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Abstract
The current meta-analysis explored whether emotional memories are less susceptible to item-
method directed forgetting than neutral memories. The final sample used consisted of 31 studies
with 36 independent samples. Basic analyses revealed superior memory for remember (R) than
forget (F) items, with directed forgetting effects observed for both neutral, M = 19.6%, Close;
[16.1%, 23.1%], and emotional, M = 15.1%, Close; [12.4%, 17.7%], conditions. Directed forgetting
in either valence condition was larger for (a) words than complex stimuli; (b) recall than
recognition tests; (c) studies that used recall prior to recognition; and, (d) studies that included
buffer items. Comparison within-studies revealed diminished directed forgetting of emotional
items compared to neutral, with an average difference of 4.2%, Closo; [2.0%, 6.4%]. However, this
finding varied, meaning that whether — and to what degree — emotional memories are more resilient
than neutral memories depends on the methodological features of the study in question. Larger
differences were present in studies where emotional items were more arousing than neutral and
when buffer items were included. These findings suggest that emotional memories are (often) more

resilient to intentional forgetting than neutral memories.
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General Summary
The aim of this thesis is to determine whether emotional memories are more difficult to forget than
non-emotional memories. To this end, I reviewed all published research conducted applying the
item-method directed forgetting task to emotional items. This task entails participants being
presented with a series of items such as words, images, etc., each followed by an instruction to
either remember (R) or forget (F) that item. After being tested for all items, participants typically
remember more R items than F items; this is called the directed forgetting effect. I found less
directed forgetting for emotional items on average in the studies compared to neutral items. The
difference was influenced by study characteristics such that a larger difference between emotion
conditions was found in studies that used more arousing emotional items than neutral items, and
for studies that included buffer items at the beginning and end of their study phase. Also, overall
for both item types, the effect of directed forgetting was larger in studies that used: (a) single word
stimuli compared to other stimuli including images, faces and events; (b) recall tests instead of
recognition; (¢) when a recall test was used prior to recognition testing; and, (d) when buffer items
were included at the beginning and end of the study phase. Overall, this thesis suggests that people

have a harder time forgetting emotional memories than neutral memories.
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Are Emotional Memories Harder to Intentionally Forget?
A Meta-Analysis

Memory is an important aspect of daily life, allowing us to recall important details such as
birthdays, phone numbers, and even important life events. However, forgetting is also essential as
it allows us to update our memory to function more efficiently (Anderson & Hanslmayr, 2014;
Fawcett & Hulbert, 2020). For example, when you are trying to remember where you parked your
car in a busy parking lot, it is easier if you have forgotten all the previous spots you have parked
(Bjork, 1970). However, recent evidence suggests that some memories are less easily forgotten
than others (e.g., Hauswald et al., 2010). Emotional experiences in particular appear to be more
resilient in memory than neutral experiences (Bailey & Chapman, 2012; Hauswald et al., 2010;
Nowicka et al., 2011; Yang et al., 2016) — and this resilience seems to apply even when the
experience in question is unwanted (e.g., Butler & James, 2010). For example, reoccurring
memories of traumatic events are a symptom of some psychiatric disorders such as posttraumatic
stress disorder (PTSD; American Psychiatric Association, 2013). However, not all researchers
agree that there is a difference in the degree to which emotional and neutral study items are affected
by intentional forgetting (e.g., Gallant & Yang, 2014; Marchewka et al., 2016; Yang et al., 2012).
To address this debate, the present thesis aims to further investigate the ability to control emotional
memories using directed forgetting, as it will clarify the mixed pattern of results found previously
and broaden our understanding of intentional forgetting.

Intentional Forgetting

The process of intentionally removing unwanted information from memory, known as
intentional forgetting, has been studied in the laboratory using a variety of memory control
paradigms such as item-method and list-method directed forgetting (Macleod, 1999), the think no-

think paradigm (Anderson & Green, 2001), and retrieval-induced forgetting (Anderson et al.,
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1994). These paradigms highlight different mechanisms that can lead to the suppression of
unwanted information, often resulting in its relative inaccessibility. Due to their relevance to the
present thesis, I will begin with an overview of each, with an emphasis on item-method directed
forgetting, which is the focus of the present meta-analysis.

Item-Method Directed Forgetting

In an item-method paradigm, participants are presented with a series of items, such as
images or words (Quinlan et al., 2010), and each item is followed by an instruction to either
remember (R) the item for a future test or to forget (F) the item as it will not be tested further.
Following presentation of the study items, participants are tested on their memory for all items,
including those they had been instructed to forget, using either recall (e.g. Lee & Hsu, 2013;
Moulds & Bryant, 2008) or recognition (e.g. Quinlan & Taylor, 2014; Gallant, 2013). Participants
typically remember more R-items than F-items; this is known as the directed forgetting effect
(Johnson, 1994; MacLeod, 1998). With respect to the mechanisms involved, it has historically
been theorized that participants initially engage in maintenance rehearsal to keep the item in
working memory, awaiting the memory instruction (Macleod, 1975). If an R instruction is
presented, participants work to encode the item further through elaborative rehearsal; if an F
instruction is presented, they stop rehearsing the item (Anderson & Hansylmayr, 2014; Basden &
Basden, 1998; Jing et al., 2019; Johnson, 1994).

There has been some debate as to the exact processes that lead to the removal of F-items
from the rehearsal set, allowing the selective rehearsal of R-items. This has been supported in part
by studies showing that participants take longer to respond to a visual probe following F-items
than R-items, providing evidence of one or more active processes following the presentation of an

F instruction that require cognitive effort, therefore slowing reaction to the probe (Fawcett &
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Taylor, 2008; Fawcett et al., 2013b; but see, Lee 2018; Scholz & Dutke, 2019). This has also been
replicated in studies investigating inhibition of return (IOR), where the study item serves as the
cue for the task. In that paradigm, participants take longer to respond to targets presented at the
same location as previous F-items, as compared to R-items (Thompson et al., 2014; Thompson &
Taylor, 2015). Together, these findings suggest that active processes work to withdraw processing
resources away from the item following a forget instruction.

Evidence from neuroimaging studies have supported similar conclusions, showing
activation of frontal brain regions during enactment of an F instruction (Wylie et al., 2008; see
Anderson & Hanslmayr, 2014, for a review). For example, Rizio and Dennis (2013) found
activation of a right-lateralized frontoparietal control network to be association with successful,
intentional forgetting, whereas incidental forgetting was instead associated with activity in left-
lateralized brain regions thought to support encoding. This lends credibility to the argument that
intentional and incidental forgetting rely on separate underlying processes (for a review, see
Anderson & Hanslmayr, 2014; Rizio & Dennis, 2013; Wierzba et al., 2018; Wylie et al., 2008).

Notably, others disagree with such an active account of forgetting and instead have argued
that intentional forgetting is a natural consequence of selectively rehearsing the R-items while
passively excluding the F-items from consideration (Basden & Basden, 1996). In line with this
theory, Sahakyan and Foster (2009) found when analyzing participants’ explanations of the
strategies they used during F trials that some participants indicated that they rehearsed previous R
items to help in forgetting the F-item. It has been speculated that it is this rehearsal that might slow
responses to secondary tasks following an F instruction. Notably, this theory was refuted by
Fawcett et al. (2013b), who replicated the finding of slower probe responses following F than R

instructions even on the first trial of the study phase, when no R-items would be available for
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rehearsal. In support of the selective rehearsal theory, Lee and Lee (2011) varied post-cue intervals
in the directed forgetting task and found long intervals lead to greater memory for F-items.
However, this was reduced using a secondary counting task. The authors suggest when the post-
cue interval is long following the F instruction, participants have a harder time ignoring the item
and begin to automatically process it, leading to higher memory for F-items compared to the short
interval group.

This theory has since been supported with evidence from pupil data. Lee (2018)
investigated the role of spatial attention in the item-method directed forgetting task using eye
tracking to determine both the role of looking behaviour and cognitive effort as indicated by
changes in pupil size. An auditory memory cue was delivered during visual presentation of the
study word. Their analysis of the eye tracking data revealed that participants were more likely to
look away from the words following a forget and ignore cue, indicating a shift of spatial attention.
Pupil size was larger following remember cues than forget or baseline “ignore” cues (for which
participants were instructed to ignore the words), indicating greater cognitive effort being used to
remember items than to forget or ignore them (for a replication, see Scholz & Dutke, 2019). These
findings conflict with the active account of forgetting but support the selective rehearsal account
as they indicate no active processes are being used following the F instruction. This remains an
area of active theoretical development.

List-Method Directed Forgetting

Whereas item-method directed forgetting permits exploration of how we disengage from
information we have just processed, list-method directed forgetting involves pushing an entire set
of information out of mind in favour of learning a new set. Although both list-method and item-

method directed forgetting were once thought to share the same underlying mechanisms (Bjork,
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1972), more recent theorists disagree (Basden et al, 1993). List-method directed forgetting
involves presenting participants with an entire list of items, then instructing them to either
remember or forget that list before presenting them with the next list, which they are instructed to
remember. Typically, this task uses a between-subjects design where half of the participants are
told to remember both lists. When tested using recall for all items, memory for remember lists is
typically superior to memory for forget lists (Macleod, 1999; Pastotter et al., 2016). List-method
directed forgetting is often described in terms of costs and benefits, with costs as the reduction in
recall after participants are told to forget List 1, compared to the benefits of increased recall for
List 2 which the participants are instructed to remember. This is in comparison to the remember
all condition, where participants are instructed to remember both lists (Sahakyan & Kelley, 2002).
However, the effect is typically not found, or is severely reduced when recognition testing is used
(e.g. Pastétter et al., 2016; Macleod, 1999). Historically this phenomenon was theorized to be a
result of retrieval inhibition, which was thought to prevent participants from recalling words from
the F list. According to that theoretical perspective, learning List 2 required that List 1 be inhibited,
decreasing the probability of recalling these items at test (Basden et al., 1993; Macleod, 1999).
Recognition testing was thought to release List 1 from inhibition (Basden et al., 1993).

Later, research has suggested that context plays a role in this task (Sahakyan & Kelley,
2002). According to this idea, when participants are told to forget List 1, there is a shift in internal
context prior to the presentation of List 2. This context shift makes it more difficult for participants
to recall List 1 items at test, as their internal context while recalling the items is mismatched
relative to their prior internal context while studying List 1, preventing the use of context cues to
aid their memory (Hanczakowski et al., 2012; Sahakyan & Kelley, 2002). Sahakyan and Kelley

(2002) emphasized the role of context in the paradigm by using a modification that enhanced the
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context shift following the initial list. This modification entailed a phase where participants
envisioned what life would be like if they were invisible. The context shift modification led to
worse recall for List 1 compared to the control group regardless of whether participants were
instructed to remember or forget that list prior to studying List 2. In a follow-up experiment, they
investigated the role of context reinstatement by instructing participants to reflect back to the
context under which they studied List 1 prior to the test phase. Their results indicated that
reinstating the previous context led to enhanced recall of List 1, apart from the control group which
found no difference in recall due to this manipulation. These results support the importance of
context in the task.
Think/No-Think

The next paradigm to be discussed is think/no-think (TNT), which was designed to be a
lab analog of attempting to supress unwanted memories (such as the loss of a loved one) from
coming to mind and interfering with everyday life. In this task, participants are presented with cue-
target pairs (e.g., Roach-Ordeal, Grass-Tent, Cold-Lamp) which they are instructed to learn for a
later phase. These pairs are studied until participants can recall the target item when given the cue
according to a prespecified performance criterion (e.g., 75% correct). Next, during the think/no-
think phase, participants are presented with a series of cues, some of which they are instructed to
bring the associated target to mind (think trials; e.g., Roach), and others they are instructed to keep
the associated target from coming to mind (no-think trials; e.g., Grass). Participants are
subsequently tested for memory of all items. A subset of items from the learning phase that were
not included in the think/no-think phase serve as a baseline for memory performance (e.g. Cold-

Lamp; Anderson & Green, 2001). Typically, memory for no-think targets (e.g. Tent) is worse
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compared to baseline targets (e.g. Lamp; Depue et al., 2006; Anderson & Green, 2001). This
finding is referred to as suppression-induced forgetting (SIF).

