When emotion intensifies memory interference
Mara Mather

University of Southern California

Oct. 12 version
In press, Psychology of Learning and Motivation, Volume 51

Abstract

Many of our most vivid memories are of emotional events; in research
studies, emotional events or items are often more likely to be remembered than
neutral events or items. However, as pointed out in this chapter, the same
characteristics that make emotional information memorable can also make
emotional information more subject to interference effects in memory. Thus,
being reminded of some emotional memories can interfere with other memories
evoking the same emotion, it can be more difficult to update one’s memory of the
context of an emotional item, it can be harder to learn a new association to
something that was previously associated with an emotional item, and frequent
re-exposure to a cue to a negative memory can increase forgetting of that
negative memory.
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1. Introduction

“Funes not only remembered every leaf on every tree of every wood, but even
every one of the times he had perceived or imagined it.”

“He told me: | have more memories in myself alone than all men have had since
the world was a world. And again: My dreams are like your vigils. And again,
toward dawn: My memory, sir, is like a garbage disposal.”

From “Funes the Memorious” by Jorge Luis Borges

To have a perfect memory for every instant of one’s life may seem
desirable. Yet, as Borges illustrated in his story Funes the Memorious, a mind
that is incapable of forgetting would also be one that fails to distinguish minutia
from core knowledge; one that is incapable of abstract thought. Thus, a key
feature of memory is what is forgotten, or not even learned in the first place.
Although the most noticeable factor that leads to forgetting is the passage of
time, researchers have found that forgetting is not just a passive process.
Information competes for mental resources and so newly learned information is
vulnerable to interference from other mental activity (for reviews see Anderson,
2003; Wixted, 2004)}.

Much research attests to the fact that emotional events or stimuli are less
likely to be forgotten than neutral events or stimuli (for reviews see Kensinger,
2004; Mather, 2004; Reisberg & Heuer, 2004). This memorial advantage is due
to a number of factors, including that emotional stimuli grab attention, that we
tend to think and talk more about emotional events than neutral events, and that
a brain region that responds to emotionally arousing stimuli (the amygdala)
modulates memory consolidation activity in the hippocampus, a brain region that
plays a key role in acquiring new memories.

Because of its dominance in attention and memory, it is not surprising that
emotional information should be more likely to interfere with other information in
memory than neutral information. This competitive advantage of emotional
information has been demonstrated in many studies (for a review see Mather,
2007). However, some recent findings suggest that, in some cases, the
emotional nature of a stimulus make it the object of more interference than it
might otherwise face, leading it (or information linked to it) to be more likely to be
forgotten than if the stimulus were neutral. Unlike Funes the Memorious’s
memory, normal memory processes are selective. This chapter will touch upon
some of the interference or inhibition paradigms and findings that are relevant for
emotional memory and review how emotional material may sometimes be more
subject to interference.

2. Interference From Being Part of an Emotional Category



Having learned a list of related items (e.g., sleep, bed, rest, awake, tired,
dream, wake, snooze, etc.), people are worse at recalling a particular half of the
items from the list if they are shown a list of the other items on the memory test
than a control group that is not shown any items from the list (Bauml &
Kuhbandner, 2003). Similar part-set cueing effects have been demonstrated
many times under a variety of circumstances (e.g., Marsh et al., 2004; Roediger,
1973; Rundus, 1973; Slamecka, 1968; Watkins, 1975). Findings of inhibition from
part-set cueing are intriguing because they contrast with the idea that memory
retrieval is facilitated by the activation of associated items, and many researchers
have devoted effort to explaining the mechanisms of this “persisting enigma in
memory research” (Nickerson, 1984).

Related to the part-set cueing effect is the finding that the repeated
retrieval of a subset of items from a list can lead to forgetting of the nonretrieved
items (Anderson et al., 2000; Anderson et al., 1994). In a typical retrieval practice
experiment, participants learn lists of category-exemplar pairs (e.g., fruit-orange,
drinks-scotch, fruit-banana). Then they are prompted to retrieve half of the
exemplars from half of the categories with the aid of cued stem recall tests (e.g.,
fruit-or___). A retrieval-induced forgetting effect is demonstrated in the final cued
recall test by reduced recall of unpracticed items from practiced categories
relative to unpracticed items from unpracticed categories.

