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Abstract

College students generated autobiographical memories from distinct emotional categories
that varied in valence (positive vs. negative) and intensity (high vs. low). They then rated
various perceptual, cognitive, and emotional properties for each memory. The distribution of
these emotional memories favored a vector model over a circumplex model. For memories of all
specific emotions, intensity accounted for significantly more variance in autobiographical
memory characteristics than did valence or age of the memory. Two additional studies examined
multiple memories of emotions of high intensity and positive or negative valence and of positive
valence and high or low intensity. Intensity was a more consistent predictor of autobiographical
memory properties than was valence or the age of the memory in these experiments as well. The
general effects of emotion on autobiographical memory properties are due primarily to intensity
differences in emotional experience, not to benefits or detriments associated with a specific

valence.
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Emotional intensity predicts autobiographical memory experience
Some of the earliest investigations described emotional experience as being comprised of
two dimensions — valence and intensity (e.g. Duffy, 1934; Duffy, 1941; Dunlap, 1932). Others
have extended this model to emotional memory for images, facial expressions, language and
experiences (Bradley, Codispoti, Cuthbert, & Lang, 2001; Osgood, 1966; Robinson, 1980;
Russell, 1980). The interaction of these dimensions on memory accuracy, persistence, or quality

have been addressed, but rarely in combination.

Bradley, Lang and colleagues (Bradley et al., 2001; Bradley, Greenwald, Petry, & Lang,
1992) have examined memory for emotional words and pictures, consistently describing a
“boomerang shape” (Bradley et al., 2001, p. 277) of independent lines for positive and negative
emotions diverging with increasing intensity (see Figure 1, top panel). They argue that for all
positive emotions, the degree of positivity and the degree of intensity are functionally equivalent
and that for all negative emotions, the degree of negativity and the degree of intensity are
functionally equivalent. One alternative view, derived from studies of emotional language and
supported by Russell and colleagues (Russell, 1980; Russell & Carroll, 1999), is that valence is a
bipolar dimension bisected by intensity. Emotions are then distributed in a circle, or circumplex,
around a neutral valence point and moderate intensity (see Figure 1, bottom panel). One aim of
the present study is to determine if either of these patterns will emerge for autobiographical

memories.
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Multiple studies have extended the general dimensional approach of emotion to
emotional memory. There is inconsistent evidence for valence effects in the episodic and
autobiographical memory literature. Studies of valenced words and pictures have shown an
advantage of the pleasant over the unpleasant (e.g. Anisfeld & Lambert, 1966; Carter, 1936;
Carter, Jones, & Shock, 1934; Stagner, 1933). Diary studies often show enhanced recall for
positive events (Linton, 1975; Wagenaar, 1986; White, 2002; White, 1982). Test-retest studies
find that more pleasant events are initially reported and a greater proportion of those are later
recalled (e.g. Meltzer, 1930; O'Kelly & Steckle, 1940). Berntsen (1996) found that participants
had more pleasant than unpleasant involuntary autobiographical memories. Finally, Rubin and
Berntsen (2003) found that requests for memories of extremely positive events produced older
memories that those for extremely negative events in older adults, though the reverse happened
in college-age respondents (Berntsen & Rubin, 2002).

However, there is contradictory evidence for an advantage of the unpleasant over
pleasant for words, sentences (Ortony, Turner, & Antos, 1983), and pictures (Bradley et al.,
2001), especially during self-referential encoding (Banaji & Hardin, 1994). A memory bias for
negative events over positive events is also often presented in trauma, eyewitness, and flashbulb
memory research (e.g. Brown & Kulik, 1977; Christianson, 1992a, 1992b; Tromp, Koss,
Figueredo, & Tharan, 1995).

Yet, much of the evidence for an unpleasantness bias compares arousing, negative stimuli
to neutral stimuli (e.g. Banaji & Hardin, 1994; Bradley et al., 2001; Carter, 1936), therefore
providing equal support for an intensity bias. The findings of trauma, eyewitness, and flashbulb
memory research are similarly limited. When direct comparisons are made, they are usually

between the target, highly intense, negative item and an emotionally neutral item. In a recent
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review of the literature supporting an unpleasantness bias, Baumeister, Bratslavsky, Finkenauer,
and Vohs (2001) concluded that such evidence, “coexists with a tendency for individuals to
recall positive information” (p. 344), concluding that within the memory literature, valence “does
not appear to be the dominant force” (p. 344). Intensity findings are more consistent and,
furthermore, can account for many of the valence contradictions. Waters and Leeper (1936) were
the first to include subject-rated intensity in their study of emotional effects on memory and
concluded that intensity was positively related to retention while valence was unrelated. Holmes
(1970) systematically investigated the interaction between valence and intensity and found that
recall was greater for pleasant events than for unpleasant events, and that unpleasant event
memories decreased in intensity faster than did memories for pleasant events. Holmes concluded
that intensity more accurately predicted the recall differences that were evidenced as a
pleasantness bias. This replicated and extended the earlier findings of Cason (1932) and Barlow
(1955), who also found the intensity of unpleasant memories to fade faster than pleasant
memories. Thompson (1985) found no effect of valence on forgetting rates of personal events,
but a strong effect of emotional intensity. Similarly, Walker, Vogl, and Thompson (1997) found
that the intensity for unpleasant events fades more quickly over time than for pleasant events,
and, that because intensity predicts long-term recall, pleasant events are remembered better than
unpleasant events in long-term, but not necessarily in short-term, recall.
Remembering vs. Memory

Previous investigators have concentrated on the contents and retention of memory for
emotional events. These studies lacked consideration of the phenomenological properties of the
memory and the process of remembering. However, there are some studies that have examined

individual properties of autobiographical memory in association with emotional valence and/or
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intensity. These studies have investigated belief/confidence in the memory’s accuracy,
vividness, field/observer perspective, narrative coherence, if the memory is specific or general,
rehearsal, similarity of emotion and intensity at the time of the event and as it is remembered,
and/or visceral reactions to the memory in addition to the mere presence or absence of an
emotional event in memory.

Belief/Confidence. Individuals are usually confident in their memory; they believe that
the way they remember an event is the way that it actually occurred. However, they are also
usually willing to admit that memory is fallible and that sometimes their memory may not be an
accurate reflection of reality. The study of false memories (e.g. Loftus, Donders, Hoffman, &
Schooler, 1989) and disputed memories (Sheen, Kemp, & Rubin, 2001) have identified several
characteristics that influence confidence in one’s memory, but have not focused on emotion per
se. Some emotional memory researchers have addressed this issue, though not in depth.
Gordon’s (1928) participants said they were “very certain” of the accuracy of negative memories
more often than they did for positive memories. This is consistent with findings from the
flashbulb memory literature which argue that memories of highly intense, negative events are
held with more confidence than are memories of neutral events that are equally old (Brown &
Kulik, 1977; Neisser & Harsch, 1992; Talarico & Rubin, 2003).

