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Mental Hoop Diaries: Emotional Memories of a College
Basketball Game in Rival Fans

Anne Botzung, David C. Rubin, Amanda Miles, Roberto Cabeza, and Kevin S. LaBar
Department of Psychology & Neuroscience, Duke University, Durham, North Carolina 27708

The rivalry between the men’s basketball teams of Duke University and the University of North Carolina-Chapel Hill (UNC) is one of the
most storied traditions in college sports. A subculture of students at each university form social bonds with fellow fans, develop expertise
in college basketball rules, team statistics, and individual players, and self-identify as a member of a fan group. The present study
capitalized on the high personal investment of these fans and the strong affective tenor of a Duke-UNC basketball game to examine the
neural correlates of emotional memory retrieval for a complex sporting event. Male fans watched a competitive, archived game in a social
setting. During a subsequent functional magnetic resonance imaging session, participants viewed video clips depicting individual plays
of the game that ended with the ball being released toward the basket. For each play, participants recalled whether or not the shot went
into the basket. Hemodynamic signal changes time locked to correct memory decisions were analyzed as a function of emotional intensity
and valence, according to the fan’s perspective. Results showed intensity-modulated retrieval activity in midline cortical structures,
sensorimotor cortex, the striatum, and the medial temporal lobe, including the amygdala. Positively valent memories specifically re-
cruited processing in dorsal frontoparietal regions, and additional activity in the insula and medial temporal lobe for positively valent
shots recalled with high confidence. This novel paradigm reveals how brain regions implicated in emotion, memory retrieval, visuomotor

imagery, and social cognition contribute to the recollection of specific plays in the mind of a sports fan.

Introduction

A fundamental challenge in emotional memory research is to
determine how the affective properties of complex, socially rele-
vant events alter memory processes in the brain. Most neuroim-
aging studies have used simple stimuli that are not presented in
social contexts and have little personal meaning to the individual
participant. Although these studies have shown involvement of
medial temporal lobe (MTL) structures during the retrieval of
emotionally arousing stimuli (Buchanan, 2007), it is unclear
whether these studies capture the brain systems that characterize
emotional remembering in real-world settings. Indeed, when
emotional intensity of autobiographical memories is specifically
probed, there is mixed evidence for MTL sensitivity to this di-
mension of emotional experience (Maguire et al., 2003; Addis et
al., 2004; Daselaar et al., 2008). Autobiographical memory also
involves brain activity related to self-referential processing and
sensorimotor imagery (e.g., Cabeza et al., 2004), although the
sensitivity of these areas to emotional factors during retrieval is
not well understood. Because autobiographical events are chal-
lenging to experimentally control for neuroimaging applications
(Maguire, 2001), novel approaches are warranted to bridge a gap
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in understanding how memories for emotional events in social
settings are retrieved in the brain (Ochsner, 2008).

Here we develop a method to investigate the successful re-
trieval of highly emotional, self-relevant, realistic stimuli using a
college basketball game paradigm in student fans from high-
ranking rival teams. Fast passes, numerous shots, swings of emo-
tion, and closeness of the score characterize a basketball game as
an enjoyable social event and ensure that spectators maintain a
high level of excitement. Fluxes in emotional valence are rapid
and extreme, which permits the matching of intensity across pos-
itively and negatively valent events within the same participants
over a short period of time. Plays that are emotionally positive for
the fans of one team are emotionally negative for the fans of the
other team, so the same exact event can be classified as either
positive or negative according to the perspective of the fan. Po-
tential confounds in events of opposing valence (i.e., differences
in visual complexity) are thus completely controlled. Although
dynamic event sequences are hard to parse into narrative epi-
sodes with unique emotions, individual plays of a basketball
game provide segmental markers for memory assessment, each of
which has its own emotional outcome. Because the consequence
of a particular ball possession is not understood until the play is
completely executed, the emotional impact is unknown until the
memory for the end of the possession is recovered.

We predicted that emotional intensity ratings of specific plays
would correlate with activity in the MTL, including the amygdala
and hippocampus. Although valence effects were expected to be
comparatively modest, we hypothesized that a positivity bias
would be found in the left MTL and orbitofrontal cortex, consis-
tent with the autobiographical memory literature (Markowitsch
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et al., 2003; Piefke et al., 2003). We were also interested in de-
termining whether affective modulations would occur in
structures that support self-referential processing and social
cognition, including the temporoparietal junction and corti-
cal midline structures, as well as neocortical areas involved in
visuomotor imagery.