Both the part-set cueing effect and the retrieval-induced forgetting effect
reveal that being part of a category can reduce a memory’s chance of being
recalled if other memories from that category have been retrieved more
frequently or are activated first during a memory retrieval attempt. These
category-based interference effects suggest that emotional memories may suffer
from competition with memories that evoke similar emotions. For instance,
reminding someone of a negative memory may make them less likely to retrieve
as many other negative memories as if they had not been reminded of that
memory.

In order to see this type of interference along emotional lines, a necessary
prerequisite is that emotions act as organizing principles in memory. Otherwise,
activation of a memory that elicits a particular emotion would not activate other
memories that also evoke that emotion, and there would be no need to resolve
competition among emotionally similar memories. Relevant to this issue, some
researchers have argued that that emotions activate associated information
within an associative network/spreading activation model of memory (e.g.,
Bower, 1981; Ingram, 1984; Niedenthal et al., 1999) and there is evidence that
emotional cues facilitate retrieval of memories with similar emotional qualities
(e.g., Schulkind & Woldorf, 2005). These models and findings of memory
activation along emotional lines suggest that there may also be memory
interference along emotional lines.

Recent findings support this possibility of interference due to the emotional
category of memories. One study examined retrieval-induced forgetting for
autobiographical memories generated from cue words (Barnier et al., 2004).



Participants first generated memories in response to nine category cue words, of
which three were negative (horrified, sickness, tragedy), three were neutral
(hardworking, patient, polite) and three were positive (entertaining, excitement,
happy). Participants were also asked to generate a unique personal cue word for
each memory that would remind them of the memory. In a subsequent retrieval-
practice phase, participants were asked to retrieve their previously generated
memory in response to a category cue word/personal cue pair (e.g., hardworking
- exams) three times. The experimenter gave them the cues to complete this
retrieval for half of the memories generated for one negative, one neutral and one
positive category. On the final test, participants were shown all nine category cue
words again and were asked to recall all the memories associated with each
word. As would be expected from previous studies using category-exemplar word
pairs such as fruit-orange, participants were more likely to later recall the
memories that they had practiced retrieving than memories from unpracticed
categories. In addition, they showed the standard retrieval-induced forgetting
effect, as they were less likely to retrieve unpracticed memories from practiced
categories than unpracticed memories from unpracticed categories. The novel
finding was that retrieval-induced forgetting was greater for memories from
emotional categories than for memories from neutral categories.

This finding of greater retrieval-induced forgetting for emotional memories
suggests that the competition among memories from the same emotional
category may require greater inhibition at retrieval than is necessary to resolve
competition among memories from a neutral category. However, it is not clear
whether the emotional nature of the memories was the key factor or whether the
autobiographical memories generated in response to the different cue words
differed on other dimensions.

Another experiment that showed that interference can occur based on
emotional category membership used words with either positive or negative
valence (Ferraro & King, 2004). In this study, participants received four trials,
each consisting of a 3-word triad of either positive or negative words. On each
trial, they studied the words and then, after a distractor task, recalled them. For
half of the participants, all four trials had words of the same valence. As
expected, they showed proactive interference, with worse recall on each
subsequent trial that had the same valence for the word triad. For the other
participants, the words switched valence on the fourth trial. These participants
showed a robust release from proactive interference, with recall that was
numerically even higher than their first trial (see also Wickens & Clark, 1968).
Thus, the proactive interference occurred along emotional lines, with interference
seen only if the words were from the same emotional valence category as the
words in the previous trials.

Interference based on membership in an emotional category was also
seen in a paradigm in which participants learned a few critical lists (one list
consisted of tools, another of diseases and another of curse words) and many
filler lists that were also categorized (Smith & Moynan, 2008). After the learning



phase, participants either did unrelated tasks or a retrieval-biasing procedure in
which they were repeatedly exposed to the filler lists but not the critical lists. Then
they were asked to recall all the list names (e.g., tools) from the first learning
phase. Participants showed a high level of forgetting for the critical list names,
with 40% higher recall of the critical list names in the control condition. The rate
of forgetting was similar for the emotional and non-emotional list names.

An important question is whether the interference effects in the studies
reviewed above occurred along emotional lines only because the experimental
structure highlighted the emotional nature of the memories, or whether memories
from similar emotional categories would spontaneously interfere with each other,
even if there were no external cues to use emotional categories. Sison and
Mather (2007) used a modified part-set cueing design to examine whether the
organization of information along emotional lines is an automatic process that
always occurs in response to emotional stimuli or whether the categorical
structures that lead to competition among same-category items vary depending
upon the most salient organizational scheme at the time. Participants were
shown a series of pictures. Each picture belonged to one of four categories:
amusing animals, amusing people, fear-inducing animals or fear-inducing people.
Thus, each picture could be categorized based on whether it contained people or
animals or whether it evoked amusement or fear.