Vividness. Vividness, often defined as the amount of perceptual or sensory detail, has
been the autobiographical memory property studied most in emotional memories. A strong
correlation between memory vividness and emotionality is a common finding (Conway &
Bekerian, 1988; Rubin & Kozin, 1984; Wagenaar, 1986; White, 1982). In these studies,
emotionality is not defined in terms of valence or intensity, but the pattern of results is more

consistent with previous findings for intensity. Reisberg, Heuer, McLean, and O’Shaughnessy
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(1988) found emotional intensity to be highly correlated with memory vividness. Within
involuntary autobiographical memories, Berntsen (2001) found that traumatic memories and
memories for peak, positive events are more vivid than less intense memories. For valence,
some studies that have found that positive memories are more vivid than negative memories
(Destun & Kuiper, 1999; Larsen, 1998; Raspotnig, 1997). In these studies, the degree of
intensity was not measured and none include a neutral memory for comparison. D’Argembeau,
Comblain, and Van Der Linder (2003) found that positive memories were more vivid than
negative and neutral memories, which were equally vivid. On the contrary, Bluck and Li (2001)
found that anger and sadness were correlated with vividness but happiness and surprise were not.
They also found negative emotionality in general to be related to vividness (Bluck & Li, 2001).
However, all memories in this study were of the same emotional event and not compared to a
neutral, control event. Finally, Hayes, Conway, and Morris (1992) found no differences in
vividness between positive and negative memories. Therefore, it seems that intensity is the most
reliable predictor of memory vividness, but the current evidence is not conclusive.
Field/observer. Whether one sees the memory through one’s own eyes (field) or through
the eyes of an outside observer (observer) is a relatively recent area of interest within
autobiographical memory research. D’Argembeau, Comblain, and Van Der Linder (2003) found
that emotional memories (regardless of valence) were more likely seen through one’s own eyes
(a field perspective) than were neutral memories. This is consistent with earlier findings of
Nigro and Neisser (1983) and Strongman and Kemp (1991). In contrast, Robinson and Swanson
(1993) found that high and low intensity memaories were equally likely to be encoded from an
observer perspective, but that switching from a field view to an observer’s perspective lead to a

decrease in emotional intensity of the memory. Talarico and Rubin (2003) found that flashbulb
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memories (that were more negative and of higher intensity than everyday memories) were not
more likely to change from an observer to a field perspective over time, though everyday
memories were. There are no studies examining intensity separately from valence and the
relationship between valence and perspective is contradictory. Thus the effects of emotion on
memory perspective have yet to be definitively described.

Narrative coherence. Narrative coherence is defined as whether a memory is recalled as
a unified, coherent story, either in words or images, rather than as fragmentary, isolated details.
The later has been characterized as a hallmark of post-traumatic stress disorder (especially
flashbacks and recurring memories). Van der Kolk and Fisler (1995) found that memories for
traumatic or traumatic-like events were less likely to be recalled in a coherent narrative form,
though others have not (Berntsen, Willert, & Rubin, 2003; Rubin, Feldman, & Beckham, 2004;
Talarico & Rubin, 2003).

Specific/general. Though we often merge many similar or related events into a common
memory representation of that type of event (Neisser, 1981) such memories are usually still
unique to our own lives. Schema-based memories of common events are not unique to any one
participant (Williams, 1995). Often this distinction is operationalized as the number of specific
contextual details present in a memory account that could not be generated from abstract world
knowledge. D’Argembeau, Comblain, and Van Der Linder (2003) found that positive memories
included more contextual details than did negative or neutral memories. Destun and Kuiper
(1999) also found more context in positive memories than negative.

Rehearsal. Many studies have found that high intensity memories were thought or talked
about (either explicitly or involuntarily) more often than were low intensity memories (Berntsen,

1996, 1998; Cason, 1932; Waters & Leeper, 1936). However, Guy and Cahill (1999) argue that
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rehearsal alone cannot account for recall differences between high and low intensity memories.
Valence effects in rehearsal are less consistent. Menzies (1935) reported no difference in
rehearsal rates between positive and negative memories as did Berntsen (1998). Bluck and Li
(2001), in examining specific emotional reactions, reported that feeling happy was correlated to
rehearsal, but feeling angry, sad, or surprised was not.

Same emotion/intensity. Memories of past emotional experiences are often used to
recreate current emotional states (Conway, 1990; Conway & Bekerian, 1987a; Schwartz,
Weinberger, & Singer, 1981; Washburn, Deyo, & Marks, 1924; Washburn, Field, & Wolf, 1923;
Washburn, Giang, Ives, & Pollock, 1925). Stability in emotional tone between memory reports
for both older and younger adults was reported by Anderson, Cohen, and Taylor (2000).
Washburn, Field, and Wolf (1923) found that memories of joy were remembered with the same
intensity more often than were memories of anger or fear. However, Levine (1997) reported a
systematic bias in reporting past emotional intensity to be more like current emotional intensity
as assessed by comparing self-reports at initial recall with those at delay.

Visceral. Rubin, Feldman, and Beckham (2004) and Talarico and Rubin (2003) found
that visceral and cognitive aspects of emotion can act independently, with visceral reactions
being more strongly correlated with post-traumatic stress disorder symptom severity. Berntsen
(2001) found that involuntary memories of traumatic and of peak, positive events had a greater
influence on current emotion and were more visceral than less intense memories. Analyzing the
independent contribution of each cognitive emotional dimension to visceral reactions may prove
equally informative. Current physical reactions to past emotional events have been investigated
for a small number of emotional experiences. Washburn, Field, and Wolf (1923) found that

joyful memories included more “bodily manifestations” than did fearful or angry memories (p.
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103). Strongman and Kemp (1991) found that negative emotional memories were more likely to
accompany physical reactions, with anger being associated with behavioral reactions and fear
being associated with physiological reactions. Schwartz, Weinberger, and Singer (1981) found
that cardiac response was insufficient to reliably discriminate specific emotions, but did find
reliable diastolic, systolic, and heart rate changes while remembering happy, angry, fearful, and
sad memories.
Remembering Emotional Events

In sum, previous literature has shown inconsistent effects of emotion on memory. The
relationship between intensity, valence, and autobiographical memory is incomplete and, in some
cases, contradictory. Some properties of autobiographical memory, such as recollection, whether
the memory is remembered or if the individual simply knows it occurred, and linguistic
properties that have been studied in the context of normative autobiographical memory research
have not been systematically investigated for emotional memories. The current study aims to
present a more detailed picture of the phenomenological properties of autobiographical memory
and how they are affected by emotional valence and intensity.