The dominant theoretical framework used to explain SIF in this paradigm points to the
engagement of one or more inhibitory processes. This account suggests that a no-think cue enacts
one or more inhibitory control processes used to block the target item from coming to mind and
push it from mind should it emerge (Anderson & Green, 2001; Anderson & Levy, 2009; Anderson
& Hanslmayr, 2014). These processes make no-think targets (e.g. Grass) less likely to be recalled
at test. In a typical task, during the test phase, participants are tested on their memory for the targets
using the same cues as the preceding phases, which is referred to as same probe testing (e.g.
Anderson & Green, 2001). However, perhaps the strongest evidence supporting this perspective
derives from work using independent probes at test (e.g. testing for Lamp using Dark). For
example, Anderson and Green (2001) found that memory for no-think targets was impaired during
the testing phase, even when the probes used were independent of those used in the previous
phases. From this, those researchers inferred that memory for the target itself is suppressed, not
just the association between the target and the probe.

Further evidence in support of the inhibitory account comes from neuroimaging studies,
which have again implicated a frontoparietal control network (similar to that described when
discussing item-method directed forgetting) engaged during no-think trials. This has
predominantly involved increased activity in the dorso-lateral prefrontal cortex (DLPFC), a region
also associated with stopping motor responses (Anderson & Hanslmayr 2014). In the context of
the think/no-think paradigm, the DLPFC is thought to prevent targets from coming to mind during
no-think trials while also downregulating hippocampal activity, leading to worse memory for those

items at test (Anderson et al., 2004). Although research in this area is still developing, one
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explanation as to how memories become suppressed in this manner points toward a mechanism
akin to the nonmonotonic plasticity hypothesis proposed by Newman and Norman (2010).
According to this hypothesis, memories compete for the focus of attention, becoming activated to
varying degrees depending on available cues. However, it is important that the mind remains
orderly, meaning that our brains should favour a system biased toward whatever memory is
“winning” that competition, rather than offering them equal fielding. As a result, retrieval is
thought to follow a process of biased competition such that competitors become relatively
destabilized insofar as they interfere with retrieval. Specifically, this theory posits that when a
competing memory is strongly or weakly activated at retrieval, their representations are unaffected
— because they either fail to compete or are too strongly activated to be controlled effectively.
However, when a memory is moderately activated, meaning that it is competing for — but failing
to achieve — the focus of attention, it becomes downregulated (for an application of this theoretical
framework to the think/no-think paradigm see, Detre et al., 2013).

However, not all evidence points toward the role of inhibitory processes, and an alternate
account is that SIF is caused instead by interference. This is the idea that on no-think trials
participants bring something else to mind in order to avoid thinking of the unwanted target and
therefore forming a new association with the cue. When prompted with the cue at test, the new
item interferes with recall of the old target (e.g. Racsmany et al., 2011). Tomlinson et al. (2009)
used a computational model of interference and argued that cue-independent forgetting in the
think/no-think paradigm — previously attributed to inhibition — could be explained by interference.
These authors posit that cue-independent forgetting in that paradigm is a result of participants
learning to associate the cue with something else on no-think trials to avoid thinking of the related

target, therefore supressing memory for the original target. However, the inhibition account is still
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the favored explanation of the SIF effect. For example, Wang et al., (2015) found that encouraging
participants to use an interference-based strategy (e.g., distracting themselves with an alternate
word) during no-think trials reduced recall for only same-probes whereas a suppression-based
strategy instead reduced recall for both same-probes and independent probes. This demonstrates
that while both accounts can be used to demonstrate forgetting during the task, only the inhibition
account can support forgetting for the items while using independent probes.

Retrieval-Induced Forgetting

The final intentional forgetting paradigm to be discussed is retrieval-induced forgetting
(RIF). In this task, categorized word lists are learned (e.g. fruit-orange, fruit-apple), where each
category is associated with a number of exemplars. During a practice phase, participants are cued
to recall some, but not all, exemplars associated with a certain category (e.g. fruit-or). To
successfully recall the correct exemplar (e.g. orange), participants must suppress the competing
exemplars (e.g. apple). These are typically less likely to be remembered when tested for all items
compared to items from baseline categories which are not included in the practise phase (Anderson
et al., 1994).

Aligned with the think/no-think paradigm, the mechanisms within this paradigm are often
thought to rely heavily on inhibitory processes (Anderson et al., 1994; Weller et al, 2013). This is
supported by the fact that words suppressed during the task are still unlikely to be remembered
when using independent cues during test (e.g. Weller et al., 2013). As with the think/no-think task,
this paradigm can also be explained by the nonmonotonic plasticity hypothesis, as it introduces
competition between targets associated with the same cue. For example, Kereztes and Racsmany
(2013) found that items that were recalled with moderate reaction times during the retrieval

practice phase, compared to those recalled very quickly or slowly, were more likely to be forgotten
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during the task. They posit that when items are recalled very quickly it is unlikely that the use of
control processes will be necessary to stop competing targets from coming to mind, as there is a
strong relationship in memory between the cue and target. When items are recalled very slowly,
there is little effect of RIF. However, when items are recalled moderately quickly, it is more likely
control processes will be elicited to reduce competition between the targets as the relationship
between the cue and prompted target is weaker, leading to subsequent forgetting of competing
targets.
Memory for Emotional Stimuli

Whereas the preceding sections discuss the cognitive mechanisms involved in controlling
unwanted or outdated information, not all information is equal in this respect; some types of
information tend to be more difficult to forget than others. More specifically, research has shown
that emotional memories seem to be particularly difficult to intentionally forget (e.g., Hauswald et
al., 2010). Expansive research has investigated whether directed forgetting specifically is affected
by the emotional nature of the stimuli used, producing mixed results (Taylor et al., 2018; Yang et
al., 2016); therefore, further investigation is needed to determine the true impact. Research on
memory for emotional items suggests they have a priority in our cognitive systems (e.g. Kensinger
& Corkin, 2003), and therefore indicating that they may be more difficult to intentionally forget.
The following sections will give an overview of research on the effect of emotion on memory and
our cognitive systems before getting into how emotion affects directed forgetting specifically.

However, prior to commencing my overview, it is worth pointing out that the term
‘emotion’ tends to be poorly operationalized in most studies. For example, many studies conflate
arousal and valence and fail to consider the underlying the array of emotions that comprise the

valence categories (positive and negative) and the differing effects the specific emotions may elicit
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(e.g., Kissler & Herbert, 2013; Minor & Herzmann, 2019; Richardson et al., 2004). Dominance is
another dimension of emotion referring to whether participants feel in control or controlled by the
stimuli, however, dominance is often highly correlated with valence (Scott et al., 2018, Warriner
et al., 2013) and is therefore less researched. Ignoring the multifaceted nature of emotions can
mislead researchers as different aspects of emotions can have differing effects on our cognitive
processes. For example, within the ‘negative’ category emotions such as anger and disgust differ
in the strength of response elicited by participants in both attention (Liu et al., 2015) and memory
(Ferré et al., 2017). Also, anger tends to capture attention quicker than happiness (Feldmann-
Wiistefeld et al., 2010). When these specific emotional components are not considered, key
elements underlying any effects found are not isolated. This adds noise to the field of research as
variation due to certain components may be unreported. As most literature in the area tends to not
specify which categories of emotion are being manipulated, most of this review will refer to
emotion more generally in its comparison to neutral stimuli.

An enhancement in memory for emotional material has been well established in the
literature (see Crowley et al., 2019 for a review). Memory for both negative and positive words
has been shown to be enhanced when compared to neutral words (Adelman & Estes, 2013); this
enhancement extends to the context in which the word is presented (Kensinger & Corkin, 2003).
Minor and Herzmann (2019) aimed to determine how emotion influences both item and source
memory for images, but also determine the neural correlates involved by monitoring event-related
potentials (ERP). They presented participants with two blocks of intermixed neutral (e.g., a farm
animal) and negative (e.g., an injured arm) images and after 24 hours tested participants on both
item memory for the images as well as source memory for the block in which they were presented.

In terms of behavioural results, they found better item memory for negative images, as negative
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images were recognized more accurately than neutral images. However, in terms of source
memory, they found no difference due to valence. Their ERP results showed that for images
recognized with the correct source, stronger old/new effects over the left hemisphere were found
for negative images, indicating an enhanced representation in memory. Old/new effects are an
implicit indication of whether a participant recognizes an item as previously studied (Wilding,
2000). This indicates that emotional items are not only typically better remembered, but additional
details also tend to be better represented.

From a neuroscience perspective, the amygdala is thought to play a key role in the
enhancement of emotional items over neutral items in memory (see Hamann, 2001 for a review).
Strange et al. (2004) isolated the unique roles played by the amygdala and hippocampus in
emotional memory by inhibiting the connection between the two regions using a drug while also
monitoring using functional magnetic resonance imaging (fMRI) as participants learned neutral
and emotional words for a later test. Compared to the drug group, which was administered a drug
to block the beta-adrenergic system, memory of the emotional words in the placebo group was
associated with greater activity in the amygdala during encoding and subsequent activation of the
hippocampus during recall. This highlights the role of the amygdala in remembering emotional
stimuli, specifically in relation to noradrenaline and its influence on the hippocampus. Richardson
et al. (2004) further investigated the role of the amygdala and hippocampus in emotional memory
by presenting participants who have hippocampal damage, with or without damage to the
amygdala, with neutral and emotional items followed by a recognition test. Hippocampal damage
was associated with reduced memory for all items, regardless of emotional condition. Damage to
the amygdala was associated with decreased memory for only emotional items. Similarly, Segal

et al. (2012) found increased levels of noradrenaline after participants viewed negative images,
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which was later associated with enhanced ability for participants to recognize previously seen
neutral images compared to similar neutral images. This line of research highlights the importance
of the amygdala and its connection to the hippocampus in emotional memory.

Research on emotion also suggests that emotional information is attended to and processed
differently than neutral information (Bradley et al., 2003; Cuthbert et al., 2000; Schupp et al.,
2003). Lexical decisions are made more rapidly for emotional words, indicating speeded
processing when compared to neutral words (Kissler & Herbert, 2013). Similarly, memory for
words presented rapidly on screen followed by a mask have been shown to be greater when the
words are emotional (Zeelenberg et al., 2006). Faster detection of emotional material is theorized
to occur due to its evolutionary value, as quickly processing threats is exceptionally important to
survival (Ohman, et al., 2001; LoBue & Matthews, 2013). Similar results have occurred for
positive stimuli as well. For example, Brosch et al. (2008) found newborn faces led to faster
detection of a subsequent probe presented in the same location than did neutral adult faces. Also,
attention tends to be drawn to emotional stimuli, which has been shown to negatively impact
performance when it is irrelevant to the task at hand (Hindi Attar & Miiller, 2012). This enhanced
processing also extends to top-down processes such as the participants’ perception of the items.
Lee et al. (2010) used fearful and neutral faces with varying levels of noise over the images, along
with full-noise images to investigate changes in ERP activity while viewing each image. They
showed participants the faces one at a time and had participants indicate whether the faces were
fearful or neutral. They found that when participants indicated they viewed a fearful face compared
to a neutral one, there was an enhanced response in regions associated with motivational

significance. This further demonstrates how the human cognitive system prioritizes emotion.
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The experience of emotion is comprised of two components, valence and arousal. The
former refers to the affective state elicited by the stimuli (e.g. pleasant or unpleasant) and the latter
refers to the level of intensity or excitement elicited by the stimuli (Lang et al., 1993). These
components are thought to have different influences on cognitive function. Kensinger and Schacter
(2006) investigated the differing effects of arousal and valence on neural activity by presenting
participants with a series of negative, positive, and neutral images and words while using fMRI.
Arousal was associated with activity in the dorsal medial PFC, amygdala, and the ventromedial
PFC, which have all been shown to be involved in processing emotion-evoking stimuli (e.g.,
Dolcos et al., 2004; Strange et al., 2004). Valence had differing effects for each emotion category;
negative stimuli were associated with activity in the lateral PFC, whereas positive stimuli were
associated with activity in the medial PFC which has been shown to be related to reward (Kim et
al., 2010). Dolcos et al. (2004) found similar results with differences in arousal being associated
with more activation in the dorsomedial PFC while differences in valence were associated with
increased activity in the ventromedial PFC. This indicates that arousal and valence are processed
distinctly; the former is associated with regions that process emotional stimuli, and the latter is
associated with regions related to reinforcement.

