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Memory enhancement for emotional words:
Are emotional words more vividly remembered
than neutral words?

ELIZABETH A. KENSINGER and SUZANNE CORKIN
Massachusetts Institute of Technology, Cambridge, Massachusetts

Individuals are more likely to remember negative information than neutral information. In the exper-
iments reported here, we examined whether individuals were also more likely to remember details of
the presentation of negative words, as compared with neutral words. In Experiment 1, the remember-
know procedure was used to examine the effect of emotion on the vividness of an individual’s mem-
ory, showing that rememberresponses were more frequently assigned to negative words than neutral
words. In Experiment 2, a source memory paradigm was used, and again, evidence that individuals’
memories were more detailed for negative than for neutral words was found. In Experiments 3-6, we
examined the relative contribution of valence and arousal, finding that both dimensions increased the
vividness of remembered information (i.e., items with valence only and those that elicited arousal were
better remembered than neutral information) but that the effect was greater for words that evoked
arousal than for those with valence only. The results support a qualitative, as well as a quantitative,
memory benefit for emotional, as compared with neutral, words.

Observationsin everyday life provide abundantevidence
that facts and events associated with strong emotions are
better remembered than those lacking emotional richness.
The extreme of this effect has been demonstrated in in-
vestigations of flashbulb memories, where individuals re-
tain a vivid, almost photographic memory of an emotional
event (Brown & Kulik, 1977; Heuer & Reisberg, 1990;
Neisser & Harsch, 1992; Rubin & Kozin, 1984). Although
flashbulb memories are formed only on rare occasions, ex-
periences in daily life are often infused with emotional rel-
evance. These emotional autobiographical memories are
more likely to be recalled than autobiographical events
that lack emotional significance. In addition, individuals
often feel as though they remember these events in greater
detail, and with an enhanced vividness, than events void of
emotional import (Conway, 1990; Pillemer, Rhinehart, &
White, 1986).

Many laboratory studies have confirmed that individuals
are more likely to remember emotional than neutral infor-
mation. Thus, if participants are shown a series of emo-
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tional and neutral stimuli, they will later recall or recog-
nize a greater proportion of the emotional stimuli than of
the neutral stimuli. This emotional memory enhancement
effect has been replicated in studies in which pictures, words,
sentences, and narrated slide shows have been used (see Bu-
chanan & Adolphs,2002,and Hamann, 2001, for reviews).

These studies, focusing on the quantitative memory
benefit for emotional versus neutral information, however,
have neglected to address a critical feature of flashbulb
memories and memories for other real-life emotional events:
Not only are people more likely to remember this emo-
tional information than they are to remember neutral in-
formation, but also they feel that their memories for these
emotional events are particularly vivid and contain more
contextual detail than is typically the case for memories of
neutral events. For example, the hallmark of a flashbulb
memory is not the ability to remember simply that the
event occurred but, rather, the capacity to retain contextual
information, such as where a person was or what they were
wearing upon first learning of the event (Neisser & Harsch,
1992; Rubin & Kozin, 1984).

Recollection and Familiarity as Processes
Contributing to Recognition

Before returning to this observation, it is first necessary
to briefly discuss the literature suggesting that recognition
responses may not rely on monolithic processes. Rather,
recognition of some items may be based on a detailed vivid
feeling of reexperience (recollection), whereas other items
may be recognized on the basis of a sense that the item has
been previously encountered (a sense of familiarity; Ja-
coby, 1991; Mandler, 1980; Yonelinas, 2002).

Copyright 2003 Psychonomic Society, Inc.
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Recollectionis typically equated with the types of pro-
cesses that are believed to allow correct recall: item-specific
information thatincludesdetails surrounding the item’s pre-
sentation. Familiarity, in contrast, lacks this kind of detail
and, instead, is a feeling of recent encounter with an item.
Recollectionis thoughtto be a slower attention-demanding
process, whereas assessments of familiarity are faster and
more automatic (see Yonelinas, 2002, for a review).

Recollectionand familiarity can be distinguished when
participants are asked to determine whether they remem-
ber or know stimuli from a list (Gardiner & Java, 1993; Tul-
ving, 1985). A remember response signifies that the indi-
vidual has a specific memory of the item’s presentation,
including such information as where it occurred in the list
or an association made with the item. In contrast, a know
response indicates that an individual has a sense that the
item was previously encountered but lacks any detailed in-
formation about its presentation. Recent neuroimaging
evidence suggests that the processes contributing to re-
member and know responses may rely on dissociable pre-
frontal and medial temporal lobe networks, with processes
leading to remember responses recruiting left-lateralized
prefrontal regions and the hippocampus and processes lead-
ing to know responses being supported by right-lateralized
prefrontal regions and the parahippocampal gyrus (e.g.,
Davachi, Mitchell, & Wagner, 2003; Davachi & Wagner,
2002; Henson, Rugg, Shallice, Josephs, & Dolan, 1999;
Henson, Shallice, & Dolan, 1999; Kensinger, Clarke, &
Corkin, 2003; Mark & Rugg, 1998).

Rather than assume that remember and know map di-
rectly onto the constructs of recollection and familiarity,
as was initially proposed (e.g., Gardiner & Java, 1993), re-
cent theorists (e.g., Jacoby, Yonelinas, & Jennings, 1997;
Yonelinas, Kroll, Dobbins, Lazzara, & Knight, 1998) have
suggested that recollection and familiarity are indepen-
dent or orthogonal processes, in contrast to remember and
know responses, which are mutually exclusive. In an exper-
imental setting, remember and know are mutually exclu-
sive, because an individualis instructed to give a know re-
sponse only when he or she does not have the detailed
information that would allow a remember response. In re-
ality, however, recognition may often be based on some
combination of recollection and familiarity processes; thus,
the two processes may not be mutually exclusive. Fur-
thermore, the extent to which recognition for an item is
driven by recollection may be independent of the extent to
which it is driven by familiarity (e.g., an individual could
have a lot of recollection but little familiarity, a lot of rec-
ollection and familiarity, or any possible combination).
Thus, the two processes may be independent. Because we
wished to be agnostic about issues related to exclusivity
(asis assumed in remember or know scoring) versus inde-
pendence (as may characterize the relation between recol-
lection and familiarity), the present research uses remem-
ber and know responses, as well as estimates of recollection
and familiarity, to address how attention modulation af-
fects the richness of memories for negative, as compared
with neutral, items.

Recollection Benefit for Negative Stimuli

To return to the emotional memory literature, there is
reason to believe that individuals may show an enhanced
tendency to recollect emotional, as compared with neu-
tral, information. In addition to the studies of real-life
events mentioned earlier, there have also been a couple of
laboratory studies suggesting that the ability to recollect
(Ochsner, 2000) or to remember (Doerksen & Shimamura,
2001) contextual details may be enhanced by the presence
of emotional significance. Ochsner demonstrated that in-
dividuals were more likely to recollect negative than to
recollect neutral pictures, whereas their ability to sense
that the photograph was familiar was less affected by the
emotional contentof the pictures. He hypothesizedthat this
recollective benefit for negative stimuli results from in-
creased distinctiveness at encoding for these items (i.e., the
encoding of item-specific features that have minimal or
no overlap with those of other presented items). Doerksen
and Shimamura showed that source memory (thought to
rely onrecollective processes) is better for emotional words
than for neutral words. They suggested that this improved
source memory may be due to enhanced autobiographical
elaboration for the negative than for the neutral words. A
study of false memories (Pesta, Murphy, & Sanders, 2001)
has also supported the conclusion that emotional (taboo)
information has greater distinctiveness: Individuals were
less prone to falsely recognize emotional lures than non-
emotional lures, likely because of the increased distinc-
tiveness associated with the emotional items.

Contributions of Valence and Arousal

In a widely accepted psychological model of emotion,
valence (how positive or negative a stimulus is) and arousal
(how calming or exciting a stimulus is) are postulated to
be orthogonal dimensions in whose space all emotions lie
(e.g.,Lang, Greenwald, Bradley, & Hamm, 1993; Russell,
1980). Currently, the relative contributions of the two di-
mensions (arousal and valence) to the ability to vividly re-
member emotional information remain underspecified.