After the initial slideshow presenting the pictures, participants in some
conditions were cued to retrieve one picture at a time, all of which were from the
same category (e.g., all the amusing people). They were shown a word
describing the picture (e.g., “clowns”) and asked to visualize the picture that
matched the phrase and then to press a key when they had succeeded. After
they pressed the key, the corresponding picture was shown. Ten minutes after
this reminder phase, participants were asked to list as many of the pictures from
the slide show as they could.

Unlike most part-set cueing or retrieval-induced forgetting paradigms,
participants were not reminded of the categories on either the retrieval practice or
the final memory test (they were not asked to recall the pictures separately by
category and the categories were not used as retrieval cues). Instead, the only
explicit statement that the pictures could be categorized was in the initial
instructions. In the actor-salient condition, part of the instructions stated that
participants would view pictures of animals or people, whereas in the emotion-
salient condition, the instructions instead stated that participants would view
pictures depicting amusement or fear.

As shown in Figure 1, Sison and Mather found a part-set cueing effect
both for pictures from the same actor category (e.g., fear-related people) and for
pictures from the same emotion category (e.g., amusing animals). The emotion
effect reveals that pictures that elicit the same emotion as pictures that were
recently reactivated are subject to interference, even if the topic of the picture is
otherwise from another category (e.g., people vs. animals). But a second key
finding is that these impairments in memory for items from the same category



depended on which category was mentioned in the instructions. This suggests
that which categories are most likely to influence memory competition are
flexible, and the degree to which being from the same emotion category will lead
to competition among memories will depend on whether the emotional similarity
is salient.

Sison and Mather’s findings suggest that the emotional nature of
memories does not have a special status in determining which memories will
interfere with each other, but can act like other categories (see also Smith &
Moynan, 2008). Furthermore, the way that memories are categorized, and
therefore the degree to which one memory will compete with another one during
retrieval, is flexible and context dependent. This ad hoc nature of emotional
categories is consistent with Barrett’s (2006) proposal that the experience of
emotion is itself an act of categorization that is based on prior experience and
shaped by the current situation.

3. Proactive Interference for Emotional ltems

Having learned an association between two things (such as that Emily
lives in Portland) it is usually more difficult to learn a new, competing association
(such as that Emily now lives in Seattle). Many studies have demonstrated this
type of proactive interference using “AB-AC” paired-associate cued recall
designs, in which participants first learn one set of cue-response pairings (AB)
and then learn another set (AC). These participants do worse on a test for the AC
pairs than other participants who are asked to learn entirely new associations in
the second list (CD).

The ability to resolve proactive interference may contribute to many higher
cognitive functions, especially working memory (Jonides & Nee, 2006). Prefrontal
brain regions, in particular the left ventrolateral prefrontal cortex, play a role in
resolving proactive interference (Nee et al., 2007). In addition, reliable individual
differences in the ability to inhibit or suppress irrelevant information influence
working memory capacity (Barrett et al., 2004; Conway & Engle, 1994).

In at least some models of proactive interference, the probability of recall
is based on both the relative and the absolute strength of an item (e.g., Altmann
& Gray, 2002; Mensink & Raaijmakers, 1988). This assumption leads to an
interesting prediction regarding emotional associations, as recent evidence
indicates that emotional items tend to yield stronger memory binding for their
intrinsic features than neutral items do (Mather, 2007). Because of stronger
proactive interference, people may have a harder time learning new associations
with emotional items than new associations with neutral items.

Novak and Mather (under review) tested this possibility by having
participants learn the association between pictures and their locations on the
screen. In their first experiment, participants studied a series of 72 pictures, each
shown in one of eight locations on the computer screen (none were shown in the
center location). Half of the pictures were emotionally arousing (and negative)



and half were more neutral. After the study phase, participants were shown each
picture again in the middle of the screen and asked to indicate which location it
had been shown in previously. They repeated this study-test cycle until they
achieved perfect performance in two successive rounds. In the first round, there
was no significant difference in picture-location memory accuracy (although
location accuracy was slightly higher for the emotional pictures). However, after
the first round, accuracy was significantly higher for the neutral pictures than for
the arousing pictures. Further examination of the errors on the repeat rounds
revealed that participants were more likely to repeat an initial location error again
for arousing pictures than for neutral pictures (despite having seen the picture in
the correct location again).

