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Running head: Feel good
Abstract
People say they enjoy both seeing a preferred social group succeed and seeing an adversary social
group fail. At the same time, they state they dislike seeing a preferred social group fail and seeing
an adversary social group succeed. The current magnetic resonance imaging study investigated
whether—and if so, how—such similarities in reported feeling states are reflected in neural
activities. American football fans anticipated success and failure situations for their favorite or
their adversary teams. The data support the idea that feeling similarities and divergences
expressed in verbal reports carry with them significant neural similarities and differences.
Desired (favorite team likely to win and adversary team likely to lose) rather than undesired
(favorite team likely to lose and adversary team likely to win) outcomes were associated with
heightened activity in the supramarginal gyrus, posterior cingulate cortex, insula, and cerebellum.
Precuneus activity additionally distinguished anticipated desirable outcomes for favorite versus
adversary teams.
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I feel good whether my friends win or my foes lose:
Brain mechanisms underlying feeling similarity

1 Introduction

I support two teams: the All Blacks, and whoever is playing against Australia.

This famous slogan among supporters of New Zealand rugby describes a phenomenon
that is the rule rather than the exception in sports competitions. Along these lines, soccer fans
have been observed to experience Schadenfreude (also called malicious joy or malicious
pleasure) when an adversary soccer team loses (Leach, Spears, Branscombe, & Doosje, 2003).
Across a variety of sports settings, the favorite team winning (losing) and the adversary team
losing (winning) are said to provoke similar feelings. Evidently, both success and failure can
provoke feelings of pleasure or pain, depending on who is experiencing these outcomes.
Something positive happening to our beloved can be as delightful as something negative
happening to our enemies.1
The above-described rugby example refers to social situations that are associated with a
similar subjective feeling state, yet differ remarkably with respect to the hedonic valence of the
team in question (favorite vs. adversary), as well as with respect to the hedonic valence of the
outcome (success vs. failure). Both the favorite team and the fact of winning a game per se have
pleasant connotations. Conversely, both the adversary team and the fact of losing a game have
unpleasant connotations. The resulting feeling state can then be defined as a combined function
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of team valence and outcome valence. It is thus the situated social meaning of success and failure
that makes the experience good or bad.
In the sports context as much as in other social contexts, both the favorite team winning
and the adversary team losing are desirable because both can improve the standing of one’s own
group with respect to rivals and thus serve a similar goal (Taijfel, Flament, Billig, & Bundy,
1971). The standing of the social group one identifies with is an important component of one’s
social identity and might significantly contribute to personal self-esteem (Hogg & Abrams, 1990;
J. C. Turner & Onorato, 1999).
Self-esteem, in turn, has been observed to be an important determinant in the experience
of Schadenfreude. Schadenfreude at the failure of another person has been shown to vary as a
positive function of self-experienced inferiority or threat to self-evaluation (e.g., van Dijk,
Ouwerkerk, Wesseling, & van Koningsbruggen, 2011; van Dijk, van Koningsbruggen,
Ouwerkerk, & Wesseling, 2011).
In sum, the outcomes of quite different events (e.g., favorite team winning and adversary
team losing) lead to strikingly similar feeling states expressed in verbal reports (such as revealed
in the rugby citation above). At the same time, these feeling states can be contrasted with those
that are supposed to be opposite and relate to undesirable outcomes (i.e., favorite team losing and
adversary team winning). The question to be asked here is: Are these similarities and differences
in outcome desirability and associated feeling states as revealed in verbal reports merely
superficial, or do they carry with them significant neural similarities and differences? And if there
are corresponding neural similarities and differences, where are these located?
Numerous studies have investigated the neural correlates of simple stimulus valence (i.e.,
preference; Anderson et al., 2003; Koeneke, Pedroni, Dieckmann, Bosch, & Jäncke, 2008;
Kringelbach, O’Doherty, Rolls, & Andrews, 2003) or success and failure (i.e., obtaining a reward
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or winning a game; Kringelbach, 2005; Schoenbaum & Roesch, 2005; Small et al., 2005; Xue et
al., 2009). In general, positive (i.e., personally rewarding) outcomes have been reported to
activate the human reward system, with the amygdala, the ventral striatum, and the medial
orbitofrontal cortex (mOFC) as key regions (Berridge, Robinson, & Aldridge, 2009; Grabenhorst
& Rolls, 2009; Hahn et al., 2009; Ursu & Carter, 2005; Walter, Abler, Ciaramidaro, & Erk,
2005). Walter et al. (2005), for instance, suggested that the amygdala is implicated in the
experience of reward intensity, the ventral striatum in reward prediction and its salience, and the
OFC in the processing of reward value. Interestingly with respect to the current research
question, the ventral striatum has been linked to Schadenfreude (Takahashi et al., 2009) as well.
But are social rewards (and punishments) based on intergroup competitions similarly
coded in these areas? Outcomes that increase the standing of a social group that an individual
identifies with (e.g., favorite sports team success, adversary sports team failure) might be directly
related to increased self-esteem or social status (Hogg & Abrams, 1990) and therefore be
experienced as personally rewarding. In line with this idea, recent research suggests ventral
striatal activity to be involved in processing signals of personal power and social status (e.g., Erk,
Spitzer, Wunderlich, Galley, & Walter, 2002). Thus, feeling similarities, such as those stated in
the rugby citation, might be expected to be mediated by activity in the human reward system.
In addition, there is evidence that an at least partly overlapping network (comprising the
amygdala, insula, dorsal striatum, and mOFC) might mediate social cognitive phenomena such as
in-group favoritism and out-group negativity (Beer et al., 2008). Consistent with this observation,
anticipated social reward, such as the anticipation of a favorite team’s soccer goals, has been
associated with dorsal striatal activity, notably in the putamen (McLean et al., 2009). Moreover,
there is evidence that the putamen is implicated in the experience of Schadenfreude in
interindividual interactions (Dvash, Gilam, Ben-Ze’ev, Hendler, & Shamay-Tsoory, 2010;
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Takahashi et al., 2009). Consequently, regions such as the amygdala, dorsal and ventral striatum,
and mOFC are candidates for the display of social outcome desirability and associated feeling
state similarities and differences.
To address these themes, in the current study, the results of prior studies on personal
rewards were extended by situating success and failure into a social group context. The neural
correlates resulting from feelings of pleasure and pain associated with the anticipation of success
and failure of differentially preferred social groups were investigated here by using an eventrelated functional magnetic resonance imaging (fMRI) design. Participants in the current study
were American football fans who were given background information suggesting a high or a low
likelihood of different National Football League (NFL) teams winning an all-important game.
Outcome desirability—associated with a positive feeling state—referred to cases when the
favorite team was likely to win or the adversary team was likely to lose. Conversely, outcome
undesirability—associated with a negative feeling state—referred to cases when the favorite team
was likely to lose or the adversary team was likely to win. Importantly, in each experimental trial,
information was given for a single team only (i.e., the other team in the competition remained
anonymous), thus permitting the disentangling of effects stemming from the anticipation of
favorite team successes versus adversary team failures, as well as effects stemming from the
anticipation of favorite team failures versus adversary team successes. In each experimental trial,
participants estimated what they thought would be the exact chances of winning for the team in
question.2