Ochsner (2000) has hypothesized that the dimension of
arousal may be particularly important. He proposed that
some of the distinctiveness provided by emotion stems
from the physiological responses resulting from the stim-
uli. Clearly, emotional arousal is a critical mediator of the
memory enhancement effect for many types of informa-
tion: Pharmacological (e.g., Cahill, Prins, Weber, & Mc-
Gaugh, 1994) and stimulus (e.g., Bradley, Greenwald,
Petry, & Lang, 1992; Cahill & McGaugh, 1995) manipu-
lations that increase arousal levels also enhance subse-
quent memory performance. The importance of arousal,
however, does not negate a contribution by valence. Indi-
viduals may be more likely to elaborate on items with va-
lence (activating either semantic or autobiographical in-
formation), which could also lead to an enhancement in
the ability to vividly recollect these stimuli (because these
items would then have been encoded in a more distinct
fashion than neutral stimuli). The valence dimension
could also affect familiarity-based recognition responses



if items with valence are processed more fluently or effi-
ciently than neutral items.

The experiments in the present study first confirmed
the presence of the recollective (Experiment 1) and source
memory (Experiment 2) enhancements for words that
were both negatively valenced and arousing. The relative
contributions of valence and arousal to the effect were
then investigated (Experiments 3-6).

EXPERIMENT 1
Vividness of Memories for Negative and
Neutral Words

The investigationof words creates an interesting follow-
up to the results of Ochsner (2000), because words have
fewer attributes associated with them and, thus, are often
encoded less distinctly than pictures (Dewhurst & Con-
way, 1994; Rajaram, 1993). Words also are easier than
pictures to match on a range of dimensions (e.g., fre-
quency or familiarity) that affect memory performance;
pictures are more difficult to match for degree of unusu-
alness, visual complexity, and other features that could
contribute to distinctive encoding. The goal of Experi-
ment 1 was to assess whether the recollection benefit re-
ported for negative pictures (Ochsner, 2000) would also
be present for negative words.

Method

Participants. Participants consisted of 18 male! MIT under-
graduate or graduate students (18-30 years of age, M = 21.5;
13-18 years of education, M = 15.1). The participants gave in-
formed consent and received $10/h for their participation. All the
participants were right-handed native English speakers. No partici-
pant was taking centrally acting medications, had a history of men-
tal illness or depression, or was currently depressed.

Design and Materials. We selected as stimuli 280 words from
the Affective Norms for English Words (ANEW; Bradley & Lang,
1999). One half of the words were neutral, and one half were nega-
tive. Negative words were selected to be low in valence and high in
arousal. These words have been classified reliably in terms of va-
lence and arousal, and Bradley and Lang have shown that these rat-
ings correspond to physiological changes.

Neutral and negative words were matched pairwise for word fre-
quency (neutral words, M = 30.9, SD = 23.4; negative words, M =
28.9, SD = 26.8), word familiarity (neutral words, M = 496, SD =
49.7; negative words, M = 502, SD = 46.9), word length (neutral
words, M = 5.7, SD = 1.3; negative words, M = 5.9, SD = 1.5), and
imageability (neutral words, M = 461, SD = 137; negative words,
M = 443, SD = 129; Coltheart, 1981; Kucera & Francis, 1967).
They were also matched for the number of abstract versus concrete
words. The 280 words were divided into two sets of 140 (70 neutral
and 70 negative) words. The sets that served as the study list versus
the nonstudied foils on the recognition test were counterbalanced
across participants. Words were presented in Geneva, 48-point black
font on a Macintosh laptop computer for 2 sec each in a pseudoran-
dom order. Each participant viewed one study list.

Procedure. All the participants completed one testing session
lasting approximately 45 min. At the beginning of the study session,
the participants were told that they were going to see a series of
words and that they should rate each word as abstract or concrete by
making a buttonpress with their right middle or right ring fingers, re-
spectively. They were informed that after completion of the study
list, they would be given a recognition test.
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A self-paced recognition test occurred after a 15-min delay (the
delay was filled with a distractor task in which nonverbal stimuli
were used). The participants were asked to select whether they vividly
remembered the word from the list, knew the word was familiar and
believed it had been previously presented, or thought that the word
was new (not previously presented).

After completion of the study—test cycle, the participants rated all
words (including foils on the recognition test) on a scale of 1-9 for
valence (1 = highly negative, 9 = highly positive) and on a scale of
1-9 for arousal (1 = highly calming,9 = highly arousing; Table 1).
These ratings were used to classify the items as negative or neutral
for each participant. Separate analyses were conducted using me-
dian split of valence ratings to divide words into neutral and nega-
tive or using cutoff points (valence of 1-3 for negative, valence of
4-6 for neutral). These methods revealed a very similar grouping of
words as negative or neutral, and all the presented data used the cut-
off system. There was little interparticipant variability in whether a
word was rated as negative or neutral. The selection of the words
was such that the negative words were both arousing and low in va-
lence (i.e., negative).

Data analysis. Data were analyzed in two ways. First, we calcu-
lated the corrected recognition scores (% remember hits — % re-
member false alarms or % know hits — % know false alarms). False
alarm rates were computed separately for negative and neutral
words; however, because these false alarm rates did not differ (p > .4),
we collapsed across foil type when computing the corrected recog-
nition scores.

Second, we computed recollection and familiarity scores, as sug-
gested by Yonelinas et al. (1998). These scores take into account the
fact that the probability of making a know response to a presented
word was constrained by the number of remember responses made
to presented words, because the participants were instructed to re-
spond know to items that were familiar and not recollected.

Recollection was computed by subtracting the proportion of re-
member false alarms (R,,,) from remember hits (R ;) and then di-
viding by the proportion of times a participant could have responded
remember correctly (1 — R,,,, which took into account a person’s
tendency to give a remember response). Familiarity (Fd”) was cal-
culated in two steps. First, the probabilities of correctly responding
know to an old item (F,,4) and of incorrectly responding know to a
new item (F,,) were computed. These values (F4 and F ) were
calculated on the basis of the assumption that the probability of mak-
ing a know response was constrained by the number of remember re-
sponses made. Thus, because a know response could be given only
when an item was familiar but could not be recollected, F, 4, =
K,a/(1 — Ry and F ., = K, (1 — R,,,). These two values (F
and F,, ) can then be used to calculate the contribution of familiar-
ity (Fd”) by using d’ tables. Fd’ represents the distance between the
two response distributions (F, and F,, ), with greater values of Fd’
indicating greater assessments of familiarity. Since Fd’ is measur-

Table 1
Valence and Arousal Ratings of Stimuli Used
in Experiments 1 and 2

Mean Rating (Maximum = 9)

Set A Set B

Item Type M SD M SD
Negative

Valence 1.78 0.63 1.91 0.61

Arousal 6.95 0.53 7.16 0.72
Neutral

Valence 5.83 0.47 5.65 0.43

Arousal 3.12 0.93 3.35 0.87

Notes—Valence, 1 = highly negative, 9 = highly positive; arousal, 1 =
highly calming, 9 = highly arousing.
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ing the standard deviation between the two distributions, in theory
there is no upper bound on Fd’ values, although in practice, the val-
ues are unlikely to exceed single digits.

Analyses consisted of repeated measures analyses of variance
(ANOVAs) with item type (negative or neutral) and memory re-
sponse (remember or know) as within-subjects factors and subse-
quent ¢ tests. All reported p values are two-tailed.

Results

Corrected recognition scores. Repeated measures
ANOVAs indicated a significant effect of item type (Ta-
ble 2). The  tests confirmed that the participants’ mem-
ory was better for negative than for neutral words [#(17) =
4.14,p < .01]. This enhancement was present in 16 of the
18 participants.

Remember and know responses. Repeated measures
ANOVAs conducted on the corrected recognition scores
(% hits — % false alarms) indicated a marginally signif-
icant effect of item type, with individuals recognizing
more negative words than neutral words [F(1,17) = 3.09,
p < .10], a significant effect of memory strength, with in-
dividuals giving more remember than know responses
[F(1,17) = 34.62, p < .001], and a significant item
type X memory strength interaction [F(1,17) = 40.60,
p <.0001].

