalized. The purpose of this process is to reduce the amount of noise in the data by
only assessing the retrieval suppression of items that were possible to suppress. Theoretically,

this process should allow for a more accurate representation of the SIF effect but it has not yet
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been empirically examined. As it has been established previously that there is ambiguity
surrounding the strength of the true effect, this moderator may play a crucial role in furthering
our understanding of SIF. As conditionalization should theoretically reduce the effect of
unlearned stimuli it was expected that conditionalized data would demonstrate a larger SIF effect
than unconditionalized data across studies.

The Current Research

As described in the preceding sections, there is a great deal of ambiguity and variability
in our understanding of intentional forgetting in the TNT paradigm. The TNT paradigm and
resulting SIF effect are an important part of the modern cognitive literature as they play a key
role in our understanding of inhibitory control. More specifically, TNT has been used to establish
the foundations of retrieval suppression in both theoretical cognitive research (Anderson &
Hulbert., 2021) as well as more applied clinical studies (Catarino et al., 2015; Joorman et al.,
2005; Zhang et al., 2016). Additionally, the SIF effect has begun to be examined increasingly in
forensic research examining the possibility of criminals intentionally forgetting their memories
of a crime (Bergstrom et al., 2013; Hu et al., 2015). To ensure the accuracy of this research and
its potential real-world applications, it is critically important that we refine our understanding of
not only the exact magnitude of the SIF effect but also of the many factors that may moderate the
effect.

With that goal in mind, the primary aim of the present thesis was to conduct a
comprehensive meta-analysis of existing empirical research examining the SIF effect as
measured in general (i.e., non-clinical) samples. The present thesis seeks to provide a broader
view of the overall literature by including a greater number of studies and a more in-depth

analysis of key moderators than previous meta-analysis in the current literature. Overall, the
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present thesis seeks to examine several potential moderators of the SIF effect in an effort to
establish potential causes for the notable variability of the SIF effect in the existing literature. By
focusing on the key methodological factors outlined above, this meta-analysis aims to inform
further theoretical debates concerning the strength and robustness of the SIF effect.

The first analyses conducted were to determine the typical SIF effect observed across all
TNT studies. It was hypothesized that the typical SIF effect across all studies would range from a
small to moderate effect size. Further, it was hypothesized that SP and IP testing would both
produce the SIF effect, but that IP testing would result in more heterogeneity between studies
and produce a relatively smaller effect size than SP testing. Following this, each moderator was
examined separately to determine its influence on the SIF effect. To summarize the above, it was
hypothesized that (a) stimulus type and stimulus emotional content would have little to no effect
on the SIF effect; (b) conditionalization of the data would increase the magnitude of the SIF
effect; (c) both direct suppression and thought substitution instructions would increase the
magnitude of the SIF effect relative to no instructions; and (d) the magnitude of the SIF effect

would increase as the number of repetitions increased.

Method
Search Strategy
A search was conducted of the online resources PsycINFO, PubMed, PsychNet,
PsycArticles, Web of Science, ProQuest and Scopus using the Boolean search phrase:
(“think/nothink” OR “think/no-think” OR “think/no think” OR “think no think” OR “TNT” OR
“retrieval suppression” OR “suppression-induced forgetting” OR “suppression induced

forgetting” OR “SIF”’) AND (“memory” OR “recall” OR “recognition””) AND (“psychology” OR
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“neuroscience” OR “neuropsychology”). This search was conducted until May 2020, restricted
to English-language articles, and was supplemented by (a) studies which had cited either
Anderson and Green (2001) or Anderson and colleagues (2004) found using Web of Science; (b)
a review of reference sections of six major review papers on TNT (Anderson & Levy, 2007;
Anderson & Levy, 2009; Anderson & Huddleston, 2012; Anderson & Hanslmayr, 2014; Hu et
al., 2017; Levy & Anderson, 2008); (c) communication with researchers (including multiple
public social media posts as well as direct emails) who have conducted studies on TNT who may
have raw or unpublished data; and, (d) studies suggested for inclusion by experts in the field.
Inclusion Criteria

Articles reporting at least one estimate of SIF as measured by SP or IP testing within a
non-clinical, adult population were considered for inclusion. Articles were excluded if they 1)
used only clinical samples; 2) reported no experimental data; 3) did not use the TNT task; 4)
used only child and adolescent (mean age < 17) or older adult samples (mean age > 40)'; 5) had
fewer than ten participants?; 6) failed to report critical aspects of the TNT paradigm (cue-target
pairs, no-think phase, baseline items, within-subjects design)?; or, 6) did not have a final explicit
memory test.
Article Screening and Selection

Duplicates (i.e., studies found in multiple databases) were identified primarily through

the use of the systematic review tool Covidence supplemented by a manual review of the studies

" The criteria for older adults was based on research demonstrating that decreases in cognitive control of memory
can begin at approximately 40 years of age (Salthouse, 2009).

2 This was chosen in an effort to avoid studies containing “small study effects” wherein smaller studies report larger
effect sizes and may overestimate the true effect size (Sterne et al., 2000). Remaining biases caused by small sample
size were partly accounted for by standardizing the results, weighting the results based on variability. Importantly,
including this criterion served to make the resulting estimates of SIF, if anything, more conservative.

3 Authors were contacted whenever possible to determine if the missing information was collected but not included
in the published paper.
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identified by the initial literature search. Following this, the abstracts of all remaining studies
were screened for relevance by determining if they contained a mention of SIF, TNT, memory,
suppression, forgetting or other relevant topics described in the initial Boolean search phrase.
Finally, a full text review was conducted on the remaining studies to determine if they met the
above inclusion criteria. This process was completed by at least two team members for each
study as well as consultation with my supervisor.
Data Extraction

Coding of each of the included articles was completed in consultation with my supervisor
and all coding decisions were documented and discussed until a consensus emerged.
Specifically, each study was coded by at least two team members and conflicts in coding were
resolved via discussion. Coding focused on the recall accuracy reported in the baseline, think and
no-think conditions of each experiment. In addition, the demographic information of the
participant samples of each study and moderators proposed to be of theoretical importance
within the TNT paradigm were also coded. These moderators included test type (IP, SP), number
of repetitions in the TNT phase, no-think instructions (direct suppression, thought substitution,
undifferentiated), target stimuli type (word, face, object, scene), target stimulus emotional
content (positive, negative, neutral, mixed) and conditionalization of the data (conditionalized or
unconditionalized).
Effect Size Calculation

Effect sizes were calculated as standardized mean change (SMC) via the escalc function
of the metafor package (Viechtbauer, 2010) in R 3.6.3 (R Core Team, 2020). Standardization
was completed using the raw score standardization method as seen in (1) and (2) (SMCR;

Becker, 1988) within the escalc function.
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Mean differences were calculated between mean percentage of target items recalled in
experimental (no-think) and baseline conditions to assess the SIF effect. Standard deviation of
the no-think condition was used for standardization in (1) due to the assumption that standard
deviation of the baseline would be artificially lowered by ceiling effects which are more likely to
occur in the baseline condition.* Both standard deviation and the correlation between conditions
were required for these calculations. Whenever possible these values were taken directly from
the published study or calculated from other reported values (standard error, confidence
intervals, t-scores). In the cases where this was not possible and we were unable to contact the
authors for clarification, the values were imputed as the average of the standard deviations or
correlations available for that condition. Separate effect sizes were calculated for IP and SP tests.
Modelling Method

Following the calculation of the effect sizes, a series of Bayesian random- and mixed-
effects models were generated using the brms 2.13.5 (Burkner, 2017, 2018) package in R 3.6.3
(R Core Team, 2020). Two initial models were fit to determine the average SIF effect across all

studies for IP and SP tests, respectively. Following this, a series of moderator models were fit to

4 Ceiling effects, defined in the present case as studies with accuracy in one or more conditions at or near 100%,
artificially lower the standard deviation of the relevant condition, potentially inflating the estimated effect. A
supplementary analysis confirmed the assumption that this would negatively impact my statistical models as using
the baseline standard deviation caused several effects to increase substantially relative to the unstandardized mean
difference or standardized mean difference using the no-think standard deviation, becoming outliers. Importantly,
standardizing via the no-think condition served only to make our estimates, if anything, more conservative.
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assess the effect of the previously described moderators on the SIF effect. These models were
considered multi-level because they included random intercepts reflecting variation across
studies as well as variation across samples within a given study. This approach allowed us to
assume that there was some amount of variability in the effect across each study or sample which
is presumably caused by heterogeneity in the methodology of the included studies. This is
especially important for paradigms such as TNT which, as previously described, demonstrate
significant heterogeneity in methods throughout the literature. In addition to estimating
variability attributable to differences across samples and articles, this approach also estimates the
average effect from a typical sample or article. Overall, this allows an assessment of not only the
aggregate effect but also the amount of heterogeneity between different studies, which can then
be further examined and explained using additional moderator models.

Each model was run using 4 chains with 30,000 iterations included. Each chain
represented an independent version of the model, resulting in a total of 120,000 iterations. The
first 15,000 iterations of each of the chains were considered as a warm-up period where the
model calibrated itself and as such a total of 60,000 iterations were removed. The remaining
iterations served as the posterior distribution of the model. Separate models were fit for each of
the moderators described above to independently assess their effect on SIF. Models were fit and
evaluated for convergence by ensuring R-hat was less than 1.01 (Gelman & Hill, 2007).

The priors utilized in these models were mildly informed through consultation with
experts, including my supervisor, as reasonable assumptions made in consideration of the
existing TNT literature. When comparing the magnitude of suppression-induced forgetting
within a given study my prior expectations relating to the intercept of each model assumed that

the average effect size in a typical sample should range between -1 and 1. I further assumed the
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standard deviation pertaining to random effects should range between -0.5 and 0.5 from the
mean; this broadly permits the “true” effect size within any given sample to vary anywhere from
-2 to 2 from the mean. Our prior for slopes within the moderator models were represented by a
normal distribution centred at 0 with a standard deviation of 0.5.

Heterogeneity was quantified within each of our non-moderator models using prediction
intervals (IntHoult et al., 2016), which reflect the range of probable “true” effects that would be
expected should a new study be conducted like those included in the analysis. This allows us to
address the true range of SIF effects reported in the current literature and reduce the previously
described ambiguity surrounding the effect. /> was not reported as it has been shown to be
interpreted inconsistently in the literature and is a less accurate representation of heterogeneity
relative to alternatives such as prediction intervals (Borenstein et al., 2017). For each moderator,
Bayesian p-values were calculated reflecting our confidence in the direction of the observed
effect (e.g., a value of .95 pertaining to a positive effect would indicate that we are 95%

confident that the effect is positive).