Experiment 1

Method

Participants. Duke University undergraduates (N = 71, 22 of whom were male)
participated for course credit in small groups.

Procedures. After providing informed consent, participants were given a definition of
autobiographical memory as “a memory for an event from your personal past. It is usually a
specific, datable event that you were personally involved in. It is usually a snapshot of a specific

scene rather than a film about a period of time or an extended event. There is usually a plot, a
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setting, and characters. However, not all of these characteristics must be present in each
individual memory. Memories can be from any time in your life from early childhood up to
what you did right before coming here today. Autobiographical memories are not facts and they
are not about events that will happen in the future.”

They were then given a description of the task and were asked to generate memories for
times when they felt “especially ” for 20 distinct emotions (amused, angry, annoyed,
anxious, ashamed, bored, calm, disappointed, disgusted, embarrassed, excited, afraid, guilty,
happy, lonely, proud, relieved, sad, satisfied, and surprised).! There were four different orders of
emotions, randomized during testing, with each following these rules: no more than two
consecutive negative emotions, always ending with two positive emotions, and varied emotional
intensity. These rules were instituted to prevent inadvertent mood induction. Participants were
told that they could skip any questions they did not feel comfortable completing. In addition, if,
for whatever reason, subjects were not finished after 55 minutes had passed, they were instructed
to skip ahead to the last two emotion questions; this was done to prevent anyone from leaving the
testing room in a negative mood. Only 7 participants left more than one emotion question blank,
and each of these completed at least 15 of the 20 emotions. After each participant finished, they
were given a written debriefing form and contact information for the experimenter.

For each emotion presented, participants wrote a brief description of the memory event
and then answered various rating scale questions about the properties of the memory. These
questions were taken from the Autobiographical Memory Questionnaire (AMQ), which was
derived from various existing autobiographical and general memory theories and is sensitive to
the conscious experience of remembering (Rubin, Burt, & Fifield, 2003; Rubin, Schrauf, &

Greenberg, 2003; Sheen et al., 2001). This allows us to study not just global variations due to
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emotion, but also differential effects on specific properties of autobiographical memory. The
complete text of the questionnaire used here is in the Appendix. Of the AMQ questions, 14 were
specifically directed at autobiographical memory properties (recollection, belief in the memory’s
accuracy, vividness, linguistic/narrative form, rehearsal, and age). A sense of recollection is a
defining property of autobiographical memory (Brewer, 1986, 1995) and was assessed here with
four variables. The first was created by averaging participant responses to ratings of reliving and
of traveling back to the time when it happened. Another metacognitive judgment on
phenomenology was whether they remembered the event or if they just knew that the event took
place. Participants were also asked to rate each memory on a scale from 100% real to 100%
imagined to assess belief in the memory’s accuracy. Vividness, another hallmark of
autobiographical memory (Conway & Bekerian, 1987b; Rubin & Kozin, 1984), was assessed
here with the average of three imagery questions: visual, spatial, and auditory. There was also
one question aimed at perspective in the memory, whether one saw the event through his/her own
eyes or the eyes of an outside observer. A linguistic component was assessed with only one
question, did the memory come in words? The question regarding whether the memory came in
pieces was reverse coded and averaged with responses to whether the memory came as a
coherent story to determine narrative form. There was one question referring to the type of event
recalled, that was if the memory was of an event specific the participant’s own life. Rehearsal of
memory content was assessed with the average of two questions, one aimed at voluntary (how
often did he/she think or talk about the event) and one at involuntary remembering (how often
did the memory come “out of the blue™). Participants also reported their age at the time of the

memory, which was then subtracted from the participants’ current age to obtain the memory age.
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The other eight AMQ questions were aimed at characterizing emotional variables.
Intensity was assessed with an individual question on emotional intensity. The vector model
(Bradley et al., 2001; Bradley et al., 1992; Lang, 1995) requires individual scales for positive and
negative valence. The circumplex model assumes that valence is a bipolar dimension with
positive and negative anchors (Russell, 1980; Russell & Carroll, 1999). We therefore included
two questions, one each for positive and negative feelings. We then computed an overall valence
scale from those measures (positive — (8-negative)/2 = valence). There were also two questions
used to assess the persistence of emotional experience, whether the emotions while remembering
are as strong as they were when the event occurred and whether the same emotion is felt at
remembering as when it occurred. Finally, we asked about the physical reactions associated with
emotional experience with the average of three ratings of visceral responses (feeling an increased
heart rate, feeling sweaty, and feeling tense).

All variables were analyzed using multiple regressions. The independent variables were
always intensity, valence, and memory age. By including the age of the memory as a predictor
variable, retention differences between high and low intensity or positive and negative emotions
cannot be driving the overall effects of intensity or valence on autobiographical memory
properties. The remaining variables were treated as dependent variables.

Results and Discussion

Order of presentation did not affect participant responses on any of the AMQ variables
(autobiographical memory or emotion-specific) (F < 1 for all). Therefore, all subsequent
analyses were collapsed across groups. In preliminary data analysis, we noticed that although
we intended anxious to be a negative emotion, participants seemed to recall positive experiences

such as being anxious for a loved one’s arrival or being anxious for an upcoming event as well as



Emotional Intensity Predicts Autobiographical 14

negative experiences such as being anxious about an exam result or anxious about starting in a
new school. Therefore, we created a positive-anxious emotion and a negative-anxious emotion.
In order to be in either category, one’s score had to be above the median on one scale and below
the median on the other. Twenty-seven participants were included in the anxious-positive group
and 32 were included in anxious-negative. The number of participants responding to each
question for each of the other 19 emotions varied from 65 to 71.