The 1 tests indicated that the interaction stemmed from
the participants’ giving a significantly greater proportion
of remember responses to negative versus neutral words
[£(17) = 7.32,p < .001] but a greater proportion of know
responses to neutral than to negative words [#(17) = 4.05,
p < .01]. The effects were remarkably consistent across
participants: All 18 participants responded remember to a
greater proportion of negative than of neutral items.

Recollection and familiarity. Recollectionwas higher
for negative than for neutral stimuli [7(1,17) = 7.29,p <
.001], and familiarity was marginally higher for negative
than for neutral words [£(1,17) = 1.90,p < .10]. Again, the
recollectionenhancement was presentin all 18 participants.

Discussion

Experiment 1 indicated that recognition memory was
better for negative than for neutral words. This finding is
consistent with prior studies in which memory enhance-
ment for emotional, as compared with neutral, stimuli was
found (see Hamann, 2001, for a review), including on tests
of recognition (Cahill & McGaugh, 1995; Ochsner, 2000).
This general enhancementeffect was relatively consistent,
occurring in 16 of 18 participants.

Although this finding is interesting on its own, prior stud-
ies have shown such enhancement effects and have shown
them in the majority of their participants (see Hamann,
2001, for a review). The novel question addressed by Ex-
periment 1 was whether the enhancement effect would stem
from increases in recollection (or remember responses) or
familiarity (or know responses). When the participants’ re-
member and know responses were analyzed, the enhance-
ment effect appeared to be dominated by the increase in
remember responses: The participants gave a significantly
greater proportion of remember responses to negative than
to neutral words. This result suggests that vivid detailed
memories were formed more frequently for negativeitems
than for neutral items. Importantly, this enhancement ef-
fect was reliable across participants: All 18 individuals
gave a greater proportion of remember responses to nega-
tive than to neutral words. The results from the analyses
computing recollection reached a similar conclusion: All
18 participants were more likely to use recollection when
recalling negative, as compared with neutral, words. These
results confirm that the remember or recollection re-
sponses are greater to negative items, suggesting that in-
dividuals are better able to conjure a detailed memory for
a negative than for a neutral event.

This conclusiondoes not rule out the possibility that in-
dividuals may also have a greater sense of familiarity for
negative than for neutral items. A number of studies have
shown that fluency (i.e., the ease with which an item is
processed) is greater for emotional items than for neutral
ones (Bargh, Chaiken, Govender, & Pratto, 1992; Kita-
yama, 1990; Williams, Mathews, & MacLeod, 1996). Since
familiarity is often equated with this type of fluent pro-
cessing, it could follow that processes contributing to fa-
miliarity may indeed be greater for negative than for neu-
tral items. Consistent with this conclusion, familiarity
responses were greater for negative than for neutral items.
It is important to point out that the results of the familiar-
ity analyses diverged from those for the know responses:
Familiarity was marginally greater for negative items,
whereas know responses were given more frequently to
neutral items. This discrepancy is likely due to the fact that
the remember and know procedure requires participantsto
make a know response only when the item is recognized
but not remembered (i.e., remember and know are mutu-
ally exclusive). Familiarity responses, which take into ac-
count the fact that recollection and familiarity can drive a
correct recognition response jointly, were found to be mar-

Table 2
Experiment 1: Memory Performance as a Function of Item Type

Hit Rate False Alarm Rate
Remember Know Remember Know  Recollection Familiarity
ItemType M SD M SD M SD M SD M SD M SD
Negative 52022 34 23 .03 .03 .16 21 50 25 1.6 0.80
Neutral 37 20 38 23 .04 05 .14 19 28 23 12 072




ginally larger for negative than for neutral items, suggest-
ing that negative items are both more richly remembered
and more frequently sensed to be familiar. The finding of
increased familiarity toward negative items is consistent
with some prior memory studies (e.g., Ochsner, 2000) and
indicates that individualsrecognize negative words better,
due to increases in recollection and familiarity.

In summary, Experiment 1 showed that memory is en-
hanced for negative, as compared with neutral, words.
This effect appeared to result from increases in both rec-
ollection and familiarity, although the increases in recol-
lection were more consistent across participants (occur-
ring in all the individuals tested), whereas the increases in
familiarity were less consistent across participants (oc-
curring in 13 of the participants). The results further indi-
cated that even for verbal stimuli, which lack the inherent
richness of pictures, and even when emotional and neutral
words are matched for characteristics that affect distinc-
tiveness (e.g., frequency, familiarity, and imageability),
memory is still better for negative than for neutral stimuli.

EXPERIMENT 2
Source Memory for Negative and Neutral Words

Recollectionand familiarity refer to the subjective rich-
ness of amemory. As studies with flashbulb memories have
shown (Neisser & Harsch, 1992; Rubin & Kozin, 1984;
Schmolck, Buffalo, & Squire, 2000), this subjective vivid-
ness is not always correlated with the accuracy of the
memory. Individualsoften claim to have a very vivid mem-
ory of an emotional event and to have high confidence in
the accuracy of the memory’s details. Nevertheless, these
memories are susceptible to the same types of distortions
as are memories for neutral events (e.g., Schmolck et al.,
2000). We, therefore, wanted to examine whether individ-
uals objectively were remembering more details about the
negative than for the neutral words or whether it was only
the subjective quality of the memory that differed for the
two word types. To address this question, in Experiment 2,
we used a source memory task to test objectively the con-
textual details associated with memory for negative versus
neutral verbal stimuli.

Method

Participants. For Experiment 2, we enrolled 18 male MIT un-
dergraduate or graduate students (18-30 years of age, M = 22.7; ed-
ucation = 14-19 years, M = 15.7). The participants met the same
criteria as those outlined for Experiment 1.

Design and Materials. The stimuli were the same as those in
Experiment 1, and the design was identical, except that half of the
words were presented in blue font and half in red font (to provide
source information).

Procedure. The study procedure was identical to that in Experi-
ment 1, with the exception that the participants were told that the
words would appear in red or blue font and that the subsequent
recognition task would require them to indicate the color of the font
for each of the words. The recognition procedure was identical to
that in Experiment 1, except that the participants were asked to se-
lect red, blue, or new.
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Data analysis. Corrected recognition scores (% hits — % false
alarms) were computed to determine item memory. Hits were all
words correctly recognized as old (collapsing across red and blue
decisions). False alarms were lures incorrectly called old (collaps-
ing across red and blue). Source memory was calculated as the pro-
portion of presented items not called new (i.e., classified as either
red or blue) for which the correct color information was selected.
Repeated measures ANOVAs with item type (negative or neutral)
and memory type (item or source) as within-subjects factors were
computed, as were subsequent ¢ tests. All reported p values are two-
tailed.

Results

The results showed no bias toward one color or the other
in the participants’ false alarms (48% red). We, therefore,
did not correct for false alarms when calculating source
recognition, but item recognition was corrected for false
alarm rate. The false alarm rate was calculated separately
for the negative and the neutral items; however, because
the false alarm rates did not differ (p > .6), we collapsed
across foil type when computing the corrected recognition
scores.

Repeated measures ANOVAs indicated a significant
main effect of item type [F(1,17) = 23.97,p <.0001] and
memory strength [F(1,17) = 70.88,p <.0001]and no inter-
action between item type and memory strength [F(1,17) =
2.54,p > .1]. Subsequent 7 tests indicated that the partic-
ipants had better item memory [#(17) = 4.44, p < .0001]
and better source memory [£(17) = 3.60,p < .01]for neg-
ative than for neutral stimuli (Table 3). As in Experiment 1,
the effect was consistent across participants, with 17 of
the 18 participants having higher source memory scores
for the negative than for the neutral items and 15 of 18
having higher item memory scores for the negative than
for the neutral items.

