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Is it possible for neural responses to others' rewards to be as strong as those for the self? Although prior fMRI studies
have demonstrated that watching others get rewards can activate one's own reward centers, such vicarious reward
activation has always been less strong than responses to rewards for oneself. In the present study we manipulated
participants' self-construal (independent vs. interdependent) and found that, when an independent self-
construal was primed, subjects showed greater activation in the bilateral ventral striatum in response to winning

fMRI money for the self (vs. for a friend) during a gambling game. However, priming an interdependent self-construal

Self-construal priming
Ventral striatum

resulted in comparable activation in these regions in response to winning money for the self and for a friend. Our
findings suggest that interdependence may cause people to experience rewards for a close other as strongly as

Insula they experience rewards for the self.

© 2013 Elsevier Inc. All rights reserved.

Introduction

Vicarious reward, a sense of pleasure derived from watching others
gain rewards, has been implicated in a number of basic processes from
altruism (Ainslie, 1995) to learning (Bandura, 1977). The experience
of vicarious reward may also be a psychological mechanism that is
necessary for the evolutionary process of kin selection to occur
(Campbell-Meiklejohn and Frith, 2012; Mobbs et al., 2009). Although
vicarious reward has been described as “a raw feel, as robust as food or
pain”, (Ainslie, 1995, p. 395), no evidence suggests that people experi-
ence others' rewards as strongly as they experience those same rewards
directly. In fact, a review of the neuroimaging literature failed to find any
published study in which vicarious rewards produced equal or stronger
activation in the reward network than rewards for the self.

That said, there have been a handful of functional magnetic reso-
nance imaging (fMRI) studies that have demonstrated that social factors
can modulate vicarious reward. For example, Mobbs et al. (2009) found
that people show greater activation in the ventral striatum (VS) when
watching socially desirable others (as opposed to socially undesirable
others) win at a card-guessing game. In addition, connectivity between
the VS and the anterior cingulate cortex (ACC) while watching others'
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win was positively correlated with perceived similarity between oneself
and the target. In another study in which participants played a card-
guessing game where they shared their rewards either with a friend, a
stranger, or a computer, Fareri et al. (2012) found greater VS activation
in response to winning rewards when their partner was a friend, though
this effect was confined to participants who were high in subjective
closeness to that friend.

Given that similarity and closeness to the other party appear to
strengthen neural response to vicarious reward, perhaps if subjects
are induced to construe the self in an interdependent fashion (that is
interconnected with and encompassing close others) as opposed to an
independent fashion (that is autonomous and bounded; Markus and
Kitayama, 1991; Varnum et al., 2010) then vicarious reward and reward
for the self might produce comparable activation in neural regions in-
volved in reward. fMRI studies have demonstrated comparable activa-
tion in the medial prefrontal cortex (mPFC) involved in representation
of one's own traits and a close other's traits in a society where interde-
pendent self-construal is common (Zhu et al., 2007), and that priming
interdependence has a similar effect (Chiao et al., 2010; Ng et al.,
2010). Here we tested whether vicarious reward and reward for the
self might produce comparable activation in the neural regions involved
in reward when interdependence is primed.

The present study tested the prediction that priming an interdepen-
dent self-construal will lead to equal response to rewards for the self
and a friend, whereas priming an independent self-construal would
lead to greater responses to own rewards vs. a friend's rewards. Given
the fact that previous research on reward has consistently shown that
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the VS responds to rewards for the self (e.g. Bjork and Hommer, 2007;
Delgado et al.,, 2000; Fareri et al,, 2012; Mobbs et al., 2009; O'Doherty
et al,, 2003) and to vicarious rewards (Fareri et al., 2012; Mobbs et al.,
2009), we predicted that this effect would be present in the VS.

Methods
Participants

Fifteen students from Southwest University (after excluding 4
participants with excessive motion; age ranging from 19 to 24, 10
females) (0)3(u)-9(1)-19()18t(d(ct))-1npa-19()1led in the mlin stuoudouy. An inde(0)3(uen)-21(do)3(uen)-9()1 sim(0)3(ule)-327(0)-9()f
16 stuoudents (lge ranging from 18 to 25, 9 femlles) participaled in
1lhe locllizer studouy. All were Couhinese, right-handoued, had normll or



whole brain were acquired using the following parameters: 64 x 64 x32
matrix with 3.75 x 3.75 x 5 mm?® spatial resolution, inter-slice
gap = 1 mm, field of view (FOV) = 24 x 24 cm?, repetition time
(TR) = 2000 ms, echo time (TE) = 30 ms, flip angle (FA) = 90°.
For each run, a total of 154 volumes were acquired in the main
study and 184 volumes in the localizer study.