The main analyses in Experiment 1 are conducted using the 21 emotions as the units of
analysis rather than the 71 participants (see Clark, 1973; Rubin, 1985 for discussions of this
strategy). We do this in order to display each emotion as a separate point in the figure and tables
and because averaging over emotions is counter to theoretical perspectives that claim every
emotion, or at least every basic emotion, is unique (Ekman, 1992; lzard, 1992; Oatley &
Johnson-Laird, 1987). To ensure that any significant effects obtained are not a result of these
emotions not being statistically independent, we also summarize more traditional analyses using
participants as the units. Furthermore, in Experiments 2 and 3, which analyze multiple memories
of the same emotion, we also include the results using participants as the unit of analysis for each

of those same individual emotions from Experiment 1.
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Comparisons were computed between the groups of positive vs. negative and high vs.
low intensity emotions. Tables 1 and 2 display differences between the groups. The first column
of t-tests is calculated over the 21 emotions. Importantly, in this analysis, there is no significant
difference between positive and negative emotions on intensity and no significant difference in
valence between high and low intensity emotions. Overall, there are more significant differences
between high and low intensity emotions than between positive and negative emotions. The
second column of t-tests is calculated by computing the difference between the average ratings of
positive and negative or high and low intensity emotions for each participant. The same pattern
IS true with participants as the unit of analysis — there are still more and greater differences
between intensity than valence, especially within the autobiographical memory-specific

properties.

The age of the memory, intensity and valence were included as the independent variables
in the multiple regression analyses to determine which of these factors had the greatest influence
on phenomenological properties of autobiographical memories. For each emotion, the average
ratings across all participants were included. These 21 emotions were then included in the
overall multiple regression model. Total R? values, standardized beta weights and squared semi-
partial correlations are shown in Table 3 for all memory properties for all emotions. Positive and
negative valence could have produced different effects than our computed valence scale, but in

fact, if the memory age, intensity and only the positive scale or only the negative scale are
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included in the regression, none of the values included in Table 3 change by more than .03.
Therefore, we include only the results of the analysis done with valence.

The age of the memory significantly predicts field/observer, consistent with previous
findings that more recent memories are more likely to be seen through one’s own eyes (Nigro &
Neisser, 1983). More recent memories are also more likely to be confidently held and more
likely to elicit the same emotion now as when the event originally occurred. Interestingly, older
memories are accompanied by more visceral reactions now. More positive memories predict a
greater sense of recollection and more narrative, but less visceral reaction while remembering the
event. However, the most striking result shown in Table 3 is that intensity significantly predicts
every autobiographical memory property. With the exception field/observer (for which memory
age uniquely accounts for a greater proportion of the variance), at least one quarter of the
variance for each property is uniquely accounted for by intensity alone and the proportion

accounted for by intensity is greater than either of the other two predictor variables.

These findings are generally consistent with analyses done with participants as the unit of
analysis for each emotion individually (as shown in Table 4). Here, with 21 emotions and an
alpha of .05, one would expect significant results for one emotion on each property due to chance
alone, but the number of emotions for which intensity significantly predicts each property is
much larger. In addition, intensity is a significant predictor for more emotions than either of the

other predictors for each property except real/imagine. Overall, intensity was a significant
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predictor of more autobiographical memory properties than was the age of the memory or

valence in both the by-emotion and by-participant analyses.

Given this support for a dimensional approach to emotion and memory, the spatial
configuration of these dimensions was examined next. The 21 emotions are plotted in Figure 2
as a function of their intensity and valence averaged over participants. The vector model has
been plotted for the International Affective Picture System (IAPS) (Lang, Bradley, & Cuthbert,
1999), other sets of emotional pictures (Bradley et al., 2001), and emotional language (Bradley &
Lang, 1999). However, personality states (Fisher, Heise, Bohrnstedt, & Lucke, 1985),
personality traits (Conte & Plutchik, 1981), and emotional language (Russell, 1980) have all
been plotted on the circumplex. We extended each of these models to autobiographical memory,
as shown in Figure 2.

The circumplex model has the origin located at the intersection of the gross means for
intensity and valence and its radius is set to the average distance from that point to the 21
emotions. Notice that although we selected positive and negative emotions of varied intensity,
there are areas that are underrepresented. The distance between each point and the origin was
compared to the radius of the circle predicted by the mean values of all emotions. None of the
individual emotions was more than one standard deviation greater than this predicted radius.
However, the emotions do not form a circle with varied radii, but instead form clusters of
emotions that are approximately equidistant from the origin. This pattern is more consistent with

the vector model of emotion and emotional memory.
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The axes for the vector model are determined by separate regression lines calculated for
the positive emotions from the positive scale and the negative emotions from the negative scale.
Note that as predicted by the vector model, they intersect very near the midway point on the
valence scale (4.00) and the lowest value on the intensity scale (1.00) even though there is no
necessary statistical reason for this occur. The vector model qualitatively fits the data much
better than the circumplex model.

Experiment 2

Although Experiment 1 produced few differences due to emotional valence, this could be
an artifact of the specific autobiographical memories participants chose, i.e. their “most angry”
or “happiest” memory may be different than other exemplars in that category. Therefore, in
Experiment 2, participants generated multiple autobiographical memories from emotional
categories of equal intensity but of opposite valence. We chose two basic emotions — happy and
angry — because it was easy for participants to generate multiple autobiographical memories
from these categories. In Experiment 3 we will correspondingly compare emotions of equal
valence but of opposite intensity.

Method

Participants. Duke University undergraduates (78, 38 of whom were male and none of
whom participated in Experiment 1) participated for course credit.

Procedures. After providing informed consent, participants were given the definition of
autobiographical memory from Experiment 1 and a description of the task.

They then generated a list of ten important people in their lives (e.g. friends, roommates,
relatives, etc.). For each individual listed, subjects first provided their happiest memory with that

individual and then their angriest memory involving that person. This order was chosen to
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prevent residual anger from memory generation from reducing the accessibility of happy
memories. The person-generation task was chosen to encourage participants to select memories
of varied experiences and to avoid any “quintessential” experiences as were likely provided in
Experiment 1. In addition, participants are likely to engage in similar experiences with a given
individual, increasing the similarity of non-emotional content across memories.

For each memory generated, participants completed the same questionnaire used in
Experiment 1. The last memory cue, which was not analyzed, asked for the subjects’ happiest
memory overall, regardless of the individuals involved; this was done to minimize any mood
induction. After each participant finished, they were given a written debriefing form.