Discussion

The goal of Experiment 2 was to assess whether results
from a task using an objective measure of the richness of
a memory (i.e., naming the color in which the word was
written) would converge on the findings of Experiment 1,
which found that participants have more detailed memo-
ries for negative than for neutral items. The results from
the source memory test support this conclusion: Individ-
uals more accurately reported the color of font in which a
negative word was presented than the color of font in which
a neutral word was presented. This result is consistent
with Doerksen and Shimamura (2001), who found source

Table 3
Experiment 2: Proportion of Words Correctly Identified as Old
(% Hits — % False Alarms) and Proportion of Old Items With
Correct Source Recognition as a Function of Item Type

Memory
Item Source
Item Type M SD M SD
Negative .70 .10 45 .16
Neutral .63 12 .32 .16
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memory enhancement for negative, as compared with
neutral, stimuli, using a similar task design. As in Exper-
iment 1, the enhancementeffect was consistent across par-
ticipants, occurring in 17 of 18 young adults. Also consis-
tent with Experiment 1, item memory, as well as source
memory, was superior for the negative items, although this
effect was less consistent across participants.

These results are important because they indicate that
emotional content does not enhance only the subjective
richness of a memory. Rather, the emotional content of the
words increased the likelihood that individuals would re-
member a specific detail (the color of ink in which the
word was presented). Thus, emotional content does ap-
pear to enhance the likelihood that a contextual detail will
be incorporated into a memory.

Together, the results of Experiments 1 and 2 confirm
that the vividness or richness of emotional memories known
to occurin everyday life (e.g., Conway, 1990; Pillemer et al.,
1986; Rubin & Kozin, 1984) can be replicated in the lab-
oratory, using controlled stimuli. The next experiments
addressed the relative contributions of arousal and valence
to the effect.

EXPERIMENT 3
Memory Enhancement for Words:
Effects of Valence and Arousal

The negative words used in Experiments 1 and 2 dif-
fered from the neutral words on two dimensions: arousal and
valence. These factors may contribute differentially to the
emotional memory enhancementeffect. Although enhance-
ment effects may result from either valence or arousal, the
memory effects based on valence versus arousal may not
be equivalent.

To tease apart the memory enhancement effects due to
arousal versus those due to arousal and valence, partici-
pants encoded two kinds of words: The first was low in
valence (i.e., negative) but not arousing (e.g., sorrow). The
second was arousing? (i.e., faboo words, such as those for
sexual body parts or swear words) but not as negative as
the valence-only words (taboo words were selected so that
no taboo word was rated as low in valence as any of the neg-
ative words). In addition, for the taboo words, arousal and
valence were not directly correlated (i.e., words with
higher absolute valence ratings were not more arousing
than those rated as having moderate valence). In Experi-
ment 3, we asked whether the enhancement effect would
exist for words that differed only in valence and whether
the enhancement effect for those items would be as great
as that for items that also differed in arousal.

Method

Participants. The participants consisted of 20 male undergradu-
ate or graduate students at MIT or Harvard (19-33 years of age, M =
21.5; education range = 14-20 years, M = 15.9). The participants
gave informed consent and received $7 for their participation. All
the participants were right-handed native English speakers. No par-
ticipant was taking centrally acting medications, had a history of
mental illness or depression, or was currently depressed.

Design and Materials. Words included 60 taboo words, 60 nega-
tive words, and 60 neutral words. Taboo words were selected to be high
in arousal, but not as low in valence as the negative words. Negative
words were selected to be low in valence and not arousing (Table 4 re-
ports ratings from all the participants from Experiments 3—6). Neutral
words were matched to the taboo and negative words in word length
(neutral words, M = 5.8, SD = 1.5; negative words, M = 5.6, SD =
1.4; taboo words, M = 5.7, SD = 1.3) and in the number of abstract and
concrete words. We also attempted to match the taboo words to the
neutral and negative words in word frequency, using estimates from
an Internet search engine (see Blair, Urland, & Ma, 2002).

Procedure. The participants were shown 90 words (30 taboo, 30
negative, and 30 neutral), 1 at a time, each for 2 sec. The words were
presented on a Macintosh computer screen (Geneva, 48-point font).
The participants rated each word as abstract or concrete. Following
a 15-min delay, the participants took a 180-item recognition test in
which they indicated whether they vividly remembered the word
from the word list, knew the word was familiar and believed it was
previously presented, or believed the word to be new. The words pre-
sented at study versus as foils on the recognition test were counter-
balanced across participants.

Data analysis. Repeated measures ANOVAs were conducted, with
item type (taboo, negative, or neutral) and memory strength (remem-
ber/know or recollection/familiarity) as within-subjects factors. Sub-
sequent ¢ tests examined the effects of item type and memory strength.

Results

Corrected recognition. Overall corrected recognition
scores (% hits — % false alarms) were first calculated first
(Table 5).3 Overall, corrected recognition was better for
the taboo words than for the negative words [#(19) = 3.52,
p < .01] and for the negative than for the neutral words
[#(19) = 2.08,p < .05].

Remember and know. The corrected remember and
know recognition rates were then calculated as follows
(Table 5): % remember hits — % remember false alarms
(or % know hits — % know false alarms). Because the
false alarm rate did not differ for taboo, negative, and neu-
tral words (all ps > .5), the same false alarm rates were
subtracted for all item types. Repeated measures
ANOVAs conducted on these corrected remember and
know values indicated significant effects of item type
[F(2,38) = 12.06, p < .0001] and memory strength [re-

Table 4
Valence and Arousal Ratings of Stimuli Used
in Experiments 3—-6

Mean Rating (Maximum = 9)

Item Type M SD
Taboo
Valence 3.58 0.93
Arousal 8.02 0.57
Negative
Valence 1.78 0.68
Arousal 3.35 0.79
Neutral*
Valence 5.22 0.45
Arousal 4.51 0.86

Note—Valence, 1 = highly negative, 9 = highly positive; Arousal, 1 =
highly calming, 9 = highly arousing. *Ratings collapse across neutral
words from Experiments 3—4 and 5—6 (semantic associates); there were
no significant differences in the ratings of these two groups of neutral
stimuli.
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Table 5
Experiment 3:
Memory Performance as a Function of Item Type

Hit Rate

False Alarm Rate

Remember Know

Remember

Know  Recollection Familiarity

Item Type M SO M SD M

sOb M SO M SD M SD

Taboo 80 .16 12 .11 .11
Negative 63 19 16 .19 .13
Neutral S50 220 17 14 .09

09 .10 .13 74 16 21 09
14 .09 11 57 21 14 14
10 .08 15 43 23 1.1 09

member, know; F(1,19) = 102.52,p < .0001] and a sig-
nificant interaction between item type and memory
strength [F(2,38) = 8.85, p < .001]. Subsequent ¢ tests
confirmed that remember responses were greater for the
taboo words than for the negative words [#(19) = 3.82,
p < .001] and were marginally greater for the negative
than for the neutral words [#(19) = 1.88, p < .08]. Know
responses were similar between all item types (p > .3).

Recollection and familiarity. Recollection was greater
for the taboo words than for the negative words [#(19) =
3.90, p < .001] and was marginally greater for the nega-
tive than for the neutral words [#(19) = 1.92,p <.07]. Fa-
miliarity was marginally greater for the taboo words than
for the negative words [7(19) = 1.82, p < .09] and was
significantly greater for the taboo words than for the neu-
tral words [#(19) = 4.08, p < .01] but did not differ be-
tween the negative and the neutral words (p > .3).

Discussion

In Experiment 3, we examined the enhancement effect
for words that differed from the neutral words only in va-
lence versus the effect for words that differed from the
neutral words primarily in arousal. The critical findings
were that there was memory enhancement for items that
differed only in valence but that the enhancement was
greatest for items eliciting arousal. As in the prior exper-
iments, enhancement existed at the level of overall recog-
nition scores, as well as with remember responses and rec-
ollection. Familiarity was greatest for the taboo words but
was similar between the negative and the neutral words.
This finding is consistent with those from the literature on
fluency enhancement for emotional stimuli; traditionally,
the stimuli used have been arousing (Bargh et al., 1992;
Christianson, Loftus, Hoffman, & Loftus, 1991; Williams
et al., 1996). Thus, valence and arousal appear to boost
recollection, whereas arousal (but not valence) may also
serve to boost familiarity.