SPM8 (Wellcome Trust Centre for Neuroimaging, London, UK) was
used to preprocess and analyze the imaging data. Images were adjusted
for slice timing, realigned to the first scan to correct for head motion,
normalized into stereotactic Montreal Neurological Institute (MNI)
space with 3-mm cubic voxels, and spatially smoothed by a Gaussian
filter with full-width/half-maximum parameter (FWHM) set to 8 mm.
We then modeled trials of different conditions by including regressors
convolved with canonical hemodynamic response function (HRF) at
the onset of the presentation of outcomes. For the main study, five re-
gressors were generated for Self Win, Self Loss, Friend Win, Friend
Loss, and neutral trials. For the localizer study, three regressors were
generated for Win, Loss, and neutral trials. Six motion parameters
(translation: X, y, z; rotation: pitch, roll, yaw) and run-specific constant
terms were also included in the model to account for effects of no inter-
est, and whole-brain intensity was normalized using global scaling.
Linear contrasts were used to identify regionally specific effects in indi-
vidual participants with a fixed effect model. Random effect analyses
were then conducted based on contrast images to allow population
inference. For the localizer study, brain regions encoding monetary re-
ward, specifically bilateral VS, were identified at a corrected p < 0.05
threshold (using a combined threshold of uncorrected p < 0.001 and
cluster extent >21 voxels, determined by a 1000-iteration Monte-Carlo
simulation; Slotnick et al.,, 2003) for the contrast of Win > Loss in the
localizer study. This threshold was also used for other exploratory
whole-brain analyses. Regions of interest (ROIs) were defined as spheres
centered at the peak voxels of activations with radii of 5 mm using
MarsBaR (http://marsbar.sourceforge.net). Contrast values in the main
study were extracted from the ROIs by subtracting the coefficient
estimates of the neutral condition from those of the experimental
conditions.

Results
Behavioral results

Participants were highly accurate in their pronoun judgments during
independent and interdependent self-construal priming, and accuracy
did not differ across priming conditions (independent: M = 84.1%,
SD = 7.2%; interdependent: M = 85.3%, SD = 5.0%; t(14) = —0.96,
p = 0.35). Reaction times (RTs) were also comparable during indepen-
dent and interdependent self-construal priming (independent: M =
5375 ms, SD = 84 ms; interdependent: M = 5401 ms, SD = 86 ms;
t(14) = —0.75, p = 0.46).

The RTs during the card-guessing game (M = 626 ms, SD =
167 ms) did not differ across different conditions as shown by a
2 x 2 x 2 repeated-measures ANOVA involving Prime (Independent/
Interdependent), Target (Self/Friend), and Outcome (Win/Loss)
(Fs <2.90, ps > 0.11). There was also no difference between the
RTs of any experimental condition and those of the neutral condition
(ts <1.52, ps > 0.15).

Self-report measures

On the 8-point Likert scale of closeness between self and friend (1: no
overlap; 8: fully overlap), the participants' rating scores ranged from 3 to
8 (M = 5.07,SD = 1.49).

Results from the Self-Construal scale and the Horizontal and Vertical
Individualism and Collectivism scale showed that the participants were
more interdependent than independent (M = 5.31, SD = 0.64 vs. 4.82,
SD = 0.55, t(14) = 3.44, p < 0.005), and were more collectivistic than

individualistic (M = 5.64, SD = 052 vs. M = 4.98, SD = 0.59, t(13) =
3.13,
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Fig. 2. Main effect of outcome. (a) Win vs. Loss in the localizer study (y = 8); (b) Win vs.
Loss in the main study (y = 8 and x = 3); (c) Loss vs. Win in the localizer study (y = 17
andy = 2); (d) Loss vs. Win in the main study (y = 17 andy = 2). VS: ventral striatum;
PCC: posterior cingulate cortex; MPFC: medial prefrontal cortex; SFG: superior frontal
gyrus; SMA: supplementary motor area.

insula encodes monetary loss (e.g. Delgado et al., 2000; Paulus et al.,
2003), while the supplementary motor area underlies reward-related
decision-making (e.g. Glascher et al, 2008; Haruno et al, 2004;
Kouneiher et al., 2009). Although none of these regions showed a signifi-
cant Prime xTarget x Outcome interaction (Fs < 3.13, ps > 0.09), we did
observe a marginally significant Prime x Target interaction in the right
insula in the Loss condition (F(1,14) = 3.95, p = 0.067), such that the
activation tended to be stronger for self trials vs. friend trials
(M =055, SD=0.24 vs. M = 0.21, SD = 0.25) after Independent
self-construal priming, and tended to be stronger for friend trials vs. self
trials (M = 0.37,SD = 0.19 vs. M = 0.19, SD = 0.23) after Interdepen-
dent self-construal priming. However, pair-wise comparisons failed to
reach statistical significance (ps > .15).