Results and Discussion

As in Experiment 1, participants were allowed to skip any questions they did not feel
comfortable answering. There were five participants who excluded more than one question, but
each of these completed at least 15 of the 20 requested. Means, standard deviations, and the
results of matched-samples t-tests for each memory property for each emotion are shown in
Table 5. There were no significant differences between happy and angry memories in intensity,
or in memory age. There was, predictably, a significant difference in valence between the two,
with angry memories being rated negatively and happy memories as positive. When compared
with the overall positive-negative differences in Experiment 1, these results are remarkably
consistent even though there is more variability in Table 1 due to averaging across many
different emotions. Positive memories were more recent than negative memories in Experiment
1, but there was no difference between happy and angry memories here. All significant
differences between happy and angry memories are in the same direction as differences between

positive and negative memories.
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Table 6 shows the results of multiple regression analyses conducted on happy and angry
memories individually with memory age, intensity, and valence as predictor variables. Separate
regressions were calculated for happy and angry memories so that the positive scale could be
used as the valence measure for happy memories and the negative scale for angry memories. As
in Experiment 1, intensity significantly predicted more properties across emotions. The age of
the memory failed to significantly predict any AMQ property for either emotion. Valence only
significantly predicted recollection and same intensity for happy memories, uniquely accounting
for 5% of the variance or less in each case.

The individual analyses of happiest and angriest memories (again using memory age,
intensity, and the individual valence scales) from Experiment 1 are also shown in Table 6.
Because these regressions include only one memory per participant, the properties of the
memory and individual differences between participants are confounded. The Experiment 2
analyses results in fewer overall significant effects, but of those, only two were not produced by
intensity.

In general, the findings of Experiment 1 were extended from individual emotions from
positive and negative emotion categories to multiple memories from individual positive and

negative emotions. Mean differences between positive and negative memories in Experiment 1
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were consistent with those between happy and angry memories. In addition, intensity
significantly predicted more autobiographical memory properties than did the age of the memory
or valence for both happy and angry memories individually, just as it did for all emotions in
Experiment 1.

Experiment 3

As in Experiment 2, participants generated multiple autobiographical memories from
emotional categories of equal valence but opposite intensity — calm and excited. These emotions
are often used as endpoints on the arousal dimension and participants had no difficulty
generating multiple memories of each. We again wanted to verify that the effects seen were
consistent across various examples of emotional experience and to examine within-subjects
effects.

Method

Participants. Duke University undergraduates (78, 24 of whom were male and none of
whom had participated in either Experiments 1 or 2) participated for course credit.

Procedures. The method here was the same as in Experiment 2 with the exception that
participants generated memories of calm events with all ten individuals before providing excited
memories for all ten. This was changed from the method used in Experiment 2 because
preliminary testing showed that participants had more difficulty switching between intensity
levels than they had had for switching between valences.

Results and Discussion

In this experiment, no participant left more than one emotional memory request blank. A

matched-samples t-test between each participant’s average calm and excited memories revealed

no significant difference on the positive scale (see Table 7 for all means, standard deviations, and
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matched-samples t-tests). There was, as expected, a significant difference on intensity. In
addition, there was a significant difference in the age of the memory, with calm memories being
more recent than excited memories. As seen above, the differences between excited and calm
memories parallel the differences between high and low intensity emotions shown in Experiment
1. Most differences are in the same direction, even if the differences failed to reach significance
in one experiment or the other. The only contradiction is that high intensity memories were
significantly more specific than low intensity memories, whereas calm memories tend to be more

specific than excited memories, though this difference in Experiment 3 is not significant.

The difference in retention made the inclusion of the age of the memory as a predictor
variable (with valence and intensity) in the multiple regression analysis more important here than
in the previous experiments. In these analyses (with both Experiment 1 and 3 data), because all
memories were positive, only the positive rating scale was used as the valence measure. As was
done previously, Table 8 includes the results of multiple regression analyses from Experiment 3
and the individual analyses of most excited and most calm memories from Experiment 1. As
was seen in Experiment 2, the effects of intensity are more robust in the individual emotion

analyses from Experiment 1, but the overall pattern is consistent.
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Memory age significantly predicted a number of autobiographical memory properties for
excited memories, with older memories predicting higher ratings in each case. For calm
memories, more recent memories were less likely to come in words. However, in no case did the
age of the memory uniquely account for more than 12% of the variance. Valence significantly
predicted a number of properties for calm memories as well as the three emotion-specific
properties for excited memories. Just as with memory age, valence never uniquely accounted for
more than 12% of the variance. Across the two emotions, intensity significantly predicted as
many autobiographical memory properties as did memory age and valence combined. Though
memory age and valence were better predictors of memory properties here than in Experiments 1
and 2, intensity still had greater and more consistent effects.

In general, the findings of Experiment 1 were extended from individual emotions from
high and low intensity emotion categories to multiple memories from individual high and low
intensity emotions, with mean differences between high and low intensity memories in
Experiment 1 consistent with those between excited and calm memories. Likewise, as in
Experiments 1 and 2, intensity significantly predicted more autobiographical memory properties
than did the age of the memory or valence.

General Discussion

Our results indicate that intensity affects the properties of autobiographical memories
more so than valence. These intensity differences are not the result of a simple retention
difference because the age of the memory was also included in the analyses and it was less
influential than intensity or valence. Previous studies have focused on the retrieval speed (e.g.
Baxter, Yamada, & Washburn, 1917; Lishman, 1974; Master, Lishman, & Smith, 1983;

Robinson, 1980) or the number of positive and negative memories generated (e.g. Henderson,
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1911; Jersild, 1931; Meltzer, 1930) or the rate at which memories of opposite valence are
forgotten (e.g. Seidlitz, Wyer, & Diener, 1997; Wohlgemuth, 1923). This study provides a more
complex picture of the influence of emotional intensity on memory properties above and beyond
a role in memory accessibility that is consistent with, but expands upon, earlier findings.
Because we accounted for retention differences in our analyses, the benefits of intensity on
phenomenology are in addition to any previously identified benefits in retention. Therefore, not
only will highly intense events tend to be remembered longer, but they will also tend to be
remembered with greater vividness, a greater sense of recollection, etc.

This also implies that even if emotional influence is not of primary interest to an
investigator, because intensity is a better predictor of vividness and other properties than is the
age of the memory, investigators may do well to cue participants for emotionally intense
memories rather than (or in addition to) recent memories. In this way, participant memories are
more likely to begin with high levels of vividness, for example, that can then be manipulated by
the experimenter to investigate the effects of something other than emotionality on memory
phenomenology.

The minimal influence of intensity on a person’s belief in the memory’s accuracy is
unexpected given the flashbulb memory literature. A flashbulb memories are usually recalled
with a higher degree of confidence than other memories of equal age (Brown & Kulik, 1977,
Talarico & Rubin, 2003), even when individuals are confronted with evidence that the event in
memory could not have occurred as it is remembered (Neisser & Harsch, 1992). The most
common explanation for such persistent, confident recall is that the memory event was highly

intense and negative in valence. This evidence suggests that it may be other features of the
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flashbulb memory event that lead to such confident recall, perhaps increased rehearsal or the
desire to incorporate oneself in a larger historical context.