Materials and Methods

Participants
Twenty-three college basketball fans of high-ranking opposing teams,
with no prior history of neurological or psychiatric impairment, partic-
ipated in the study. All participants gave informed written consent before
their inclusion in the study, which was approved by the Institutional
Review Board at Duke University Medical Center. Twelve subjects were
fans of the Duke University men’s basketball team (mean age = 20.25
years, SD = 3.31), and 11 subjects were fans of the rival team [University
of North Carolina (UNC), mean age = 22.64 years, SD = 2.80].
Individuals whose fan status is important for their self-identity expe-
rience intense emotions related to the team’s performance and have
greater physiological arousal during the competition than do individuals
who are low in fan identification (Wann et al., 2003). Male sports fans
exhibit neuroendocrine changes, such as testosterone surges following a
team victory or testosterone drops following a team defeat, that parallel
direct, one-on-one dominance contests (Bernhardt et al., 1998). Deeply
committed fans are thus highly personally involved with the game despite
experiencing it vicariously (Brown, 1986; Wann and Branscombe, 1993),
which makes basketball memories in fans appropriate to study the brain
systems that mediate retrieval of socially relevant, highly emotional
events. For these reasons, participants were recruited through a set of
questionnaires aimed at determining their level of fandom. The first two
questionnaires involved self-ratings about the following: (1) their level of
basketball fandom and their fan-related behavior with regards to their
favorite men’s college basketball team (adapted from Wann et al., 2003),
(2) their own and others’ perceptions of them as fans, as well as their
feelings and behaviors associated with their fandom (adapted from
Wann and Branscombe, 1993). Then, three questionnaires (see supple-
mental material, available at www.jneurosci.org) were created to deter-
mine their level of knowledge about basketball in general, National
Collegiate Athletic Association men’s basketball, and their favorite men’s
college basketball team (Duke or UNC). These questionnaires were con-
structed for the purpose of this study and piloted on 21 additional fans to
select the most appropriate questions. The participants had to satisfy
specific criteria to qualify for participation: they must have ranked them-
selves as having a high level of fandom, and maintained an overall average
of 75% correct responses on all of the basketball knowledge question-
naires. Based on pilot data showing low-level memory performance for
specific basket shots in female fans (n = 5, mean correct recall = 60%,
chance = 50%), only males were recruited to participate to the present
study.

Procedure and stimulus materials
Learning phase. An archived competitive basketball game between Duke
and UNC, played at UNC in 2001, was selected for the study. None of the
participants were familiar with this particular game. The game footage
was edited by eliminating commercials and portions with little action.
Updates of the score were given for these missing sections. Participants
watched the game in a comfortable laboratory setting three times over the
course of a week before the scanning session, with the last encoding
session always taking place 1 d before the scanning session. Based on pilot
studies, this design ensured memory performance in a range of 70—80%
accuracy. Most of the games were viewed in small groups of two to three
individuals who were fans of the same team. The game was displayed on
alarge screen using an InFocus IN76 720p DLP Home Theater Projector.
Scanning phase. Participants were first given the instructions as well as
a short practice session during which they were trained for the memory
task to follow. In the scanner, they engaged in a cued recall task where
they had to decide whether or not a particular shot released by a player

went into the basket (1 = “in,” 2 = “out”). Recall for each shot was
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contextually cued using 64 video clips originating from the viewed game.
Each clip was 12 s in length and portrayed an action sequence leading up
to a point where a player released a shot toward the basket. Shot clips
were selected so that half (n = 32) would be emotionally positive accord-
ing to one fan’s perspective (good outcome for the team), whereas the
other half would be emotionally negative (bad outcome for the team). Of
course, the same shots that were bad for one team were good for the
opponent team. The shots were also balanced for team possession [e.g.,
some of the emotionally positive shots were successfully made by the
fan’s own team (“makes”) and some were shots missed by the opponent
team (“misses”)]. However, valence effects were not further subdivided
according to team possession in the analyses due to the signal averaging
requirements of functional magnetic resonance imaging (fMRI). All va-
lence analyses were based on participants’ own ratings of valence during
scanning. Free throws and plays involving a change of team possession
(i.e., steals) or fast breaks lasting <12 s were excluded from the retrieval
session. Across the rival fan perspectives, stimuli were thus matched both
in terms of makes/misses and arousal levels but differed in valence. Im-
portantly, this procedure eliminated any perceptual confounds across
stimulus valence categories, since the same shots were used in all com-
parisons (i.e., the negative “stimulus” for the Duke fan also served as the
positive “stimulus” for the UNC fan). The clips were shown in the game
order. Presentation of each clip was followed by a 6 s fixation during
which they were asked to recall whether the shot went in the basket (“yes”
response) or not (“no” response), as indicated by a button press (see Fig.
1). The memory decision was followed by a memory confidence scale that
appeared for 4.5 s (from 1 = “very low” to 8 = “very high”). Then an
emotional rating scale appeared for 4.5 s, which instructed the partici-
pants to rate each clip on a combined eight-point scale for valence and
intensity (from —1 to —4 for negative events; or from 1 to 4 for positive
events). The emotional rating was followed by short periods of fixation
that were ofjittered duration (mean duration = 3 s, range = 2t0 5s). The
scanning session was divided into eight runs of eight trials each. Imme-
diately before scanning, participants completed a short practice session
to familiarize themselves with the memory task and response buttons.