2 Material and methods
2.1 Participants
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Thirteen (two female) healthy University of Chicago students were recruited via ads
posted on the Internet and in university buildings. They were aged between 19 and 34 years (M =
21.8, SD = 3.82) and indicated elevated interest in American football (M = 5.8, SD = 1.63, on a
scale ranging from 1 [no interest] to 7 [intense interest]). All of them were right-handed, had
normal or corrected-to-normal vision, and were not currently seeking treatment for affective
disorders. Participants were paid $15/hr.
2.2 Experimental Design
A 2 × 2 within-subjects design resulted from the manipulation of two factors:
1. Team (favorite and adversary). Before starting with the experiment, from a list depicting
all of the 32 NFL teams, participants chose the team they most liked and the team they
most disliked. Participants also selected a neutral team, a team they neither liked nor
disliked (filler trials, irrelevant to the current research questions).
2. Situation (low and high likelihood of success). The objective likelihood of winning for a
given team was classified into two categories: low likelihood of success (LLS; 8, 11, 13,
15, 16, 19, 22, 24, 27, and 30%) and high likelihood of success (HLS; 68, 71, 74, 76, 79,
82, 83, 85, 87, and 90%; see Section 2.3 for further details).
2.3 Procedure
The study was approved by a local ethics committee (Institutional Review Board for the
Biological Sciences at the University of Chicago). Written informed consent was obtained in
accordance with the Helsinki Declaration of Human Rights (World Medical Association, 1999).
Upon the participants’ arrival at the laboratory, the nature of the experiment was explained and
informed consent was obtained. Participants then selected their favorite, neutral, and adversary
teams. Before beginning the study, the participants had an opportunity to go through 10 practice
trials to become familiar with the task. Participants were informed that they could ask questions
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about anything that was not perfectly clear to them. The 40 relevant experimental trials (20 for
the favorite team, another 20 for the adversary team) were performed while the participants were
in an MRI scanner. An additional 20 neutral team trials (concerning teams that the participants
did not feel either positive or negative about) constituted filler trials.3 For each team, participants
estimated probabilities in different situations (10 LLS and 10 HLS trials; see Section 2.2 for
details).
In each trial, participants were given background information about a single team
(favorite, neutral, or adversary). Participants were explicitly informed that the three teams they
selected had, at no time, played against each other and that every experimental trial was
independent of what had happened earlier to the same team. Three pieces of background
information were presented: (1) the winning odds for the team in question, if a given player
played; (2) the same odds, if this specific player did not play; and (3) the odds that this player
would actually play. An example of the task is as follows:

(1) The odds that the Chicago Bears will win their first playoff game if their starting
quarterback plays are .84, (2) the odds that the Chicago Bears will win their first playoff
game if their starting quarterback does not play are .71, and (3) the odds that the Chicago
Bears starting quarterback will play are .62. What are the odds that the Chicago Bears win
their first playoff game?