Results
Description of Studies
A flowchart detailing the search procedure and reasons for exclusions is provided in
Figure 2. In total, 1495 studies were identified using the methods described above and after
screening for duplicates (n = 577) and relevance to TNT (n = 667) a total of 251 studies were
assessed for eligibility using full text review. After applying the inclusion criteria there was a

final sample of 69 published studies and 13 unpublished studies for a total of 82 studies included,
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representing 106 independent effects. Study characteristics are summarized in Table 1. Included
studies are noted by an * in the reference section.
Figure 2

Meta-Analysis Inclusion Flowchart

Studies identified using PsycINFO,

PubMed, PsychNet, ProQuest,

Scopus, Web of Science, —> Duplicates removed (n = 577)
PsycArticles and review papers
(n=1495)
Yy
Abstracts reviewed > Excluded as not relevant
(n=918) (n=667)
A\ 4
Full-text articles Full-text exclusions (n = 187)
assesse(d forzglllsglblhty "| * did not use the TNT paradigm (1 = 66)
n =

* review paper or meta-analysis (n = 55)

* clinical sample (n = 29)

Studies * child sample (n = 1)
identified * =
elderly sample (n = 1)
through N
correspondence * implicit final recall test (n = 7)
with eiiperts * data included in another paper (n = 5)
an
unpublished * failed to report all statistics (n = 11)
data * not available in English (7 = 2)
(n=18)

* no access to paper (n =2)

* did not test for recall (n = 8)

A\ 4

Memory suppression studies using
the Think/No-think paradigm
(n=282)
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Table 1

Study Characteristics

Paper S ti?nlilelus Cueclf)rlilt(;tl:;)nal Szzﬁf;s Targgtolillil(:)l:wnal Instruction Repetitions Test Type  Conditionalization
Alvez (2020)* Word Neutral Word Neutral DS 8 SP Both
Anderson & Green (2001; E1) Word Neutral Word Neutral UD 1,8,16 SP, IP Unconditionalized
Anderson & Green (2001; E2) Word Neutral Word Neutral UD 1,8, 16 SP, IP Unconditionalized
Anderson & Green (2001; E3) Word Neutral Word Neutral UuD 1,8,16 SP, IP Unconditionalized
Anderson et al. (2004) Word Neutral Word Neutral UuD 16 SP, IP Conditionalized
Anderson et al. (2011; E1) Word Neutral Word Neutral UD 1,8, 16 SP, IP Unconditionalized
Anderson et al. (2011; E2) Word Neutral Word Neutral UuD 1,8,16 SP, IP Unconditionalized
Attuquayefio et al. (2016) Word Neutral Word Neutral UuD 7 SP Unconditionalized
Bell (2005; E1) Word Neutral Word Neutral DS 1,16 SP, IP Unconditionalized
Bell (2005; E2) Word Neutral Word Neutral DS 16 SP, IP Unconditionalized
Benoit & Anderson (2012) Word Neutral Word Neutral TS, DS 12 SP, IP Conditionalized
Benoit et al. (2016; E1) Word Negative Word Negative DS 12 SP Unconditionalized
Benoit et al. (2016; E2) Word Negative Word Negative DS 12 SP Unconditionalized
Bergstrom (2020)* Word Neutral Word Neutral TS, DS 16 SP, IP Conditionalized
Bergstrom et al. (2007) Word Neutral Word Neutral UuD 16 SP Conditionalized
Bergstrom et al. (2009) Word Neutral Word Neutral TS, DS 16 SP, IP Conditionalized
Bulevich et al. (2006; E1) Word Neutral Word Neutral UD 1,8, 16 SP, IP Unconditionalized
Bulevich et al. (2006; E2) Word Neutral Word Neutral UD 1,8, 16 SP, IP Unconditionalized
Bulevich et al. (2006; E3) Word Neutral Word Neutral UD 1,8,16 SP, IP Unconditionalized
Cano & Knight (2016) Word Neutral Word Neutral DS 18 SP, IP Conditionalized
Castiglione et al. (2019) Word Neutral Word Neutral DS 12 SP, 1P Both
Catarino et al (2015)* Word Neutral Word Neutral DS 8 SP, IP Both
Catarino et al. (2015) Object Neutral Scene Negative DS 10 SP Unconditionalized
Chen et al. (2012) Face Neutral Object Neutral, Negative DS 10 SP Unconditionalized
Davidson et al. (2020) Word Neutral Scene Neutral, Negative DS 10 SP Unconditionalized
De Vito & Fenske (2017; E1) Word Neutral Word Neutral UD 16 SP Unconditionalized
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De Vito & Fenske (2017; E2)
De Vito & Fenske (2017; E3)
del Prete et al. (2015; E1)
del Prete et al. (2015; E2)
Depue et al. (2006; E1)
Depue et al. (2006; E2)
Depue et al. (2007)
Depue et al. (2013)
Depue et al. (2015)
Dieler (2011; E1)
Dieler (2011; E2)
Dieler (2011; E3)
Dieler et al. (2010)
Fawcett et al. (2015)
Fischer et al. (2011; E1)
Gilchrist (2005)

Gillie et al. (2014)

Guo (2015)*
Hanslmayr et al. (2009; E1)
Hanslmayr et al. (2009; E2)
Hanslmayr et al. (2010)
Hellerstedt et al. (2016)
Herbert & Sutterlin (2012)
Hertel & Calcaterra (2005)
Hertel & Hayes (2015; E1)
Hertel & Hayes (2015; E2)
Hotta & Kawaguchi (2009)
Hulbert & Anderson (2018; E1)
Hulbert & Anderson (2018; E2)
Keresztes (2011)*
Klein (2014)

Kiipper et al. (2014)

Word
Word
Word
Word
Face
Face
Face
Face
Face
Word
Face
Face
Word
Word
Word
Word
Word
Word
Face
Face
Face
Word
Word
Word
Word
Word
Word
Word
Word
Word
Face
Object

Neutral
Neutral
Neutral
Neutral
Neutral
Neutral
Neutral
Neutral
Neutral
Neutral
Mixed
Neutral, Negative
Mixed
Neutral
Neutral
Neutral
Neutral
Neutral
Neutral
Neutral
Neutral
Neutral
Negative
Neutral
Negative
Negative
Neutral
Neutral
Neutral
Neutral
Neutral
Neutral

Word
Object
Word
Word
Word
Scene
Scene
Scene
Scene
Word
Scene
Scene
Word
Word
Word
Word
Word
Word
Word
Word
Word
Word
Word
Word
Word
Word
Word
Word
Word
Word
Word
Scene

Neutral
Neutral
Neutral
Neutral
Neutral, Negative
Neutral, Negative
Negative
Negative
Neutral
Neutral
Neutral
Neutral
Mixed
Neutral
Neutral
Neutral
Neutral
Neutral
Neutral
Neutral
Neutral
Neutral
Negative
Neutral
Negative
Negative
Neutral
Mixed
Mixed
Neutral
Neutral
Negative

UD
UD
TS
TS
UD
UD
UD
UD
UD
UD
UD
UD
UD
DS
UD
UD
UD
UD
DS
DS
DS
UD
UD

UD, TS

TS, DS
DS
UD
UD
UD
UD
DS
DS

16
10
12
12
5,10
5,10
12
12
12

12
12

12
1,8, 16
16
16

10

10

2,12
16
16

4,12
1,16
1,16

1,8, 16
10
10

SP
SP
SP, IP
SP, IP
SP
SP
SP
SP
SP
SP
SP
SP
SP
SP
SP
SP
SP, IP
SP, IP
SP
SP
SP
SP
SP
SP
SP
SP
SP
SP, IP
SP, IP
SP, IP
IP
SP

Unconditionalized
Unconditionalized
Conditionalized
Both
Unconditionalized
Unconditionalized
Unconditionalized
Conditionalized
Unconditionalized
Unconditionalized
Both
Unconditionalized
Unconditionalized
Both
Unconditionalized
Unconditionalized
Unconditionalized
Both
Conditionalized
Conditionalized
Both
Conditionalized
Unconditionalized
Unconditionalized
Conditionalized
Conditionalized
Conditionalized
Conditionalized
Conditionalized
Unconditionalized
Unconditionalized

Conditionalized
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Lambert et al. (2010; E1)
Lambert et al. (2010; E2)
Lee et al. (2007; E3)
Legrand et al. (2018; E1)
Legrand et al. (2018; E2)
LeMoult et al. (2010)
Levy & Anderson (2012)
Liu et al. (2016; E1)
Liu et al. (2016; E2)
Liu et al. (2016; E3)
Mecklinger et al. (2009)
Meier et al. (2011; E1)
Meier et al. (2011; E2)
Murray et al. (2015; E1)
Murray et al. (2015; E2)
Nemeth et al. (2014)
Nerby et al. (2010)
Noreen & de Fockert (2017; E1)
Noreen & de Fockert (2017; E2)
Noreen & MacLeod (2013)
Noreen et al. (2016)
Paz-Alonso et al. (2009)
Paz-Alonso et al. (2013)
Raaijmakers (2020)*
Racsmany et al. (2012; E1)
Racsmany et al. (2012; E3)
Ryckman et al. (2018)
Sacchet et al. (2017)
Sakaki et al. (2014)
Salamé & Danion (2007)
Schmitz et al. (2017)
Storm et al (2007)*

Word
Word
Word
Object
Object
Word
Word
Face
Face
Face
Word
Word
Word
Word
Word
Object
Word
Word
Word
Word
Word
Word
Word
Word
Word
Word
Word
Word
Object
Word
Word
Word

Mixed

Mixed

Neutral
Neutral
Neutral
Neutral
Neutral
Neutral
Neutral
Neutral
Neutral
Neutral
Neutral
Neutral
Neutral
Neutral
Neutral
Neutral
Neutral
Neutral
Neutral
Neutral
Neutral
Neutral
Neutral
Neutral
Neutral
Neutral
Neutral
Neutral
Neutral
Neutral

Word
Word
Word
Scene
Scene
Word
Word
Scene
Scene
Scene
Word
Word
Word
Word
Word
Word
Word
Word
Word
Memory
Memory
Word
Word
Word
Word
Word
Word
Word
Scene
Word
Word
Word

Neutral
Neutral
Neutral
Neutral, Negative
Neutral, Negative
Negative
Neutral
Negative
Negative
Neutral
Neutral
Neutral
Neutral
Neutral, Negative
Neutral, Negative
Neutral
Neutral, Negative
Neutral
Neutral
Positive, Negative
Mixed
Neutral
Neutral
Neutral
Neutral
Neutral
Positive, Negative
Neutral, Negative
Neutral, Negative
Neutral
Neutral
Neutral