Some research has suggested that arousal has a greater influence on memory than valence
(e.g. Kensinger & Corkin, 2004; Dolcos et al., 2004). Kensinger and Corkin (2004) found that
memory for non-arousing negative words (e.g., sorrow) was associated with activity in the left
PFC suggesting the use of rehearsal strategies, whereas memory for arousing negative words (e.g.,
slaughter) was associated with activity in both the amygdala and hippocampus, suggesting a more
automatic process. In a follow-up experiment, they used a divided attention manipulation to further

disentangle the effect of arousal and valence on memory. The memory enhancement for the
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negative non-arousing words compared to neutral words diminished when participants’ attention
was divided during word presentation, confirming the reliance on rehearsal strategies requiring
attention. The arousing negative condition still led to enhanced memory when attention was
divided, supporting the automaticity of memory for arousing stimuli. Sz6ll6si and Racsmany
(2020) demonstrated the differential impact of arousal and valence in a discrimination task where
participants were presented with old, new, or similar negative, positive, and neutrally valenced
images, with high and low arousal conditions for the emotional categories. Discrimination for both
emotional categories was greater compared to neutral, with greater discrimination for negative
items compared to positive. When comparing the roles of valence and arousal, high arousing
emotional images in both conditions led to better discrimination compared to their low arousing
counterparts. They suggest the enhancement of memory representations due to arousal allowed for
the reduction in interference between old and similar images needed to complete the task
successfully. Contrary to this claim, Adelman and Estes (2013) found that when arousal was
controlled for, valence independently influenced memory performance, with better memory for
words at both extremes of valence. However, they found no effect of arousal on memory in their
study, but this finding is only reflective of word stimuli; arousal and valence have been shown to
have differing effects depending on the type of stimuli used (Sutton & Lutz, 2019).

Overall, when compared to neutral stimuli, emotional stimuli tend to be processed faster
(e.g. Kissler & Herbert, 2013), capture attention more easily (e.g. Hindi Attar & Miiller, 2012),
and lead to enhanced memory (e.g. Adelman & Estes, 2013). However, these processes are
affected by the level of valence and arousal of the stimuli used and some research suggests arousal
plays a greater role in this enhancement (e.g. Sz6ll6si & Rascmany, 2020). The combination of

both the cognitive and neurophysiological responses to emotional stimuli as described above
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closely relate to the proposed focal enhanced theory of emotional memory by Kensinger (2009).
Whereby emotionally arousing stimuli leads to the use of emotion specific processes and therefore
the emotional aspects of these stimuli are preserved in more detail, although they suggest negative
valence may lead to increased enhancement in this process. This line of research suggests that
emotion is prioritized by our cognitive systems and therefore may be more difficult to forget
intentionally.
Intentional Forgetting of Emotional Stimuli

Although past studies have consistently demonstrated a directed forgetting using neutral
common nouns (e.g., Bjork, 1970; MacLeod, 1975; MacLeod, 1989; Woodward & Bjork, 1971,
Lee, 2018), pictures of neutral objects (e.g., Quinlan et al., 2010) or visual scenes (e.g., Hauswald
& Kissler, 2008), and abstract symbols (Hourihan et al., 2009), there are also a growing number
of studies using emotionally valenced materials (e.g., Bailey & Chapman, 2012; Hauswald et al.,
2010; Yang et al., 2012). Most of these studies have been predicated on the idea that emotional
material should be harder to forget intentionally — supported by the literature summarized in the
preceding section. However, past experiments exploring this question in the context of item-
method directed forgetting have proven inconsistent. These findings are summarized below.

Emotionally valenced words have led to a variety of outcomes as some studies have found
no difference in the magnitude of the directed forgetting effect for neutral words in relation to
negatively or positively valenced words (e.g., Berger, et al., 2018; Gallant, 2013), whereas other
studies have found a smaller or non-significant directed forgetting effect for negatively or
positively valenced words compared to neutral words (e.g., Bailey & Chapman, 2012; Yang et al.,

2016). To date, only one study has used emotionally valenced sentences and has found a smaller
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directed forgetting effect for emotional sentences compared to neutral sentences (Lee & Hsu,
2013).

Studies using emotionally valenced images have produced similarly mixed results. For
instance, Nowicka and colleagues (2011) and Zwissler and colleagues (2011), found smaller
directed forgetting effects for emotional than neutral images, whereas Hauswald et al. (2010) failed
to observe a significant directed forgetting effect for emotional images. Studies in children (aged
8 to 12) likewise produced no directed forgetting effect for negative images in recognition memory
(although performance did not differ significantly between neutral and emotional conditions when
measured using sensitivity; Augusti & Melinder, 2012). Otani and colleagues (2012) failed to
observe a significant directed forgetting effect for negative images but observed a significant
directed forgetting effect of similar magnitude for both neutral and positive images. Other studies
have found no effect of valence on the magnitude of directed forgetting for images (Yang et al.
2012; Taylor et al., 2018) or faces (Quinlan & Taylor, 2014). In short, conclusions have varied
broadly from one study to the next as to whether emotional stimuli of any kind are harder to forget
in an item-method task.

Unconstrained variation in arousal has been discussed by several of the aforementioned
studies as one possible reason for the reported discrepancies across this literature (e.g., Hauswald
et al., 2010). Some studies have found that matching the valence conditions for arousal has
eliminated the effect (e.g. Gallant et al., 2018; Yang et al., 2012). Allowing the level of arousal to
vary instead between valence conditions has been shown to produce differences in the magnitude
of directed forgetting, with relatively less constrained arousal favouring less directed forgetting
for the arousing stimuli (e.g., Hauswald et al., 2010). Notably, others have found no effect of

emotion when the emotional stimuli used were more arousing than the neutral stimuli (e.g., Taylor
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et al., 2018). Similarly, in a study comparing neutral, positive and negative valences at low and
high arousal, the effect of arousal was inconsistent (Bailey & Chapman, 2012). Together, these
studies are suggestive that arousal — and the failure to adequately operationalize emotion in general
— might contribute to some of the between-study variability observed in this literature.

Neuroimaging has been utilized to isolate the mechanisms which may be responsible for
the discrepancy in the magnitude of directed forgetting between emotional and neutral stimuli.
Some studies using neuroimaging have revealed that intentionally forgetting emotional stimuli
may be more difficult than neutral stimuli, even when the behavioural outcome indicates no effect
of emotion (e.g. Yang et al., 2012). Yang et al. (2012) used negative and neutral images in their
task while also monitoring neural patterns using ERP. An effect of valence on neural patterns was
evident in a component known as the N2, thought to reflect the enactment of cognitive control
processes, as enhanced activity was present while intentionally forgetting emotional items
compared to neutral items (Yang et al., 2012; Nowicka et al., 2011). However, contrary to this
finding Yang et al. (2016) used fMRI to compare the mechanisms involved in directed forgetting
of negative and neutral words and found that following the forget instruction for neutral words
there was enhanced activity in the right prefrontal cortex, but for negative words this was not the
case. The authors suggest that emotion attenuates the effectiveness of control processes typically
used during directed forgetting, leading to less forgetting of emotional items. These studies suggest
that there are inconsistencies in the mechanisms thought to contribute to differences in intentional
forgetting for emotional items compared to neutral items, but overall, they suggest that emotional
items are more difficult to forget intentionally.

Difficulty intentionally forgetting emotional stimuli has been demonstrated in other

paradigms as well. Xia and Evans (2020) used a modified version of the think/no-think task using
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neutral and negative images and intermixed trials of both an episodic task that required retrieval
of the location the image was previously presented, and a perceptual task where participants
indicated where the image was when queried. When the image was negative for the perceptual
task, ERP analysis indicated that participants retrieved context information from the study phase
even though it was unnecessary, indicating they were unable to inhibit the details from coming to
mind. Another think/no-think task found that highly arousing negative items were more resistant
to suppression during the task than neutral items (Marx et al., 2008). Payne and Corrigan (2007)
used a list-method directed forgetting task where the lists were comprised of either neutral or
emotional (both positive and negative) items. They found no directed forgetting for the emotional
lists. Finally, in a retrieval-induced forgetting task, Dehli and Brennen (2009) found that both
negative and positive words were resistant to the RIF effect compared to neutrally valenced words.
These findings, and the previously mentioned research on the memory enhancement for emotional
items provide converging evidence that emotional items are more difficult to intentionally forget.
The Current Study

As summarized in the preceding sections, emotional memories pose a unique problem
when unwanted, because modern theoretical perspectives and empirical evidence might suggest
they are difficult to expunge. For that reason, it is particularly important to explore the intentional
forgetting of emotional items using paradigms such as the item-method directed forgetting
paradigm, because doing so might help us understand traumatic memories and their role within
clinical populations, such as those with depression (e.g., Wingenfeld et al., 2013; Yang et al., 2016;
Kuehl et al., 2017), post-traumatic stress disorder (e.g., Geraerts & McNally, 2008; Zwissler et al.,
2012; Baumann et al., 2013) and anxiety (Noel et al., 2011). However, it is also important in non-

clinical populations because many of the experiences that we wish to intentionally forget in
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everyday life are also emotional in nature, such as a hurtful comment or painful medical procedure.
Thus, in a normal non-clinical population, can the same process that helps us intentionally forget
neutral experiences, such as an outdated phone number, also help us forget these emotionally
meaningful experiences, such as the scene of a car accident?

To address this question, the present thesis reports a meta-analysis of item-method directed
forgetting studies using emotional stimuli in non-clinical populations. As summarized above, the
findings of these studies have been mixed; while some researchers report finding a smaller or non-
significant directed forgetting effect for emotional items compared to neutral items (e.g., Bailey &
Chapman, 2012; Hauswald et al., 2010; Lee & Hsu, 2013; Nowicka et al., 2011; Otani et al., 2012),
other researchers report finding no difference in the directed forgetting effect for emotional and
neutral items (e.g., Gallant & Yang, 2014; Liang et al., 2011; Marchewka et al., 2016; Quinlan &
Taylor, 2014; Taylor et al., 2018; Yang et al., 2012; Zwissler et al., 2011). The aim of my thesis is
to meta-analyze the research exploring the item-method directed forgetting of emotional
information to determine whether emotional material is truly more resistant to intentional
forgetting than neutral material. To the extent that there is a difference in the directed forgetting
effect for emotional and neutral items, I also believe that it is crucial to investigate whether the
magnitude of any such difference is moderated by specific study characteristics. The analyses were
completed in two phases, first exploring the magnitude of the directed forgetting within each
valence condition, and then comparing differences amongst the valence conditions. For the initial
analyses, we predicted greater directed forgetting for words than images (e.g., Quinlan et al., 2010)
and for recall than recognition (e.g., Titz & Verhaeghen, 2010); for comparisons between valence

conditions, we expected greater differences for studies with relatively more arousing emotional
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than neutral stimuli (e.g. Bailey & Chapman, 2012). Other moderators are also considered on an
exploratory basis (e.g., whether buffer items were presented during the study phase).
Method

Literature Search

We conducted a search of the online resources Google Scholar, PsycINFO,
PsycARTICLES, and PubMED using the following Boolean search phrase: ("item-method" OR
"item method") AND ("directed forgetting" OR "intentional forgetting") AND (“emotion” OR
"emotional" OR "valence" OR '"negative" OR "positive"). The search was conducted until
November 2018 and restricted to English-language articles. The search was supplemented by
reference review, review articles, and consultation with experts in the field.
Study Inclusion Criteria

Articles reporting at least one estimate of item-method directed forgetting as measured by
recall or recognition, within a non-clinical population, using emotional images, words, faces, or
events were considered for inclusion. Articles were excluded if they 1) used a clinical sample; 2)
reported only a review or meta-analysis; 3) did not use an item-method directed forgetting task
(e.g., think/no-think, list-method directed forgetting, retrieval-induced forgetting); 4) reported a
sample with a mean age below 17 or greater than 40; 5) did not include an emotional condition; 6)
were reported in a language other than English; 7) were inaccessible and the corresponding author
failed to provide a copy; 8) reported an animal model of directed forgetting; 9) reported data from
another, already included source; and/or, 10) provided insufficient information to calculate needed
effect sizes.