fMRI methods

Scanning. Images were collected using a 4T GE scanner. Video clips were
presented using liquid crystal display goggles (Resonance Technology),
and sound was diffused through audio headphones. Behavioral re-
sponses were recorded using a Current Design eight-button serial re-
sponse device. Cogent 2000 (UCL Institute of Cognitive Neuroscience)
was used for the presentation and timing of stimuli. Scanner noise was
reduced with earplugs, and head motion was minimized using foam pads
and a headband. Anatomical scanning started with a T2-weighted sagittal
localizer series. The anterior commissure and posterior commissure were
identified in the midsagittal slice, and 34 contiguous oblique slices were
prescribed parallel to the AC-PC plane. High-resolution T1-weighted
structural images were collected first, with a 12.3 ms repetition time
(TR),a 5.4 ms echo time (TE), a 24 cm field of view (FOV), a 256 % matrix,
68 slices, and a slice thickness of 1.9 mm. Functional images were subse-
quently acquired using an inverse spiral sequence witha 1.5s TR, a 31 ms
TE, a 24 cm FOV, a 642 matrix, and a 60° flip angle. This sequence has
been shown to reduce susceptibility artifact in the MTL (Wang et al.,
2005). Thirty-four contiguous slices were acquired with the same slice
prescription as the anatomical images. Slice thickness was 3.8 mm, re-
sulting in 3.75 X 3.75 X 3.8 mm isotropic voxels.

fMRI analyses. Preprocessing and statistical analyses were conducted
using SPM5 software and implemented in MATLAB (Wellcome Depart-
ment of Cognitive Neurology). Functional images were slice-timing
corrected, realigned to correct for motion artifacts, spatially normal-
ized to the Montreal Neurological Institute template, and then spa-
tially smoothed using an 8 mm full-width at half-maximum isotropic
Gaussian kernel.

Evoked hemodynamic responses time locked to the onset of the yes/no
memory decision were modeled with a canonical hemodynamic re-
sponse function. Hemodynamic activity related to the prior video clip
presentation (recall cue) was modeled with a boxcar function, and the
ratings were modeled as a variable of no interest. Although all trials were
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modeled, only correct memory trials (hits)
were included in regressors of interest. The in-

tensity ratings were considered in absolute val-
ues, and to homogenize the number of trials >
per intensity ranking, they were rescaled as fol-
lows: low = 1, medium = 2, high = 3-4. The
confidence ratings were rescaled from 1-8 to
1-6 (with the first level including bins 1-3 to
homogenize ranking density). The valence rat-

(® Basketball clip begins
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ings were grouped categorically as negative or I

positive. A parametric approach was first used 0secs
to identify unique variance associated with in-
tensity over fine-grained increments along the
range of its scale. Intensity and confidence rat-
ings were modeled linearly as two separate re-
gressors. Confidence was orthogonalized with
respect to intensity to derive unique variance
estimates from intensity ratings. Individual
contrast images of the parametric effect of in-
tensity were then entered into a random-effects
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model using a one-sample t test. Time courses I

were obtained using a finite impulse response 12 secs
(FIR) function model calculated for each vari-
able level (i.e., high, medium, low). Figure1.

Complementary categorical analyses were
then conducted. Statistical parametric maps
were generated for intensity (correct highly in-
tense vs correct low intense events) and valence
(correct positive events vs correct negative events), for each subject, in
the context of the general linear model. This analysis also considered only
correct memory trials (hits). The two sets of contrast images were sub-
jected to random-effects analyses. Finally, to understand how memory
confidence interacted with valence, a parametric analysis was performed
using confidence ratings as a covariate of interest (modeled linearly). To
take into account the fact that positive events were rated as more intense,
intensity was modeled as a covariate of noninterest. The parametric anal-
ysis of confidence (orthogonalized to intensity) was conducted separately
for positive and negative events at the first level, and the resulting con-
trast images were compared at the second level in a random-effects
model using a paired t test comparison.