UD
TS
UD
DS
DS
TS
UD
DS
DS
DS
UD
UD

UD, TS
UD
DS
UD
UD
DS
DS
UD

TS, DS
UD
UD
UD
UD
TS
UD
UD
UD
UD
DS
DS

4,16
20
8,16

12
12

16
10
10
10
10

8, 16
16
16
16
12
15
15

4,12

16

12

1,8,16

1,8, 16

SP
SP, IP
SP
SP
SP
SP
SP, IP
SP
SP
SP
SP, IP
SP
SP
SP, IP
SP, IP
SP
SP
SP, IP
SP, IP
SP
SP
SP, IP
SP
SP
SP
SP
SP
SP, IP
SP
SP, IP
SP
SP, IP

Unconditionalized
Unconditionalized
Unconditionalized
Unconditionalized
Unconditionalized
Unconditionalized
Conditionalized
Conditionalized
Conditionalized
Conditionalized
Conditionalized
Unconditionalized
Unconditionalized
Conditionalized
Conditionalized
Unconditionalized
Unconditionalized
Unconditionalized
Unconditionalized
Conditionalized
Unconditionalized
Unconditionalized
Unconditionalized
Unconditionalized
Unconditionalized
Unconditionalized
Unconditionalized
Conditionalized
Unconditionalized
Unconditionalized
Unconditionalized

Unconditionalized
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Streb et al. (2016)
Todorovic (2015)*
Todorovic (2016)*
Todorovic (2020)*
Tramoni et al. (2009)
van Schie & Anderson (2017)
van Schie et al. (2013)
Vicente (2015)*
Waldhauser et al. (2011)
Wang et al. (2015)
Wessel (2020)*
Wessel et al. (2010)
Zhu & Wang (2020)
Wang (2020)*
Yuan et al. (2018)
Zhang et al. (2020)

Word
Word
Word
Word
Word
Word
Word
Word
Word
Word
Word
Word
Word
Word
Word
Word

Neutral
Neutral
Neutral
Neutral
Neutral
Neutral
Neutral, Negative
Neutral
Neutral
Neutral
Neutral
Neutral
Neutral
Neutral
Neutral
Neutral

Word
Word
Word
Word
Word
Word
Word
Word
Word
Word
Word
Word
Word
Word
Word
Object

Neutral
Neutral
Neutral
Neutral
Neutral
Neutral
Neutral, Negative
Neutral
Neutral
Neutral
Neutral
Neutral
Neutral
Neutral
Neutral
Neutral

DS
UD
UD
UD, DS
UD
DS
DS
UD
UD
TS, DS
UD
UD
UD
DS
DS
DS

10

1,8, 16
1,8,16
12
12
12
12

SP
SP
SP
SP
SP, IP
SP, IP
SP
SP, IP
SP
SP, IP
SP, IP
SP, IP
SP, IP
SP, IP
SP, IP
SP

Both
Unconditionalized
Unconditionalized

Both
Unconditionalized

Conditionalized
Conditionalized

Both
Unconditionalized
Unconditionalized
Unconditionalized
Unconditionalized
Unconditionalized
Unconditionalized

Conditionalized

Conditionalized

Note. Unpublished studies are indicated with an asterisk. Cue Stimuli = type of stimuli used as a cue; Cue Emotional content = emotional rating of the cue, mixed

indicates an unspecified combination of emotional content; Target Stimuli = type of stimuli used as a target; Target Emotional content = emotional rating of the

target, mixed indicates an unspecified combination of emotional content; Instruction = type of extra instruction given to participants during the think/no-think

phase, TS = thought substitution, DS = direct suppression, UD = undifferentiated which indicates no additional instructions were given beyond avoiding thought

of the target stimuli; Repetitions = all levels of repetitions at which the study reported accuracy; Recall Test Type = which type of tests were used to assess recall

accuracy, same probe (SP) or independent probe (IP); Conditionalization = whether the reported accuracies included stimuli that were not learned in the learning

phase (unconditionalized) or did not include them (conditionalized), both indicates that the study reported accuracy for the two methods separately.
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Unconditionalized Data

The initial analyses focused on estimating the magnitude of the SIF effect in studies
reporting unconditionalized data. As shown in Figure 3, analyses were further broken down by
test type (SP, IP). Specifically, due to the lack of context cues provided by changing the cue
stimuli, IP tests can result in lower recall performance for both experimental and baseline items
relative to SP tests. As such, it is important to analyse the two testing methods separately in order
to avoid artificially obscuring the SIF effect observed across studies which utilize either method.
Additionally, as summarized above it has been suggested that the two testing methods may
produce results reflecting unique combinations of processes behind the SIF effect which may be
useful in further informing theoretical perspectives surrounding TNT.

Analysis of the SP data revealed a small aggregate SIF effect, SMC = 0.29, Close, [0.24,
0.34], with broad heterogeneity in effect size across studies as evidenced by the prediction
interval, Ploso; [-0.06, 0.61]. Analysis of the IP data demonstrated a similar aggregate SIF effect,
SMC = 0.24, Closy, [0.13, 0.35], with broader heterogeneity across studies as evidenced by the
prediction intervals, Ploso; [-0.20, 0.79]. As the prediction interval for the SP data included small
negative values it can be stated that while most studies using methods similar to those included
in the present analysis may be expected to demonstrate decreased recall of no-think items, it is
also possible that a small portion of studies may observe roughly no effect or even a very slight
improvement in recall accuracy depending on their methods. Comparatively, the IP data
demonstrated greater heterogeneity in effect size across studies, indicating that a portion of
studies using similar methods may show improved recall of the no-think items at test depending

on their chosen methods.
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Figure 3.
Magnitude of SIF for Unconditionalized Data Produced by IP and SP Tests as a Function of

Instruction Given to Participants
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Moderators

The heterogeneity observed across studies using SP and IP testing was further analysed
using moderator analyses. The overall effect of each moderator is summarized in Table 2. An
insufficient number (fewer than 3) of studies were available to analyse the effects of thought
substitution instruction, stimuli type and stimulus emotional content in the IP data with reliable
accuracy.

No-Think Instruction. As shown in Figure 4, for studies using SP testing both direct
suppression and thought substitution instructions were related to a large increase in SIF relative
to undifferentiated instructions. Contrary to this finding, for studies using IP testing the effect of
no-think instruction was reversed as direct suppression instructions were related to similar effect
sizes as undifferentiated instructions while thought substitution instructions were related to a
large decrease in SIF effect relative to undifferentiated instructions. A series of follow-up
analyses were conducted to further differentiate the instruction methods in the SP data. First, an
analysis comparing direct suppression and thought substitution methodologies indicated a non-
credible trend of thought substitution instructions producing a greater SIF effect (difference =
0.09 [-0.03, 0.21]) with 88% confidence in the direction of the relationship. For thought
substitution, it was determined that two distinct patterns of methods existed; participants were
either given substitutes to use or left to generate their own. A further analysis found that studies
which gave their participants thought substitutes to use demonstrated a larger SIF effect than
those who did not (see Figure 5). Overall, while there was insufficient evidence to conclusively
differentiate thought substitution and direct suppression, the results suggested that the inclusion
of any instruction strengthens the resulting SIF effect measured by SP testing relative to

undifferentiated instructions. This was further supported by a final follow-up analysis which
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demonstrated that studies which included either type of instruction produced greater SIF effects

than undifferentiated instructions, (difference = 0.16 [0.08, 0.24]) with 100% confidence in the

direction of the relationship.

Table 2.
Effect of Moderators on the Magnitude of SIF for Same Probe and Independent Probe Tests
Moderator Studies Effects M Difference D
Same Probe Test
No-think Instruction

Undifferentiated 42 80 0.22 [0.16, 0.29]

Direct Suppression 23 45 0.36 [0.27, 0.45] 0.1310.03, 0.24] .99

Thought Substitution 10 18 0.4510.31, 0.58] 0.22[0.08, 0.36] 1.00
Substitution Instruction

Generate Substitutes 4 12 0.31[0.16, 0.49]

Given Substitutes 6 6 0.58 [0.38, 0.79] 0.27 [0.00, 0.52] .98
Repetitions 66 195 0.07 [0.04, 0.10] 1.00
Conditionalization

Unconditionalized 59 117 0.28 [0.23, 0.33]

Conditionalized 33 66 0.38 [0.30, 0.45] 0.10[0.01, 0.18] .99
Cue Type

Words 56 118 0.2910.23, 0.35]

Other 11 25 0.27[0.14, 0.41] -0.02 [-0.16, 0.12] .61
Target Type

Words 56 111 0.2910.23, 0.34]

Other 13 32 0.31[0.19, 0.42] 0.02 [-0.10, 0.15] .64
Cue Emotional Content

Neutral 61 130 0.30[0.24, 0.35]

Emotional 6 13 0.18 [0.02, 0.35] -0.11 [-0.29, 0.06] .90
Target Emotional Content

Neutral 56 111 0.28 [0.22, 0.33]

Emotional 18 32 0.34[0.24, 0.44] 0.06 [-0.05, 0.17] .88

Independent Probe Test
No-think Instruction

Undifferentiated 15 33 0.30[0.16, 0.45]

Direct Suppression 10 18 0.21 [0.04, 0.38] -0.10[-0.32, 0.13] .81

Thought Substitution 4 12 0.06 [-0.17, 0.30] -0.25[-0.51, 0.02] .97
Repetitions 27 96 0.04 [-0.01, 0.08] 93
Conditionalization

Unconditionalized 23 44 0.24[0.12, 0.35]

Conditionalized 17 39 0.3310.20, 0.46] 0.09 [-0.06, 0.24] .88

Note. Studies = the number of unique articles for each moderator or each level of the moderator; Effects = the number of observations for each
moderator or each level of the moderator; M = the aggregate estimate of SIF for each level of the moderator, in the case of continuous moderators
it indicates the slope, 95% confidence interval presented in brackets; Difference = difference in magnitude of SIF between levels of the
moderator, 95% confidence interval presented in brackets; p = Bayesian p-value reflecting confidence in the direction of the effect (e.g., p = .95

for a positive effect means 95% confidence that the effect is positive).
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suppression or thought substitution. Y-axis indicates the standardized mean change. Black circles
represent the aggregate effects drawn from the posterior distribution. X’s represent the empirical
estimates of the effects of individual studies. Error bars indicate 95% confidence intervals. Dotted line

indicates an effect size of 0 which is indicative of no SIF effect.
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Figure 5.