Data Extraction
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Each article was coded in consultation with my supervisor; all coding decisions were
documented and discussed until a consensus emerged. In this manner I also coded methodological
features for use as moderators, including the stimulus type (word or complex, memory task (recall
or recognition), average valence and arousal of the stimuli set, whether participants engaged in a
recall task prior to the recognition task (if included), list size (defined as the total number of items
included in the study phase), whether buffer items were included preceding and/or following the
study items (buffers, no buffers), and whether or not a neurophysiological measure (e.g., EEG)
was gathered concurrent to the study portion of the task (this final variable was included to evaluate
folk wisdom sometimes discussed at conferences about how the use of secondary measures such
as EEG or fMRI encourage more attentive performance). Because the scale used for valence and
arousal varied across studies, these values were standardized by dividing each by its maximum
possible value for that study, producing a value ranging from 0 to 1; valence ratings for which the
scale ranged from positive to negative (rather than the more common negative to positive) were
inverted to align with the remaining data. Moderator analyses applied to differences in the
magnitude between neutral and emotional conditions used instead the difference in the arousal and
valence ratings for those conditions (reflecting the degree to which emotional items were more
arousing or valenced than the neutral items).

Effect Size Calculation

Effect sizes were calculated as raw mean differences using the equations appropriate for
within-subject designs provided by Borenstein et al. (2010, Chapter 4). I first calculated effect
sizes estimating the magnitude of the directed forgetting effect (R — F) separately for the neutral,
negative, and positive conditions within each experiment. An effect size was also calculated for

the combination of the negative and positive conditions, which I refer to as the emotional
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condition. Next I calculated effect sizes estimating differences in the magnitude of directed
forgetting for each of these conditions. I did this by subtracting performance for the R- and F-items
for each (accounting for correlations amongst these scores) and then calculating an effect size
comparing the resulting values. For the effect sizes comparing performance in the R and F
conditions of each valence condition, positive values indicate greater performance for R-items
compared to F-items; for effect sizes comparing the magnitude of directed forgetting across
valence conditions (e.g., Neutral — Emotional), positive values indicate a larger directed forgetting
effect in the neutral condition except for the comparison between the positive and negative
conditions (i.e., Positive — Negative) wherein positive values indicate a larger directed forgetting
effect in the positive condition. My preference was to focus on the combined (positive + negative)
emotional condition, as it made best use of the available data, and further because each of the
comparisons between the neutral and emotional conditions produced similar results.

For recall, the mean percentage of items recalled in each condition was used for the above
calculations; for recognition, I instead used the percentage of “hits” for old items, although
analogous calculations were also undertaken based on a measure of sensitivity (d’). My preference
was to analyze recall accuracy and “hits” because they share a common scale and could therefore
be aggregated using raw difference scores. Nonetheless, given that “hits” risk conflating sensitivity
and response bias, supplementary analyses were undertaken to verify whether findings observed
in the main analyses were also present after contributions due to response bias had been removed.!
I used values of d’ reported in-text or derived from raw data where possible, with the remaining

values calculated using aggregate hits and false alarms.

11 was not specifically concerned about the possibility of response bias contaminating the present findings owing to the fact that
almost all included studies used a single false alarm rate for each valence condition. Because the directed forgetting effect was
calculated as the difference between the R and F items within a given valence condition (which shared a common false alarm rate),
I expected that differences between these conditions were already driven in large part by differences in sensitivity.
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Throughout the calculations, standard deviations were required for each condition to
estimate the standard error of the appropriate difference score. In cases where the standard
deviations were unavailable from either the text or study’s authors, I imputed the relevant value as
the average of the standard deviations available for that dependent measure. Only a small number
of standard deviations were imputed in this manner for my analysis of recall accuracy and
recognition “hits”; however, few studies reported d’ directly, requiring the imputation of most of
the standard deviations used in the calculation of those models. For that reason, additional
sensitivity analyses were undertaken of the d’ models weighting studies by their sample sizes,
rather than incorporating their standard errors into the model fit. Because the sample-size weighted
models produced results qualitatively similar to — albeit more liberal than — the models using the
standard errors, I have chosen to report only the latter in-text.

Following calculation of the effect sizes, separate Bayesian random- and mixed-effects
models were generated using the brms 2.9.0 (Biirkner, 2017, 2018) package in R 3.6.1 (R Core
Team, 2018). Each model reflected a separate multi-level regression where the overall, aggregate
effect was estimated based on the weighted combination of the included studies. The weight given
to a study was determined by the sampling error for that effect, which was incorporated into the
model as a form of measurement error, effectively weighting studies based on the precision of their
estimate (i.e., as reflected by their associated standard error and driven by factors such as sample
size). These models were considered multi-level because they each included a random intercept
reflecting variation across studies. In short, this approach assumes that studies differ in the “true”
effect being estimated in the sampled population; differences could be due to any manner in which
those studies differ from one another. Following from this approach, the goal of modern meta-

analysis is most often not to estimate a single aggregate effect, but rather to characterize the
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distribution of effects represented in the literature and explore sources of between-study
heterogeneity (reflecting variation in these “true” effects). The estimate corresponding to each
study was assumed to be sampled from a normal distribution centred on the aggregate effect with
a standard deviation which was itself estimated within the model; the standard deviation in this
case would be referred to as t in a more traditional meta-analysis, with a large standard deviation
reflecting relatively high between-study heterogeneity and small standard deviation reflecting
relatively low between-study heterogeneity. In summary, this modelling approach estimates both
an aggregate effect (reflecting the expected effect in a “typical” study) as well as the underlying
range of expected “true” effects after incorporating model assumptions and reasonable prior
knowledge (discussed below) concerning the possible range of values.

Because several studies reported both recall and recognition performance, I was also able
to incorporate a random slope into the analysis of task effects. Random slopes in this case would
reflect between-study variability in the difference between recall and recognition, allowing for the
possibility that some studies show larger differences than others. The assumptions underlying
random slopes are functionally the same as those for random intercepts, assuming that the
difference between recall and recognition for a given study is sampled from a normal distribution
centred on the aggregate difference between these conditions, with a standard deviation which was
itself estimated within the model.

Each model was run using four chains with 10,000 iterations per chain. Each chain
represented an independent version of the model, implemented with random starting values for
each parameter to ensure that the parameter estimates produced by the model were not influenced
by the starting values or random noise during the fitting procedure. As a result, 40,000 iterations

were run in total, although the first 5,000 iterations were removed from each chain for the warm-
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up period (allowing time for the model to calibrate itself), resulting in 20,000 total iterations that
served as the posterior distribution for each model. I fit a separate model for each moderator
analysis; this was necessary due to incomplete or inconsistent reporting across studies. The
modelling approach used is similar to previous work from the NeuroFog laboratory (e.g., Fawcett
et al., 2016; Fawcett & Ozubko, 2016; see also, Fawcett et al., in press; Fawcett et al., 2019).
Models were fit and evaluated for convergence using standard practices (R-hat < 1.01; Gelman &
Hill, 2007).

My priors for each model were mildly informed by expert knowledge derived from
consultation with my supervisor and consideration of the broader literature on human memory;
these priors are summarized below. When comparing the magnitude of directed forgetting within
a given valence, my prior expectations relating to the intercept of each model assumed that the
average effect in a typical sample should range somewhere between -30% and 30%. I further
assumed that the standard deviation pertaining to random effects would most likely range between
0 and 30%; this broadly permits the “true” effect within any given sample to vary anywhere from
-90% to 90%. The prior for slopes within the moderator models were represented by a normal
distribution centred at 0 with a standard deviation of 30. The corresponding prior expectations for
the analogous analyses using d” were calibrated such that the average effect in a typical sample
should range somewhere between -1.00 and 1.00, with the standard deviation pertaining to random
effects ranging between 0 and 1.00. This broadly permits the “true” effect within any given sample
to vary anywhere from -3.00 to 3.00. The prior for slopes were represented by a normal distribution
centred at 0 with a standard deviation of 0.50.

For the comparison of the magnitude of directed forgetting across valences, my prior

expectations relating to the intercept of each model assumed that the average effect in a typical
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sample should range somewhere between -20% and 20%. I further assumed that the standard
deviations pertaining to random effects would most likely range between 0% and 20%; this broadly
permits the “true” effect within any given sample to vary anywhere from -60% to 60%. The prior
for slopes within the moderator models were reflected by a normal distribution centred at 0 with a
standard deviation of 20. The corresponding prior expectations for the analogous analyses using
d’ were calibrated such that the average effect in a typical sample should range somewhere
between -0.50 and 0.50, with the standard deviation pertaining to random effects ranging between
0 and 0.50. This broadly permits the “true” effect within any given sample to vary anywhere from
-1.50 to 1.50, with values outside this range possible albeit improbable. The prior for slopes were
reflected by a normal distribution centred at 0 with a standard deviation of .25.

Finally, although my focus will be on evaluating the magnitude of directed forgetting
within and across valence conditions, it is also important to consider variation in the magnitude of
the underlying effects between studies. This heterogeneity will be quantified using prediction
intervals (IntHoult et al., 2016) calculated within each of the primary (i.e., non-moderator) models.
Prediction intervals reflect the range of probable “true” effects that would be expected should a
new study be conducted similar to those included in the analysis; as such, these intervals address
the question as to what degree methodological differences (e.g. differences in demographics or
methods across studies) within this literature are liable to contribute to variability observed across

the included estimates, separate from sources such as sampling or measurement error.

Results

Description of Studies
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Of the 607 studies initially identified by our search, 31 were ultimately included in the final
sample, providing 36 independent effect sizes (see Figure 1). Articles contributing effect sizes to
one or more of our analyses are indicated in our reference section by an asterisk (*). Study
characteristics are summarized in Table 1.

Figure 1.

Meta-analysis inclusion flowchart

Studies identified using
PsycINFO, PsycARTICLES,
PubMed, and Google Scholar
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Duplicates removed (n = 68)
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\ 4

A\ 4

Full-text articles assessed Full-text exclusions (n = 387)

for eligibility
(n=1412) *Clinical sample (n = 36)
*Review articles or meta-analyses (n = 36)
*Wrong paradigm (n = 159)
Y *Mean Age <17 or >40 (n = 7)
Studies identified through *Directed forgetting, but not emotional (n =
review papers/ reference 113)
review /expert . )
consultation Language other than English (n =24)
(n=106) *No access (n =15)

* Animal model (n = 3)
*Textbook (n=1)

Y *Used same data from another article (n = 2)

Item method directed
forgetting studies using
emotional stimuli
(n =31, with 36
independent effect size
estimates)