The particular probabilities used for the favorite, neutral, and adversary teams were
counterbalanced across participants. In order to make the teams more salient, in every trial, the
club banners appeared in each of the four corners of the computer screen with the background
information presented in-between these banners. The participants' task was to specify what they
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believed to be the odds that the presented team would win its first playoff game, given this
information. An example of a trial sequence is shown in Figure 1.
-------------------------------------Insert Figure 1 about here
-------------------------------------After the study, the participants indicated their affection for the different teams on three
different Likert scales. These scales asked how much the participants liked the teams (from 1
[extremely dislike] to 7 [extremely like]), as well as how pleasant (from 1 [extremely unpleasant]
to 7 [extremely pleasant]) and appealing (from 1 [extremely unappealing] to 7 [extremely
appealing]) the teams were to them.
2.4 Setting and Apparatus
MRI data were acquired on a 3T GE Signa scanner (GE Medical Systems, Milwaukee,
WI) with a standard quadrature GE head coil. Stimulus presentation and collection of
participants’ button presses were controlled by e-prime 1.1 (Psychology Software Tools, Inc.,
Pittsburgh, PA) running on a PC. Participants viewed the statements and club banners by the use
of binocular goggles mounted on the head coil approximately 2 inches (~5 cm) above the
participants’ eyes. Button press responses were made on two MRI-compatible response boxes
(with 0 corresponding to the leftmost button of the left button box and 9 corresponding to the
rightmost button of the right button box). Thus, when specifying a subjective likelihood of
winning of 54% for a given team, the participant first pressed the leftmost button of the right
button box and subsequently the rightmost button of the left button box.
High-resolution volumetric anatomical images (T1-weighted spoiled gradient-recalled
[SPGR] images) were collected for every participant in 124 1.5-mm sagittal slices with a 6° flip
angle and a 24-cm field of view (FOV). Functional data were acquired using a forward/reverse