Effect of the Type of Thought Substitution Instruction on SIF for SP Testing.
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Note. X-axis indicates whether participants were given substitutes to use of told to come up with their
own. Y-axis indicates the standardized mean change. Black circles represent the aggregate effects drawn
from the posterior distribution. X’s represent the empirical estimates of the effects of individual studies.
Error bars indicate 95% confidence intervals. Dotted line indicates an effect size of 0 which is indicative

of no SIF effect.
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Number of Repetitions in the TNT Phase. As shown in Figure 6, there was a noticeable
positive relationship between SIF and the number of repetitions, as the SIF effect increased in
magnitude along with the number of repetitions. This relationship was also demonstrated in
studies using IP testing although the trend was weaker, with only 93% confidence that SIF
increased across repetitions, possibly due to there being far fewer effects for IP (27 studies) than
SP (66 studies) and greater variability across studies.

Stimuli Type. The effects of stimuli type for SP data are summarized in Figure 7.
Neither cue type nor target type were credibly associated with SIF, indicating that the TNT
paradigm can produce SIF using a variety of stimuli.

Stimulus Emotional content. The effects of stimulus emotional content for SP data are
summarized in Figure 7. There was a non-credible trend favouring a smaller SIF effect for
emotional cues relative to non-emotional cues; however, this finding was inconsistent across
studies as indicated by the broad confidence intervals of the difference, potentially due to there
being only six studies using emotional cues. Further research is needed before strong conclusions
can be drawn. Target emotional content had no credible relationship with SIF as the effect

produced by emotional targets was similar to that produced by non-emotional targets.
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Standardized Mean Change

Figure 6.
Effect of the Number of Repetitions of No-Think Items on SIF for SP and IP testing
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Note. X-axis indicates the number of repetitions of items during the TNT phase. Y-axis indicates the
standardized mean change. X’s represent the empirical estimates of the effects of individual studies. Line
indicates the regression line between repetitions and effect size. Shading around the lines indicates 95%

confidence intervals.
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Figure 7.

Effect of Stimuli Type and Emotional Content on SIF for SP Testing
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95% confidence intervals. Dotted line indicates an effect size of 0 which is indicative of no SIF effect. a) effect of

cue type on SIF; b) effect of target type on SIF; c) effect of cue emotional content on SIF; d) effect of target

emotional content on SIF
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Conditionalized Data

A summary of the individual studies and aggregate effects for the conditionalized data is
provided in Figure 8. Analysis of the conditionalized SP data revealed a small aggregate SIF
effect, SMC = 0.36, Clos, [0.30, 0.43], with broad heterogeneity in effect size across studies as
evidenced by the prediction interval, Plose; [0.13, 0.59]. However, the heterogeneity of the
conditionalized SP data was notably less than the unconditionalized SP data as indicated by the
fact that the prediction intervals did not include negative values. Analysis of the IP data
demonstrated a similar aggregate SIF effect, SMC = 0.36, Clos, [0.22, 0.50], but with broader
heterogeneity across studies as evidenced by the prediction intervals, Plose; [-0.06, 0.84], but still
also notably less than the unconditionalized IP data. From this, it can be stated that while the
average study using methods similar to those in the present analyses will demonstrate a decrease
in recall accuracy for no-think items, it is also possible that a small portion of studies may
demonstrate a smaller effect for SP studies or a very slight improvement in recall accuracy for IP

studies.
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Figure 8.
Magnitude of SIF for Conditionalized Data Produced by IP and SP Tests as a Function of

Instruction Given to Participants
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Moderators

Prior to examining the other moderators, we first compared the conditionalized and
unconditionalized data to determine the overall effect of conditionalization on SIF. As
summarized in Table 2, there was a trend of conditionalized data demonstrating a larger SIF
effect than unconditionalized data when the two were compared across testing methods. More
specifically, as shown in Figure 9 there was a trend in the SP data of conditionalization
increasing the resulting SIF effect, suggesting that it accounts for some amount of noise in the
data caused by unlearned items. While this trend was still noticeable in the IP data it was much
weaker, suggesting that the increased variability involved in the test type may negate some of the
benefits of conditionalization observed for studies using SP testing.

The effect of the remaining moderators on the conditionalized data are summarized in
Table 3. Overall, these analyses largely mirrored those observed in non-conditionalized data but
were less conclusive, potentially due to the lower number of studies included in the analyses.
There were insufficient studies to analyse the effect of thought substitution instruction in the SP

and IP data or the effect of stimuli type and cue emotional content in the IP data.
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Figure 9.

Effect of Conditionalization on SIF for SP and IP testing
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Note. X-axis indicates whether the data were conditionalized or unconditionalized. Y-axis indicates the
standardized mean change. Black circles represent the aggregate effects drawn from the posterior
distribution. X’s represent the empirical estimates of the effects of individual studies. Error bars indicate

95% confidence intervals. Dotted line indicates an effect size of 0 which is indicative of no SIF effect.
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Table 3

Effect of Moderators on the Magnitude of SIF for Conditionalized Data

Moderator Studies Effects M Difference P
Same Probe Test
No-think Instruction
Undifferentiated 14 22 0.30[0.18, 0.42]
Direct Suppression 20 34 0.38 [0.30, 0.48] 0.08 [-0.06, 0.24] .87
Thought Substitution 5 10 0.41[0.25, 0.59] 0.11[-0.09, 0.33] .84
Repetitions 33 69 0.00 [-0.05, 0.06] .56
Cue Type
Words 27 56 0.36[0.29, 0.43]
Other 6 10 0.35[0.19, 0.54] 0.00[-0.18, 0.19] .52
Target Type
Words 28 59 0.36[0.29, 0.43]
Other 5 7 0.37[0.18, 0.56] 0.01[-0.20, 0.21] .54
Cue Emotional Content
Neutral 31 59 0.37[0.30, 0.44]
Emotional 3 7 0.30[0.09, 0.50] -0.07 [-0.29, 0.14] 75
Target Emotional Content
Neutral 29 51 0.34[0.27, 0.42]
Emotional 8 15 0.43[0.30, 0.57] 0.09 [-0.06, 0.24] .88
Independent Probe Test
No-think Instruction
Undifferentiated 8 16 0.4210.23,0.61]
Direct Suppression 9 14 0.40[0.21, 0.58] -0.02 [-0.27, 0.23] .58
Thought Substitution 4 9 0.14 [-0.09, 0.38] -0.28 [-0.57, 0.01] 97
Repetitions 17 41 -0.02 [-0.10, 0.06] .68
Target Emotional Content
Neutral 16 34 0.37[0.22,0.51]
Emotional 3 5 0.30[-0.01, 0.61] -0.07 [-0.39, 0.25] .67

Note. Studies = the number of unique articles for each moderator or each level of the moderator; Effects = the number of

observations for each moderator or each level of the moderator; M = the mean estimate of SIF for each level of the

moderator, in the case of continuous moderators it indicates the slope, 95% confidence interval presented in

brackets; Difference = difference in magnitude of SIF between levels of the moderator, 95% confidence interval

presented in brackets; p = Bayesian p-value reflecting confidence in the direction of the effect (e.g., p = .95 for a

positive effect means 95% confidence that the effect is positive).



No-Think Instruction. As shown in Figure 10, for studies using SP testing both direct
suppression and thought substitution instructions demonstrated a non-credible trend favouring
larger SIF effects relative to undifferentiated instructions. Specifically, given that we were only
87% and 84% confident in the direction of the difference, respectively, further data is necessary
to draw firm conclusions. Comparing them directly, studies using direct suppression and thought
substitution instructions produce numerically similar effects (difference = 0.02 [-0.18, 0.13])
with only 59% confidence in the directionality of the relationship. Mirroring the findings
observed in unconditionalized data, for conditionalized studies using IP testing the effect of no-
think instruction was reversed as direct suppression and undifferentiated instructions were
related to similar effect sizes while thought substitution instructions were related to a large
decrease in SIF effect relative to undifferentiated instructions. While there was insufficient
evidence to conclusively differentiate thought substitution or direct suppression from
undifferentiated instructions in the conditionalized SP data, it was still possible that the inclusion
of any instruction strengthens the resulting SIF effect measured by SP testing relative to
undifferentiated instructions. A final follow-up analysis on the subject was inconclusive as it
demonstrated a non-credible trend that studies which included either type of instruction produced
greater SIF effects than undifferentiated instructions, (difference = 0.09 [-0.05, 0.23]) with only

89% confidence in the direction of the relationship.
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Figure 10.

Effect of Instruction on SIF for Conditionalized data with SP and IP Testing
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Number of Repetitions in the TNT Phase. Contrary to the unconditionalized data, in
the conditionalized data there was no effect of repetition on SIF for either SP or IP testing
methods. This may be partly due to the lower number of conditionalized studies, but it could also
indicate that conditionalizing the data removes some of the variability that increasing repetitions
may have accounted for in the unconditionalized data. As shown in Figure 11 the number of
repetitions had no effect on SIF effect size in SP data and had a negative relationship with SIF
effect in IP data but both trends were non-credible.

Stimuli Type. As shown in Figure 12, stimuli type did not influence the SIF effect for
conditionalized SP data. Similar to in the unconditionalized analysis, this may be due to a low
number of studies using non-word cues (6 studies) or targets (5 studies). From this, it can be
suggested based on the existing literature that stimuli type has no effect on SIF in conditionalized
data, meaning non-words produce similar SIF effects as words.

Stimulus Emotional content. As shown in Figure 12, stimulus emotional content had no
influence on the SIF effect for conditionalized data. Similar to stimuli type this may be due to the
low number of studies using emotional cues (3 studies) or targets (8 studies). Based on the
currently existing literature it can be suggested that stimulus emotional content has no effect on
SIF in conditionalized data, emotional stimuli produce similar SIF effects as neutral stimuli.
However, further research into both stimulus type and emotional content is clearly needed prior
to any firm conclusions being drawn. Contrary to in the unconditionalized data there was enough
conditionalized data to analyse the effect of target emotional content, but as shown in Figure 13

this model also demonstrated no difference between neutral and emotional stimuli.
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Figure 11.

Effect of the Number of Repetitions of No-Think Items on SIF for Conditionalized Data with SP

and IP testing
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Figure 12.

Effect of Stimuli Type and Emotional Content on SIF for Conditionalized Data with SP Testing
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Note. Y-axis indicates the standardized mean change. Black circles represent the aggregate effects drawn from the
posterior distribution. X’s represent the empirical estimates of the effects of individual studies. Error bars indicate
95% confidence intervals. Dotted line indicates an effect size of 0 which is indicative of no SIF effect. a) effect of
cue type on SIF; b) effect of target type on SIF; c¢) effect of cue emotional content on SIF; d) effect of target

emotional content on SIF
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Figure 13.