Intensity had more consistent and larger effects than valence in our three studies, with the
effects of intensity influencing a large and diverse group of autobiographical memory properties.
This is consistent with the literature reviewed earlier which tended to investigate similar
properties individually. Why could this be the case? One possibility is that emotions may be
unique in many ways, but their effects on memory operate through factors that are mediated most
strongly by intensity. For instance, emotional intensity may serve to enhance attentional
mechanisms at encoding such that all features of the event benefit at recall. Alternatively, the
vector model that characterizes emotions in terms of intensity (once a dichotomous choice is
made about valence), may be the best way to consider the effects of emotion on memory.

The robust effect of intensity has even been conceded by those who argue for valence
effects in retention and/or accessibility. Matlin and Stang (1978) in the context of defining the
“Pollyanna Principle,” a bias towards pleasantness, stated “The Intensity Principle maintains that
intense or highly polarized items are processed more efficiently that those which are neutral or
unpolarized ... extremely pleasant or extremely unpleasant items would be processed with equal
efficiency, while neutral items would be processed more slowly and less accurately” (p. 12,
emphasis in original). The absence of any consistent effects of valence on memory properties is
consistent with the relative absence of such effects in recall.

Beyond dissociating effects of valence and intensity in support of a dimensional view of
emotion, the current study also adds autobiographical memories to those stimuli that can be
described by a vector model. Asking participants to generate autobiographical memories of

different types of emotional experience, then plotting the self-rated valence and intensity of each
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would further test whether the vector model does adequately describe autobiographical memory
patterns or whether the circumplex can be supported with additional data. In particular,
examples of low intensity emotions need to be better represented. At this time, the vector model
appears more promising.

The primary benefit of the current approach is the simultaneous examination of many
autobiographical memory properties. The majority of these are primarily influenced by
emotional intensity. With this framework, better targeted research of each individual property is
possible. New research on linguistic properties or recollection as influenced by intensity is
recommended as is more focused research on how, when, and in what manner intensity operates
to enhance these and other autobiographical memory properties. In addition to extending our
general understanding of autobiographical memory and how it is influenced by emotion, such
investigations could inform research on emotional memory disorders such as posttraumatic stress
disorder (Berntsen, Willert, & Rubin, 2003; Rubin, et al., 2004), over-general autobiographical
memories in depression, or enhanced memory for threatening material in patients with anxiety
disorders (Wenzel, Pinna & Rubin, in press). Expanding research on the interaction and
integration of emotion and autobiographical memory can only improve our understanding of

each individually.
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Appendix

Please think about a specific event when you felt especially HAPPY. Think about that memory
for a minute or so until you have a sense of completion, that you have indeed remembered the

event in its entirety and to its full intensity.

Please write a brief, 2-3 word description of this memory, which need be intelligible only to you,

that is specific enough to remind you of that unique memory at a later time.

1. While remembering the event, 1 2 3 4 5 6 7
| feel as though I am reliving it. notatall ~ vaguely distinctly as clearly as if it

were happening now

2. While remembering the event, 1 2 3 4 5 6 7
it comes to me in words or in not at all completely
pictures as a coherent story
or episode and not as an isolated

fact, observation, or scene.

3. While remembering the event, 1 2 3 4 5 6 7
| feel that | see it out of my own eyes  notat all completely

rather than that of an outside observer.
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4. My memory comes in pieces 1
with missing bits. not at all
5. While remembering the event, 1

| feel the same particular emotions

| felt at the time of the event.

6. While remembering the event, 1
the | feel the emotions as strongly not at all
as | did then.

7. While remembering the event, the 1
emotions are extremely positive. not at all

8. While remembering the event, the 1
emotions are_extremely negative. not at all

9. The emotions that | feel are 1
extremely intense. not at all

10. While remembering the event, | feel 1

my heart pound, or race, not at all

completely different

38

completely

2 3 4 5 6 7

identically the same

vaguely  distinctly  asclearly as if it

were happening now

2 3 4 5 6 7

hardly somewhat entirely

2 3 4 5 6 7

hardly somewhat entirely

2 3 4 5 6 7

hardly somewhat  extremely

more than for

any other memory
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11. While remembering the event, | feel

sweaty or clammy.

12. While remembering the event, | feel
tense all over or | feel knot, cramps,

or butterflies in my stomach.

13. While remembering the event,

I can see it in my mind.

14. While remembering the event,

I can hear it in my mind.

15. While remembering the event,
I know the setting where it

occurred.

16. While remembering the event,
| feel that | travel back to the time

when it happened.

1 2 3 4 5 6 7

not at all more than for

any other memory

1 2 3 4 5 6 7

not at all more than for

any other memory

1 2 3 4 5 6 7

not at all vaguely  distinctly as clearly as if it

were happening now

not at all vaguely distinctly as clearly as if it

were happening now

not at all vaguely distinctly as clearly as if it

were happening now

not at all vaguely distinctly completely

39
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17. My memory is based on details specific 1 2 3 4 5 6 7

to my life, not on general knowledge notatall  insome insome completely
that | would expect most people to have. details main points
18. While remembering the event, 1 2 3 4 5 6 7
it come to me in words. notatall  vaguely distinctly ~ completely
19. As | think about the event, | can 1 2 3 4 5 6 7
actually remember it rather than notatall  vaguely distinctly ~ completely

just knowing that it happened.

20. Since it happened, I have thought or 1 2 3 4 5 6 7
talked about this event. notatall sometimes  many more than for

times any other memory

21. This memory has previously come to 1 2 3 4 5 6 7
me “out of the blue”, without my trying notatall sometimes many more than for
to think about it times  any other memory
22. | believe the event in my memory 1 2 3 4 5 6 7
really occurred in the way | remember ~ 100% 100%
it and that | have not imagined or imaginary real

fabricated anything that did not occur.

23. How old are you in this memory? years old

40
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Footnote

1. Due to concerns that this phrasing may have biased our results towards intensity, we
had 37 new participants follow the same procedures but with all potentially biasing phrases
removed (e.g. “especially” and “extremely”). Results from that experiment were not remarkably
different from those shown for Experiment 1 here. There were still more significant differences
between high and low intensity emotions than between positive and negative emotions, and
intensity was still a significant predictor of more autobiographical memory properties than was
valence or age of the memory. We are therefore confident that our results are not the product of

implicit demand characteristics. More information is available from the authors upon request.
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Table 1.