The finding that initial picture-location errors were more persistent for the
arousing pictures suggested that, when associations change over time,
participants might have more difficulty updating associations to arousing items
than to neutral items. To test this, in the second experiment Novak and Mather
changed the locations of half of the pictures on the fourth round of viewing the
series of pictures. At the start of the study, participants were informed that some
pictures might change locations in one of the rounds and that at the end of each
viewing cycle they should report the most recent locations of the pictures. By the
end of the third round, participants had learned the locations of most of the
pictures. Among those pictures that they had correctly indicated its location on
Round 3, participants were less likely to correctly indicate the changed locations
of arousing pictures than neutral pictures on Round 4.

One surprising aspect of these data was that the difference between
location memory for arousing and neutral pictures in Round 4 was not driven by a
failure to notice the change in location. In fact, participants were slightly less
likely to erroneously repeat the location from Round 3 for arousing pictures than
for neutral pictures. Instead, their impaired performance for arousing pictures was
driven by errors in which they responded with a different location than either the
one the picture had been in for Rounds 1-3 (and that they had accurately recalled
on Round 3) or the one it had been in for Round 4. This pattern suggests that
participants noticed when arousing pictures changed locations — but they were
less able to effectively bind the new locations to arousing pictures than they were
for neutral pictures. This is an intriguing finding, as it argues against the
possibility that the worse performance for new associations with emotional items
is due to simple source errors in which people recall the initial association to the
emotional item and assume it was the most recent association. Instead,
participants seem to have more difficulty learning new associations to emotional
items, even when they are aware that the original association is no longer
current.

4. Impaired Associations to Emotional Harbingers



The role of memory strength in proactive interference leads to another
interesting possibility with regards to emotional associations. Do people have a
harder time learning new associations to cues that previously were associated
with emotional items, because those emotional associations are more vividly
recalled and are therefore more interfering than neutral associations? For
instance, having learned to associate a particular phone ring sound with
emotionally arousing phone calls, people might have a harder time remembering
associated contextual details the next time the phone rings than if the phone
were associated with neutral phone calls.

A series of experiments by Mather and Knight (in press) is consistent with
this idea that learning associations with emotional items interferes more with
learning subsequent associations than learning associations with neutral items.
Mather and Knight examined how well people can learn new associations to cues
that previously predicted emotional or neutral pictures. For instance, in their first
experiment, Mather and Knight first asked participants to indicate as quickly as
they could whether pictures shown on the computer screen were negative or
neutral. Each picture was preceded by a neutral tone sequence (Figure 2A).
Each tone sequence was played before multiple pictures, but always preceded
pictures of the same type. Thus, some tones were emotional harbinger cues and
others were neutral harbinger cues.

In the second phase of the experiment, participants were asked to learn
the association between each of the tone sequences and a digit shown on the
screen (Figure 2B). Next, they were given a memory test for the tone-digit
associations (Figure 2C). Participants were worse at remembering which digit
had been associated with emotional harbinger tones than neutral harbinger
tones. A follow-up experiment indicated that this impairment for emotional
harbinger associations was also seen for tones that previously predicted positive
arousing pictures. Thus, the emotional harbinger effect is consistent across
arousing stimuli, regardless of valence.

In subsequent experiments, Mather and Knight replicated the emotional
harbinger effect using visual harbinger cues (neutral faces) rather than the
auditory tones. They investigated whether attentional narrowing could account for
the findings. In other words, did the memory impairments occur because
participants focused their attention onto cues that previously predicted something
emotionally arousing, making it less likely they would learn other information
presented at the same time? The findings indicated that memory narrowing could
not account for the impaired memory for information associated with emotional
harbingers. For instance, in Experiment 3, the new associations that participants
were asked to learn to the neutral face harbinger cues were hats. The neutral
face harbinger cue was shown either wearing the hat, or on the other side of the
screen from the hat. In both conditions, participants were worse at learning which
hat had been associated with neutral faces that had previously predicted
emotional pictures than the hat-face association for faces that had previously
predicted neutral pictures. Also arguing against an attentional narrowing



hypotheses were findings from Experiment 4, in which memory was impaired not
only for external associations with emotional harbingers (digits shown near the
face cues) but also for intrinsic associations (the locations of the faces).