EXPERIMENT 4
Effects of Valence and Arousal
on Memory for Source

Experiment 3 indicated a difference in the subjective
vividness of memories for arousing words versus that for
words with valence only. In Experiment 4, we addressed
the question of whether this finding is limited to the realm
of subjective ratings or would extend to a source memory

paradigm that allowed for an objective measurement of
the contextual details associated with a memory.

Method

Participants. The participants included 18 males (18-29 years of
age, M = 21.7; years of education = 12-18 years, M = 13.5) who
met the criteria outlined in Experiment 1.

Materials and Procedure. The materials were the same as those
in Experiment 3, and the testing procedures were identical to those
in Experiment 2. Data were analyzed in the same way as in Experi-
ment 2.

Results

ANOVAs indicated significant effects of item type
[F(2,34) = 16.71, p < .0001] and memory strength
[F(1,17) = 27.51,p < .0001] and a marginal interaction
between item type and memory strength [F(2,34) = 2.50,
p < .10]. Subsequent ¢ tests indicated that item memory
was marginally better for the negative words than for the
neutral words [#(17) = 1.99, p < .07] and was similar for
the taboo and the negative words. Source memory was
greater for the negative words than for the neutral words
[2(17) = 2.22, p < .05] and was greater for the taboo
words than for the negative words [¢(17) = 2.49,p < .05;
Table 6]. ANOVAs indicated that false alarm rates did not
differ for the three item types.

Discussion

The critical findings of Experiment 4 were that the par-
ticipants showed more accurate source memory for the
arousing words and for words with valence than they did
for the neutral words. The magnitude of the enhancement
effect was greater for the taboo words than for the nega-
tive words, as in the prior experiment. Thus, not only do
individuals subjectively feel that they have more vivid
memories for arousing words or words with valence only,
but also they perform better on an objective measure of a

Table 6
Experiment 4: Item and Source Memory Performance as a
Function of Item Type

Memory
Item Source
Item Type M SD M SD
Taboo .64 15 44 .16
Negative 52 .08 31 .08
Neutral .40 .11 25 .09
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memory’s vividness. The results of Experiments 3 and 4,
therefore, indicate that negative valence alone (i.e., with-
outarousal) is sufficient to increase the vividness of a mem-
ory; however, the presence of arousal further increases the
likelihood that details will be remembered from an item’s
presentation.

EXPERIMENT 5
Memory Enhancement:
Role of Category Relatedness

Taboo and negative words can be thought of as cate-
gorically related (i.e., taboo is a category, as is negative
things). Neutral words, in contrast, have typically been
taken from a range of categories, raising the possibility
that the memory benefit for the emotional words is due
not to their arousal or valence per se but, rather, to their
categorical relatedness. In Experiment 5, we addressed
this possibility by using neutral words that were all se-
mantic associates.

Method

Participants. The participants consisted of 18 males who were
MIT or Harvard undergraduate or graduate students, 19-32 years of
age (M = 27.2), with 14-18 years of education (M = 16.1). They
met the criteria outlined in Experiment 1.

Design and Materials. The materials and design were identical
to those in Experiment 3, except that all the neutral words were as-
sociates of the words think or mind. This selection was made because
the association was not immediately obvious (i.e., taking all animals
would be very easy for participants to notice and could cause easier
discrimination of seen and unseen words than would be the case for
negative or taboo words). Associates of the words think and mind
also have a breakdown between concrete and abstract words similar
to that for negative and taboo words.*

Results

Correct recognition. Repeated measures ANOVAs
conducted on the correct recognitionrates indicated a sig-
nificant effect of item type [F(2,34) = 11.28, p < .0001].
Subsequent ¢ tests indicated that memory was better for
the taboo words than for the negative words [#(17) = 3.87,
p <.001] or the neutral words [#(17) = 3.43,p < .01] but
that memory was similar for the neutral and the negative
words (p > .5; Table 7).

Remember and know. Repeated measures ANOVAs
indicated a significant effect of item type [F(2,34) =
11.28, p < .0001], a marginal effect of memory strength
[F(1,17) = 4.14, p < .06], and an interaction between

item type and memory strength [F(2,34) = 8.89,p <
.001].

Subsequent ¢ tests indicated that remember responses
were higher for taboo words than for negative words
[#(17) = 2.57,p < .05] and were higher for negative than
for neutral words [#(17) = 3.04,p < .01]. Knowresponses
were similar for taboo and negative words (p > .9) but
were higher for neutral than for negative words [#(17) =
2.87, p < .05] and for neutral than for taboo words
[#(17) = 2.19, p < .05; Table 7].

Recollection and familiarity. Recollection was
higher for taboo than for negative words [#(17) = 2.56,
p < .05] and was higher for negative than for neutral
words [t(17) = 3.43, p < .01]. Familiarity was margin-
ally greater for taboo than for negative words [#(17) =
1.80, p < .09] and was similar for negative and neutral
words (p > .2).

Discussion

The critical finding of Experiment 5 was that the mem-
ory enhancement for the negative items remained even
when the neutral items were semantic associates. This
finding suggests that the memory enhancement for the
negative items is not attributable only to the semantic re-
latedness of the negatively valenced or arousing words.

EXPERIMENT 6
Recall of Words With Valence and Arousal

Although the results of Experiment 5 reduced the con-
cern that individuals might be using semantic integration
to boost their memory for the taboo, or valenced, items,
another possible confound was that of word frequency. Al-
though the negative and the neutral words were matched
for word length and word frequency, the taboo words’ fre-
quencies were estimated from an on-line search. There
was a reasonable probability that the taboo words oc-
curred on the Internet with more frequency than would be
the case in other written texts. It was, therefore, possible
that differences in word frequency affected recognition re-
sponses. Specifically, since recognition rates have been
found to be better for low-frequency words than for high-
frequency words (e.g., Kintsch, 1970; Mandler, 1980), it
remained possible that the memory benefit for the taboo
words, as compared with the negative or the neutral words,
resulted from the fact that the taboo words had a lower
word frequency.

Table 7
Experiment 5: Memory Performance as a Function of Item Type
Hit Rate False Alarm Rate
Remember Know Remember Know  Recollection Familiarity
Item Type M SO M SD M SD M SD M SD M SD
Taboo 54 .16 35 20 .01 .05 .11 .15 53 .16 22 1.1
Negative 41 20 36 .19 .03 09 .13 .13 39 20 1.6 09

Neutral (semantic associates) .30 .17 44 .18 .02 .07 .10 .13 29 .17 18 0.7




The effects of word frequency are reversed in recall
tasks in which items are grouped into lists of similar fre-
quencies (e.g., Gillund & Shiffrin, 1984; Gregg, 1976):
Individuals will typically remember more items from a list
of low-frequency words than they will from a list of high-
frequency words. Thus, if the memory benefit for the
taboo words was due only to differences in word fre-
quency, the reverse effect (i.e., poorer memory for the
taboo words) should occur on a recall task.

Method

Participants. The participants were 16 males (18-28 years of
age, M = 20.7; 12-16 years of education, M = 13.2). All met the cri-
teria outlined in Experiment 1.

Materials and Procedure. The materials were 150 words (50
neutral, 50 with valence only, 50 with arousal), taken from those
used in Experiment 5. These materials were divided into six lists,
each with 25 words of a particular category (e.g., 25 words with
arousal). The participants studied one of these lists of 25 words, with
each word presented for 2 sec. They judged whether each word was
abstract or concrete. Three buffer items were inserted at the begin-
ning and end of the list to control for primacy and recency effects.
After viewing the list of words, the participants were asked to write
down all the words that they remembered from the list. This proce-
dure was then repeated until the participants had studied one list of
words from each stimulus category (i.e., neutral, with valence only,
and with arousal). The order of the lists and the lists administered
were pseudorandomized across participants.

Results

ANOVAs indicated a significant effect of item type
[F(2,28) = 15.16,p < .001]. Subsequent # tests indicated
that the participants recalled more taboo words than neg-
ative words [#(15) = 2.88, p < .05] or neutral words
[#(15) = 5.31, p < .0001] and more negative words than
neutral words [#(15) = 3.11,p < .01; Table 8].