For all these analyses, the significance threshold was set at p = 0.001,
with a minimum extent threshold of 10 contiguously activated voxels.
Small volume correction (SVC) for multiple comparisons was used in a
priori volumes of interest (amygdala and hippocampus) according to
statistical procedures described by Worsley et al. (1996). Based on our
predictions, separate masks for the SVC analyses were made for the in-
tensity and valence comparisons. Anatomic masks were created using the
Wake Forest University PickAtlas toolbox (Maldjian et al., 2003). The
union of the anatomical regions selected from the aal atlas (Tzourio-
Mazoyer et al., 2002) and voxels significantly active for all correct re-
sponses were used to create all masks. This procedure ensured that the
masks were anatomically precise and statistically independent of the
contrasts to be tested. For examining the modulation of intensity, sep-
arate bilateral anatomical masks for the hippocampus and amygdala
were used. For all valence comparisons, left-lateralized masks of the same
regions were used, given that our hypotheses were lateralized for this
comparison. The threshold for these regions was seta p = 0.05, corrected
for the familywise error rate.

Results

Behavioral data

The overall proportion of successfully recalled shots was 0.74 (see
Table 1). Duke fans were faster than UNC fans to make responses
in the memory decision task (#,5) = —3.03, p = 0.006). However,
there was no difference between Duke and UNC fans in terms of
memory accuracy (t,s;y = 0.36, p = 0.72), confidence (t,5, =
—1.95, p = 0.065), and intensity (.,3) = —0.82, p = 0.42), nor in
the reaction time measures of confidence (t,;) = —1.95, p =

18 secs
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|
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Example of an experimental trial. The participants viewed a 12 s video clip that ended just before a shot was released
toward the basket (retrieval cue). They had 6 s to recall whether the shot went into the basket (“Yes"/“No”). The recall decision was
followed by memory confidence and emotion ratings.

Table 1. Mean (SD) behavioral data and reaction times (RTs, in milliseconds) for
recall, confidence, and intensity judgments as a function of self-identified fan
group

Dependent measure Duke fans UNCfans All subjects
Recall 75% (43) 74% (44) 74% (44)
Recall RT 1383 (856)* 1898 (1126) 1629 (1026)
Confidence 6.04 (1.72) 5.54(1.87) 5.80(1.81)
Confidence RT 863 (683) 1117 (873) 985 (778)
Intensity 1.98(0.97) 1.85(0.86) 1.91(0.91)
Intensity RT 992 (769) 1260 (935) 1119 (862)
*p < 0.05.

0.065) and intensity (t,3y = —1.53, p = 0.16). A significantly
higher proportion of correct memories were positive than nega-
tive in valence, indicating a positivity bias in recall (.5, = 2.16,
p = 0.042). Positive events were also rated with higher confidence
(t3) = 3.42, p = 0.002), and as being more intense than the
negative ones (t,3y = 3.67, p = 0.001). This memory overconfi-
dence for positive events confirms a prior behavioral study com-
paring memories for a Red Sox—Yankee game in fans of the
opposing teams (Kensinger and Schacter, 2006). Although there
were instances when fans made valence ratings during scanning
that differed from the expected valence according to fan identity,
participant’s valence judgments for correctly recalled shots were
on the average in the expected direction 88.9% of the time.

fMRI data

Effects of emotional intensity

Consistent with our predictions, emotional intensity modulated
brain regions known to be involved in memory retrieval (pre-
frontal and temporal cortices), emotional processing [medial
prefrontal cortex (mPFC), amygdala], the processing of self-
relevant and/or socially salient stimuli (anteromedial PFC and
posterior cingulate, temporoparietal junction, and striatum), as
well as regions that sustain visual (cuneus and precuneus) and
motor (sensorimotor cortex, cerebellum, red nucleus) represen-
tations (Table 2 and Fig. 2). As indicated in Figure 2 (right), the
time courses estimated through the FIR model support the para-
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Table 2. Brain regions exhibiting parametric activity increases as a function of
emotional intensity and activity increases in a direct comparison between the
extreme high- and low-intensity memories