Effect of Target Emotional Content on SIF for Conditionalized Data with IP Testing
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Publication Bias

While our analysis provides evidence of a SIF effect across all conditions, there remains
the possibility that the magnitude of these effects might be driven in part by publication bias.
This can occur when non-supportive findings (particularly those with relatively smaller sample
sizes) are less likely to be published than supportive findings (Sutton, 2009). To evaluate this
possibility, a series of regression tests were completed using the scaled standard error or sample
size as a moderator, a reliable method for detecting publication bias in combination with funnel
plots similar to those known as the Egger’s test and Macaskill’s method, respectively (Hayashino
et al., 2005; Shi et al., 2017). The analyses of sample size were included in order to account for
the possibility that ceiling effects may influence the results of analysis examining standard error.
This was conducted separately for each combination of test type (SP, IP) and conditionalization
method (conditionalized, unconditionalized).

As shown in Table 4, two of the possible eight tests demonstrated credible evidence of a
relation between standard error or sample size and the aggregate effect while an additional two
tests showed a non-credible trend. As shown in Figure 14 and Figure 15, standard error but not
sample size credibly predicted the magnitude of SIF in the unconditionalized SP data while
standard error but not sample size credibly predicted the magnitude of SIF in the
unconditionalized SP data indicating a tendency for imprecise and supportive studies to be
published at a greater rate than imprecise non-supportive studies. However, the failure to
replicate this tendency in models examining sample size would indicate that this bias does not
extend to studies with solely smaller samples. Importantly, there was less evidence of publication
bias in the conditionalized data which also demonstrated a SIF effect. Neither standard error nor

sample size credibly predicted the magnitude of SIF in either the conditionalized SP or IP data.
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Table 4

Results of the Publication Bias Analyses for all Test Types and Conditionalization Methods

Standard Error Sample Size
Data B Clos, )4 B Clos, )4
SP, Conditionalized 0.04 -0.02, 0.12 .89 0.02 -0.03, 0.07 81
IP, Conditionalized 0.09 -0.03, 0.22 .94 0.01 -0.10, 0.12 .59
SP, Unconditionalized  0.11 0.06, 0.17 1.00 -0.03 -0.08, 0.01 93
IP, Unconditionalized 0.12 0.01,0.24 .99 -0.01 -0.11, 0.08 .61

Note. Data = the test type (same probe, independent probe) and conditionalization (conditionalized,
unconditionalized) of data included in the analysis; B = the slope of the relationship between standard error or
sample size and effect size, small sample effects are supported by positive slopes for standard error and negative
slopes for sample size; p = Bayesian p-value reflecting confidence in the direction of the effect (e.g., p = .95 for a

positive effect means 95% confidence that the effect is positive).
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Figure 15.

Difference in the SIF Effect Size as a Function of Test Type (SP, IP), Conditionalization

(Conditionalized, Unconditionalized), and Sample Size.
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Discussion

The current study sought to address ambiguity surrounding the SIF effect (as measured
by the Think/No-Think paradigm) by (a) providing a meta-analytic synthesis of its magnitude
and (b) quantifying the impact of several theoretically and methodologically motivated
moderators. The former goal was driven in part by inconsistencies in the existing literature,
where studies have found both a SIF effect on recall accuracy (e.g., Anderson & Green, 2001)
and no SIF effect (e.g., Bulevich et al., 2006), leading some theorists to question the robustness
of the effect (e.g., Otgaar et al., 2019; Raaijmakers & Jakab, 2013). Additionally, clarifying the
magnitude of the SIF effect has important implications, as the TNT paradigm is increasingly
employed to understand clinical disorders (e.g., Catarino et al., 2015; Zhang et al., 2016) and
forensic applications (e.g., Bergstrom et al., 2013; Hu et al., 2015). Present models suggest SIF
to be small in magnitude regardless of whether tested via SP or IP, although the effect is slightly
larger for studies conditionalizing their analyses on initial learning. Prediction intervals
demonstrated that it was possible, but unlikely, that future studies using similar methods would
demonstrate no effect or a reversed effect using SP and IP tests, respectively, while
conditionalizing the data resulted in decreased heterogeneity across studies for both SP and IP
tests. Overall, the initial models confirmed the original hypothesis of TNT producing a small to
moderate effect size for SIF.

The majority of the moderator models aligned with their respective initial hypotheses,
with the exceptions that SIF failed to increase with the number of repetitions in the
conditionalized data, that the SIF effect was smaller with thought substitution instructions in
studies using IP tests, and that the effect of no-think instruction was not credible in the

conditionalized SP data. More specifically, the moderator models demonstrated that the SIF
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effect was (a) smaller for effects measured via IP than SP tests; (b) larger for conditionalized
data than for unconditionalized data (both SP and IP); (c) larger when participants were given
direct suppression or thought substitution instructions instead of less specific instructions
(unconditionalized SP only); (d) larger when participants were given thought substitutes to use
relative to when they generated their own substitutes (unconditionalized SP only); (e) larger
when the number of repetitions was higher (unconditionalized only), and; (f) unaffected by
stimulus type or emotional content. These results and their implications will each be discussed in
greater depth below.
Recall Test Type and the SIF Effect

Across the existing TNT literature, studies using IP tests have routinely demonstrated
smaller and less consistent SIF effects than those employing the more widely used SP tests (e.g.,
Anderson & Green, 2001; Anderson & Huddleston, 2012; Noreen & de Fockert, 2017). This is
assumed to be due to the loss of contextual information important for accurate recall (Anderson
& Spellman, 1995) which results in a more varied ability to recall the target stimuli between
participants. Based on this it was hypothesized that IP tests would produce a SIF effect that was
relatively smaller and more heterogeneous than that produced by SP tests. This hypothesis was
supported. More specifically, across both conditionalization methods the IP models showed
broader heterogeneity in terms of the confidence intervals of the aggregate effect and the
prediction intervals relative to the SP models. While the prediction intervals of the SP models
suggested that individual studies could show no SIF effect or a very slight reversed SIF effect
depending on other moderators, the IP models suggested that individual studies could show a
complete reversal of the SIF effect ranging close to a small effect size. Put purely in terms of the

number of studies, 24% of SP studies reported at least one negligible or slightly reversed SIF
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effect while 34% of IP studies reported at least one negligible or reversed SIF effect.

The theoretical implications of this result may be difficult to interpret as IP tests are a
fairly controversial area of the literature with many theorists arguing not only about their validity
as a testing method but also about how to best interpret their results. The IP tests were originally
proposed as a method of isolating memory of the target in order to specifically study inhibition
(Anderson & Spellman, 1995). This idea is partly based on the concept of cue-independence, a
phenomenon observed in TNT as well as other memory paradigms wherein recall of the target
item is reduced regardless of the cue used to test it, meaning recall of the target and not the cue-
target relationship was impaired (Benoit & Anderson, 2012; Huddleston & Anderson, 2012). As
such, SIF and other memory effects observed using IP tests are often held to be direct evidence
of inhibition or direct suppression in TNT as well as in a variety of other memory paradigms
(e.g., Anderson et al., 2000; Aslan et al., 2007; Macleod & Saunders, 2005; Racsmany et al.,
2012). However, other researchers argue that IP tests are not truly independent and thus cannot
be conclusive evidence of inhibition.

Specifically, there is evidence that covert cuing may still play a significant role in
improving recall during IP tests (Camp et al., 2009), meaning that participants may still
independently cue recall of the target items during testing via recall of the original cue despite
there being no explicit presentation of the original cue. This process would hypothetically be
vulnerable to interference effects as opposed to inhibition, implying that IP tests are not as
conclusive as originally proposed. Taking another approach, Tomlinson et al., (2009) used an
established framework of recall, the SAM two-stage model, to demonstrate that interference may
also be a viable explanation for cue-independent forgetting, again weakening the argument that

inhibition is the sole explanation for IP test results. While the relationship between IP tests and
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the mechanism behind SIF will be further discussed below alongside the effect of instruction, the
present comparison between SP and IP testing methods conclusively shows that both are capable
of producing SIF regardless of the exact mechanism behind the effect.

Conditionalization and the SIF Effect

Conditionalization is of theoretical importance because it may provide a clearer view of
the magnitude of the SIF effect than the typical unconditionalized data, which is analysed in the
majority of TNT studies. This idea is based on the fact that participants will naturally be unable
to forget stimuli they never actually learn and including words which they incorrectly recall in
the learning phase introduces random “noise” into the results, potentially weakening the
observed effect. To the best of my knowledge, no prior study has directly examined
conditionalization as a moderator of SIF, but the few studies reporting both unconditionalized
and conditionalized results exclusively demonstrate that conditionalization is associated with an
apparent increase in SIF ranging from small (del Prete, 2015; Dieler, 2011) to sizeable
(Hanslmayr et al., 2011). By obtaining the raw data of several unpublished and published studies
through contact with the authors and conditionalizing them, the present thesis was able to
empirically examine the relationship, allowing a more thorough examination of
conditionalization.

Comparing the aggregate effects of both the unconditionalized and conditionalized data
there was a clear increase in the magnitude of the SIF effect when the data were conditionalized,
supported by moderator models which directly compared the two groups and found that
conditionalization resulted in increased SIF for studies using SP tests with a similar but weaker
trend in studies using IP tests. Additionally, comparing the prediction intervals of the base

models, there was a noticeable decrease in heterogeneity across studies when the data were
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conditionalized which supports the idea that conditionalization reduces statistical noise and
increases the precision of the result. The result in the IP data lends itself to two possible
explanations; (1) that IP tests and the resulting loss of contextual information (Anderson &
Spellman, 1995) increases the variability of recall performance to a point in which it overpowers
the positive effects of conditionalization; or (2) the analysis was underpowered due to the lower
number of studies included in the IP model relative to the SP model and underestimated the true
effect. There is support for either explanation as the base models examining all data for both
conditionalization methods demonstrated a large increase in heterogeneity of the effect size in
studies using IP testing methods relative to SP. Similarly, there being a low number of studies is
in line with there still being a non-credible trend of conditionalization causing a difference in the
SIF effect. Regardless, there was a conclusive effect of conditionalization on studies using SP
tests which make up a large proportion of TNT research and thus a need for further
interpretation.