*Insufficient information (n = 1)
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Table 1.
Study Characteristics
Arousal Valence
Paper Stimuli Task Refcall Buffers Valences Included Neu. Emo. Diff. Neu. Emo Diff. List Size Secondary
First Measure
Bailey and Chapman
(2012, Experiment Words Both Yes No Neutral, Positive, Negative - - - - - - 240 No
D
Bailey and Chapman
(2012, Experiment Words Both Yes No Neutral, Positive, Negative - - - - - - 240 Yes
2)
Berger et al. (2018) Words Recognition No No Neutral, Positive, Negative 0.45 0.64 0.19 0.59 0.21 0.38 90 No
Brandt et al. (2013) Words Recognition No No Neutral, Negative - - - - - - 80 Yes
Gallant (2013) Words Recognition No Yes Neutral, Positive, Negative 0.47 0.5 0.03 0.56 0.24 0.32 60 No
8%‘}2? and Dyson Words Recognition No No Neutral, Positive, Negative 0.44 0.68 0.24 0.57 0.22 0.35 240 Yes
Gallant et al. (2018) Words Recognition No Yes Neutral, Positive, Negative 0.47 0.5 0.03 0.56 0.24 0.32 60 Yes
((;a(l)r?%oa ctal. Words Both Yes Yes Neutral, Negative - - - - - - 80 No
g*(‘ﬁso“)’ald ctal Pictures Recognition No No Neutral, Negative 031 0.67 035 0.58 0.29 0.29 120 Yes
é‘(’fofzge and Hooley 04 Both Yes No Neutral, Positive, Negative 0.46 0.60 0.15 0.65 0.24 0.41 £ No
Lee and Hsu (2013, Events Recall No No Neutral, Negative 0.48 0.81 33 0.66 0.31 0.36 60 No
Experiment 1)
Lee and Hsu (2013, Events Recall No No Neutral, Negative 0.48 0.81 33 0.66 0.31 0.36 60 No
Experiment 2)
Lee and Hsu (2013, Events Recall No No Neutral, Negative 0.48 0.81 33 0.66 0.31 0.36 60 No
Experiment 3)
Lietal. (2017) Events Recall No No Neutral, Positive, Negative 0.43 0.57 0.14 0.57 0.27 0.30 42 No
Liu, Chen and ... .
Cheng (2017) Words Recognition No Yes Neutral, Negative 0.35 0.67 0.32 0.56 0.26 0.30 240 Yes
i\;[grlcéh)ewka ctal Pictures Recognition No No Neutral, Negative 0.17 0.36 0.19 0.62 0.33 0.29 240 Yes
i\;[;l;f;)lly etal. Words Recall No Yes Neutral, Positive, Negative 0.35 0.58 0.23 0.61 0.24 0.37 30 No
X;I;;)Hy etal. Words Recall Yes Yes Neutral, Positive, Negative - - - - - - 48 No
i\;[gglzd)s and Bryant Words Recall No Yes Neutral, Positive, Negative - - - 0.69 0.16 0.54 30 No
Moulds and Bryant Words Recall No Yes Neutral, Positive, Negative - - - 0.69 0.16 0.54 30 No
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Nowicka et al.
(2011)

Otani et al. (2012)

Patrick et al. (2015)

Pierguidi et al.
(2016)

Quinlan and Taylor
(2014, Experiment
1

Quinlan and Taylor
(2014, Experiment
2)

Tay and Yang
(2017)

Taylor et al. (2018,
Experiment 1)
Taylor et al. (2018,
Experiment 2)

Teckan et al. (2008)

Wierzba et al.
(2018)
Wilhelm et al.
(1996)

Yang et al. (2012)

Yang et al. (2016,
Experiment 1)
Yang et al.
(Experiment 2)
Zwissler et al.
(2011)

Pictures
Pictures

Words

Faces

Faces

Faces

Faces

Pictures

Pictures

Words

Words

Words

Pictures

Words

Words

Pictures

Recognition
Recall
Recognition

Recognition

Recognition

Recognition

Recognition
Recognition
Recognition
Both
Recognition
Both
Recognition
Recognition
Recognition

Recognition

Neutral, Negative
Neutral, Positive, Negative
Neutral, Negative

Neutral, Positive, Negative

Neutral, Positive, Negative

Neutral, Positive, Negative

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

Neutral, Negative
Neutral, Positive, Negative

Neutral, Negative

Neutral, Negative

Neutral, Negative

Neutral, Positive

0.42

0.29

0.46

0.36

0.36

0.36

0.35

0.37

0.37

0.64

0.58

0.65

0.59

0.52

0.55

0.55

0.62

0.54

0.53

0.29
0.19

0.23

0.67

0.52

0.50

0.56

0.55

0.55

0.59

0.62

0.50

0.23
0.21

0.29

0.27

0.27

0.41

0.26

0.20

0.36

0.29

0.29

0.27

0.29

0.29

0.18

0.36

0.30

120

30
140

216

60

60

48

96

144

54

120

48

280

64

160

36

Note. Stimuli = stimuli type; Task = memory task used; Recall First = whether the recognition test was preceded by a recall test; Buffers = whether buffer items

were included; Valences included = the valence conditions used; Arousal = the arousal rating provided for the stimuli used for the neutral and emotional items

and the difference in rating between valences; Valence = valence rating provided for the stimuli used for the neutral and emotional items and the difference

between the valence rating between the neutral and emotional items; Study List = the total number of study items presented in the learning phase; Secondary

Measure = whether a neural or psychophysiological measure was used during the task.
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Directed Forgetting for Neutral and Emotional Conditions

The initial analyses focused on estimating the magnitude of directed forgetting within each
of the valence conditions. For the sake of exposition — and to maximize statistical power — my
focus is on the neutral and emotional conditions, owing to the fact that the negative and positive
conditions were similar across all models and did not differ when compared directly (see the
following section). Although I report the aggregate effects for the negative and positive estimates
in-text, all moderator models pertaining to those conditions are summarized instead in Appendix
A.

As depicted in Figure 2, a directed forgetting effect was observed in each of the valence
conditions, ranging in magnitude from 14.4% (positive condition) to 19.6% (neutral condition).
Notably, the magnitude of the directed forgetting effect was numerically larger in the neutral
condition than each of the valence conditions, whereas positive and negative effects were of

numerically similar magnitude. These comparisons are explored further in the following section.
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Figure 2.
Magnitude of Directed Forgetting (%) for Each Valence Condition: Neutral, Emotional, Negative

and/or Positive items as a Function of Task Type
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Despite clear evidence of an effect in a “typical” study, prediction intervals also revealed
substantial heterogeneity across studies. Dispersion of the “true” effects was numerically broader
in the positive, Ploso; [-4.3%, 35.2%], and neutral conditions, Plose; [4.7%, 43.5%], than in the
negative, Ploso; [0.5%, 31.1%], and emotional, Ploss; [1.3%, 31.3%], conditions. Of these
prediction intervals, all but the positive valence condition excluded negative values, indicating that
the “true” effect for most studies with methods similar to those in the present analysis should
indicate some degree of directed forgetting — at least for the neutral, negative or emotional
conditions — although some of those effects are likely close to 0%.

As summarized in Table 2 the effect of each moderator was consistent across the neutral
and emotional conditions. In particular, the magnitude of directed forgetting was greatest for
comparisons (a) using single words than complex stimuli (pictures, faces and narrative events); (b)
using recall than recognition; (c) using recognition for which the recognition test was preceded by
a recall test; and, (d) for which the study phase included buffer items to minimize recency and
primacy effects. The effect of list size also demonstrated a trend toward favouring a larger
magnitude of directed forgetting for smaller lists. There was minimal evidence to support an effect
of valence, arousal, or the inclusion of a secondary measure (e.g., electroencephalography,

functional magnetic resonance imaging).
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Table 2.

Effect of Moderators on the Magnitude of Directed forgetting for Neutral and Emotional Items

Moderator k M Difference (%) p
Neutral Items
Stimulus

Complex 14 16.2[10.9, 21.4]

Words 26 22[17.8,26.4] 5.8[-0.9,12.7] 0.96
Task

Recall 15 23.5[17.4,29.2]

Recognition 25 19.3[14.3, 24.2] -421[-11.7,3.4] 0.87
Arousal 25 2.93[-19.4, 35.7] 0.56
Valence 29 19.5[-23.1, 61.0] 0.82
Recall First

No recall 20 16.2[11.6, 20.6] 15.0[5.1,249] 1

Recall 5 31.3[21.9, 40.1]

List Size 40 -3.1[-6.8, 0.47] 0.95

Buffer
No buffers 24 15.7[12,19.2] 12.0[5.8,18.3] 1
Buffers 15 27.6 [22.6, 32.7]

Secondary measure
No measure 25 20.7[16.2,25.1] -2.6[9.7,44] 0.77
Measure 15 18.1[12.4, 23.6]

Emotional Items

Stimulus

Complex 15 10.3[6.7, 13.8]

Words 26 18.4[15.4,21.4] 8.1[3.6,12.8] 1
Task

Recall 15 19.6[15.2, 24.1]

Recognition 26 14.3[10.6, 18.0] -541[-11.0,0.2] 0.97
Arousal 26 0.3 [-27.0, 28.0] 0.51
Valence 29 -22.3[-59.9, 15.7] 0.87
Recall First 26 12.3[5.0, 20.1] 1

No Recall 21 11.7[8.3, 15.0] 12.3[5.0,20.0] 1.00

Recall 5 24.0[17.3, 30.8]

Buffer
No buffers 25 12.2[9.4, 15.0] 8.1[2.6,13.1] 1
Buffers 15 20.3[16.1,24.4]

Secondary measure -
No Measure 26 16.2[12.9, 19.6] -3.1[-8.5,2.3] 0.87
Measure 15 13.2[8.9, 17.5]

Note. k = the number of observations for each moderator or each level of the moderator; M = the mean estimate
of directed forgetting 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 directed forgetting
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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These effects persisted when measured using d’ rather than hits, as summarized in Figure
3 and Table 3, although the effect of list size no longer excluded 0 (no difference) as a credible

value for either the neutral or emotional models.

Figure 3.
Magnitude of Directed Forgetting (d’) for Each Valence Condition: Neutral, Emotional, Negative

and/or Positive items
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Table 3.

Effect of Moderators on the Magnitude of Directed forgetting for Neutral and Emotional Items in

d b
Moderator k M Difference(%) p
Neutral Items
Stimulus
Non- words 10 0.4 [0.2,0.7] 0.3 [-0.0, 0.6] 0.96
Words 12 0.7 [0.5, 0.9]
Arousal 14 0.3[-0.6, 1.2] 0.76
Valence 16 -0.2 [-1.1,0.8] 0.63
Recall First 22
No Recall 18 0.5[0.4,0.7] 0.410.1,0.8] 0.99
Recall 4 0.90.6, 1.2]
List size 22 -0.1[0.1,-0.3] 0.88
Buffers
No Buffers 17 0.40.2,0.7] 0.4 0.1, 0.7] 0.99
Buffers 0.7[0.5,0.9]
Activity Measure
No measure 10 0.7 [0.5, 0.9] -0.3 [-0.5, 0.0] 0.95
Measure 12 0.5[0.30.7]
Emotional Items
Stimulus
Complex 11 0.210.1,0.4] 0.410.1, 0.6] 1
Words 12 0.6 [0.4, 0.8]
Arousal 15 -0.2 [-1.1,0.7] 0.68
Valence 16 -0.1[-1.0,0.9] 0.56
Recall First 23
No recall 19 0.410.2,0.5] 0.3 10, 0.6] 0.97
Recall 4 0.7 [0.4, 1.0]
List Size 23 -0.1[-0.2,0.1] 0.83
Buffers
No Buffers 18 0.210.1,0.4] 0.310.0, 0.6] 0.98
Buffers 0.6 [0.4, 0.8]
Activity Measure
No measure 11 0.510.3,0.7] -0.2 [-0.4,0.1] 0.86
Measure 12 0.4 0.2, 0.5]

Note. k=the number of observations for each moderator or each level of the moderator; M = the mean estimate
of directed forgetting 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 directed forgetting
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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Comparing the Magnitude of Directed Forgetting Across Conditions

Having established the presence of a credible directed forgetting effect within a “typical”
study using each valence, I next compared the magnitude of directed forgetting across valences.
As before, my focus was on the neutral and emotional conditions, with all moderators pertaining
to the negative and positive conditions summarized in Appendix A.

As depicted in Figure 4, on average directed forgetting tends to be smaller for emotional
than neutral stimuli but does not differ between negative and positive stimuli. Even so, prediction
intervals again revealed substantial heterogeneity between studies. Of particular interest,
prediction intervals for the neutral-emotional comparison revealed that the probable “true” effects
for studies with methods similar to those in the present sample would be expected to range from
as low as -5.3% to as high as 13.7%. That is to say that whereas we would expect most (75%)
studies to support the claim that emotional stimuli are less likely than neutral stimuli to be forgotten
intentionally, this may not always be the case: For the remaining studies, similar — or even slightly

superior — DF would be expected for emotional relative to neutral items.
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Figure 4.
Mean difference in the magnitude of directed forgetting (%) between Neutral, Emotional,

Negative and/or Positive items as a function of task type
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The moderators summarized in Table 4 provide potential insight into when emotional

material might — or might not — be less likely to be forgotten intentionally. In particular, differences
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in the magnitude of DF between emotional and neutral items were expected to be greatest for
comparisons (a) for which the emotional items were more arousing than the neutral items; and, (b)

for which the study phase included buffer items to minimize recency and primacy effects.
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Table 4.