Brain region Z-score  Coordinates (x, y, 2)
Parametric increases as a function of intensity
Prefrontal cortex
Linferior/mid-lateral PFC (BA 6/8/47) 4.15 —41,30,38
Medial dorsal PFC/anterior cingulate (BA 8/10/24) 3.9 —19, 64,19
Linferior PFC (BA 47) 3.55 —26,23, —19
R mid-lateral PFC (BA 8/9) 331 53,8,38
Striatum and brainstem
L globus pallidus 4.49 —23,-8,0
R putamen/thalamus 4,03 19,8, —8
Bilateral red nucleus 3.81 —8,—23,—4
Posterior regions
L temporoparietal junction (BA 39/40) 417 —45, —53,38
L posterior cingulate (BA 30) 3.58 =30, —71,11
L precuneus (BA 7) 3.25 —8, —75,56
R cuneus (BA 18) 3.05 11, —101,0
L precuneus (BA 19) 2.95 —30, —68, 34
Temporal lobes
L superior/middle temporal gyrus (BA 38/21) 36 —45,4, —41
R superior temporal gyrus (BA 41) 3.27 45, —30,15
Rinferior temporal gyrus (BA 20) 3.9 34, —8, —41
R hippocampus 3.63 19, —4, =15
L parahippocampal gyrus (BA 36) 2.84 —23,-30, 15
L hippocampus 2.67 —23,—26, —11
R amygdala 2.79 23,0, —11
Sensorimotor regions
R sensorimotor cortex (BA 3/4/5) 431 26, —23, 64
L cerebellum 3.94 —=23,—79, —30
High intensity versus low intensity
Prefrontal cortex
L superior medial PFC (BA 6) 4.04 —19,4,49
Anteromedial PFC (BA 10) 4.04 —8,49,0
Linferior PFC/superior temporal gyrus (BA 47/38) 3.78 —53,30, —8
L middle PFC (BA 9) 3.67 —45,30,38
Basal ganglia and sensorimotor regions
R sensorimotor cortex (BA 3/4) 5.22 30, —30, 56
R globus pallidus 3.41 26, —19,0
Posterior regions and temporal lobes
L temporoparietal junction (BA 39/40) 4.16 —60, —49, 41
L precuneus/posterior cingulate gyrus (BA 31) 3.78 —11,—53,34
Linferior/middle temporal gyri (BA 37/21) 3.72 —60, —56, —11
L parahippocampal gyrus (BA 35) 3.47 —23,—4,—-26
R amygdala/hippocampus 3.47 23,0,—19

Only correct memory responses are included in the analyses. Coordinates are in Montreal Neurologic Institute
stereotaxic space. BA, Brodmann area; L, left hemisphere; R, right hemisphere.

metric analysis. A follow-up planned contrast between high and
low emotional intensity hits revealed that key regions of the
memory, emotion, and social cognition circuitries were activated
more for high-intensity trials, in accordance with the parametric
model (see Table 2). The reverse comparison did not reveal any
significant activity. An analysis of the interaction between emo-
tional intensity and memory confidence yielded no significant
effects.

The amygdala and hippocampal activations revealed by our
primary intensity analyses were confirmed by a separate hand-
drawn anatomical region of interest (ROI) approach. A priori
ROIs were drawn on the non-normalized individual T1-weighted
structural scans in coronal section. Six subregions were identi-
fied: right and left amygdala, right and left anterior hippocampus,
and right and left posterior hippocampus. Boundaries between
subregions were identified using anatomical landmarks as de-
scribed by Dolcos et al. (2004a). The general linear model and
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planned contrasts in the whole-brain analyses were replicated on
the non-normalized functional data derived from the anatomical
ROIs for each participant (averaged across all voxels in the ROI),
and results were then averaged across participants for each ROI
(see Table 3). These data were entered in an ANOVA to examine the
effects of four factors on fMRI activity: intensity, valence, laterality,
and region. This analysis revealed significant main effects of intensity
(F20) = 9.129, p < 0.001) and region (F, 5, = 3.080, p = 0.047),
but no effects of laterality (F(, ,,) = 0.174, p = 0.677) or valence
(F(1,22) = 2.772, p = 0.096). Follow-up tests showed that activity
in these MTL ROIs was greater for high than for low ( p < 0.001)
and for medium than for low ( p = 0.005) arousing shots, and
that the posterior hippocampus showed greater signal change
than the amygdala (p = 0.037). Therefore, this analysis con-
firmed the intensity modulation effects and differentiated activity
levels within subregions of the MTL.

Effects of emotional valence

The analysis of the main effect of valence revealed a few regions
specifically associated with the successful retrieval of positively
valent shots relative to negatively valent shots. Positively valent
memories yielded enhanced activity in a dorsal frontocingulopa-
rietal network implicated in attentional control, as well as the
right sensorimotor cortex (see Table 4 and Fig. 3). In contrast to
the predictions, we did not observe valence-specific activity in the
orbitofrontal cortex. To determine whether this was due to sus-
ceptibility artifacts, we quantified signal dropout in this region
according to procedures detailed by Wang et al. (2005). Indeed,
there were insufficient signal-to-noise estimates to reliably ob-
serve activation in the medial orbitofrontal cortex. No brain re-
gions showed greater activity for negatively valent shots relative
to positively valent ones. An analysis of the interaction between
valence and memory confidence yielded additional activity in
brain regions associated with memory retrieval processes (left
hippocampus/parahippocampal cortex, left dorsolateral PFC),
somatic representation (right insula), and multisensory integra-
tion (claustrum). These regions showed greater modulation by
confidence for positive than negative valence, indicating a va-
lence X memory interaction. No brain regions showed the oppo-
site interaction (greater response to negative than positive shots
as a function of memory confidence).