Discussion

Recall rates were higher for items with valence or
arousal than for words that were neutral, and the effect was
greater for the items with arousal than for those with va-
lence only. Thus, the memory benefit for these emotional
words does not appear to have been due to word frequency
effects; if this factor had been the major contributor, the
effect should have been reversed when a blocked-design
recall task was used, as compared with a recognition task.
The fact that both recognition and recall rates were higher
for words with emotion (valence or arousal) than for neu-
tral words suggests that the memory benefit resulted from
factors independent of word frequency. In addition, the
fact that the memory benefit existed even when the neu-

Table 8
Experiment 6: Percentage of Words Recalled
as a Function of Item Type

Recall
Item Type M SD
Taboo 61.3 18.2
Negative 45.0 14.8
Neutral 36.5 10.6
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tral words were all semantic associates suggests that cat-
egorical similarity (e.g., semantic elaboration based on
category membership) may not be a sufficient explanation
for the memory enhancement effect.

GENERAL DISCUSSION

In the present investigation, we examined whether there
was a qualitative memory benefit for emotional, as com-
pared with neutral, words. The results of six experiments
confirmed that there is such a benefit: Across all tasks,
details associated with the presentation of words (assessed
through subjective and objective measures) were more
likely to be remembered for emotional than for neutral
items. The benefit emerged for words that had valence
only, as well as for words with arousal, although the mag-
nitude of the effect was greater for words evoking arousal.

This result is consistent with those in the literature on
flashbulb memories (e.g., Brown & Kulik, 1977) indicat-
ing that people feel that they remember the circumstances
surrounding emotional events with particular vividness.
The data also align with clinical reports from combat vet-
erans or victims of violent crimes, who experience vivid
“flashbacks” or a sense of reexperiencing the prior event
(Witvliet, 1997). Importantly, in the present study, the ver-
bal stimuli could be controlled for variables known to af-
fect memory (e.g., exposure duration), which cannot be
controlled for when assessing memory for autobiograph-
ical events. Thus, even with controlled stimuli presented
in a laboratory setting, emotional content increases the
likelihood that details of an item’s presentation will be
remembered.

This finding is important because it suggests that emo-
tion serves to increase not only the likelihood that an emo-
tional experience will be remembered, but also the details
that one will remember about that event. Thus, the conscious
experience of reexperiencing an event is more likely to
occur if the event had emotional importance. At least for
negative events, this recollective enhancement occurred
for items that had only valence, as well as for items that
elicited arousal.

What processes may have contributed to the recollec-
tive enhancement effect? A critical contributor to this en-
hancement likely stems from the increased distinctiveness
of emotional information. Although distinctiveness is a
somewhat nebulous concept (see Hunt & McDaniel, 1993),
we use it to mean the uniquenessof an item (e.g., Rajaram,
1993): Distinctive items share few features with other in-
formation in memory or with items in a particular study
epoch. Just as pictures are more distinctive than words, be-
cause there are more unique attributes associated with pic-
tures than with words (Dewhurst & Conway, 1994; Ra-
jaram, 1993), so are emotional stimuli postulated to be
more distinctive than neutral stimuli. Emotion provides a
number of additionaldimensions (e.g., personal relevance
or physiological response) not present with neutral stim-
uli (Christianson et al., 1991; Ochsner, 2000). Thus, just
as pictures are better remembered than words, due at least
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in part to their enhanced distinctiveness, it could be that
emotional stimuli are better remembered than neutral stim-
uli because of their increased distinctiveness.

Critically, the results of the present investigation indi-
cate that although the dimension of physiological arousal
does enhance the ability to vividly remember a prior event,
it is not a necessary feature. Even words with valence only
were more likely to be vividly remembered than neutral
words. Thus, if increased distinctiveness does explain the
memory enhancement, there must be additional dimensions
that contribute distinctiveness to emotional items, aside
from features related to an individuals’ physiological re-
sponse to that stimulus. There may be additional elabora-
tive processes (e.g., evaluative processes or autobiograph-
ical elaboration) that increase the distinctiveness of the
encoded valence-only words, as compared with the neutral
words. These elaborative processes could then underlie the
enhanced ability to vividly remember, or reexperience, the
presentation of the valence-only words. These processes
may also be critical for the enhanced recollection of arous-
ing words, with these words benefiting additionally from
the physiological responses elicited by the stimuli.

Another possibility is that emotion serves as a unifying
theme to memories, allowing items to be more easily clus-
tered as individuals encode the information. Since emo-
tional information is categorically related, it is likely that
this factor is often a contributor to the enhancement ef-
fect. The results of the present study, however, suggest that
the categorical link of emotional information may not be
the only factor. Even when neutral words were chosen to
be categorically associated, memory for the emotional
words remained better, and estimates of recollection re-
mained greater, for the words with valence only or with
arousal, as compared with the neutral words. It is still pos-
sible that this selection of neutral words did not fully con-
trol for the relatedness of the emotional categories of
words, and thus, further studies will be needed to exam-
ine the contribution of semantic clustering to the en-
hancement effect. It is also possible that categorical relat-
edness is affected by such factors as encodinginstructions
or delay intervals and that, under different conditions than
those in the present study, semantic relatedness would
play a more dominant role. Nevertheless, the results sug-
gest that, at least in some instances, the memory enhance-
ment for emotional information (either with valence only
or with arousal) is supported by factors other than cate-
gorical relatedness.

Another contributor toward the recollective enhance-
ment effect may be related to attentional biases for nega-
tive, as compared with neutral, stimuli. Negative items
often seem to capture attention and to be given prioritized
processing (Christianson & Fallman, 1990; Pratto & John,
1991; Williams et al., 1996). For example, participants
made more shadowing errors in a dichotic listening task
when highly arousing words were heard in their unat-
tended ear than when less arousing words were presented
(Nielsen & Sarason, 1981). This biasing of attention could

increase the likelihood that an emotional word is elabo-
rated upon or could increase the efficiency with which in-
dividuals can access information about a negative, as
compared with a neutral, item. These factors could in-
crease the likelihood that an emotional item will later be
vividly remembered.

As this discussion highlights, a number of processes
could potentially contribute to the enhanced ability to
vividly remember emotional stimuli. Future experiments
will be required to tease apart the relative contributions of
these types of processes (e.g., semantic elaboration, eval-
uative processing, or attentional modulation) to the abil-
ity to vividly remember negatively emotional information.

Although the recollective enhancement effect was the
dominant effect, present across all the experiments and
replicable in nearly all the participants, there was also a
tendency toward an enhancement in familiarity, particu-
larly for the arousing words. This enhancement may reflect
the fact that, in addition to increasing the use of elabora-
tive encoding strategies or enhancing an item’s distinc-
tiveness, negative words may also be processed at a percep-
tual or conceptual level with greater fluency or efficiency
than is the case for neutral words (Bargh et al., 1992;
Christianson et al., 1991; Loftus, Loftus, & Messo, 1987;
Ohman, Flykt, & Lundqvist, 1999; Williams et al., 1996).
For example, perceptual benefits for emotional informa-
tion are suggested by studies indicating that individuals
are better able to perceive aversive stimuli in a compli-
cated visual display (Ohman, Flykt, & Esteves, 2001),
during an attentional blink (Anderson & Phelps, 2001) or
while directing attention to another spatial location
(Vuilleumier, Armony, Driver, & Dolan,2001; Vuilleumier
& Schwartz, 2001; but see Pessoa, Kastner, & Ungerlei-
der, 2002).

Since the studies mentioned above used negative stim-
uli that were also arousing, it remains possible that it is the
arousal dimension in particular that is critical for this in-
creased fluency of processing. This pattern would explain
the results of the present experiment, in which individuals
showed enhanced (or marginally enhanced) familiarity for
arousing words, but not for words with valence only. Fur-
ther investigations will be necessary to examine whether
valence alone is sufficient to enhance the fluency or effi-
ciency of processing.