Effect of Moderators on the Difference in the Magnitude of Directed forgetting Between Emotion

Conditions
Moderator k M Difference (%) p
Neu-Emo
Stimulus
Complex 14 5.3[1.8, 8.8] -1.9[-6.4,2.6] 0.8
Words 26 3.5[0.7, 6.3]
Task
Recall 15 3.410.0,6.7] 1.37[-2.6,5.2] 0.76
Recognition 25 4.8[2.1,7.4]
Arousal 25 -21.2 [-44.6, 3.6] 0.96
Valence 29 2.3[-25.4,29.8] 0.56
Recall First
No recall 28 3.9][1.1, 6.8] 3.03[-3.55,9.7] 0.83
Recall 12 7.0[1.1,13.0]
List size 40 0.2[-2.2,2.6] 0.58
Buffers
No Buffers 24 3.0[0.5,5.5] 4.45[-0.0, 8.9] 0.97
Buffers 15 7.5[3.8, 11.1]
Activity measure 40
No measure 25 3.6 0.8, 6.5] 1.4[-3.2,5.9] 0.73
Measure 15 5.0[1.5,8.5]
Neg-Pos
Stimulus
Complex 7 -0.2 [-6.0, 5.7] -2.2[-9.5,4.9] 0.74
Words 18 2.1[-6.3, 2.1]
Task
Recall 11 -2.8[-7.2,1.6] 2.7[-2.0, 7.5] 0.88
Recognition 14 0.0 [-3.9, 3.8]
Arousal 16 -12.6 [-49.9, 25.5] 0.75
Valence 19 -10.52 [-43.4, 23.1] 0.73
Recall First
No recall 15 -0.5[-4.1, 3.0] 4.5[-2.6,11.5] 0.9
Recall 10 3.9[-2.2,10.1]
List size 25 0.65[-3.1, 4.3] 0.65
Buffers
No Buffers 14 -0.7 [-5.1, 3.7] -1.5[-8.9, 5.8] 0.66
Buffers 10 -2.1[-8.0,3.7]
Activity Measure
No measure 20 -1.2[-5.1,2.5] -0.1[-8.1, 8.5] 0.52
Measure 5 -1.3[-8.6, 6.3]

Note. k = the number of observations for each moderator or each level of the moderator; M = the mean estimate
of directed forgetting 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 directed forgetting
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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The effect of arousal was of particular interest, having been raised as a possible explanation
for heterogeneity within this literature (e.g., Hauswald et al., 2010). As depicted in Figure 5, the
difference in DF for neutral and emotional items was greatest when the emotional items were more
arousing than the neutral items, with the effect dissipating as arousal reached parity; when arousal
was matched, DF was predicted to be numerically equivalent for the neutral and emotional items,

M = 0.0%, Clyso; [-5.5%, 5.6%].
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Figure 5.
Effect of arousal on the difference in the magnitude of directed forgetting between neutral and

emotional conditions as a function of task type
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conditions (%). The left panel represents the effect fitted as a linear function; the right panel represents the effect

fitted as a non-linear function. Symbol size is scaled to reflect relative sample size.
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However, unlike the preceding models, although the analyses of d’ produced a similar
pattern of differences in the overall magnitude of directed forgetting between the emotional and
neutral conditions (see Figure 6), the same was not true for the moderator analyses. Despite the
directionality of the effects matching those described in the preceding paragraph, none of the
moderators reported in Table 5 were credible, possibly owing to the exclusion of half or more of

the relevant effects, resulting in a loss of statistical power.



DIRECTED FORGETTING AND EMOTION 44

Figure 6.
Difference in the Magnitude of Directed Forgetting (d’) for Each Valence Condition: Neutral,

Emotional, Negative and/or Positive items.
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Table 5.

Moderators Influencing the Difference in the Magnitude of Directed Forgetting Between Emotion

Conditions ind’

Moderator k M Difference (%) p
Neu-Emo
Stimulus
Complex 10 0.210,0.3] -0.1[-0.2,0.1] 0.74
Words 12 0.1[0,0.2]
Arousal 14 -0.05[-0.5, 0.4] 0.59
Valence 16 0.03[-0.44, 0.5] 0.54
Recall First 22
No recall 0.1[0,0.2] 0.09[-0.12, 0.3] 0.81
Recall 0.2 0, 0.4]
List size 22 0[-0.09, 0.1] 0.52
Buffers
No buffers 17 0.1[0,0.2] 0.1[-0.1, 0.3] 0.86
Buffers 5 0.20.1,0.4]
Activity Measure 22
No measure 10 0.2 10, 0.3] -0.0 [-0.2, 0.1] 0.67
Measure 12 0.10, 0.2]
Neg-Pos
Stimulus
Complex 6 -0.1[-0.2,0.1] 0.121-0.1, 0.3] 0.89
Words 7 0.0 [-0.1, 0.2]
Arousal 8 -0.0 [-0.5, 0.5] 0.55
Valence 9 -0.1 [-0.6, 0.4] 0.7
Recall First
No recall 10 0.0[-0.2, 0.1] 0.15[-0.1, 0.4] 0.93
Recall 3 0.1[-0.1, 0.3]
List size 13 -0.0 [-0.1, 0.9] 0.64
Buffers
No buffers 9 0.0 [-0.1, 0.1] 0.08 [-0.1, 0.3] 0.78
Buffers 4 0.1[-0.1, 0.3]
Activity Measure
No measure 8 0[-0.2,0.1] -0.01 [-0.2, 0.2] 0.55
Measure 5 0[-0.2,0.2]

Note. k = the number of observations for each moderator or each level of the moderator; M = the mean estimate
of directed forgetting 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 directed forgetting
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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Discussion

The current study addressed whether emotional material is more resilient to item-method
directed forgetting than neutral material. This question was motivated by several recent studies
claiming either comparable (e.g., Quinlan & Taylor, 2014) or reduced/absent directed forgetting
for emotional items (e.g., Hauswald, 2010). There had also been the question as to whether
negative and positive items were themselves differently or equally affected by intentional
forgetting (e.g., Otani et al., 2012). Initial models demonstrated a significant directed forgetting
effect for each condition, although these effects were larger for (a) words than for complex stimuli;
(b) studies that used buffer items compared to those that did not; (¢) studies using recognition for
which the recognition test was preceded by a recall test; and, (d) studies using fewer items at
encoding. Models comparing the magnitude of directed forgetting between these conditions
demonstrated a smaller directed forgetting effect on average for emotional (positive or negative)
than neutral material, although minimal difference in the magnitude of directed forgetting between
positive and negative items. Importantly, preliminary evidence supports the notion that reduced
directed forgetting for emotional material may be driven in part by differences in arousal. In the
following sections I will first address the findings in terms of the magnitude of directed forgetting
within each emotional category followed by discussion of the comparison of directed forgetting
across the emotional categories. Finally, I will discuss the implications of these findings in terms
of their relevance to the emotion and directed forgetting literatures as well as some real-word
applications.
Directed Forgetting for Neutral and Emotional Conditions

Each emotion category showed an effect of directed forgetting, with better memory for R-

items compared to F-items. This is consistent with previous research showing an effect of directed
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forgetting for all emotion categories (Taylor et al., 2018; Quinlan & Taylor 2014; Gallant et al.,
2018) and indicates that regardless of emotional valence, participants are able to effectively control
the unwanted F-items in the task, leading to less memory for those items. However, this conflicts
with previous findings such as those reported by Hauswald et al. (2010) and Otani et al. (2012)
that have shown no effect of directed forgetting specifically for negative items. Therefore, our
findings highlight the robustness of the effect. Moderators influencing the magnitude of directed
forgetting within the emotional and neutral conditions will be explored in greater detail in the
following sections.
Moderators Influencing Directed Forgetting Across Conditions

Although past work would have predicted a larger directed forgetting effect for recall
compared to recognition (e.g. Titz & Verhaeghen., 2010), the current analysis demonstrated only
weak support for this effect. Specifically, both the neutral and emotional models demonstrated a
larger directed forgetting effect for recall than recognition, but the effect was weak and
unconvincing in the neutral condition. I attribute this difference to the enhanced representation of
emotional items in memory as they tend to be attended to and processed faster (e.g. Schupp et al.,
2003), therefore while forget instructions may still impact memory for the item making it
inaccessible for recall, participants may still be able to recognize the item. Even so, taken together,
findings still tended to favour a directed forgetting effect for recall. This pattern may be expected
because recall entails the participants having a strong representation of the item in memory,
whereas participants may rely on familiarity for recognition (MacLeod & Kampe, 1996). In the
context of directed forgetting it has been shown that forget instructions lead to a reduction in
recollection and less detailed representations of the items in memory (e.g., Fawcett et al., 2013;

Fawcett & al., 2016; Ahmad et al., 2019). This suggests that forget instructions may be more
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detrimental to recall than recognition, as recall relies on a more detailed memory of the item
(Leshikar et al., 2017). However, the current results found inconsistencies for this pattern across
conditions for this claim.

One moderator that consistently influenced the magnitude of directed forgetting across
conditions was the type of stimuli used. The current analysis found a larger magnitude of directed
forgetting for words compared to complex stimuli, which is not surprising given previous research
in the area (e.g., Quinlan et al., 2010). Images typically have an advantage in memory compared
to words, which is referred to as the picture superiority effect (Nelson et al., 1976), thought to be
driven by the inherently distinctive nature of images compared to words (Ensor et al., 2019). Past
research combining directed forgetting with a manipulation of distinctive encoding (i.e., using
production) has shown that distinctiveness attenuates the directed forgetting effect (Hourihan &
Macleod, 2008). Our results provide additional support for this claim. Notably, this finding was
also observed in an earlier meta-analysis by Titz and Verhaeghen (2010), who found reduced
directed forgetting for complex stimuli compared to words; however, their analysis included only
a single study using images whereas ours included a mixture of 15 studies using images, faces or
written narratives.

An unexpected finding is that studies that included buffers demonstrated greater directed
forgetting than those that did not. As primacy and recency effects have been shown to influence
memory for items presented serially (e.g. Wiswede et al., 2007), studies employ buffers to mitigate
these effects. However, typical theories explaining primacy and recency effects would not account
for this difference. Primacy effects are thought to be a result of enhanced rehearsal of items
presented early in the list (Glenberg et al., 1980), but in the context of directed forgetting F-items

should not receive enhanced rehearsal regardless of where they are presented in the study phase.



DIRECTED FORGETTING AND EMOTION 49

Recency effects are typically thought to occur due to the lack of subsequent items being presented,
therefore the items are able to be maintained in working memory until testing (Craik, 1970),
however in this task, following a forget instruction, participants work to push the item out of
working memory (e.g., Fawcett & Taylor, 2008). Therefore, an effect of recency for F-items is
unlikely and the inclusion of buffer items would have little effect. Another theoretical standpoint
on primacy and recency effects may better explain the current finding. Some theorists suggest
these effects occur due to the temporal distinctiveness of the items presented at the beginning and
end of the learning phase (Bireta et al., 2018; Neath, 1993a; Neath, 1993b), and as previously
mentioned, distinctiveness has been shown to lessen the effect of directed forgetting (Hourihan &
Macleod, 2008). Therefore, one interpretation of the current results might be that items presented
at the beginning and end of the study phase are temporally distinct, leading to less directed
forgetting for those items. Using buffer items would work to eliminate this enhancement for F-
items specifically presented at the beginning and end as they would otherwise not be enhanced in
memory, and therefore may lead to a larger directed forgetting effect in the list overall.