The finding that location memory was worse for faces that previously
predicted emotionally arousing pictures than for faces that previously predicted
neutral pictures contrasts with findings that location memory is better for pictures
that are themselves emotionally arousing than for pictures that are more neutral
(Mather et al., under review; Mather & Nesmith, 2008). Thus, in Experiment 5,
Mather and Knight tested whether, in the same paradigm, participants would
have impaired location memory for emotional harbingers compared with neutral
harbingers but enhanced location memory for inherently emotional pictures
compared with neutral pictures. Like Experiments 3 and 4, in this experiment,
participants started with a learning phase in which they saw a neutral face
followed by a picture on each trial. They had to rate whether the picture was
negative or neutral. Each neutral face appeared multiple times, always predicting
the same type of picture. In the next phase, these neutral and emotional
harbinger face cues were shown in different locations on the screen and
participants were asked to learn the face-location pairings. Interspersed with
these harbinger cue faces were new faces that were themselves either
emotionally arousing (e.g., a woman with a black eye) or neutral (e.g., other
participants saw the same woman without the black eye). Participants were then
tested for their memory of all the face-location pairings.

There was a significant interaction, such that participants were worse at
remembering the locations for emotional harbinger faces than for neutral
harbinger faces, but better at remembering the locations for inherently emotional
new faces than for neutral new faces. Furthermore, there was a significant main
effect, with participants remembering the locations of the new faces better than
the locations of the harbinger faces which had each been seen many times
before during the cue learning phase (always in the center of the screen, in a
location not used during the face-location association phase).

These findings suggest that when a face is inherently arousing, people
tend to have better location memory for it, as seen in our previous studies
(Mather et al., under review; Mather & Nesmith, 2008). However, when a face
was previously associated with an emotionally arousing picture rather than a
neutral picture, this previous emotional association makes it more difficult to learn
a new and quite different association (the current location of the face). The main
effect in which learning the locations of the harbinger faces was more difficult
than learning the locations of the new faces suggests that proactive interference
plays a role, even though the nature of the information being associated is
different in the initial phase (faces with pictures) and the subsequent phase
(faces with locations). Furthermore, this suggests that the reason that learning
new associations to emotional harbingers is more difficult than learning new
associations to neutral harbingers is because the initial emotional associations
create more proactive interference than the initial neutral associations.



The emotional harbinger effect from Mather and Knight’s (in press) study
and the impaired emotional updating effect from Novak and Mather’s (under
review) study may reflect a general phenomenon, in which making an initial
association that involves an emotionally arousing element makes it more difficult
to learn new associations to any component of the original association. This
would have important implications in everyday life, as it would mean that
associations with emotional events are less likely to be updated or corrected
when new information is available.

One interesting question is whether this emotional harbinger effect is
related to the more general memory phenomenon in which additional study is
more beneficial for previously studied items that have mostly been forgotten than
for previously studied items that are remembered well at the time of relearning.
For instance, increasing the spacing between two study sessions increases the
retention of the material. In their new theory of disuse, Bjork and Bjork (1992)
argue that the more accessible an item is at a given point, the less it will benefit
from relearning opportunities (e.g., Storm et al., 2008). Memories for emotional
items will tend to be more accessible than memories for neutral items, and
therefore relearning should be less effective for the emotional items. Particularly
intriguing is the indication that relearning will not only be impaired for the item
itself, but for associations with that item (Mather & Knight, in press; Novak &
Mather, under review).

5. The Intentional Suppression of Emotional Memories

This chapter has already reviewed a number of ways in which emotional
memories are more subject to forgetting and interference than neutral memories.
However, one key factor not yet discussed is that emotional memories are more
likely to evoke the desire to forget or remember than neutral memories.
Unpleasant memories, such as the embarrassing thing one said during a
meeting, can trigger a negative mood, just as pleasant memories can trigger a
positive mood. Retrieving positive memories while avoiding reactivation of
negative memories is one way to help regulate emotions (e.g., Rusting & DeHart,
2000; Sakaki, 2004). For instance, simply asking people to rate their emotions
every page or so when they filled out a survey about their memories for their
health and well-being years earlier made them remember their past in a more
positive light and led them to be in a better mood after they completed the
questionnaire than when they started, unlike the control participants who were
not asked to rate their emotions (Kennedy et al., 2004). Likewise, asking people
to think about how they feel about choices just after they make them can lead
them to show more of a choice-supportive bias later when they recall the
attributes of the choice options, attributing more positive features to their chosen
option and more negative features to the rejected option (Mather & Johnson,
2000). In general, people are more likely to remember positive autobiographical
events than negative ones, and negative feelings associated with events fade



faster than positive feelings (Walker et al., 2003). Coping mechanisms that
minimize the impact of negative events seem to contribute to the advantage for
pleasant memories (Taylor, 1991).