Feel good 10
spiral acquisition with 40 contiguous 4.2-mm coronal slices with .5-mm gaps, for an effective
slice thickness of 4.7 mm, in an interleaved order spanning the whole brain. Volumes were
collected continuously with a repetition time (TR) of 3 s, an echo time (TE) of 28 ms, and an
FOV of 24 cm (flip angle = 84°, 64  64 matrix size, fat suppressed).
2.5 Data Analysis
2.5.1 Behavioral data. For each trial, the objectively correct winning odds were subtracted
from the participants’ estimates, thus yielding 60 difference scores per participant (20 for the
neutral filler trials). Missing responses and outliers (estimates referring to difference scores
deviating more than three standard deviations from the mean difference score of a participant)
made up approximately 5% of the data and were eliminated. A 2 × 2 analysis of variance
(ANOVA) with the factors Team (favorite vs. adversary) and Situation (HLS vs. LLS) with an 
level of .05 was calculated on these difference scores. A similar ANOVA was conducted on the
time needed for response indication (i.e., response time; determined with respect to the onset of
the right slide depicted in Figure 1 and based on logarithmic values because of positive skewness.
For better visualization and comprehension, Figure 2, described in Section 3.1, displays the
initial, untransformed response times).
2.5.2 fMRI data. Functional scans were realigned, normalized, time and motion corrected,
temporally smoothed by a low-pass filter consisting of a 3-point Hamming window, and spatially
smoothed by a 5-mm full-width at half-maximum (FWHM) Gaussian filter, using AFNI
software. Next, a percent signal change data transformation was applied to the functional scans.
Individual deconvolution analyses incorporated the generation of impulse response functions
(IRFs) of the BOLD signal on a voxel-wise basis (Ward, 2001), permitting the estimation of the
hemodynamic response for each condition relative to a baseline state without a priori assumptions
about the specific form of an IRF.4 Deconvolution analyses comprised separate regressors for
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each time point (six included TRs, starting with the apparition of the club banners and the
statement-related probabilities, i.e., the calculation process) of each of the six experimental
conditions (favorite HLS, favorite LLS, neutral HLS, neutral LLS, adversary HLS, adversary
LLS) and fitted these regressors by the use of a linear least squares model. The estimated
individual percent signal change for TRs 2 to 6 was averaged for each voxel in each condition for
use in later statistical analyses. Output from the individual deconvolution analyses was converted
to Talairach stereotaxic coordinate space (Talairach & Tournoux, 1988) and interpolated to
volumes with 3 mm3 voxels.
Region of interest (ROI) analyses comprising a 2 (favorite vs. adversary team) × 2 (HLS
vs. LLS) ANOVA were performed on the observed percent signal changes of each participant for
striatal structures (putamen, caudate, nucleus accumbens; areas based on Talairach Daemon
database for AFNI) and the amygdala (Talairach Daemon database), as well as for two clusters in
the mOFC (mOFC1: medial mid orbital gyrus, hand drawn based on the MNI coordinate atlas;
mOFC2: medial rectal gyrus, hand drawn based on the MNI coordinate atlas; both were
subsequently translated into Talairach stereotaxic coordinate space [nonlinear transformation]).
In addition, in a whole-brain analysis, a 2 (favorite vs. adversary team) × 2 (HLS vs. LLS)
ANOVA was performed on the observed percent signal changes of each participant. Results were
then entered into a cluster analysis with an individual voxel threshold of p < .01, minimum
cluster connection radius of 5.2, and a cluster volume of 702 μL (corresponding to 26 active
contiguous voxels). The minimum cluster volume was calculated by a Monte Carlo simulation
with 10,000 iterations, assuming some interdependence between voxels (5-mm FWHM),
resulting in a corrected whole-brain p value of .05. FMRI data corresponding to missing
responses and outliers in the behavioral data (see Section 2.5.1) were excluded from all analyses.
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3 Results
3.1 Behavioral Data
The 2 (Team) × 2 (Situation) ANOVA conducted on the participants’ estimated winning
odds revealed a marginally significant main effect of Team, F(1, 12) = 4.52, p < .06, 2 = .27.
Participants’ estimates were larger for the favorite than they were for the adversary team (mean
deviations from the objectively correct winning odds: 0.96 and -1.27, for favorite and adversary,
respectively; Figure 2a). Further, there was a significant main effect of Situation, F(1, 12) =
11.26, p = .006, 2 = .48 (mean deviations from the objectively correct winning odds: .29 and .60, respectively), signaling, not surprisingly, an overestimation of LLS with regard to HLS
probabilities. The interaction term Team × Situation was not significant, F(1, 12) < 1, ns, 2 =
.07.
-----------------------------------------------Insert Figure 2 about here
-----------------------------------------------Regarding the time needed for response indication, the corresponding ANOVA yielded
both a significant main effect of Situation, F(1, 12) = 6.51, p = .025, 2 = .35 (mean response
times: 2317 ms and 2124 ms, for HLS and LLS, respectively), and a significant interaction Team
× Situation, F(1, 12) = 9.20, p = .01, 2 = .43 (main effect of Team: F(1, 12) = 0.00, ns, 2 = .00;
Figure 2b). Post hoc Tukey tests for the interaction of Team and Situation revealed slower
response times for adversary team HLS than for adversary team LLS (p < .015), with no
difference between the remaining conditions (all ps > .18). Thus, for the adversary team,
participants took more time to specify HLS than LLS, whereas there was no difference between
the two situations for the favorite team.
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The favorite team was more liked than the adversary team, and it was judged as more
pleasant and more appealing (see Aue et al., 2012, for details). The 13 participants specified nine
different favorite teams and eight different adversary teams. Consequently, the results presented
herein are not restricted to specific NFL teams.
3.2 fMRI Data
3.2.1 ROI Analyses
Table 1 displays the results of the 2 (Team) × 2 (Situation) ANOVAs performed for the
ROIs. Somewhat surprisingly, none of the ANOVAs yielded any significant effect. A marginally
significant interaction Team × Situation was revealed in the left and right putamen. Pairwise post
hoc Tukey tests for the interaction Team × Situation failed to reach significance for both left and
right putamen (all ps > .20). Descriptively, HLS situations were associated with greater activity
in the left and right putamen when paired with the favorite team than when paired with the
adversary team. For LLS situations, it was the reverse. Because of the high number of ROIs
included in this study, I will abstain from overinterpreting the effects in the putamen.
-----------------------------------------------Insert Table 1 about here
-----------------------------------------------3.2.2 Whole-Brain Analysis
The 2 (Team) × 2 (Situation) ANOVA revealed a main effect of Team in two areas in the
dorsomedial prefrontal cortex (dmPFC; Table 2) and the superior parietal lobule/precuneus. In all
cases, favorite team trials were associated with higher activity than were adversary team trials
(for more detailed information, see Aue et al., 2012). A main effect of Situation was revealed in
the right somatosensory cortex and the left cerebellum. Both areas were more strongly activated
for LLS than for HLS situations.
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-------------------------------------Insert Table 2 about here
-------------------------------------More important to the current research question, the ANOVA yielded a significant
interaction of Team and Situation in five regions: the left inferior parietal cortex/supramarginal
gyrus (Figure 3a), the right insula (Figure 3b), the right posterior cingulate cortex (PCC; Figure
3c), the bilateral medial precuneus (Figure 3d), and the left cerebellum (Figure 3e; see Table 2 for
statistical specifications).
Pairwise post hoc Tukey tests for these significant interactions were subsequently
performed. In the inferior parietal cortex, the insula, and the cerebellum, desirable trials (favorite
team HLS and adversary team LLS) were characterized by greater activity than were undesirable
trials (favorite team LLS and adversary team HLS; specifically, favorite HLS vs. favorite LLS: ps
< .0004, .005, and .02, respectively; favorite HLS vs. adversary HLS: ps < .001, .02, and .002;
favorite LLS vs. adversary LLS: ps < .009, .003, and .007; and adversary HLS vs. adversary
LLS: ps < .04, .02, and .0008). The pattern for the PCC was virtually the same (favorite HLS vs.
adversary HLS: p < .02; adversary HLS vs. adversary LLS: p < .007), except that the difference
in favorite LLS versus adversary LLS only approached significance (p < .06). Similarly, the
difference in favorite HLS versus favorite LLS was not significant (p = .11).
It is crucial to note that for each of the four clusters, no difference was observed between
the favorite HLS and the adversary LLS (all ps > .16) or between the favorite LLS and the
adversary HLS (all ps > .51) conditions. Thus, whereas there were clear neural differences
between the events that were expected to provoke different feeling states, there was, at the same
time, no difference in activation between events that were supposed to provoke similar feeling
states.