Mean (standard deviation) values for positive and negative emotions.

Positive Negative by Emotion by Participant
£t (19) t(70)
recollection 4.73 (0.19) 4.48 (0.33) 2.04 2.82%%*
remember/know 5.73 (0.16) 5.67 (0.29) 0.55 1.24
real/imagine 6.28 (0.08) 6.13 (0.16) 2.71% 3.12%*
vivid 5.17 (0.21) 5.06 (0.28) 0.97 1.82
field/observer 5.48 (0.16) 5.39 (0.33) 0.73 1.26
in words 3.16 (0.22) 3.22 (0.27) -0.53 -0.91
narrative 4.52 (0.20) 4.32 (0.31) 1.72 2.04%*
specific 5.52 (0.22) 5.60 (0.38) -0.59 -1.92
rehearsal 3.29 (0.306) 3.18 (0.54) 0.54 1.57
same intensity 3.93 (0.29) 3.78 (0.56) 0.73 3.15*%*
same emotion 4.76 (0.33) 4.58 (0.43) 1.05 1.84
visceral 1.76 (0.35) 2.24 (0.40) -2.59% =7.25%*
intensity 4.02 (0.34) 4.03 (0.66) -0.07 -0.46
valence 6.12 (0.57) 2.08 (0.40) 19.13** 39.91+*%
memory age 2.30 (0.45) 3.20 (1.21) -2.35% -4.87**
Note. Positive emotions are proud, happy, excited, satisfied, calm, amused,
surprised, relieved, and anxious-positive. Negative emotions are ashamed,

bored, disappointed, embarrassed, afraid, guilty, lonely, annoyed, sad,
disgusted, angry, and anxious-negative. Due to inequality of variance in
real/imagine and memory age, Satterthwaite t values are reported.

*p < .05, **p < .01.
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Table 2.

Mean (standard deviation) values for high and low intensity emotions.

High Intensity Low Intensity by Emotion by Participant

£t (19) t(70)
recollection 4.70 (0.27) 4.46 (0.29) 1.91 3.24%%
remember/know 5.82 (0.17) 5.57 (0.24) 2.86%* 3.40%*~*
real/imagine 6.23 (0.14) 6.15 (0.15) 1.31 1.19
vivid 5.19 (0.22) 5.02 (0.206) 1.68 3.15*%*
field/observer 5.51 (0.23) 5.34 (0.29) 1.52 1.34
in words 3.27 (0.20) 3.11 (0.27) 1.50 2.66%*
narrative 4.53 (0.27) 4.27 (0.24) 2.33% 3.37*%*
specific 5.70 (0.32) 5.41 (0.25) 2.28% 3.69*%*
rehearsal 3.49 (0.37) 2.94 (0.40) 3.30%* 9.87*x%
same intensity 4.05 (0.42) 3.62 (0.41) 2.38% 4.71**
same emotion 4.78 (0.34) 4.52 (0.43) 1.56 6.89*%x%
visceral 2.28 (0.35) 1.76 (0.46) 2.96%%* 7.T71xx
intensity 4.36 (0.31) 3.65 (0.48) 4.08** 11.71*%
valence 3.44 (2.28) 4.22 (1.92) -0.84 -13.85*%
memory age 2.74 (0.83) 2.90 (1.29) -0.34 -0.49

Note. High intensity emotions are lonely, disgusted, disappointed, proud,
ashamed, excited, happy, sad, angry, anxious-positive, and anxious-negative.
Low intensity emotions are bored, calm, embarrassed, afraid, guilty, amused,
annoyed, relieved, satisfied, and surprised.

*p < .05, **p < .01.
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Table 3.

Memory age, intensity, and valence regressed on each of the autobiographical

memory properties over all emotions.

Standardized B r2mm

R? age int val age int val
recollection .81 -.17 L82*x* [ 35%% .03 .66 .10
remember/know .70 .01 .84** |16 .00 .69 .02
real/imagine .61 -.46% .51** .25 .18 .25 .05
vivid .56 .10 L73** .30 .01 .52 .08
field/observer .62 -.68**  45%* - 17 .39 .20 .02
in words .41 -.25 L5ex*x —.22 .05 .31 .04
narrative .68 -.09 L78x k[ 32% .01 .59 .08
specific .52 .13 .68*%* —-.12 .02 .45 .01
rehearsal .87 -.01 .94*x* |16 .00 .86 .02
same emotion .70 -.45*%* ,68** .09 .17 .46 .01
same intensity .79 -.24 .85** .10 .05 .70 .01
visceral .76 .30* LDOx R — 4] x% .08 .34 .14

Note. N = 21, *p < .05, **p < .01
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Table 4.

The number of individual emotions for which memory age, intensity, or valence

was a significant predictor for each autobiographical memory property.

age 1int wval

recollection 8 20 0
remember/know 4 12 1
real/imagine 11 6 5
vivid 2 16 0
field/observer 1 8 3
in words 0 14 2
narrative 8 15 0
specific 2 7 5
rehearsal 0 17 0
same emotion 6 21 1
same intensity 4 21 1
visceral 2 20 1

Note. Maximum = 21
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Table 5.

Mean (standard deviation) values for happy and angry memories across all

individuals (valence is only the positive scale for happy and only the

negative scale for angry).

Happy Angry t(77)
recollection 4.79 (0.84) 4.33 (0.93) 5.81*%*
remember/know 5.55 (0.82) 5.30 (0.87) 3.26%%
real/imagine 5.93 (0.73) 5.74 (0.81) 3.01**
vivid 5.23 (0.70) 4.90 (0.81) 4.94**
field/observer 5.31 (1.00) 5.15 (1.05) 2.33%
in words 3.33 (1.24) 3.65 (1.26) -4.09**
narrative 4.36 (0.82) 4.15 (0.98) 2.59%
specific 5.68 (1.00) 5.70 (1.03) -0.41
rehearsal 3.40 (0.88) 3.15 (0.83) 3.25%%
same intensity 3.99 (0.96) 3.63 (1.02) 3.85%%
same emotion 4.74 (0.85) 4.37 (0.91) 4.05**
visceral 1.57 (0.60) 1.99 (0.88) -5.88**
intensity 3.73 (1.03) 3.63 (1.12) 1.06
valence 6.34 (0.45) 2.14 (0.58) 44 . 25%x%
memory age 2.99 (1.51) 2.85 (1.40) -0.88