Among studies using recognition, those that also had a recall test preceding it demonstrated
greater directed forgetting on average than those not preceded by a recall test. One explanation of
this could be testing effects as R-items have been shown to be recalled in the task prior to F-items
(e.g. Lee, 2013). This could lead to enhanced memory for those items and therefore a larger
directed forgetting effect on the subsequent recognition test, since recall of items has been shown
to enhance later recognition of those items (Roediger & Butler, 2011). This finding might also
relate to the aforementioned nonmonotonic plasticity hypothesis, as items are competing in
memory to be recalled (e.g. Detre et al, 2013; Kereztes & Racsmany, 2013). Recalling R-items at

the beginning of the test (e.g., Lee, 2013), indicates that F-items may be less strongly represented,
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but still activated and interfering with recall of R-items. Therefore, these items may fall into the
critical intermediate zone of interference and memory activation, becoming susceptible to
downregulation, reducing the probability of recognition on the subsequent test. A similar argument
might be made for a RIF-like process whereby retrieving R-items at recall elicits down-regulation
of competing F-items via cognitive control, akin to the processes thought to arise during the
retrieval practice phase of a typical RIF paradigm (Anderson et al., 1994).

Lastly, the present study found that using fewer items is associated with greater directed
forgetting, which is consistent with previous research (Titz & Verhaeghen, 2010). This finding
might be explained by participants performing worse on the task as the number of items increases.
Raunch and Schmitt (2009) demonstrated that participants show fatigue and attenuated
performance on a task that relies on cognitive control (i.e., a Stroop task) as the task progresses.
In the context of directed forgetting this could mean that participants rehearse R-items less
effectively as the task goes on while also becoming less efficient at pushing the F-items from mind.
This could possibly lead to both relatively worse memory for R-items and somewhat greater
memory for F-items, lessening the effect of directed forgetting. Further research should determine
an appropriate list length to ensure differences at test are due to the effect of directed forgetting
rather than other factors.

To summarize, the magnitude of directed forgetting in all conditions was moderated in part
by the test task used; while previous findings suggest a greater magnitude of directed forgetting
may be found in recall testing, this was inconsistent in the current results. The effect was also
moderated by stimulus type, with less directed forgetting for complex stimuli than words, which
is likely due to the distinctive nature of images. Furthermore, the inclusion of buffer items

augmented the effect of directed forgetting, likely by means of reducing any primacy and recency
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effects for F-items presented early and late in the study phase. Recall testing prior to recognition
testing also lead to increased directed forgetting, possibly due to testing effects. Lastly, there was
less of an effect of directed forgetting as the number of items increased, suggesting participants
may become fatigued and less efficient on the task as the number of items increases. Now that I
have addressed the factors influencing the effect of directed forgetting within the emotion
conditions, I will discuss both the difference in directed forgetting between conditions and the
moderators influencing this difference.
Comparing the Magnitude of Directed Forgetting Between Neutral and Emotional Items

The present meta-analysis has also revealed the directed forgetting effect to be — on average
— of smaller magnitude for emotional than neutral stimuli. This finding resolves the previous
debate in the literature where numerous studies provided evidence for (Yang et al., 2016) or against
(e.g., Taylor et al., 2018) an effect of emotion on directed forgetting. While this finding may be
expected based on previous research (e.g., Kissler & Herbert, 2013; Minor & Hersmann, 2019)
demonstrating that emotional stimuli receive preferential processing compared to neutral stimuli,
others notably disagreed. In terms of the mechanisms possibly involved in this difference, emotion
has been shown to lead to less efficient performance on other tasks requiring cognitive control as
well, such as the Stroop task (see Song et al., 2017 for a meta-analysis). Also, research has shown
that emotion interferes with inhibitory processes. For example, Rebetez et al. (2015) found that
emotion attenuated performance on a stop-signal task and led to more proactive interference on a
task where participants had to determine whether a word had appeared in the few trials previous.
This demonstrates how emotion can impact cognitive control, which in terms of directed forgetting
may impact the active control processes thought to be at play during forget trials (e.g., Fawcett &

Taylor, 2008; Fawcett et al., 2013b). As noted in the introduction, similar results have been found
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using other intentional forgetting paradigms such as list-method directed forgetting (Payne &
Corrigan, 2007), retrieval-induced forgetting (Dehli & Brennon, 2009), and for highly arousing
negative words in the think/no-think task (Marx et al., 2008). The current findings suggest that not
only are emotional memories typically remembered better, they are harder to intentionally forget.

However, it is also possible that unconstrained differences between the emotional and
neutral stimulus sets other than valence or arousal may have contributed to the observed
differences between these conditions. For example, memory for words can be impacted by
characteristics such as word frequency, familiarity and length (Grithn, 2016), as well as
concreteness (Fliessbach et al., 2006), orthographical (Glanc & Greene, 2007) and phonological
neighbourhood size (Cortese et al., 2004), contextual diversity (Hicks et al., 2005) and/or semantic
diversity (Hoffman et al., 2013). Differences in these characteristics — or other characteristics, such
as age of acquisition (Marful et al., 2016) — could likewise influence directed forgetting. As
summarized in Appendix B, the majority of the studies included in the current analysis failed to
provide ratings for these characteristics or provide their wordlists to allow ratings to be calculated.
Therefore, differences in these dimensions may have driven the apparent differences between the
neutral and emotional conditions. However, the influence of these characteristics is both beyond
the purview of the current thesis and would be difficult to analyze as too few studies provided
ratings for these variables to reliably meta-analyze their influence. Therefore, firm conclusions as
to whether emotion - both valence and arousal - is the main contributing factor to this difference
cannot be drawn, as differences in these properties between the emotional and neutral stimuli used
may have had an impact. Moderators of this effect that were analysed will be discussed in later
sections. Further studies should focus on reporting more detailed descriptions of the stimuli they

use to allow the influence of all possible confounds to be analyzed.
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When comparing the magnitude of directed forgetting between positive and negative items,
no difference was found. This finding is somewhat surprising as some past research using directed
forgetting has suggested that negative items in particular are harder to intentionally forget than
positive items (Gallant & Dyson 2016; Otani et al., 2012). Other research has demonstrated the
differing effects of positively and negatively valenced items on memory more generally and found
negative items lead to a stronger enhancement in memory (e.g. Inaba et al., 2005; Sz6l16s1 &
Racsmany, 2020). This also fits within the framework predicted by the NEVER model proposed
by Bowen et al. (2018). This model predicts that enhanced sensory processing occurs for negative
items at each step of memory formation leading to a more detailed memory representation for these
items compared to other valances independent of arousal. Within the context of directed forgetting,
this would lead to less directed forgetting for negative items compared to both positive and neutral
items. Similarly, Migita et al. (2011) found enhancement for negative items in memory occurs
mostly due to pre-attentive processes as the item is presented. In the context of the current
paradigm, this means the negative items are enhanced in memory prior to the presentation of a
memory instruction, further explaining the difficulty intentionally forgetting negative items.
However, Migita et al. (2011) found no enhancement for positive items compared to neutral items.
The current analysis conflicts with this finding, indicating that whether or not negative items lead
to more enhanced memory, these items are impacted to a similar extent as positive items using
directed forgetting. This adds to the understanding of emotional memory because it highlights the
strength of positive items over our intentional control of memory, which has seen mixed results in
the past. Although the effect of emotion on the magnitude of directed forgetting varies greatly from
one study to the next, a moderator suspected to be responsible for this heterogeneity will be

discussed next.
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Moderators Influencing the Magnitude of Directed Forgetting Between Emotional Conditions

While attempting to explain the heterogeneity found between studies, one of the most
promising moderators influencing the difference was arousal. In particular, the present findings
offer preliminary support for similar claims made in the primary literature (e.g., Hauswald et al.
2010; Taylor et al., 2018). For example, Bailey and Chapman (2012) compared neutral, negative
and positive items at high and low arousal levels and in their first study found a significant
interaction between arousal, memory instruction and emotion, with less directed forgetting for
emotional items at higher arousal levels. In their second experiment the interaction was not
statistically significant. Similarly, Gallant and Dyson (2016) compared directed forgetting for
negative, positive and neutral items at high and low levels of arousal, with emotional categories
matched for arousal, with the neutral items rated lower for arousal in both conditions. They found
when arousal was high, both neutral and negative items led to lower magnitudes of directed
forgetting compared to positive items, but only negative items led to less directed forgetting when
arousal was low. For positive items they saw enhanced memory for R-items when arousal was
high, but no change in memory for F-items. Gallant et al. (2018) used items where arousal had
been matched between valences and found no effect of valence on the magnitude of directed
forgetting. These results and the finding of the current meta-analysis suggest that the decrease in
the magnitude of directing for emotional items compared to neutral items is at least partly due to
unconstrained differences in arousal rather than differences in valence, but this relationship still
needs further investigation.

The effect of arousal was not present for my analysis of d’. As indicated above, this could
be caused by a lack of statistical power, as the analysis of d” was based on far fewer studies than

the overall models. Further, inspection of Figure 5 suggests the presence of two influential effects
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(Gallant 2018; Zwissler et al., 2011) separated from the other data in terms of their closely matched
arousal ratings, despite moderate to large neutral-emotional difference. In short, they could reflect
outliers, the influence of which would be magnified in the d’ models due to the small number of
studies. Another possibility is that the effect of arousal is non-linear; this would be expected
because once arousal has been matched closely between the emotional and neutral conditions, the
nature of the effect should asymptote at 0, or even invert. To evaluate this possibility, a non-linear
model was fit to the overall model (see Figure 5). Supporting this assertion, the model appears to
decline rapidly, leveling off close to 0 (no difference). However, little is known about the nature
of the curve beyond a standardized difference in arousal of -0.25, as demonstrated by the large
error bars in that region of the plot. The same non-linear model could not be fit to the d’ data, due
to both the small sample of effects, and range restriction in the arousal ratings for those effects. A
third possibility would be that the observed relation with arousal was driven in some way by
differences in response bias, which then disappeared due to the use of d’. I view this possibility as
relatively unlikely. As previously mentioned, since directed forgetting is measured by the
difference in proportion of hits for both the remember and forget conditions in each emotion, with
a shared false alarm rate, there is little opportunity for response bias to contribute. Nonetheless,
this should be explored further by future research.

These findings highlight the importance of better operationalizing what is meant by
‘emotion’ in the context of memory research, as the current findings reflect different outcomes due
to varying levels of arousal but little effect due to valence. Also, this further highlights the idea
that arousal may have a bigger influence on our cognitive systems than valence. As previously
stated, more arousing stimuli leads to more enhanced memory (Sz6l16si & Racsmany 2020), but

now the current results have revealed it also makes those memories more difficult to forget
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intentionally, compared to less arousing or neutral stimuli. This effect may arise as previous
research has stated that arousing items are enhanced in memory without the need for elaborate
rehearsal strategies, evidenced by enhanced recall while attention is elsewhere at the time of item
presentation (Kensinger & Corkin, 2004); as directed forgetting relies on the enhanced rehearsal
of some items over others, it is not surprising that there is less of an effect for arousing items.

The only other moderator to demonstrate a credible impact on the difference in directed
forgetting between the emotional and neutral condition was the inclusion of buffers. As previously
discussed, including buffer items may help to reduce primacy and recency effects and therefore
lead to greater directed forgetting. In the context of this comparison, these effects might lead to
enhanced memory for both neutral and emotional items presented at the beginning or the end of
the study phase, whereas eliminating these effects would lead to a larger difference between
conditions as the emotional items are already preferentially processed compared to the neutral
items. However, this finding is largely speculative and further research would be required, for
example studying serial position effects between neutral and emotional items within an item-
method directed forgetting paradigm.
Implications for the Field and Applied Settings

Since our analysis has supported that emotional memories are harder to intentionally forget
than neutral ones — at least insofar as those memories are also arousing — this sets the stage for
future studies to further investigate the underlying processes that lead to this disparity. Using
studies within healthy populations has given us insight into the difficulty of controlling emotional
information at a baseline level. Also, studies that have included neuroimaging have indicated the
difficulty in controlling these memories arise from either the enhanced inhibitory control needed

to push these items out of memory, or the failure of these processes to be employed due to the
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emotional nature of the items (Yang et al., 2012; Yang et al., 2016). Having established the impact
emotional items have on directed forgetting, interventions that aim to improve mechanisms such
as cognitive control processes may have implications for controlling these items more efficiently.
For example, Ducrocq et al. (2016) demonstrated how an internet-based program aimed at
improving cognitive control processes in a visual search task could enhance these processes as
well as enhance performance on a task that required an applied use of these processes, in this case
tennis. They also found that these improvements persisted as more pressure was added to the
participants. Although, many are critical of this type of training and believe improvements are not
able to be applied beyond the task used during training (e.g., Sala & Gobet, 2019). Perhaps a
similar program aimed at controlling emotional memories in particular could have implications for
both the general population to better control emotional memories as well as people suffering with
disorders that find the inability to control emotional memories especially detrimental to their lives
(e.g. PTSD).