In summary, the results of the present study indicate
that individualsremember emotional words with more de-
tail than they remember neutral words. Thus, processes
that contribute to recollectionor to the formation of source
memory appear to be modulated by the presence of emo-
tion. The effect is strongest when words have arousal but
is also present when words have valence only. There may
also be an enhancement in familiarity for items with
arousal, although effects of arousal on familiarity do not
appear to be as great as the effects on recollection. These
findings extend the results of prior studies by indicating
that there is not only a quantitative memory benefit for
emotional information, but also a qualitative one.



REFERENCES

ANDERSON, A. K., & PHELPS, E. A. (2001). Lesions of the human amyg-
dala impair enhanced perception of emotionally salient events. Na-
ture, 17, 305-309.

BARGH, J. A., CHAIKEN, S., GOVENDER, R., & PraTTO, F. (1992). The
generality of the attitude activation effect. Journal of Personality &
Social Psychology, 62, 893-912.

BLAIR, I. V., UrRLAND, G. R., & M4, J. E (2002). Using Internet search
engines to estimate word frequency. Behavior Research Methods, In-
struments, & Computers, 34, 286-290.

BrADLEY, M. M., GREENWALD, M. K., PETRY, M. C., & LANG, P. J.
(1992). Remembering pictures: Pleasure and arousal in memory.
Journal of Experimental Psychology: Learning, Memory, & Cogni-
tion, 18, 379-390.

BRADLEY, M. M., & LANG, P. J. (1999). Affective norms for English
words [CD-ROM]. Gainesville: University of Florida, NIMH Center
for the Study of Emotion and Attention.

Brown, R., & KuLIK, J. (1977). Flashbulb memories. Cognition, 5, 73-
99.

BucHANAN, T., & ADpOLPHS, R. (2002). The role of the human amygdala
in emotional modulation of long-term declarative memory. In
S. Moore & M. Oaksford (Eds.), Emotional cognition: From brain to
behavior (pp. 9-34). London: Benjamins.

CaHILL, L., & McGAUGH, J. L. (1995). A novel demonstration of en-
hanced memory associated with emotional arousal. Consciousness &
Cognition, 4,410-421.

CaHiILL, L., PriNs, B., WEBER, M., & McGaUGH, J. L. (1994). Beta-
adrenergic activation and memory for emotional events. Nature, 371,
702-704.

CHRISTIANSON, S.-A., & FALLMAN, L. (1990). The role of age on reac-
tivity and memory for emotional pictures. Scandinavian Journal of
Psychology, 31,291-301.

CHRISTIANSON, S,-A., Lorrus, E. F, HorrmaN, H., & Lorrus, G. R
(1991). Eye fixations and memory for emotional events. Journal of
Experimental Psychology: Learning, Memory, & Cognition, 17, 693-
701.

CoLTHEART, M. (1981). The MRC psycholinguisticdatabase. Quarterly
Journal of Experimental Psychology, 33A, 497-505.

Conway, M. A. (1990). Autobiographical memory: An introduction.
Philadelphia: Open University Press.

DavacH1, L., MITCHELL, J. P, & WAGNER, A. D. (2003). Multipleroutes
to memory: Distinct medial temporal lobe processes build item and
source memories. Proceedings of the National Academy of Sciences,
100, 2157-2162.

DavacHl, L., & WAGNER, A. D. (2002). Hippocampal contributions to
episodic encoding: Insights from relational and item-based learning.
Journal of Neurophysiology, 88, 982-990.

DEWHURST, S. A., & CoNnwAy, M. A. (1994). Pictures, images, and rec-
ollective experience. Journal of Experimental Psychology: Learning,
Memory, & Cognition, 20, 1-11.

DOERKSEN, S., & SHIMAMURA, A. (2001). Source memory enhancement
for emotional words. Emotion, 1, 5-11.

GARDINER, J. M., & Java, R L (1993). Recognizing and remembering.
In A. E Collins, S. E. Gathercole, M. A. Conway, & P. E. Morris
(Eds.), Theories of memory (pp. 163-188). Hove, U.K.: Erlbaum.

GEER, J. H., & McGLONE, M. (1990). Sex differences in memory for
erotica. Cognition & Emotion, 4, 71-78.

GILLUND, G. G., & SHIFFRIN, K. M. (1984). A retrieval model for both
recognition and recall. Psychological Review, 91, 1-67.

GREGG, V. (1976). Word frequency, recognition, and recall. In J. Brown
(Ed.), Recall and recognition (pp. 183-216). New York: Wiley.

HamaNN, S. (2001). Cognitive and neural mechanisms of emotional
memory. Trends in Cognitive Sciences, 5, 394-400.

HensoN, R N., RuGG, M. D., SHALLICE, T., JosepHs, O., & DOLAN,
R.J. (1999). Recollection and familiarity in recognition memory: An
event-related functional magnetic resonance imaging study. Journal of
Neuroscience, 19, 3962-3972.

HensoN, RN, SHALLICE, T., & DoLaN, R J. (1999). Right prefrontal
cortex and episodic memory retrieval: A functional MRI test of the
monitoring hypothesis. Brain, 122, 1367-1381.

MEMORY FOR EMOTIONAL WORDS 1179

HEUER, E, & REISBERG, D. (1990). Vivid memories of emotional events:
The accuracy of remembered minutiae. Memory & Cognition, 18,
496-506.

Hunt, R R, & McDANIEL, M. A. (1993). The enigma of organization
and distinctiveness. Journal of Memory & Language, 32, 421-445.

JacoBy, L. L. (1991). A process dissociation framework? Separating au-
tomatic from intentional uses of memory. Journal of Memory & Lan-
guage, 30, 513-541.

JacoBy, L. L., YONELINAS, A. P, & JENNINGS, J. M. (1997). The rela-
tion between conscious and unconscious (automatic) influences: A
declaration of independence. In J. D. Cohen & J. W. Schooler (Eds.),
Scientific approaches to consciousness: Carnegie Mellon Symposia
on Cognition (pp. 13-47). Hillsdale, NJ: Erlbaum.

KENSINGER, E. A., CLARKE, R. J., & CoRrKIN, S. (2003). What neural
processes supportencoding and retrieval? An f MRI study using a di-
vided attention paradigm. Journal of Neuroscience, 33, 2407-2415.

KintscH, W. (1970). Learning, memory, and conceptual processes. New
York: Wiley.

Kitayama, S. (1990). Interaction between affect and cognition in word
perception. Journal of Personality & Social Psychology, 58,209-217.

Kucera, H.,, & Francis, W. N. (1967). Computational analysis of pre-
sent-day American English. Providence, RI: Brown University Press.

LaNG, P. J., GREENwWALD, M. K., BRADLEY, M. M., & Hamm, A. O.
(1993). Looking at pictures: Affective, facial, visceral, and behavioral
reactions. Psychophysiology, 30, 261-273.

Lewis, R J., GiBBONS, F. X., & GERRARD, M. (1986). Sexual experience
and recall of sexual versus nonsexual information. Journal of Person-
ality, 54, 676-693.

Lorrus, E. F, Lorrus, G., & MEsso, J. (1987). Some facts about
“weapon focus.” Law & Human Behavior, 11, 55-62.

MANDLER, G. (1980). Recognizing: The judgment of previous occur-
rence. Psychological Review, 87,252-271.

Magrk, R E., & RuGG, M. D. (1998). Age effects on brain activity asso-
ciated with episodic memory retrieval. An electrophysiological study.
Brain, 12, 861-873.

MurNEN, S. K., & SToCKTON, M. (1997). Gender and self-reported sex-
ual arousal in response to sexual stimuli: A meta-analytic review. Sex
Roles, 37, 135-153.

NEISSER, U., & HarscH, N. (1992). Phantom flashbulbs: False recollec-
tions of hearing the news about Challenger. In E. Winograd &
U. Neisser (Eds.), Affect and accuracy in recall: Studies of “flash-
bulb” memories (pp.9-31). Cambridge: Cambridge University Press.

NIELSON, S. L., & SARASON, L. G. (1981). Emotion, personality, and selec-
tive attention. Journal of Personality & Social Psychology, 41, 945-960.