Conditionalization of the data serves the primary function of removing potential “noise”
from the results by discarding stimuli which were not learned in the initial phases of the
paradigm and thus cannot be suppressed at a later point. From a statistical standpoint this should
allow for greater precision in calculating the magnitude of the SIF effect, an assumption
supported by the narrower prediction intervals in the conditionalized data. Based on this logic,
the results of the present study would suggest that unconditionalized data typically underestimate
the SIF effect, and that future studies should incorporate conditionalization into their analyses.
Further, it is possible that the lack of conditionalization may contribute towards some of the
failed replications of the SIF effect due to the inclusion of unlearned items (e.g., Bulevich et al.,

2006). In line with this logic, the average required learning criterion for unconditionalized
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studies included in the present analyses was only 59%, ranging as low as 40% in some studies
(Schmitz et al., 2017). Similarly, in studies where actual learning performance was reported (n =
26) participants ranged as low as 55% in terms of recall accuracy during the learning phase
(Attuquayefio et al., 2016). This indicates that in some studies up to 60% of the results may have
been based on unlearned stimuli pairs, introducing major amounts of noise into the data, and
potentially inflating the variability of the results.

It should also be determined if there are potential confounds for the increase in SIF
before making firm conclusions regarding conditionalization. If researchers who conditionalize
their data also preferentially make other methodological decisions such as which no-think
instruction to use SIF could be impacted positively, and such an effect may be mistakenly
attributed to conditionalization. While the distribution of stimuli type, stimulus emotional
content and repetitions were similar between the unconditionalized and conditionalized data, the
ratio of more specific instructions (i.e., direct suppression or thought substitution) to
undifferentiated instructions was higher in the conditionalized data (63%) relative to the
unconditionalized data (45%). This suggests that researchers who choose to conditionalize their
data also tend to include more specific instructions which may confound any improvements as a
result of conditionalization. However, comparing the aggregate SIF effects for each instruction
type between the unconditionalized and conditionalized data there was still an apparent increase
in SIF related to conditionalization across studies using undifferentiated instructions.’
Additionally the relationship between instruction type and SIF was weaker in the conditionalized

data relative to the unconditionalized data. Overall, this seems to indicate that the effect of

5 Follow-up analyses somewhat supported the apparent difference, showing a non-credible trend of
conditionalization increasing SIF in the SP data (difference = 0.09, p = .89) while there was no credible effect of
conditionalization in the IP data (difference = 0.04, p = .62).
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conditionalization may be partially confounded by the effect of instruction, but that the effect of
conditionalization is still notable when taking this into account. Regardless of potential
confounds, conditionalization clearly plays a role in the observed SIF effect and as such, it can
be concluded that TNT studies should at minimum include a comparison between the
conditionalized and unconditionalized data.
No-Think Instructions and the SIF Effect

The theorized causes of the SIF effect produced by the TNT paradigm can vary wildly
between different researchers, but the large majority of studies provide one of three somewhat
standardized instructions to participants when explaining how to suppress thoughts of the target
items in the no-think condition. Undifferentiated instructions are based on the original TNT
article by Anderson and Green (2001) wherein participants were told simply to avoid thinking of
the items and left primarily to decide on their own method of doing so. Based on the two most
prominent theories behind SIF it is typically assumed that participants will naturally choose
either direct suppression or thought substitution as their method of forgetting. However, the
support for this assumption in the literature is inconsistent as some studies including post-
experimental strategy questionnaires have found no pattern of chosen suppression strategy
(Fischer et al., 2011) while others find a preference to use direct suppression or thought
substitution (Anderson et al., 2011; Waldhauser et al., 2012). To avoid this ambiguity, some
researchers may prefer to directly examine one of the two methods and thus employ either direct
suppression (e.g., Hanslmayr et al., 2009) or thought substitution instructions (e.g., Hertel &
Calcaterra, 2005), which theoretically prompt participants to be more selective and efficient in
their strategy use.

The viability of the three distinct instruction methods is widely debated in the literature
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but recent research has established two key findings; (1) That direct suppression and thought
substitution are not mutually exclusive as mechanisms behind SIF and can both be used
effectively within the TNT paradigm to produce the effect (Bergstrom et al, 2009; Hertel &
Hayes, 2015; Hulbert et al., 2016; Wang et al., 2015); and, (2) that both instruction methods
produce distinct patterns of neural activity which supports that they are at least partially
successful in differentiating the two underlying mechanisms (Benoit & Anderson, 2012;
Bergstrom et al., 2009). With these facts in mind, the present thesis argues that it is more
informative for both theoretical perspectives to establish the relative magnitude of SIF resulting
from either mechanism rather than debating whether either mechanism is the cause of SIF. As
such, it was assumed that all three instructions were viable methods of producing SIF and they
were compared for relative strength. Examining the effects of these three different instruction
methods across the literature, there was a weakening in the effect of no-think instruction between
the unconditionalized and conditionalized data, specifically in studies using SP tests, but overall
the trends shown in both were similar. There was however a major difference in the effect of
instruction in studies using the SP testing method relative to those using the IP testing method.
Same Probe Testing

Starting with the SP data, there was a clear increase in the size of the SIF effect when
participants were given the direct suppression or thought substitution instructions relative to
undifferentiated instructions in the unconditionalized data. The conditionalized data contained
far fewer studies and thus was less conclusive but did still show a similar trend of instruction
improving SIF. Comparing the aggregate effects of each instruction across the conditionalization
methods, the weakening of the influence demonstrated by instruction may have been caused by

undifferentiated instructions producing a greater SIF effect in conditionalized data. More
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specifically, the aggregate effects of direct suppression and thought substitution studies did not
increase to the same degree as the undifferentiated studies when comparing the conditionalized
data to the unconditionalized. This would suggest that the more specific instructions can prompt
participants to forget items with weaker encoding more effectively and that removing the
influence of these items by conditionalizing based on learning performance may remove this
benefit from the resulting SIF effect. It is important to note that this interaction is speculative and
without further research it can only be concluded that no-think instruction had less influence in
the conditionalized data.

There are several potential explanations for the effect observed in the unconditionalized
data, the simplest being that giving the participants extra instructions may increase their
motivation and engagement in the rest of the experiment relative to the undifferentiated
instructions, resulting in larger effect sizes. Previous research has demonstrated that the level of
instruction provided improves the invested mental effort and engagement of participants both in
practical situations such as classrooms (Heijltjes et al., 2015) and in experimental settings (Seli et
al., 2019). As SIF and many other subsets of active forgetting are commonly thought to be
processes requiring effort and engagement to successfully induce forgetting (Anderson &
Huddleston, 2020), it logically follows that any factor that increases engagement and effort
should improve intentional forgetting. While this may partially explain the difference between
instruction methods it is unclear that these more in-depth instructions such as direct suppression
and thought substitution are perceived as increased engagement by participants. As such, other
explanations must also be considered until direct evidence is available to support this theory.

An alternative explanation for the observed result is that by directly instructing

participants to use one of the two methods as well as potentially explaining how to use them
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most effectively, researchers are allowing participants to focus solely on a single evidence-driven
method and thus maximize its effectiveness. More specifically, cognitive resources are limited,
and research has demonstrated that direct suppression and thought substitution can increase
neural activity in separate regions of the brain (Bergstrom et al., 2009), implying that they
engage distinct processes. As previously mentioned, compared to more specific instructions it is
relatively unknown what methods participants might attempt to use when given undifferentiated
instructions. Thus, participants may be engaging in a number of inefficient practices such as
employing ineffective strategies (i.e., not direct suppression or thought substitution), switching
between forgetting methods between trials, trying to employ multiple methods at the same time,
or others which strain the capabilities of cognition and reduce the effectiveness of SIF. The other
instruction methods in comparison would reduce this issue by guiding participants towards a
specific method that is known to be effective.

Examining the neurological support for this interpretation, participants given the
undifferentiated instruction typically demonstrate an increase of activity in the frontal region
followed by a subsequent reduction of activity in the frontal and hippocampal regions (Anderson
et al., 2004). Comparatively, EEG research has demonstrated that direct suppression instructions
reduce activity of frontal regions followed by a reduction of activity in central and parietal
regions, while thought substitution instructions produce a smaller reduction of activity in the
frontal region followed by normal activation in central and parietal regions (Bergstrom et al.,
2009). These results suggest that undifferentiated instructions produce activity closer to that of
direct suppression but there is some overlap with the initial activity produced by thought
substitution. Combined with the previously mentioned inconsistency in reported strategy use

(Anderson et al., 2011; Fischer et al., 2011; Waldhauser et al., 2012), participants given the
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undifferentiated instructions may employ a mix of mechanisms with potentially some preference
for direct suppression. This provides support for the idea that more specific instructions are
related to more definitive and effective active forgetting strategy use.

It seems likely a combination of the aforementioned interpretations or similar factors
improve the effectiveness of SIF when participants are given more specific instructions.
Regardless, based on the results of the present study the initial hypothesis concerning no-think
instruction was confirmed and both direct suppression and thought substitution instruction
produced a larger SIF effect than undifferentiated instructions. While there was no hypothesis
concerning a comparison between direct suppression and thought substitution instructions, an
exploratory analysis found that they could not be differentiated and thus it can only be concluded
that they produce a similar magnitude of SIF based on the currently existing literature.

Examining thought substitution instructions specifically, it was identified that there were
two distinct methodologies employed for how substitute thoughts were generated in the
literature. For example, Lambert et al. (2010) conducted a series of experiments examining the
effect of emotion on SIF, telling participants in the second experiment that using alternative
thoughts was an effective method for avoiding thoughts of the no-think items. Conversely,
Lemoult et al. (2010) instead had participants study substitute words which they were instructed
to think about instead of the original target words, providing substitute thoughts directly to the
participants. These two distinct methods were examined in an exploratory analysis and it was
demonstrated that participants who were given substitutes to use produced a relatively larger SIF
effect than those who self-generated substitutes. This is in line with the thought substitution
literature which has suggested that participants will naturally generate poor substitute thoughts

which are relatively insufficient to effectively interfere with the target stimuli compared to
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substitutes given to them (Hertel & Calcaterra, 2005). While this result could potentially be used
to argue that the difference between thought substitution and undifferentiated instructions
observed in the initial moderator analysis was solely caused by studies where participants were
given substitute thoughts, a situation which would never naturally occur in day-to-day life, it
should be noted that the aggregate effect of studies where participants generated the substitutes
(SMC = 0.31) was still higher than that of the undifferentiated studies (SMC = 0.22).
Independent Probe Testing

In comparison to the SP data, studies using IP tests demonstrated a reversal of the
hypothesized effect of no-think instruction on SIF in both the unconditionalized and
conditionalized data. More specifically, for IP studies undifferentiated and direct suppression
instruction methods produced similar SIF effects while thought substitution instructions
practically eliminated the effect. While this conflicts with the initial hypothesis that both recall
test types would follow the same trend for the effect of instruction it is in line with the original
purpose of the IP testing method. IP tests were initially suggested as a method of reducing the
effect of thought substitution and interference to specifically examine the effect of direct
suppression and inhibition (Anderson & Spellman, 1995). This is accomplished by the act of
switching the cue stimuli at test to remove the potential of substitute thoughts interfering via
blocking the connecting relationship between the original cue and target stimuli. It has been
argued that thought substitution and interference may still be able to play a role in SIF measured
by IP tests via two stage models of recall (Tomlinson et al., 2009) or covert cuing (Camp et al.,
2009). However, the current results indicate that these methods are insufficient as thought
substitution instructions produce a very small and heterogeneous SIF effect as measured by IP

tests. While the small number of studies makes it difficult to conclude that thought substitution
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produces no SIF effect in IP tests, based on the size of the difference relative to undifferentiated
instructions and the level of confidence in the direction of the relationship, it is clear that they are
associated with a large decrease in SIF.