Discussion

The present study used fMRI in sports fans to reveal how mem-
ories are recalled for specific shots of a game, which contribute to
oral traditions of sports history and a shared social experience
among spectators. The Duke—UNC basketball rivalry in particu-
lar is a heralded sports tradition that is central to the personal
identity of hardcore fans and a cornerstone of socialization in the
local environment. Although prior research has examined behav-
ioral memory performance in opposing fans of a baseball game
(Kensinger and Schacter, 2006), it is unknown how event details
of sporting competitions are recalled in the brain. Exploring the
neural correlates of memories for specific plays in rival fans pro-
vides a unique research opportunity to characterize the play-by-
play influence of emotional intensity and valence that combines
the methodological advantages of autobiographical memory
studies and laboratory studies using controlled unimodal cues.

Recalling emotionally intense plays

Although rival fans encode the actions of the game through op-
posing personal lenses, the findings indicate that successful mem-
ory retrieval is extensively modulated by emotional intensity
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across the fan perspectives. Emotionally
intense plays tend to be those that break a
tight score, elicit high drama (slam
dunks), or come at key time points in the
game (end of overtime). Only a handful of
neuroimaging studies on autobiographi-
cal memory have used emotional intensity
as a parametric regressor. Whereas Magu-
ire and Frith (2003) and Addis et al.
(2004) did not find any brain region mod-
ulated by intensity, Daselaar et al. (2008)
reported multiple brain areas in which ac-
tivity increased as a function of intensity
ratings, including the amygdala, somato-
sensory cortices, and hippocampus. The
results of the present study corroborate
most of these latter effects using an en-
tirely different methodological approach.
The absence of modulation effects in the
earlier studies might be related to the use ofa
prescan interview to collect the memories,
which may reduce the role of emotional in-
tensity during retrieval in the scanner (dis-
cussed in Daselaar et al., 2008). The retrieval
of temporally disperse autobiographical
events is also cognitively demanding,
which can divert attentional resources
from the emotional value of the memories
(Phan et al., 2004). In this regard, the
present design allows for less variability in
terms of retrieval-related cognitive de-
mand and encoding factors, perhaps ren-
dering it more sensitive to detect
influences of emotional intensity. Per-
sonal relevance also has been shown ~E7)
to enhance amygdala and precuneus re-
sponses during memory retrieval for the
September 11, 2001 terrorist attacks in /
New York City. Sharot et al. (2007a) "
found that retrieval-related fMRI activity
in these areas (as compared to a contem-
poraneous control event) was greater for
individuals who experienced the attacks
close to the World Trade Center site ver-
sus those who were located in Midtown
Manhattan. As Rozin (2009) has noted, it
is critical to demonstrate whether para-
digmatic instances of behavior chosen
for laboratory tasks extend to real-world
events and are robust and generalizable.
The present study provides an important next step toward
achieving this goal in the domain of emotional memory.

The modulation effect observed in both the hippocampus and
the amygdala supports the importance of these two key structures
in arousal-mediated memory retrieval (Dolcos et al.,, 2005;
Buchanan, 2007). No valence-specific effect was found in the
amygdala, which contributes to a growing body of evidence that
challenges long-held notions regarding mnemonic specialization
of the amygdala for negatively valenced stimuli (Hamann et al.,
1999; Aggleton et al., 2000; Dolcos et al., 2004b, 2005). Al-
though high emotional intensity is often readily elicited by
negative sensory stimuli, the present study demonstrates how
socially relevant contextual cues can be used to probe amyg-

Figure 2.
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dala sensitivity to intense, positively valenced memories (see
also Greenberg et al., 2005).