The notion that the desire to forget an unpleasant memory could somehow
contribute to it being forgotten goes back to Freud’s concept of repression, in
which mental processes “strive towards gaining pleasure; psychical activity
draws back from any event which might arouse unpleasure” (Freud, 2003, p. 68).
Despite its extensive history, the concept of memory repression is still
controversial (Brewin, 2007; Erdelyi, 2006 and associated commentaries). Some
psychologists believe that amnesia for traumatic events is not uncommon (Arrigo
& Pezdek, 1997; Gleaves et al., 2004) whereas others are skeptical that
emotionally charged memories tend to be repressed (Schacter, 2001) or that
anything beyond normal forgetting mechanisms are needed to account for
forgotten episodes of trauma (Kihlstrom et al., 2005).

One reason that experimental psychologists have been skeptical of the
notion of repression is that it has been difficult to demonstrate repression in
controlled laboratory studies. Recently, however, Anderson and Green (2001)
provided an experimental task that they argued demonstrated repression. In their
study, participants first learned to say an associated word whenever they saw its
cue word (e.g., see “ordeal,” say “roach”). In the subsequent “think/no-think”
phase, they saw some of the cue words printed in green and some in red, and
were asked to respond with the associate for the green cues but to not respond
to the red cues. Furthermore, for the red cues, participants were asked not to
even let the associated word come to mind—they were supposed to avoid
thinking about it. The more frequently participants saw a cue word in red during
this phase, the less likely they were to recall it later when shown the cue word or
a word stem completion such as “insect-r .” This procedure may serve as an
analogue to real-life situations in which people encounter something or someone
associated with an unpleasant memory but use cognitive control mechanisms to
avoid thinking about the associated memory.

Several studies followed up these findings using emotional stimuli, to see
if people are more or less likely to suppress emotional associates than neutral
associates. One study found that when repeatedly shown faces and asked either
to think or not to think of a word or picture previously associated with each face,
participants showed larger facilitation and inhibition of associated items that were
negative than of items that were neutral (Depue et al., 2006). However, another
study using word pairs with neutral cues and emotional response words found
that facilitation and inhibition were less effective for unpleasant words than for
pleasant words (Marx et al., 2008), whereas other studies have found no
differences in the effects of trying not to think about positive and negative stimuli
for non-depressed participants (Hertel & Gerstle, 2003; Joormann et al., 2005).
Thus, although these studies do not yield clear conclusions about whether it is
easier or harder to suppress positive, negative or neutral associations, they
suggest that trying not to think of emotional associations has similar effects as




trying not to think of neutral associations, leading people to be more likely to
forget them later.

This ability to intentionally forget emotional stimuli has also been
demonstrated using directed forgetting paradigms, in which participants are
presented with two lists of words and instructed to forget one of the lists but
remember the other one (Myers & Derakshan, 2004; Power et al., 2000; Wessel
& Merckelbach, 2006). At least among non-depressed college students, telling
them to forget a list of negative words is just as effective as telling them to forget
a list of neutral words; in both cases, they are more likely to forget those words
than control participants not given the forget instructions, with very similar
forgetting rates for negative and neutral words (Wessel & Merckelbach, 2006).

Although the studies reviewed above reveal that telling people not to think
about an emotional item or set of items decreases the likelihood they will recall
that item or set later, none of them attempt to measure what people do without
explicit instructions. To examine whether people spontaneously try to suppress
negative memories more than positive or neutral memories, Mather and Mangold
(in preparation) designed a procedure with a similar structure to Anderson and
Green’s (2001) think/no-think procedure, but without any explicit instructions to
think or not think about associations to the cues. In the first phase of the study,
participants were asked to learn the association between faces and pictures.
They learned the face-picture associations in lists of nine items. All of the faces
were neutral, and the pictures were either neutral, positive or negative. After
being shown each face-picture pair once, participants were shown each face and
asked to recall the associated picture. After they gave an answer, they were
shown the actual associated picture and then another face in the list. They
repeated the test for the nine pairs until they remembered all of the pictures
correctly. In this fashion, participants learned four lists of face-picture pairs.