OcHSNER, K. N. (2000). Are affective events richly “remembered” or
simply familiar? The experience and process of recognizing feelings
past. Journal of Experimental Psychology: General, 129, 242-261.

OnMAN, A., FLYKT, A., & EsTEVES, F. (2001). Emotion drives attention:
Detecting the snake in the grass. Journal of Experimental Psychol-
ogy: General, 130, 466-478.

OnmaN, A., FLYKT, A., & Lunpqvisr, D. (1999). Unconscious emo-
tion: Evolutionary perspectives, psychophysiological data, and neu-
ropsychological mechanisms. In R. Lane & L. Nadel (Eds.), Cognitive
neuroscience of emotion (pp. 296-327). Oxford: Oxford University
Press.

PEssoa, L., KASTNER, S., & UNGERLEIDER, L. G. (2002). Attentional
control of the processing of neural and emotional stimuli. Brain Re-
search: Cognitive Brain Research, 15, 31-45.

PEesta, B. J., MurrHY, M. D., & SANDERS, R. E. (2001). Are emotion-
ally charged lures immune to false memory? Journal of Experimental
Psychology: Learning, Memory, & Cognition, 27, 328-338.

PiLLEMER, D. B., RHINEHART, E. D., & WHITE, S. H. (1986). Memories of
life transitions: The first year in college. Human Learning, 5, 109-124.

PratTO, F, & JOHN, O. P. (1991). Automatic vigilance: The attention-
grabbing power of negative social information. Journal of Personal-
ity & Social Psychology, 61, 380-391.

RajaraMm, S. (1993). Remembering and knowing: Two means of access
to the personal past. Memory & Cognition, 21, 89-102.

RuBIN, D. C,, & KoziN, M. (1984). Vivid memories. Cognition, 16, 81-95.

RUSSELL, J. A. (1980). A circumplex model of affect. Journal of Per-
sonality & Social Psychology, 39, 1161-1178.


http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0028-0836^28^2917L.305
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0022-3514^28^2962L.893[aid=16204]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0743-3808^28^2934L.286[aid=5585307]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0278-7393^28^2918L.379[aid=1183776]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0010-0277^28^295L.73^2099[aid=18640]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/1053-8100^28^294L.410[aid=2798229]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0028-0836^28^29371L.702[aid=132734]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0036-5564^28^2931L.291[aid=3080691]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0278-7393^28^2917L.693^20701[aid=305111]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0272-4987^28^2933L.497
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0027-8424^28^29100L.2157[aid=5585308]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0022-3077^28^2988L.982[aid=5585309]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0278-7393^28^2920L.1[aid=305046]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0269-9931^28^291L.5
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0269-9931^28^294L.71[aid=5585311]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0033-295X^28^2991L.1[aid=24932]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/1364-6613^28^295L.394[aid=5585312]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0270-6474^28^2919L.3962[aid=213002]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0006-8950^28^29122L.1367[aid=213003]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0090-502X^28^2918L.496[aid=259275]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0749-596X^28^2932L.421[aid=19107]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0749-596X^28^2930L.513[aid=213752]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0270-6474^28^2933L.2407
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0022-3514^28^2958L.209[aid=293738]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0048-5772^28^2930L.261[aid=77663]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0022-3506^28^2954L.676
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0147-7307^28^2911L.55
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0033-295X^28^2987L.252[aid=19109]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0006-8950^28^2912L.861
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0360-0025^28^2937L.135
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0022-3514^28^2941L.945[aid=293743]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0096-3445^28^29129L.242[aid=1510108]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0096-3445^28^29130L.466[aid=2077820]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0926-6410^28^2915L.31[aid=5183745]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0278-7393^28^2927L.328[aid=1262429]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0277-6707^28^295L.109
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0022-3514^28^2961L.380[aid=17178]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0090-502X^28^2921L.89[aid=19322]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0010-0277^28^2916L.81[aid=298609]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0022-3514^28^2939L.1161
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0028-0836^28^2917L.305
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0022-3514^28^2962L.893[aid=16204]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0743-3808^28^2934L.286[aid=5585307]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0278-7393^28^2918L.379[aid=1183776]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0010-0277^28^295L.73^2099[aid=18640]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/1053-8100^28^294L.410[aid=2798229]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0028-0836^28^29371L.702[aid=132734]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0036-5564^28^2931L.291[aid=3080691]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0278-7393^28^2917L.693^20701[aid=305111]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0272-4987^28^2933L.497
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0027-8424^28^29100L.2157[aid=5585308]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0278-7393^28^2920L.1[aid=305046]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0270-6474^28^2919L.3962[aid=213002]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0090-502X^28^2918L.496[aid=259275]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0749-596X^28^2930L.513[aid=213752]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0022-3506^28^2954L.676
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0360-0025^28^2937L.135
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0096-3445^28^29130L.466[aid=2077820]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0926-6410^28^2915L.31[aid=5183745]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0278-7393^28^2927L.328[aid=1262429]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0022-3514^28^2961L.380[aid=17178]
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0022-3514^28^2939L.1161
http://www.ingentaselect.com/rpsv/cgi-bin/linker?ext=a&reqidx=/0278-7393^28^2917L.693^20701[aid=305111]

1180 KENSINGER AND CORKIN

ScumoLck, H., BurraLo, E. A., & SQUIRE, L. R. (2000). Memory dis-
tortions develop over time: Recollections of the O. J. Simpson trial
verdict after 15 and 32 months. Psychological Science, 11, 39-45.

TULVING, E. (1985). Varieties of consciousness and levels of awareness
in memory. In A. Baddeley & L. Weiskrantz (Eds.), Attention: Selec-
tion, awareness and control. A tribute to Donald Broadbent (pp. 283-
299). Oxford: Oxford University Press, Clarendon Press.

VUILLEUMIER, P., ARMONY, J. L., DRIVER, J., & DoLaN, R J. (2001).
Effects of attention and emotion on face processing in the human
brain: An event-related f MRI study. Neuron, 30, 829-841.

VUILLEUMIER, P, & SCHWARTZ, S. (2001). Beware and be aware: Cap-
ture of spatial attention by fear-related stimuli in neglect. Neuro-
Report, 12, 1119-1122.

WILLIAMS, J. M. G., MATHEWS, A., & MacLEoD, C. (1996). The emo-
tional Stroop task and psychopathology. Psychological Bulletin, 120,
3-24.

WirvLIET, C. V. (1997). Traumatic intrusive imagery as an emotional
memory phenomenon: A review of research and explanatory infor-
mation processing theories. Clinical Psychology Review, 17,509-536.

YONELINAS, A. P. (2002). The nature of recollection and familiarity: A
review of 30 years of research. Journal of Memory & Language, 46,
441-517.

YoNELINAS, A. P, KroLL,N. E., DoBBINS, L., LAZZARA, M., & KNIGHT,
R. T. (1998). Recollection and familiarity deficits in amnesia: Con-
vergence of “remember”’—“know,” process dissociation, and receiver
operating characteristic data. Neuropsychology, 12, 323-339.

NOTES

1. Men were tested because they have been shown to have greater
emotional arousal to sexual information than do women (e.g., Murnen &
Stockton, 1997), resulting in better memory for this sexual information
(e.g., Geer & McGlone, 1990; Lewis, Gibbons, & Gerrard, 1986). For
Experiments 3—6, this ability to find stimuli high in arousal, but not low
in valence, was critical).

2. Physiological measurements taken in our laboratory in a separate
group of 20 males, matched in age and education, indicated that the
taboo words elicited physiological changes [increased heart rate and
blood pressure; #(1,19) > 2.2, p < .05], whereas negative nonarousing
words did not.

3. The careful reader may note that performance in Experiment 3 is
higher than that in Experiment 1. This variability in performance likely
stems from the fact that the participants encoded more words in Exper-
iment 1 (140 words) than in Experiment 3 (90 words).

4. Another group of 18 males was run on an alternative version with
neutral words being related to the categories of household or financial.
The critical findings replicated those discussed in Experiment 5.

(Manuscript received April 22, 2003;
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