In addition to the MTL, emotional intensity also enhanced
activity in cortical midline structures such as the anteromedial
PEC and posterior cingulate gyrus. Activity in these regions has
been reported for a variety of social cognitive tasks, including
self-judgments of personality traits (Craik et al., 1999; Kelley et
al., 2002; D’Argembeau et al., 2005), past recollection and future
projection (Addis and Schacter, 2008; Botzung et al., 2008a,b),
and mentalizing [for review, see Buckner and Carroll (2007),
Adolphs (2008), and Van Overwalle (2009)]. Our results contrib-
ute to this literature by implicating a tight coupling between the
level of emotional intensity during recollection and putative so-
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Table 3. Mean (SE) fMRI signal values associated with successful retrieval of
high-, medium-, and low-intensity trials, calculated in each medial temporal lobe
ROI (averaged across all voxels) in the context of the general linear model

High Medium Low
Amygdala
Right 2.43 (0.50) 1.91(0.44) 0.99 (0.41)
Left 2.26 (0.57) 1.51(0.36) 0.87 (0.44)
Average 2.35(0.54) 1.71(0.40) 0.93 (0.43)
Hippocampus
Anterior
Right 2.57 (0.50) 2.25(0.39) 1.87 (0.40)
Left 2.79 (0.49) 2.63 (0.40) 2.08 (0.47)
Average 2.68 (0.50) 2.44.(0.40) 1.98 (0.44)
Posterior
Right 2.78(0.71) 2.04(0.52) 1.44(0.52)
Left 3.09 (0.48) 2.54(0.38) 2.57 (0.45)
Average 2.94(0.6) 2.29 (0.45) 2.01(0.49)

Table 4. Brain regions exhibiting a main effect of valence (increased activity for
positive relative to negative events) and a valence X memory interaction
(increased activity for positive relative to negative events only in the context of
high memory confidence)

Brain region Z-score Coordinates (x, y, 2)
Positive > negative valence

R sensorimotor cortex (BA 3/6) 3.81 26, —4, 68

L superior PFC (BA 9) 3.46 —38, 45,30

R superior parietal lobule (BA 40) 3.54 64, —23,15

R inferior parietal lobule (BA 40) 333 45, —49, 60

Cingulate gyrus (BA 24) 3.29 0, —4,38
Parametric effect of increasing confidence on

positive > negative valence

Rinsula/superior temporal gyrus (BA 13/22) 3.4 53,11, —4

L parahippocampal gyrus (BA 35)/hippocampus 3.36 —19,—23,—19

L claustrum 3.13 —26,—4,19

L superior temporal gyrus (BA 22) 3.04 —53,11,0

L hippocampus 2.87 —34,—34, -8

L dorsolateral PFC (BA 10/46) 2.81 —34,41,19

Only correct memory responses are included in the analyses. Coordinates are in Montreal Neurologic Institute
stereotaxic space. BA, Brodmann area; L, left hemisphere; R, right hemisphere.
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Figure 3.  Regions showing increased activity for positive relative to negative event memo-
ries (A) and an interaction between valence and memory confidence (B). Positively valent
memories specifically elicited activity in the sensorimotor cortex and left lateral PFC (A). The
difference between positive and negative memories was magnified in additional regions, in-
cluding the insula and hippocampus, when memory confidence was high (B).
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cial cognition-related activity in these and related regions, such as
the temporoparietal junction and superior temporal gyrus. In the
context of the present study design, emotionally intense plays
may have recruited these regions due to perspective taking/men-
talizing of player thoughts or feelings or simulating the interper-
sonal dynamics of the shot (assessing the relative positioning and
actions of players nearby). It is also very likely that emotionally
intense plays recruited self-referential processing (“how did I feel
about this shot”) or recollections of the social setting (reactions of
the crowd or other research participants). We note that most
participants had personally attended other games in the UNC
arena, so they could also draw upon their own first-hand experi-
ence with the setting while making memory judgments (unlike
recall of movie clips that take place in unfamiliar settings). The
posterior cingulate is hypothesized to support the integration of
self-relatedness and memory, whereas the temporoparietal junc-
tion supports inferences of immediate action goals and inten-
tions (Northoff and Bermpohl, 2004). Information processing
about unfamiliar others selectively engages the dorsal part of the
mPFC, whereas the ventral part is implicated when processing
core experiences of the self and familiar others (Van Overwalle,
2009). Our data are consistent with this claim, since our partici-
pants had to recall information involving both their team (famil-
iar other) and the opponent team (unfamiliar other). Although
the specific contributions of these structures is currently specu-
lative, the sporting event paradigm provides a rich setting to
probe the relationship between brain areas and selective social
cognitive processes in future studies.