The current findings have implications for other areas outside memory paradigms. In a
courtroom setting sometimes jurors are presented with evidence which they are subsequently told
to disregard. There has been extensive research showing that jurors have difficulty putting aside
and forgetting about this evidence when making their decision (Steblay et al., 2006). Dietvorst and
Simonsohn (2019) have shown that making participants aware of the issue of using inadmissible
evidence while making decisions and also providing a strong reason not to do so lowered the
incidence of using it. The current findings suggest that if this evidence is especially emotional or
arousing, jurors may have an even harder time forgetting it while considering a verdict, so being
aware of this factor can ensure extra precautions are in place to lessen the impact.

Limitations
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One limitation of our analysis is the rarity of studies including positive stimuli, especially
those contributing to the d’ models, which could suggest these analyses were underpowered and
therefore it is difficult to draw any strong conclusions from the results. Further research should
aim to include positive items in their studies when assessing the influence emotion has on directed
forgetting. A second limitation is that not all articles provided arousal and valence ratings for their
stimulus set. Having all ratings would have given a clearer picture of the influence these two
factors have on directed forgetting. Also, the relatively inconsistent nature of the stimuli more
generally restricted our ability to draw firm conclusions as to the origin of the observed effect.
Without detailed descriptive statistics of the stimuli used in the experiments provided, the ability
to analyze potential confounds was not feasible for the current thesis, although future work
investigating these confounds is planned.

Conclusion

In conclusion, this meta-analysis has found supports the argument that emotional items are
harder to intentionally forget in the context of item method directed forgetting. While the results
provided insight into some of the potential variables affecting this discrepancy (e.g., arousal), the
possibility of other contributing factors cannot be ruled out due to the uncontrolled nature of many
of the stimuli sets used. In broader terms of directed forgetting, we found there were larger
magnitude of directed forgetting in studies that a) used words as stimuli, b) used buffer items c)
had recall testing prior to recognition, and d) used a lower number of items. Future research should
aim to further investigate the role of arousal in the discrepancy between directed forgetting of

emotional and neutral items.
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Appendix A

Effect of Moderators on the Magnitude of Directed forgetting for Negative and Positive Items

Moderator k M Difference (%) p
Negative Items
Stimulus
Complex 14 10.3[6.5, 14.0] 8.8 3.9, 13.9] 1
Words 26 19.1[16.0, 22.4]
Task
Recall 15 21.0[16.1, 26.0] -6.7 [-12.7, -0.6] 0.98
Recognition 25 14.3[10.8, 17.8]
Arousal 25 5.3[-26.2,35.7] 0.64
Valence 28 2.87[-40.8,47.5] 0.55
Recall First
No Recall 28 12.1[8.8, 15.4] 10.4 2.8, 18.0] 0.99
Recall 12 22.5[15.7,29.3]
List Size 40 -3.23[-6.1,-0.3] 0.99
Buffer
No buffers 24 12.5[9.3, 15.7] 8.41[3.0, 13.9] 1
Buffers 15 20.9[16.5, 25.3]
Activity Measure
No measure 25 17.1[13.5, 20.9] -3.7[-9.6, 1.9] 0.90
Measure 15 13.4[8.8, 17.8]
Positive Items
Stimulus
Complex 8 9.0[2.4,15.5] 8.510.3, 16.6] 0.98
Words 18 17.6[12.5, 22.5]
Task
Recall 11 16.0[7.8, 22.8] -0.7 [-10.5, 9.8] 0.57
Recognition 15 15.3[8.4, 22.1]
Arousal 17 -11.8 [-61.5, 37.5] 0.68
Valence 20 23.65[-23.4, 70.1] 0.84
Recall First
No Recall 16 8.9[4.5,13.5] 20.6[11.2, 29.5] 1
Recall 10 29.5[21.3, 37.1]
List size 26 -2.49[-7.4,2.2] 0.85
Buffer
No buffers 15 10.5[5.5, 15.3] 10.3[2.2,18.4] 0.99
Buffers 10 20.8[14.3, 27.2]
Activity Measure
No measure 21 15.6[10.8, 20.3] -6.2 [-17.0, 4.4] 0.88
Measure 5 9.3 [-0.5, 19.0]

Note. k= the number of observations for each moderator or each level of the moderator; M = the mean
estimate of directed forgetting 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 directed

forgetting between levels of the moderator, 95%
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Effect of Moderators on the Magnitude of Directed forgetting for Negative and Positive Items in

d s
Moderator k M Difference(%) p
Negative Items
Stimulus
Complex 10 0.3 0.1, 0.5] 0.310.1,0.5] 0.99
Words 12 0.6 0.4, 0.7]
Arousal 14 -0.19[-1.1, 0.7] 0.66
Valence 15 01[-0.9,0.9] 0.5
Recall First
No Recall 18 0.40.2,0.5] 0.2 [-0.1, 0.6] 0.92
Recall 4 0.6 [0.3,0.9]
List size 22 -0.08 [-0.2, 0.1] 0.87
Buffers
No Buffers 17 0.410.2,0.5] 0.3 [-0.0, 0.6] 0.96
Buffers 5 0.6 [0.4,0.9]
Activity Measure
No measure 10 0.510.3,0.7] -0.2 [-0.4,0.1] 0.90
Measure 12 0.410.2,0.5]
Positive Items
Stimulus
Complex 7 0.2 0.0, 0.5] 0.4510.12, 0.78] 0.99
Words 7 0.7 [0.4,0.9]
Arousal 9 -0.12 [-1.1, 0.8] 0.6
Valence 10 0.05[-0.9, 1.0] 0.53
Recall First
No recall 11 0.4 0.1, 0.6] 0.411[-0.0, 0.8] 0.97
Recall 3 0.80.4,1.1]
List Size 14 0.01[-0.2, 0.2] 0.52
Buffers
No Buffers 11 0.310.1,0.5] 0.5310.1, 0.9] 0.99
Buffers 3 0.910.5,1.2]
Activity Measure
No measure 10 0.510.2,0.7] -0.1[-0.6, 0.3] 0.68
Measure 4 0.4 0.0, 0.8]

Note. k=the number of observations for each moderator or each level of the moderator; M = the mean estimate

of directed forgetting 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 directed forgetting

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).



DIRECTED FORGETTING AND EMOTION 83

Effect of Moderators on the Difference in the Magnitude of Directed forgetting Between Emotion

Conditions
Moderator K M Difference(%) p
Neu-Neg
Stimulus
Complex 13 5.310.7,9.9] -2.4[-8.3,3.4] 0.8
Words 26 2.9[-0.7, 6.4]
Task
Recall 15 2.3[-1.9, 6.5] 2.6 [-2.2,7.1] 0.87
Recognition 24 4.9][1.6,8.2]
Arousal 24 -16.1 [-44.6, 14.9] 0.86
Valence 28 8.84[-23.7,41.2] 0.7
Recall First
No recall 27 3.710.6, 6.9] 4.6 [-2.5, 11.8] 0.9
Recall 12 8.3[1.9, 14.8]
List size 39 0.43 [-2.65, 3.5] 0.61
Buffers
No Buffers 23 2.7[-0.6, 6.1] 4.2[-1.6,10.0] 0.92
Buffers 15 6.9[2.2,11.5]
Activity measure
No measure 22 3.1[-0.6, 6.9] 1.7[-4.1, 7.4] 0.72
Measure 17 4.810.5,9.1]
Neu-Pos
Stimulus
Complex 7 6.22.0,10.2] -2.3[-7.2,3.1] 0.82
Words 18 39[1.1,7.1]
Task
Recall 11 3.710.5,7.2] 1.66 [-3.0, 6.1] 0.78
Recognition 14 5.412.0, 8.8]
Arousal 16 -10.2 [-40.1, 21.5] 0.75
Valence 20 2.79[-32.2,37.7] 0.56
Recall First
No recall 15 4.510.7, 8.5] 2.7[-5.2,10.4] 0.76
Recall 10 7.210.3,13.9]
List size 25 0.1[-2.5,2.8] 0.53
Buffers
No Buffers 14 3.710.9, 6.7] 4.2[-1.2,9.3] 0.94
Buffers 10 7.9[3.6,12.2]
Activity Measure
No measure 20 4.0[1.0,7.1] 2.41[-3.2,8.2] 0.81
Measure 5 6.4[1.8,11.5]

Note. k= the number of observations for each moderator or each level of the moderator; M = the mean estimate
of directed forgetting 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 directed forgetting
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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Moderators Influencing the Difference in the Magnitude of Directed Forgetting Between Emotion

Conditions in d’

Moderator k M Difference(%) p
Neu-Neg
Stimulus
Complex 9 0.1[-0.1, 0.3] 0.0[-0.2, 0.2] 0.64
Words 12 0.1[0.0, 0.3]
Arousal 13 -0.1 [-0.5, 0.4] 0.63
Valence 15 0.1[-0.4, 0.5] 0.58
Recall First
No recall 17 0.1[0.0,0.2] 0.17[-0.1, 0.4] 0.94
Recall 4 0.3[0.1, 0.4]
List size 21 0.03[-0.1, 0.1] 0.69
Buffers
No buffers 16 0.1[0.0,0.2] 0.16[-0.1, 0.4] 0.94
Buffers 0.2[0.1,0.4]
Activity Measure
No measure 9 0.1[0.0, 0.3] 0.0[-0.2, 0.2] 0.5
Measure 12 0.1[0.0, 0.2]
Neu-Pos
Stimulus
Complex 6 0.310.1,0.4] -0.1[-0.3,0.1] 0.87
Words 7 0.2 0.0, 0.3]
Arousal 8 -0.01 [-0.5, 0.5] 0.52
Valence 10 0.0 [-0.5, 0.5] 0.51
Recall First
No recall 10 0.210.1,0.3] 0.01[-0.2, 0.2] 0.71
Recall 3 0.2 0.0, 0.4]
List size 13 -0.02 [-0.1, 0.1] 0.63
Buffers
No buffers 0.210.1,0.3] 0.1[-0.2, 0.3] 0.68
Buffers 0.3[0.1, 0.4]
Activity Measure
No measure 9 0.210.1,0.3] 0.0[-0.2, 0.2] 0.65
Measure 4 0.2 0.1, 0.4]

Note. k=the number of observations for each moderator or each level of the moderator; M = the mean estimate
of directed forgetting 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 directed forgetting
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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Appendix B
Information Provided for Studies using Word Stimuli
Paper Wordlist Provided Dominance Rating Frequency Rating Frequency Length Familiarity
pe Provided Provided Matched Matched Matched
Bailey and Chapman No No No No No No
(2012, Experiment
1)
Bailey and Chapman No No No No No No
(2012, Experiment
2)
Berger et al. (2018) No No Yes Yes No No
Brandt et al. (2013) No No No Yes No No
Gallant (2013) Yes No No Yes No No
Gallant and Dyson Yes No Yes Yes Yes No
(2016)
Gallant et al. (2018) No No Yes Yes Yes No
Gamboa et al. No No No No Yes No
(2017)
Korfine and Hooley Yes No No Yes Yes No
(2000)
McNally et al. Yes No No Yes No No
(1998)
McNally et al. No No No Yes Yes No
(1999)
Moulds and Bryant Yes No No Yes No No
(2002)
Moulds and Bryant Yes No No Yes No No
(2008)
Patrick et al. (2015) No Yes Yes No Yes No
Teckan et al. (2008) No No No Yes No No
Wierzba et al. No No No No No No
(2018)
Wilhelm et al. Yes No No Yes Yes No
(1996)
Yang et al. (2016, No No No Yes No Yes
Experiment 1)
Yang et al. No No No Yes No Yes

(Experiment 2)