Note. N = 78, *p < .05, **p < .01. T-test for valence calculated for

(positive scale + 8-negative scale) /2.
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Table 6.
Memory age, intensity, and valence (positive for happy and negative for
angry) regressed on each of the autobiographical memory properties.
Experiment 2 Experiment 1
R’ Bage_ Bint_ Bva1 R’ Bint _ Bvar
Happy
recollection .23 .03 L32%% .24% .37 .16 .55 % .03
remember/know .09 -.18 .16 .12 .19 .17 .29% .13
real/imagine .05 -.06 .05 .23 .29 .24*  .30%* .20
vivid .06 -.08 .12 .16 .40 L26%% [ 52%% .04
field/observer .03 -.15 .03 .14 .15 .15 .33* .01
in words .06 -.06 .19 .09 .08 .20 .12 .07
narrative .03 -.14 .04 .09 .23 .21 .33% .11
specific .02 -.13 .04 .01 .30 .14 L35 .28%*
rehearsal .18 -.09 . 39%x% .05 .23 .13 LATx* .05
same emotion .50 -.08 L63** .13 .34 .24%  4o*x¥* .06
same intensity .43 -.10 LA9xx .26%* .58 .07 LTex* .02
visceral .13 -.02 .36*x* .00 .22 .03 L48** .05
Angry

recollection .30 -.03 .52*x* .03 .26 .15 .48*x* .03
remember/know .08 -.01 .33% -.08 .23 L27*  .34% .12
real/imagine .03 -.15 .01 .12 .26 JAexx 11 .19
vivid .12 -.06 .35%* -.05 .15 .00 .32%* .10
field/observer .02 -.03 .10 .03 .09 .04 .06 .26
in words .14 .08 LA8*x -, 24 .14 .02 .35% .05
narrative .07 -.15 .23 -.12 .15 .22 .28%* .07
specific .07 -.13 .26 -.16 .13 .14 L29%* .07
rehearsal .23 .10 L49%*x - .01 .22 .14 L44xx .04
same emotion .63 -.07 LT9x* .03 .45 L34%* L 63*x% .05
same intensity .56 -.08 .65** .12 .60 L31xx LT6*x* .05
visceral .37 -.01 L63**  -.04 .27 .08 .55 .06
Note. For Experiment 2, N = 78 for both happy and angry. For Experiment 1,

N = 71 for happy,

= 68 for angry *p <

.05,

**p <

.01
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Table 7.

Mean (standard deviation) values for excited and calm memories across all

individuals.

Excited Calm t(77)
recollection 4.94 (1.17) 4.49 (1.17) T.44%%
remember/know 5.72 (0.99) 5.61 (0.92) 1.84
real/imagine 6.06 (0.79) 6.00 (0.79) 1.03
vivid 5.36 (0.89) 5.22 (0.78) 2.26%
field/observer 5.33 (1.23) 5.10 (1.28) 2.94%%*
in words 3.21 (1.47) 3.09 (1.32) 1.50
narrative 4.72 (0.906) 4.22 (0.93) 7.28%*%
specific 5.79 (1.14) 5.80 (1.00) -0.19
rehearsal 3.40 (0.88) 2.70 (0.78) 7.85%%
same intensity 3.81 (1.23) 3.05 (1.04) 3.27%%
same emotion 4.62 (0.97) 4.36 (0.84) 3.72%%
visceral 2.02 (0.82) 1.38 (0.60) 7.52%%
intensity 3.80 (1.25) 2.89 (1l.1l6) 8.49**
valence 5.08 (1.32) 5.27 (0.98) -1.17
memory age 2.28 (1.43) 1.87 (1.46) 2.98**

Note. N = 78, *p < .05 **p < .0l1. Valence is positive scale only for both

emotions.
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Table 8.
Memory age, intensity, and valence (positive only) regressed on each of the
autobiographical memory properties.
Experiment 3 Experiment 1
R’ Bage_ Bint_ Bva1 R’ Bint _ Bvar
Excited
recollection .27 .28%* A3 .00 .28 .20 LATFR =11
remember/know .14 .28% .17 .09 .33 .06 L52%* .04
real/imagine .10 .09 .18 .19 .10 .18 11 11
vivid .33 L33**% 494 .10 .35 .16 .49 .04
field/observer .21 L36xx 32 - 14 .13 .19 .18 .09
in words .24 .25% LA4xx - 19 11 .03 .36%* -.10
narrative .23 27 LAl - 11 .33 L32%% [ 25% .18
specific .01 .05 .10 -.05 .07 .07 .22 .10
rehearsal .20 L277% L37** -.03 .36 .00 L63**  -.07
same emotion .63 .04 L14x* L17* .41 .23% LA44x* .12
same intensity .51 .12 .62*xx* .22% .50 .20%* .63**  -.05
visceral .33 .05 .be**  -.22% .33 .00 .65**  -.20
Calm

recollection .10 .12 L26%% .14 .34 .04 .52*x% .14
remember/know .07 .03 .01 .26%* .29 .02 LA5x* .17
real/imagine .05 .08 .15 .13 .24 .09 .29% .30%*
vivid .23 .01 G R L32% % .25 .03 L49*x* .04
field/observer .10 .15 .17 .19 .14 .16 .23 .15
in words .35 L29%% (B4 x* .06 .24 .03 Lo2xx  —-.21
narrative .17 .03 .30*x* .25% .20 .03 LA3x* .02
specific .06 .14 .03 .22 .09 .07 .08 .26%*
rehearsal .24 .01 L49x*  —-.02 .35 .09 L52x* 11
same emotion .49 .04 .66** .16 .48 .08 .59*x* .20%
same intensity .26 .17 .38%* .26% .65 .05 LT6%* .15
visceral .40 .01 LB0**F = 22%% .27 .12 LO3* % —.20%
Note. For Experiment 3, = 78 for both excited and calm. For Experiment 1,

N = 69 for excited, N

for calm *p <

.05,

**p <

.01
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Figure Captions

Figure 1. Prototypical examples of the vector (top panel) and circumplex (bottom panel) models.
The top panel shows mean arousal and pleasure ratings of pictures from the International
Affective Picture System (IAPS; Lang et al., 1999). The bottom panel shows unidimensional

scaling of 28 affect words on pleasure-displease and degree of arousal (Russell, 1980).

Figure 2. Plots of mean valence and intensity ratings across subjects for the autobiographical
memories from 21 distinct emotions. The circumplex is centered around mean intensity (4.03)
and valence (3.81) ratings with a radius of the average distance from that point to the 21
emotions (2.06). The vectors are independent regression lines for positive (R? = .22) and

negative (R?= .86) emotions.
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