Feel good 15
For the precuneus, the observed pattern was different. Here it was the favorite HLS
situation that provoked the strongest activity and could be distinguished from all other
experimental situations (favorite HLS vs. favorite LLS: p < .003; favorite HLS vs. adversary
HLS: p < .0003; favorite HLS vs. adversary LLS: p < .03). In contrast to the other clusters, there
was no difference between the anticipated failure of the favorite team and the anticipated failure
of the adversary team (favorite LLS vs. adversary LLS: p > .54). In accordance with the other
clusters, though, greater activity was observed when the adversary team was likely to lose than
when it was likely to win the game (p < .02). Finally, the difference between the trials in which
the favorite team was likely to lose and the adversary team was likely to win failed to reach
significance (favorite LLS vs. adversary HLS: p > .17).
-------------------------------------Insert Figure 3 about here
--------------------------------------

4 Discussion
The current study investigated whether similarities in feeling states that are associated
with strikingly different events, such as the success of the in-group and the failure of an outgroup, are merely superficial (i.e., appearing only on the level of verbal reports) or whether they
carry with them significant neural similarities. Additionally, it examined whether divergences in
feeling states are associated with activity differences in the same brain areas. From a literature
review on personal rewards and in-group identification and favoritism, it was hypothesized that
the human reward system is implicated in the display of similarities and divergences in
desirability of social outcomes and associated feeling states. Activity in multiple brain regions
was indeed higher when the expected outcome was desirable (favorite team was likely to win and
adversary team was likely to lose) than when the expected outcome was undesirable (favorite
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team was likely to lose and adversary team was likely to win), highlighting the fact that the
participants experienced success and failure differently as a function of social group.5
Importantly, though, the most prominent areas of the human reward system (cf. Berridge
et al., 2009; Grabenhorst & Rolls, 2009; Hahn et al., 2009; Ursu & Carter, 2005; Walter et al.,
2005) that are typically activated in personal reward situations—the amygdala, the ventral
striatum, and the mOFC—were not among the regions that displayed outcome desirability in the
current study. Only the PCC and the dorsal striatum (putamen; marginal effect) distinguished
between desirable and undesirable social outcomes, two regions that, in a broader sense, can also
be considered substituents of the human reward system. Because of the high number of ROIs
included in this study and the nonsignificance of the effect, however, it is necessary to be prudent
in not overinterpreting the findings in the putamen.
Yet, it is noteworthy that dorsal striatal activity has been observed in highly related areas
of research. For instance, elevated activity in the dorsal striatum (caudate) has been linked with
anticipatory satisfaction during the application of punishment to non-cooperative interaction
partners and thus to adversary others (e.g., de Quervain et al., 2004). In addition, this activity is
associated with a phenomenon called self-serving bias (Blackwood et al., 2003). Likewise,
increased activity in the putamen was revealed in social reward settings (i.e., when participants
anticipated a favorite team’s soccer goals; McLean et al., 2009) and also during Schadenfreude
(Takahashi et al., 2009). That desirability effects in the current study failed to reach significance
in the putamen might be related to the comparably low number of participants (n = 13) and the
limited number of experimental trials per condition (n = 10).
PCC activity has been associated with, among other things, the subjective value of
monetary rewards (Fujiwara et al., 2009; Kable & Glimcher, 2007), as well as with pleasant
social events such as the experience of being liked (Davey, Allen, Harrison, Dwyer, & Yucel,
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2010) and partner choice (Funayama et al., 2012). That the present social task did not activate
other key structures of the human reward system may suggest that directly self-relevant events
are experienced as somewhat different from those resulting from social identification. Yet, given
the close association of social events and personal self-esteem (e.g., Hogg & Abrams, 1990), it is
generally difficult to make a clear distinction between personal and social relevance. It is possible
that resemblance of personal self-relevance and significant other-relevance varies as a function of
distance towards the other person or group—or with the abstractness of the other person or group.
There are, however, several alternative explanations for the lack of finding significant
activation in the mOFC, the ventral striatum, and the amygdala. That there was no significant
mOFC activation in the supposedly socially rewarding experimental conditions may lie in the fact
that participants in the current study did not need to take any action or decision. Recent research
suggests this area to be strongly implicated in decision-making contexts and to guide personal
actions (Coricelli et al., 2005; Hughes & Beer, 2012; Nachev, 2006; Noonan, Sallet, Rudebeck,
Buckley, & Rushworth, 2010; Rolls & Grabenhorst, 2008). In a similar vein, ventral striatum
activity might signal reward only when individuals are able to choose between different outcomes
(Ursu & Carter, 2005). Consistent with such an interpretation is that activity in the ventral
striatum was found to predict reward value when money could be gained by performing specific
actions but not when it was gained passively (Zink, Pagnoni, Martin, Dhamala, & Berns, 2003).
That the amygdala did not distinguish between desirable and undesirable anticipated
outcomes in the current study may be explained by the finding that the amygdala is involved in
positive (e.g., Breiter et al., 1996; Hamann & Mao, 2002) as well as negative affect (e.g.,
Adolphs et al., 1995; Breiter et al., 1996; LeDoux, 2000; Öhman & Mineka, 2001). It is thus
possible that the amygdala codes personal salience in general (Davis & Whalen, 2001;
Kawashima et al., 1999; Wager, Phan, Liberzon, & Taylor, 2003; Whalen et al., 2004). The
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anticipation of the adversary team winning or the favorite team losing was possibly experienced
as being equally salient to the anticipation of the favorite team winning and the adversary team
losing, hence preventing differential amygdala activity.
Instead of the amygdala, a number of additional regions distinguished between desirable
and undesirable outcomes in this study, namely, the supramarginal gyrus, the insula, the
precuneus, and the cerebellum. All of these areas have been related to positive (or lack of
negative) affect in earlier research. Increased activity in the supramarginal gyrus was observed
for diverse phenomena such as taste perception in the fasting state (Gautier et al., 1999),
perception of happy faces (Phillips et al., 1998), and decisions on a favorite brand (Deppe,
Schwindt, Kugel, Plassmann, & Kenning, 2005); decreased activation in this area was reported
during worry (Hoehn-Saric, Lee, McLeod, & Wong, 2005). Cerebellar lesions reduce the
experience of pleasant experience (e.g., B. M. Turner et al., 2007). Both the precuneus and the
insula have been related to Schadenfreude when the failures applied to others who were envied
(Cikara & Fiske, 2011; Dvash et al., 2010). Consistent with this observation, the insula has
further been associated with in-group favoritism and out-group negativity in the implicit
association task (Beer et al., 2008).
That insular activity is often reported to code stimulus unpleasantness (e.g., expectancy of
pain) rather than pleasantness (e.g., Grabenhorst & Rolls, 2009; Ploghaus, Beceraa, Borras, &
Borsook, 2003) should not be surprising. The function of the insula has been suggested to be the
mediation of subjective feeling states (cf., Damasio et al., 2000; Phan, Wager, Taylor, &
Liberzon, 2002), and different, but closely located, neural assemblies in the insula may be
implicated in negative and positive affect (see Lamm & Singer, 2010, for details).
Some brain structures that distinguished between desirable and undesirable outcomes in
the current study—the inferior parietal lobe (including the supramarginal gyrus), the precuneus,
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and the PCC—are typically activated in perspective-taking or theory-of-mind tasks (e.g., Malhi et
al., 2008; Ruby & Decety, 2004; Vogeley et al., 2004) and thus during the application of other
people’s experiences to the self. Likewise, the precuneus and the cerebellum have been
associated with reflective self-awareness (e.g., Kjaer, Nowak, & Lou, 2002) and self-regulation
(Cavanna & Trimble, 2006), and the PCC is implicated in highly akin phenomena such as selfknowledge (e.g., Ochsner et al., 2005) and self-relevance (Schmitz & Johnson, 2007).
The present results extend these findings in that they suggest that these regions are not
merely implicated in the processing of self-related information per se, but that they may
additionally be sensitive to the desirability of the presented information. Clearly, in the current
study, the situations that, based on social identification processes, enhanced self-esteem (i.e.,
improved the standing of the individual’s own football team with respect to rivals) elicited
greater activation than those that threatened self-esteem.
It is possible that individuals actively work to increase the impact of self-serving
information, for instance, by paying greater attention or applying greater salience to supportive
information (see Hahn, Ross, & Stein, 2006; Schweizer, Alexander, Cusimano, & Stuss, 2007;
Sturm et al., 2006, for the implication of the inferior parietal lobule, the precuneus, the insula,
and the cerebellum in attentional processes). An exemplary study by Schiller, Freeman, Mitchell,
Uleman, and Phelps (2009) revealed the importance of the PCC for interindividual impression
formation. Participants in this study looked at human faces and received several pieces of positive
and negative person-descriptive information about each of these faces. Interestingly, the more the
PCC was recruited during the encoding of a specific piece of information, the more its valence
influenced the participant’s overall impression of the person displayed (like vs. dislike).
Consistent with this study’s results, a contemporary view in attention research sees the PCC as
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important for top-down goal-directed selection of stimuli and responses (e.g., Corbetta &
Shulman, 2002).6
Applied to the present study’s findings, which demonstrate greater PCC activity for
desirable than for undesirable outcomes, it can be hypothesized that in social group situations,
humans may have the tendency to apply less salience to undesirable evidence and thereby
intensify satisfying desirable experiences.7 This may be achieved by paying particularly strong
attention to desirable evidence (see Aue et al., 2012, for related issues). Hence, self-serving
impressions may be actively enhanced. Intriguingly, all clusters for which there was an effect of
desirability revealed greater neural activity with the desirable than with the undesirable evidence.
This is consistent with the interpretation of the study results outlined above. If it really were the
case that greater salience (i.e., attention) is applied to the desirable evidence in order to augment
self-esteem, overall neural activity in attention-related brain regions would be expected to be
more enhanced for anticipated desirable outcomes.
Moreover, the observed precuneus activation (highest activation for favorite HLS)
suggests that it might be the favorite HLS condition, which is most strongly attended to (for the
implication of the precuneus in attention and self-relevance, see Cavanna & Trimble, 2006)
because, overall, this specific experimental condition is most strongly distinguished from the
others. From a psychological perspective, this is reasonable because, by the preferential treatment
of the own social group, individuals can directly improve their social identity (Tajfel et al., 1971;
J. C. Turner & Onorato, 1999). Treating the out-group unfavorably, by contrast, serves this goal
only indirectly. Thus, there may still be a little difference in seeing the favorite team winning
versus the adversary team losing. Whether this extends to the associated feeling states remains an
open question.