In terms of the implication of this result, it has been suggested that IP testing is more
analogous to real world recall than SP testing since people rarely establish a direct connection
between two stimuli in order to prompt recall, instead typically being prompted by random
related stimuli which they encounter during day-to-day activities (Anderson & Spellman, 1995).
As such, this result may provide evidence that while thought substitution can produce the SIF
effect, direct suppression is a more applicable mechanism in real world situations. More
specifically, taken in combination with the previously discussed result that thought substitution is
less effective when the substitutes are self-generated, it may be suggested that thought
substitution would be unable to produce intentional forgetting in day-to-day life where recall
more closely resembles IP testing than SP. Support for this idea is mixed, as historically clinical
populations report ineffective thought control when employing thought replacement strategies
(e.g., Freeston et al., 1995) while other studies suggest that distraction via thought substitution
reduces intrusive thoughts (e.g., Lin & Wicker, 2007), although the ecological validity of these
results is unclear. Additionally, there is insufficient research to determine if direct suppression is
employed as an alternative strategy to thought substitution in real-world situations, making it
difficult to draw firm conclusions regarding relative effectiveness. While further evidence is
needed to strengthen a relationship between TNT and real-world SIF, it can be concluded based
on the results of the present study that IP tests weaken the effectiveness of thought substitution

instructions when producing SIF.
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Repetitions and the SIF Effect

As SIF is considered to be an active and effort driven phenomenon (Anderson &
Huddleston, 2020) it has been suggested that it has a cumulative effect on memory, meaning
with increased opportunity to expend effort towards forgetting it either has a larger, additive
effect or it becomes easier to suppress the target stimuli as participants become more adept at
forgetting with practice. From this, it can be extrapolated that the SIF effect will increase linearly
with the number of repetitions included in the TNT phase of the paradigm, a fact that has been
supported across multiple studies (Anderson & Green, 2001; Hertel & Calcaterra, 2005; Lambert
et al., 2010). Looking at more specific examples, Hulbert and Anderson (2018) demonstrated
across two separate experiments that while the SIF effect was in fact present after a single
repetition, it reliably increased in strength after a total of 16 repetitions. Similarly, Depue et al.
(2006) found across two experiments that the SIF effect grew stronger with 10 repetitions
relative to 5 repetitions.

To determine if this effect was consistent across the entire literature, it was hypothesized
that the same positive relationship would extend over the entire range of repetitions included in
TNT studies. This hypothesis was supported by the unconditionalized data which demonstrated a
credible trend in the SP data and a non-credible but still positive trend in the IP data. The weaker
relationship in studies using the IP tests may have been due to either the increased heterogeneity
observed across all IP data or potentially due to the lower number of IP studies than SP studies.
Regardless of the reason, the trend being positive does provide some support for the hypothesis,
but the result may be considered less conclusive in IP data.

The hypothesis was not supported in the conditionalized data as the SP data demonstrated

no effect of repetitions on SIF while the IP data demonstrated a very slight negative trend, both
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of which were non-credible. One possible explanation for this lack of effect is lower relative
power in comparison to the models for the unconditionalized data as both SP and IP testing
methods had fewer studies included in the conditionalized models. However, this explanation is
less viable for the conditionalized data than for the unconditionalized IP data due simply to how
less probable the effects are. As such, a more likely explanation for the result is that some part of
the conditionalization process accounts for the variability previously explained by the number of
repetitions. In an effort to determine the exact mechanism for this proposed interaction, a further
examination of the conditionalized data found that only 2 of the studies reported over 95% no-
think stimuli recall accuracy in the SP data and none did so in the IP data. This suggests that
ceiling effects caused by conditionalization are unlikely to be the cause of the general decrease in
heterogeneity in the conditionalized data relative to the unconditionalized data. Similarly, as
shown in Figure 11 the distribution of repetitions included in the conditionalized literature is not
noticeably more skewed than the unconditionalized literature, ranging from 1 to 18 repetitions.
This suggests that the lack of effect is not related to a lack of variability in the number of
repetitions.

A possible theoretical explanation for the results is that higher repetitions increased the
SIF effect in the unconditionalized data by allowing for increased opportunity to recall items
with weaker encoding that may have been incorrectly recalled in the learning phase. More
specifically, being exposed to the cue stimuli a greater number of times during TNT may allow
for improved recall of the associated targets which were not recalled in the initial test, making
the targets more accessible and thus susceptible to SIF. As conditionalization removes the
influence of items with weaker encoding and poorer recall in the learning phase, there would be

no opportunity for repetition to have an effect, although this interpretation is solely hypothetical
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without further research. Regardless, it can be cautiously concluded that conditionalizing the data
may reduce the impact of repetitions on the SIF effect although the exact mechanism is unclear.
This may potentially indicate that the use of conditionalization could reduce the needed number
of repetitions to observe a SIF effect in future experiments.
Stimuli Type and the SIF Effect

The stimuli type of the cue and target produced no credible trends in either the
unconditionalized or conditionalized data when comparing words to non-word stimuli, which is
in line with the hypothesis that words and non-word stimuli would produce similar SIF effect
sizes. This result is somewhat surprising in the context of the overall memory literature, as
historically different types of stimuli such as pictures and words have exhibited variability in
their encoding and recall accuracy across different methods of testing (Park et al., 1983; Paivio
& Csapo, 1971; Roediger, 1990). However, the TNT paradigm is thought to assess a basic
cognitive process, namely active forgetting, which theoretically is used to indiscriminately
supress the retrieval of specific memories regardless of characteristics such as stimuli type,
complexity, or its associated neurological region (e.g., Anderson & Hulbert, 2021; Fawcett &
Hulbert, 2020; Norby, 2018). This theory is supported by the simple fact that the SIF effect has
been replicated within the literature across stimulus types including word pairs (Anderson &
Green, 2001; Detre et al., 2013; Hanslmayr et al., 2009) as well as autobiographical memories
(Noreen & MacLeod, 2013) and visual stimuli such as pictures and face-word pairs (Depue et al.,
2006; Catarino et al., 2015). Additionally, there is neurological support as previous research has
demonstrated that the TNT paradigm is capable of altering neural activity in regions such as the
parahipocampal place area for spatial details, amygdala for emotional content, and fusiform

cortex for faces (Depue et al., 2007, 2010; Gagnepain et al., 2014; Gagnepain et al., 2017; Mary
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et al., 2020).

As such, the goal of the present meta-analysis was not to determine whether SIF could
affect memory of different types of stimuli but to instead determine the relative magnitude of the
SIF effect when different types of cues and targets were used. This was partially motivated by a
desire to determine if stimulus type played a role in studies which failed to replicate the SIF
effect. However, the result indicated that within the existing literature stimuli type has no effect
on SIF as participants were equally adept at forgetting pictures, memories and sounds as words.
This may have practical implications concerning the SIF effect, as it provides evidence that SIF
is applicable to stimuli regardless of complexity. More specifically, in terms of encoding and
cognitive representations episodic memories are more complex than pictures which are in turn
more complex than single words. TNT is thought to be an analogue for real world intentional
forgetting (Anderson & Green, 2001), and the fact that it is able to replicate SIF in the above
stimulus types (e.g., Catarino et al., 2015; Noreen & MacLeod, 2013) as well as words
strengthens this claim. As a whole, this result provides limited theoretical insight due to the small
number of studies but does clarify some of the boundary conditions of the SIF effect by
demonstrating its capabilities to affect memory of different forms of stimuli.

Stimulus Emotional content and the SIF Effect

The emotional content of the cue and target stimuli was likewise unrelated to SIF in
either the conditionalized or unconditionalized data, which is in line with the hypothesis that
non-emotional and emotional stimuli would produce similar SIF effect sizes. However, there was
a slight trend of emotional cues in the unconditionalized data producing a smaller SIF effect than
non-emotional cues. This could be interpreted as emotional cues increasing the salience and

depth of encoding of the paired target items relative to non-emotional cues, a finding which
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would be in line with the rationale and results of comparable studies examining clinical samples
(Joorman et al., 2009; Marzi et al., 2014; Streb et al., 2016), but the result is inconclusive and
based on a small number of studies. Additionally, in the only comparable meta-analysis to the
present study, Stramaccia et al., (2021) found that in clinical samples across the entire literature
emotional content had no effect on SIF, providing support for the present result in studies
examining general populations. Overall, the present results suggest that stimulus emotional
content does not relate to SIF, but due to the broad heterogeneity present in the observed effects
it cannot be conclusively said if emotional content has an effect until further research is
conducted on the topic.

In terms of theoretical perspectives, this result was not in line with what would be
predicted based on the historical literature. Many cognitive theorists have proposed that
emotional memories are better encoded than neutral comparisons due to mechanisms such as
increased attention, elaboration, and encoding (Hamaan, 2001), resulting in increased accuracy
for emotional items with the greatest effects being observed for negative items (Bradley &
Mogg, 1994; Kern et al., 2005). Applied to the TNT literature, it logically follows that this may
have an effect on both direct suppression and thought substitution, as memories which are more
deeply encoded would likely be more difficult to suppress and the greater number of cognitive
connections could lead to a higher potential for intrusions during TNT. Thought substitution may
be more difficult to accomplish with emotional stimuli as research has demonstrated that
emotional items are more salient during recall (Long et al., 2015; Strongman & Russel, 1986)
and thus potential substitutes would need to be equally salient to achieve meaningful
interference. In line with this logic, previous research has demonstrated that similar memory

paradigms such as DF find increased resilience to intentional forgetting for emotional items
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relative to neutral items (Hall et al., 2021). Nonetheless, the present results indicate that the
emotional content of the stimuli does not have a conclusive effect on SIF, suggesting that active
forgetting is capable of overcoming these potential mitigating factors.