The next phase of the study was designed to simulate the undirected
nature of everyday re-exposures to memory cues. Participants saw some of the
faces again, but were not instructed about whether or not to think about the
associated pictures. Instead, they were shown each face on the screen for a few
seconds, then the face disappeared, replaced by a question about it (e.g., “Would
you like to go out for a drink with the person in the picture?”). Thus, participants
were free to reactivate their memories of the associated picture while they looked
at a face cue, or to avoid thinking about the association. During this re-exposure
phase, one third of the faces were shown once, one third were shown six times
(each time followed by a different randomly selected question), and one third
were not shown.

Next, participants were shown each face from the original face-picture
association-learning phase and asked to recall which picture it had been
associated with. Since some of the faces had been seen during the re-exposure
phase and some had not, this test provided a measure of how seeing the face
again affected memory for what it had originally been associated with. In general,
participants were less likely to recall pictures associated with faces shown six



times in the re-exposure phase than pictures associated with faces shown only
once or not at all. Thus, frequent re-exposure to faces interfered with memory for
previous associations to the faces. Presumably, re-exposure impaired memory
for previous associations at least in part because of retroactive interference from
new associations to the questions.

However, the main effect of re-exposure was qualified by a significant
interaction of picture valence, number of re-exposures and participant gender.
Males recalled fewer associated negative pictures with repeated re-exposure to
the face cues but did not show this decrease in memory for neutral pictures. In
contrast, females did not show this selective diminishment of negative
associations with repeated re-exposure to the face cues.

Another question of interest in this study was whether depression status
would predict the degree to which people spontaneously suppress negative
memories. Previous studies have examined how effectively depressed
participants forget associated items or whole lists when asked to do so (Hertel &
Gerstle, 2003; Hertel & Mahan, 2008; Joormann et al., 2005; Power et al., 2000).
Depressed participants sometimes show impairments in the ability to suppress
information when asked to (Hertel & Gerstle, 2003; Power et al., 2000). However,
these studies did not examine spontaneous engagement in suppression or
enhancement of memories.

Categorizing participants by whether they were above or below the
average score on a depression scale in Mather and Mangold’s study revealed
that females with above average depression scores had better memory for the
negative associations to repeatedly re-exposed face cues than did females with
below average depression scores or males with above average scores. Thus,
females experiencing higher levels of depressed mood were less likely than other
participants to successfully suppress negative associations with repeated re-
exposure to reminders of those negative memories.

These individual differences based on participant sex and depression
levels are consistent with research showing that, in response to a sad or
depressed mood, women are about as likely to ruminate about their feelings as
they are to try to distract themselves, whereas men are more likely to try to
distract themselves from the negative mood (Nolen-Hoeksema et al., 1993).
Females’ greater tendency to ruminate rather than distracting themselves in
response to feeling down about something seems to be one reason that women
experience more depression than men do (Nolen-Hoeksema & Jackson, 2001;
Treynor et al., 2003). The results from Mather and Mangold’s study suggest that
sex differences in the likelihood of spontaneously suppressing negative
associations to cues may contribute to females’ greater risk for depression.

6. Concluding Remarks

Inhibition is a key component of a functioning memory system. In this
chapter, | reviewed findings that demonstrate that the emotional response that



some information evokes can make it more subject to interference. This emotion-
based susceptibility to interference can happen for a variety of reasons.

First, emotional responses to information can serve as an organizational
principle in memory, leading items that evoke similar responses to be categorized
together. Most memories have the potential of being categorized in multiple
ways. For instance, memory for a picture of clowns could be categorized as
something involving people, something amusing, or something seen during the
experiment session. Many previous studies have demonstrated that when some
members of a category are retrieved, non-retrieved members of the category are
less likely to be recalled later than if no category members had been retrieved
(for a review see Nickerson, 1984). Emotional categories create interference as
do these other types of categories in memory (Barnier et al., 2004; Sison &
Mather, 2007; Smith & Moynan, 2008). However, being part of both a semantic
and an emotional category does not automatically increase the amount of
interference a memory is subject to. Instead, interference happens along
emotional or semantic lines depending on which type of categorization scheme is
most salient to the rememberer (Sison & Mather, 2007).