Feel good 21
Further aspects of this study merit particular mention. First, in contrast to numerous
earlier studies, an ANOVA was used for the examination of the data. This approach has the
advantage of helping to split apart effects from different variance sources and simultaneously
controls for alpha inflation, thus facilitating the interpretation of activation patterns (e.g., main
effects for Team or Situation in the present study could not be explained by higher order
interactions).
Second, verbal reports of feeling state were intentionally not assessed after each trial in
order to avoid the establishment of demand characteristics. Instead, the participants were asked to
make predictions on the likelihood that a team would win a playoff game. Thus, the observed
similarities in neural activations in the current study are not likely to be a result of participants
trying to construe feeling states according to predefined social rules. While such a strategy will
have reduced the apparition of demand characteristics during the experimental task, not including
a postexperimental assessment of the subjective feeling states associated with each experimental
condition can be considered a limitation. However, in accordance with the study hypotheses
regarding the subjective feeling states, inspection of the response times (Figure 2b) suggests that
participants may indeed have had a harder time specifying the winning odds for the adversary
team, when the objective likelihood of winning was high rather than low. Such an effect would
be consistent with the idea that the participants were at greater ease or more willing (i.e., enjoyed
it more) to attribute LLS rather than HLS to the adversary team.
Other limitations of the study that warrant mention include the circumscribed number of
participants and the circumscribed number of trials per experimental condition. Increasing both in
future experiments could yield additional differences in the areas reported herein to demonstrate
neural similarities of supposedly similar feeling states. Nonetheless, there was no general
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problem of statistical power, as demonstrated by the fact that there were indeed differences
between desirable and undesirable conditions (i.e., between supposedly different feeling states).
Finally, it is possible that the neural responses regarding the processing of team
information (pictorial + verbal presentation) and that of situation information (verbal
presentation) act on different time scales, with team information being processed more quickly
than situation information. Such differential timing could bias against finding an interaction of
the type predicted in the present study. This latter consideration could explain the missing effects
in alternative areas typically activated in reward situations—the amygdala, the ventral striatum,
and the mOFC.
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Footnotes
1