Cortical visuomotor and striatal regions are also noteworthy
for their sensitivity to emotional intensity. The cuneus/precuneus
has long been implicated in visual imagery during memory tasks,
and emotional intensity selectively enhances the sensory vivid-
ness of autobiographical memories (Fletcher et al., 1995; Rubin et
al., 2003; Talarico et al., 2004). Emotional arousal may also en-
hance motor imagery and motor memory processes in the cere-
bellum, red nucleus, and somatosensory/motor cortices in the
context of the recollection of specific play actions in the game [see
also Nybergetal. (2001) and Rubin (2005)]. The striatum may be
involved because basketball shooting is a skilled motor action,
and memory accuracy within the context of emotional arousal
may require greater attention to procedural aspects of the unfold-
ing action sequence, given that nuances in wrist release, balance,
and other motor factors influence shooting precision. Alterna-
tively, its role may relate to emotional modulation of cue—out-
come predictions (Thomas and LaBar, 2008), especially since the
contextual retrieval cues and outcomes are highly redundant in
the task. In either case, the present results extend the known role
of the striatum in memory-guided decision making for person-
ally salient events.

Recalling positively versus negatively valent plays

There was both behavioral and brain evidence for a positivity bias
in memory recall. Positively valent shots (shots made by the fan’s
team or missed by the rival team) were rated as more emotionally
intense than negatively valent shots, and they were also recalled
with greater accuracy and with more confidence. Interestingly,
this pattern is opposite to that typically found using basic sensory
stimuli, in which negative stimuli more readily elicit highly in-
tense affect. After controlling for differences in emotional inten-
sity in the regression model, the positivity bias was associated
with recruitment of dorsal frontocinguloparietal areas that may
reflect greater spread of attentional allocation, in support of the
broaden-and-build model of positive emotions (Fredrickson,
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2001). Previous studies have also shown greater rostral cingulate
activity for individuals who exhibit optimism bias in imagining
future events (Sharot et al., 2007b), and greater dorsal frontocin-
guloparietal activity in a subsequent memory paradigm for pos-
itive stimuli relative to negative and neutral stimuli (Mickley and
Kensinger, 2008). Differential allocation of attention could, in
turn, recruit enhanced sensorimotor cortical representations,
which were also selectively activated by positive affect, as well as
the left superior PFC (area BA 9), which has been implicated in
sustaining retrieval processes (Cabeza et al., 2003; Botzung et al.,
2008a). Other brain areas selectively contributed to memory con-
fidence within the context of positive (but not negative) events,
including the right insula, claustrum, medial and lateral temporal
lobe, and dorsolateral PFC. We postulate that the PFC and MTL
activity might reflect a benefit on recollection processes associ-
ated with the recall of these positive social stimuli. The claustrum
is hypothesized to facilitate the communication between sensory
cortices belonging to different sensory modalities (Kayser et al.,
2005), which may underlie strong multimodal representations
during recollection for positive social events. The right insula
serves as a convergence point for representations of bodily states
with social and contextual information to provide a neural substrate
of the conscious experience of our own emotions (Craig, 2002) as
well as the empathic feeling of others’ emotions (Adolphs,
2008). These processes may be amplified during pleasant so-
cial memories recalled with high confidence. In general, the
additional recruitment of brain regions associated with posi-
tive memories is consistent with the autobiographical memory
literature (Markowitsch et al., 2003; Piefke et al., 2003), al-
though we could not identify significant positivity effects in
the orbitofrontal cortex due to signal dropout.

Conclusions

In conclusion, a novel experimental paradigm was developed to
assess the neural correlates of emotional memory in an enjoyable
sporting event setting for fans characterized by high expertise in
the game and personal identification with players of a particular
team. Not only do the results replicate prior findings of arousal-
mediated memory functions of the amygdala and hippocampus,
but they also implicate an extended social cognitive and sensori-
motor network that is not typically associated with emotional
recall using simple sensory stimuli. Unlike typical autobiograph-
ical memory studies, this paradigm provides a verifiable context
for emotional intensity and valence and a compressed encoding
time scale. The paradigm also provides an ethical way to explore
memory for emotions that are experienced as intensely negative
and positive in research participants. Despite strong feelings of
opposition to the rival team, this study revealed an emotion-
induced resonance in brain activity across rival fans while reflect-
ing on emotionally intense plays of a competitive game. Future
studies could compare recall as a function of encoding setting
(televised viewing vs actual game attendance) to determine
whether the results extend to fans who have first-hand experi-
ences of the game in its physical context. Finally, the results
should be extended to female fans and female team competitions.
Although memory performance for shot outcomes was not suf-
ficiently high in our pilot study of female fans to enable inclusion
in the imaging analysis, memory for other aspects of the game
may be more amenable for investigation, such as remembering
personal aspects of the experience (Kensinger and Schacter,
2006). In sum, this study offers an innovative direction for
integrating controlled, realistic, and complex social experi-
ences into the neuroimaging field, and constitutes a bridge
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between laboratory-based and autobiographical studies of
emotional remembering.
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