Second, | reviewed findings that suggest that emotion can increase
proactive interference because of the initial strength of memories for emotional
information. Novak and Mather found that it was harder for participants to learn a
new location of a picture previously seen in another location if that picture was
emotional than if it was neutral. Thus, memory binding that helps create
associations among features of an object is more resistant to updating for
emotional objects than for non-emotional objects. Furthermore, findings from
Mather and Knight’s (in press) series of experiments suggests that this impaired
memory updating for emotional associations is a surprisingly general phenomena
that extends to neutral items that were previously associated with emotional
items (emotional harbingers) and leads to impaired new learning of associations
that have no overlap or similarity to the original memory representation. For
instance, participants were worse at learning which digit was associated with
emotional harbinger sounds (sounds that previously preceded emotional
pictures) than with neutral harbinger sounds (sounds that previously preceded
neutral pictures) even though no numbers had been included in the original
learning phase. This intriguing set of findings suggests that people will be less
likely to learn any type of new association to something once it has been
associated with something emotional.

Cognitive aspects of emotional memories, such as being associated with
other similar memories and stronger initial memory representations, are not the
only factors relevant for memory interference. Emotional memories are more
likely to tap into people’s hopes, desires and fears. To maintain positive moods or
curtail negative moods, people should aim to remember happy events and forget
disturbing ones. Thus, people may be more likely to try to suppress emotionally
negative memories than neutral or positive ones. Findings described in this
chapter suggest that there are individual differences in how likely people are to



spontaneously suppress negative associations (Mather & Mangold, in
preparation). Repeated exposure to faces previously associated with negative
pictures impaired males’ ability to remember the original face-picture associations
more than it impaired females’ ability to remember the original associations.
Furthermore, females with above-average scores on a depression scale were the
least likely to show selective forgetting of the negative associations. This pattern
fits with previous research indicating that females are less effective at
suppressing intrusive negative thoughts (Nolen-Hoeksema et al., 2008). It also
provides an example of how, because of their evocative content, negative
memories may be more likely to be the target of memory suppression attempts.
One important question for future research is whether depressed females are
less likely to try to suppress negative associations or whether they are as likely to
try to do so, but are less effective at it. Research with older adults indicates that
they use cognitive resources to enhance processing of positive information but to
diminish it for negative information—but that when fewer cognitive resources are
available, they can no longer selectively favor positive over negative information
(Knight et al., 2007; Mather & Knight, 2005). Similarly, depressed females may
desire to avoid dwelling on negative memories, but to be ineffective at doing so
because of cognitive control deficits associated with depression (e.g., Hertel,
2000; Hertel, 2007).

Emotional events have a special status in memory. They attract greater
attention that enhances initial perceptual binding of various features (Mather,
2007). Emotional memories tend to be more long lasting both because they elicit
more memory rehearsal and retellings and because emotional events evoke
amygdala activity that enhances hippocampal consolidation processes (Canli et
al., 2000; McGaugh, 2000). However, as outlined in this chapter, some of the
very same reasons that emotional events are more memorable can lead them to
be more subject to memory interference or suppression.
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Figure 1

Sison and Mather (2007) found that: A) when instructions mentioned people
versus animal categories, recall of non-cued actor-match pictures was impaired;
whereas B) when instructions mentioned amusing versus fear categories, recall
of non-cued emotion-match pictures was impaired. Thus, memory impairment for
pictures from the same category as cued pictures only occurred if that particular
category structure was made salient at the beginning of the experiment.
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Figure 2

In Mather and Knight’s (in press) Experiment 1, participants first learned which
sounds preceded negative pictures (emotional harbinger sounds) and which
sounds preceded neutral pictures (neutral harbinger sounds). Then, in the next
phase, they were asked to learn associations between the sounds and digits
(with an intervening color categorization task). In the final phase, they were
asked to indicate which digit each sound had been paired with. Memory for the
sound-digit pairings was worse for emotional harbinger sounds than for neutral
harbinger sounds.
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Figure 3

In Experiment 5 of their paper, Mather and Knight (in press) replicated the effect
from their previous experiments that people were worse at learning new
associations to emotional harbinger cues than to neutral harbinger cues (in this
case, the cues were faces and the new associations were the face locations). In
contrast, participants were better at learning the locations of new inherently
arousing faces than new neutral faces. Thus, previous emotional associations to
neutral faces interfered with learning new associations, whereas inherently
emotional faces did not show the same interference. In addition, there was an
overall impairment in learning the locations of the harbinger faces, suggesting
that proactive interference from previous viewing of the faces made learning new
associations to the faces more difficult.
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