Throughout this article, I make no strong distinction between actual outcomes and

anticipation of those outcomes (e.g., Schadenfreude vs. anticipated Schadenfreude) because a
close correspondence is assumed between (the neural signatures of) feeling states related to
anticipated outcomes and those related to real outcomes. First, the literature has revealed that
people are capable of using their anticipated feeling states related to imagined outcomes for
efficient decision making and that the circuits underlying the mediation of anticipated feeling
states and associated decisions rely on the recall (i.e., the reactivation) of earlier real experiences
(e.g., somatic marker hypothesis; Bechara, Damasio, & Damasio, 2000; Damasio, 1994). Second,
it has been shown for laboratory experiments that there is a close correspondence between
anticipated pleasure and actual pleasure in response to imagined and real outcomes, respectively
(e.g., Mellers, 2000).
2

Notably, the data presented here have also been analyzed with respect to an essentially

different research question (neural correlates of biased expectancies [i.e., wishful thinking]; see
Aue, Nusbaum, & Cacioppo, 2012, for details). The focus of this earlier publication is on general
social group differences and how group-related differences reflected in neural connectivities
relate to the assessed individual biasing of expectancies. The present study instead examines how
different “objective” experimental conditions (high likelihood of losing vs. high likelihood of
winning) interact with social group information—without any notion of individual biasing of
subjective expectancies. Thus, the focus of the current publication is on the feeling states that are
related to anticipating favorite and adversary football teams in desirable versus undesirable
situations. These feeling states do not need to be related to the biasing of subjective expectancies
at all. Consequently, the topics treated in the separate papers are not redundant; rather, they
complement each other.

Feel good 33
3

Whereas postexperimental responses to the questions on how much the participants liked

the different teams and how pleasant and appealing these teams were to them suggested that the
neutral team would fall exactly in-between the favorite and the adversary team, data acquired
during the task (e.g., estimated winning odds, response times) were characterized by virtually
identical responses toward the neutral team and the adversary team. Despite the neutral team not
having an explicitly negative connotation, the fact that, in everyday life, it happens to be in
competition with the favorite team possibly gives it an adversary role, a role that may be
activated in competitive social situations. Therefore, the adversary team and the supposedly
neutral team may have been treated in a highly similar fashion in the current study. Because of
the unclear affective status of the neutral team, no data are reported for it.
4

For several important reasons, it was decided to model the data with impulse response

functions instead of with the standard canonical response function. First, it was desirable to retain
comparability with the findings reported in another article. Although that article addressed a
different research question (wishful thinking-related neural activity; Aue et al., 2012; cf. Footnote
2), it was based on the same data. Second, given that little is known about the exact cognitive
processes and the exact timing underlying the feeling states investigated herein, it seems prudent
to not make any assumptions about the specific form of the hemodynamic response. Therefore,
the design applied should be characterized by greater flexibility.
Third, adding different events to the statistical design (e.g., corresponding to the different
slides depicted in Figure 1) could have hidden the Team × Situation interactions that are actually
present because some participants may have completed the calculation process in the logo and
background information period (i.e., team and information recognition + calculation phase;
Figure 1, middle slide), whereas others arrived at a result only later, namely, when a response had
to be given (i.e., calculation + response indication phase; Figure 1, right slide). In addition, the
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corresponding feeling states of interest cannot be limited to only one of these experimental
phases.
5