Returning to the basis of SIF, the TNT paradigm is meant to be an analogue of a naturally
occurring cognitive process which effortfully forgets specific memories (Anderson & Green,
2001). Recent theorists have proposed that this and other similar cognitive processes serve the
role of maintaining cognitive efficacy and health through the intentional forgetting of irrelevant
or potentially harmful information (Fawcett & Huddleston, 2020). Following this logic, these
processes would naturally be capable of influencing both neutral and emotional stimuli which
would be encountered in day-to-day activities, providing theoretical support for the present
result. Supporting this logic, some TNT studies (e.g., Depue et al., 2006) have found that
emotional items are actually more susceptible to SIF than neutral items following the rationale
that the items are more salient and thus more accessible, allowing for increased modification via
suppression or interference processes. Alternatively, several studies have also demonstrated no
difference between SIF for neutral and emotional items (e.g., Dieler et al., 2010; Murray et al.,
2011), supporting that intentional forgetting is reliable regardless of emotional content. However,
this line of thinking has historically been highly controversial within the literature as many
researchers hold that suppression and active forgetting processes are ineffective or alternatively
symptoms of psychopathology which can interfere with mental health and thus have no benefit
(Becker et al., 1998; Erkskine et al., 2007; Wenzlaff & Wegner, 2000). Regardless of the
theoretical arguments surrounding the subject, the present meta-analysis provides evidence that
SIF is equally as effective for emotional stimuli as non-emotional, albeit in a limited number of

studies.
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Implications

Prior to determining the implications of the present study, the results must be discussed in
relation to similar research. In the only comparable meta-analysis to the present thesis,
Stramaccia et al. (2021) also found that there was a small aggregate SIF effect produced by TNT
in the control populations of clinical samples. This provides additional support for our main
finding of a reliable small SIF effect in general populations over a much larger sample of studies.
In terms of moderators, the other study matched our results of emotional content having no effect
on SIF and more specific instructions being associated with larger SIF effects while also
contradicting our results concerning stimuli type by finding that pictures produced a larger effect
than other stimuli and that repetitions had no effect. The latter two findings as well as the overall
larger SIF effect sizes reported throughout the study may be explained by the chosen sample,
namely that they selectively examined SIF in clinical control populations. More specifically,
Stramaccia and colleagues primarily examined control populations who had been screened for
clinical disorders, and such populations may represent individuals who are more adept at
controlling their thoughts than the average person (e.g., Warren et al., 2021). As such, these
participants may exhibit greater than average SIF, a fact which would explain the contradicting
results for stimuli type and repetitions. Further, the study’s analysis of instruction as a moderator
may overexaggerate the effect in the general population as exemplified by their finding that
direct suppression results in a moderate SIF effect size compared to the small effect size
observed in the present thesis. Overall, while the other meta-analysis provides valuable
information concerning SIF in clinical populations, I would argue that the present meta-analysis
provides a more accurate representation of SIF in the general population by excluding clinical

control samples and including a much larger sample of studies (82 vs 25).
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The results of the present thesis have implications not only on the various theoretical
perspectives described above but also on real world applications of memory research. The most
notable application currently explored in the TNT literature would be the impact of intentional
forgetting in clinical settings ranging from mood disorders to eating disorders and substance
abuse disorders. Specifically, TNT and SIF have been examined in several studies in the context
of intrusive thoughts as a result of anxiety (e.g., Benoit et al., 2016), trauma (e.g., Streb et al.,
2016), and PTSD (e.g., Catarino et al., 2016) with the reliable result that participants with
clinical disorders or those scoring high on clinical measures fail to demonstrate SIF. Further,
multiple studies have demonstrated that the SIF effect is weaker for individuals with severe self-
reported ruminative tendencies (Fawecett et al., 2015, Joorman et al., 2005). These results are
consistent with those of Stramaccia et al. (2021), suggesting that this trend extends across the
entire clinical literature which has to date been examined in the context of TNT. The results of
the present thesis, along with those of Strammaccia et al, demonstrated that the typical individual
is capable of intentional forgetting across a variety of conditions and using either direct
suppression or thought substitution while clinical populations cannot. In terms of the
implications of this result on clinical populations, it provides support for the idea that the
development of pathological intrusive thoughts is somehow related to a deficit in executive
control processes surrounding memory such as SIF, although it is unknown based on the existing
literature if this relationship is causal. More specifically, it is currently unclear if deficits in
thought control such as SIF play a role in the development of clinical disorders or alternatively if
said deficits are instead a symptom of clinical disorders. Future research should examine if TNT
and other intentional forgetting paradigms may be able to identify neurological and cognitive

factors associated with the presence or development of clinical disorders.

82



Besides clinical implications, the most notable practical application currently explored in
the TNT literature is the impact of intentional forgetting on criminal testimony in law
enforcement settings (e.g., Bergstrom et al., 2013; Hu et al., 2015). Specifically, there is the
concern that individuals who commit crimes may be capable of intentionally forgetting specific
details which may interfere in establishing their guilt or innocence. Alternatively, the SIF effect
may support the idea that witnesses are capable of self-altering their memory of events they
consider unpleasant or distressing, bringing into question the reliability of eyewitness testimony
which can commonly be thought of as highly reliable (Magnussen et al., 2009). As our results
imply that SIF can have a reliable effect not only on minor details but also on more complex
stimuli such as episodic memories (e.g., Noreen & MacLeod, 2013), they provide support for
continued examination of how individuals may modify their memories in such situations. More
generally, the present results support the use of the TNT paradigm as an analogue of intentional
forgetting in efforts to demonstrate the real-world implications of SIF. Additionally, our results
provide support for perspectives which suggest that intentional forgetting may be a viable
method for improving the efficacy of cognition, maintaining cognitive flexibility by allowing for
the removal of outdated information and the removal of unwanted or unneeded memories
(Fawcett & Huddleston, 2020). Thus, it may be a viable area of research to examine if TNT and
the strategies implemented within the paradigm, such as encouraging direct suppression or
thought substitution, may be able to help individuals with deficits in these areas of cognition as
well as further our understanding of SIF.

Limitations
The major limitation of the present study was the inability to draw firmer conclusions

regarding some of the studied moderators due to a limited number of available studies. More
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specifically, the analyses of repetitions in the conditionalized data as well as stimulus type and
emotional content across the entire literature may have been overly influenced by having much
fewer studies than the other, more highly powered moderator models. Looking at a specific
example, stimulus emotional content tended to be more thoroughly studied in clinical
populations (Joorman et al., 2009; Marzi et al., 2014; Streb et al., 2016) relative to the general
sample examined in the current study. This potentially indicates an area of need for further
research in general populations but presently represents a limitation in the ability to define the
effect of emotional content more conclusively. As such, while several of the moderators can be
conclusively said to have or not have an effect on SIF, the results of the present study should be
reanalysed as more research continues to become available to maximize its informative qualities
on the theoretical and practical literature.
Future Directions

Overall, our findings demonstrated that there is a reliable, albeit small SIF effect
produced by the TNT paradigm regardless of chosen testing and conditionalization method.
Despite this finding, there are still a number of studies which have failed to replicate the SIF
effect (e.g., Bulevich et al., 2006). One possible explanation for this inconsistency is that some
studies may be underpowered and thus unable to detect the effect. Based on the aggregate effects
identified through our models, we calculated through the use of the program G*POWER
(Erdfelder et al., 1996) the needed sample size to find the SIF effect in an unconditionalized
study with a minimum power of 0.8 is 75 and 109 for SP and IP tests, respectively. For the
studies included in the present meta-analysis the average sample size for SP and IP tests was 33
and 36, respectively, which indicates that the typical SP study has a power of 0.49 while the

typical IP study has a power of only 0.38. This issue is likely due to the time intensive nature of
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the TNT paradigm which limits both the available participants as well as the viability of
conducting a sufficiently powered study. However, based on the results of the present thesis
there are methodological decisions which may influence the size of the SIF effect and thus lower
the required participants, making it easier to conduct accurate and reliable TNT studies.

The most consistent methodological recommendation is that all studies should at least
contain a comparison between the unconditionalized and conditionalized results. Based on the
results of the present meta-analysis, conditionalizing the results lowers the required sample size
to 50 for both SP and IP studies, lowering the barrier to entry for finding the SIF effect.
Alternatively, if future research prefers to use only unconditionalized data, researchers should
attempt to increase the number of repetitions during the TNT phase, although this will likely
increase the needed time for the study. There are also likely diminishing returns past a certain
number of repetitions where the memory being targeted cannot be further suppressed (i.e.,
successful recall is at 0%). Additionally, increasing the number of repetitions also increases the
delay between learning and testing of baseline items, potentially reducing baseline recall
accuracy at higher numbers of repetitions and thus reducing the size of the SIF effect observed
when comparing no-think accuracy to baseline accuracy. As the present analysis examines the
relationship solely in a linear fashion, further research is needed to examine potential nonlinear
relationships involved and establish the number of repetitions with the greatest impact on SIF.
As a compromise based on the current analyses it is recommended that at least 16 repetitions be
included, the most commonly used amount across the literature. Finally, future research using SP
tests should give more specific instructions (i.e., direct suppression or thought substitution) to
participants, unless specifically examining the effect of undifferentiated instructions, while

studies using IP tests should avoid giving thought substitution instructions. All of these methods
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have been demonstrated across the literature examined in the present meta-analysis to maximize
the resulting SIF effect and thus allow for more thorough theoretical examinations of SIF.
Conclusions

In conclusion, the present meta-analysis provided a description of the typical SIF effect
produced by the TNT paradigm and resolved the ambiguity concerning the effect by
demonstrating that the paradigm can produce a reliable effect dependent on the methodological
choices made in each study. While many of the moderators such as repetitions, instruction, and
conditionalization were able to demonstrate conclusive effects on SIF, others such as stimulus
emotional content and type were somewhat less conclusive and should continue to be evaluated
as more research on the subject is conducted. Overall, the moderator models demonstrated that
the SIF effect was (a) larger for conditionalized data than for unconditionalized data; (b) slightly
smaller and more heterogenous for studies using the IP testing method relative to SP; (c) larger
when participants were given direct suppression or thought substitution instructions instead of
less specific instructions for SP testing methods but not IP; (d) larger when participants were
given thought substitutes to use relative to when they generated their own substitutes; (e) larger
at greater numbers of repetitions during the think/no-think phase in unconditionalized studies but
not conditionalized studies; and, (f) unaffected by stimulus type or emotional content. Overall,
the present results indicate that SIF is a reliable effect and researchers should continue to explore
its theoretical and practical implications in an effort to deepen our understanding of memory and

overall cognition.
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