None of the ROIs investigated showed a main effect of Team or Situation. The whole-

brain analyses revealed that three areas differentiated between the favorite and the adversary team
(two in the dmPFC and one in the superior parietal lobule). These team-specific activations can
be explained by selective attention to and differential self-relevance of the described teams (see
Aue et al., 2012, for details).
Furthermore, two areas distinguished between LLS and HLS situations (somatosensory
cortex and cerebellum). Both regions have been related to motor activity in earlier research (e.g.,
Gazzola & Keysers, 2009; Macuga & Frey, 2012). Given the existence of crossed cerebrocerebellar connections, it is not surprising that the difference for the postcentral gyrus is on the
right side and the one in the cerebellum on the left side. Because the LLS and the HLS trials were
characterized by differential use of the button boxes (more left-hand movements for LLS
situations because of greater use of left button box), it can be hypothesized that motor actions are
at the basis of these activations. In order to investigate this hypothesis, additional analyses have
been performed to determine whether these differential activities were indeed related to motor
actions or instead to cognitions of losing versus winning.
If activity in the right postcentral gyrus and the left culmen indeed originated from
differential use of the right and left button boxes, the participants’ neural activity in these regions
would be expected to increase the more they used the left button box. Therefore, each
participant’s mean activity in the two clusters (across all experimental conditions) was first
extracted. In a second step, the extent of the use of the left button box by each participant was
determined. This was done by relating the number of left button presses to the overall number of
button presses. Finally, between-subjects Pearson product-moment correlation coefficients
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between mean neural activity in the two clusters and the extent of left button box use were
calculated. Consistent with the above-stated hypothesis, the use of the left button box was
positively related to neural activities in both the right postcentral gyrus, r(13) = .43, p = .07, and
the left culmen, r(13) = .50, p < .05, both one-tailed.
If, instead, activities in these areas had been related to cognitions of losing versus
winning, mean neural activity in these areas would have been expected to vary as a negative
function of average indicated likelihood of winning in the behavioral ratings. However, betweensubjects Pearson correlations revealed that average likelihood of winning was unrelated to neural
activities in the postcentral gyrus, r(13) = .06, ns, and in the culmen, r(13) = - .03, ns.
6

But note that, in the current study, there was an overall decrease in activation in the PCC.

7

Future research on such salience-related aspects may benefit from a formal definition and

behavioral measure of salience (e.g., Kahnt & Tobler, 2013).
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Figure captions

Figure 1. Trial sequence. First, the three statements were presented for a random time of 3, 6, or
9 s. At that point, there was no indication of the corresponding probabilities and the team in
question. In a next step, the club banner of the team appeared in the four corners of the screen and
the statement-related probabilities were projected to the right of the statements. Participants had 9
s to calculate the supposed likelihood of winning. After this time, a question prompted them to
specify their estimate of the likelihood of winning by the use of two button boxes. They were
given 6 s to do so. The next trial began immediately afterward, with the presentation of the three
statements.

Figure 2. Deviation in estimated winning odds from the objective likelihood of winning (a) and
time needed for estimate indication (response time, b). Error bars depict standard errors.

Figure 3: Regions displaying activity modulated by an interaction of Team and Situation. Wholebrain analysis. Error bars depict standard errors.

Table 1: ROI analyses
Effects

Team

Team ×
Situation

Situation

F(1,12)

p

η2

F(1,12)

p

η2

F(1,12)

p

η2

L Amygdala

0.27

ns

.02

0.24

ns

.02

2.51

ns

.17

R Amygdala

0.03

ns

.00

0.40

ns

.03

1.76

ns

.13

L Caudate

0.41

ns

.03

0.91

ns

.07

0.04

ns

.00

R Caudate

0.07

ns

.01

0.80

ns

.06

0.06

ns

.01

L Nucleus accumbens

0.00

ns

.00

0.35

ns

.03

1.04

ns

.08

R Nucleus accumbens

0.02

ns

.00

0.87

ns

.07

0.13

ns

.01

L Putamen

0.51

ns

.04

0.23

ns

.02

3.93

.07

.25

R Putamen

0.68

ns

.05

0.64

ns

.05

4.17

.06

.26

OFC1: Medial Mid Orbital Gyrus

2.58

ns

.18

1.25

ns

.09

2.82

ns

.19

OFC2: Medial Rectal Gyrus

0.01

ns

.00

1.61

ns

.12

0.71

ns

.06

Region

Note: N = 13; ROI = region of interest; L = left; R = right.

Table 2: Whole-brain analysis

x

y

z

n
voxels

F(1, 12)

R Superior parietal lobule/Precuneus

26

-61

44

57

L Superior frontal gyrus

-4

54

22

L Superior frontal gyrus

-17

37

37

p

η2

24.67

< .001

.67

36

45.56

< .001

.79

31

26

35.27

< .001

.75

-27

57

165

27.88

< .001

.70

-15

-46

-17

74

32.59

< .001

.73

-45

-39

41

82

43.81

< .001

.79

R Insula

45

3

15

70

34.44

< .001

.74

R Cingulate gyrus

10

-30

35

42

21.83

= .001

.65

L Precuneus

-6

-55

47

39

34.37

< .001

.74

L Cerebellum

-12

-39

-40

30

41.82

< .001

.78

Region
Team

Situation
R Postcentral gyrus
L Cerebellum

Team × Situation
L Inferior parietal lobule/Supramarginal gyrus

Note: N = 13; L = left; R = right; n voxels = number of active, contiguous voxels in a cluster.

a

b

High Likelihood of Success

Low Likelihood of Success

a

b

c

d

e

High Likelihood of Success

Low Likelihood of Success