We also conducted correlation analyses to test whether the magni-
tude of the Prime x Target x Outcome interaction at the bilateral VS
was associated with participants' subjective reports of happiness when
winning for their friends, closeness to their friends, and trait-level mea-
sures of self-construal. However, none of these self-report measures
were significantly correlated with neural activation in these regions
(rs = —0.331t0 0.16, ps > 0.22).

Table 1
Brain activities to monetary win and loss in the localizer study and the main study.
VS: ventral striatum; SMA: supplementary motor area.

Region X y z k V4
Localizer study, Win vs. Loss

Left VS —12 5 —8 34 411
Right VS 12 8 —8 29 456
Main study, Win vs. Loss

Left VS —12 8 —14 152 5.09
Right VS 12 11 —11 256 5.63
Posterior cingulate cortex 3 —34 37 668 5.06
Medial prefrontal cortex 3 44 1 374 456
Right middle frontal gyrus 48 47 10 35 416
Left inferior parietal gyrus —51 —70 52 44 397
Right superior frontal gyrus 24 38 49 34 3.88
Left inferior temporal gyrus —54 —61 —11 127 3.87
Left inferior temporal cortex —51 —49 —26 21 411
Right parietal cortex 33 —70 43 22 359
Localizer study, Loss vs. Win

Left insula —30 14 —17 92 451
Right insula 45 17 —11 256 5.63
Left superior frontal gyrus/SMA —24 14 76 87 456
Right superior frontal gyrus/SMA 21 2 70 98 449
Left precentral gyrus —27 —4 55 32 3.87
Right temporal pole 42 11 —44 37 421
Right superior temporal sulcus 48 —19 —8 38 3.93
Main study, Loss vs. Win

Left insula —36 14 4 29 348
Right insula 42 14 1 118 414
Bilateral superior frontal gyrus/SMA —9 14 46 481 581
Left precentral gyrus —48 -7 22 90 475
Right precentral gyrus 51 -1 37 35 413
Right supramarginal gyrus 66 —37 34 44 472
Right superior temporal sulcus 48 —22 -2 33 4.29

Discussion

The present study investigated whether neural responses to personal
vs. vicarious rewards and losses are affected by how people construe the
self in a given moment. We found that priming interdependence led to
equal bilateral VS responses to rewards for the self and a friend (and in
fact the trend was such that responses to friends' rewards were greater),
whereas priming independence induced greater bilateral VS responses
for rewards for the self than for a friend. These findings suggest that in-
ducing a notion of self that includes close others causes rewards for the
self and those others to be processed in a similar fashion, whereas induc-
ing a notion of the self as autonomous and bounded leads to greater
response to personal rewards. Although previous studies have used
fMRI to explore vicarious reward, the present study provides the first
evidence that neural response to vicarious rewards may be comparable
to response to one's own rewards (if an interdependent self-construal
is primed). Our findings suggest that self-construal may affect motiva-
tion (self vs. other-oriented) to experience rewards for a close other as
strongly as they experience rewards for the self. These findings ex-
tend the literature on how self-construal may affect neural function
(i.e. Chiao et al,, 2009, 2010; Han et al,, 2013; Lin et al, 2008; Ma
et al, 2012; Ng et al., 2010; Sui and Han, 2007; Wang et al., in press;
Zhu et al., 2007) by showing that vicarious reward can be modulated
by temporary self-construal. Previous studies found that self-construal
priming affected neural activity in cortical structures such as the mPFC
(Chiao et al.,, 2010; Ng et al., 2010; Wang et al., 2013) and the lateral
frontal cortex (Sui and Han, 2007). The current work, however, pro-
vides one of the first demonstrations that manipulating self-construal
may affect the function of subcortical structures.

We should also note that although the Loss condition produced re-
duced activity in the VS (consistent with Delgado et al., 2000), we did
not observe a Prime x Target interaction in the VS in the Loss condition.
This suggests that the results we observed in the VS were not due to



changes in response to outcome feedback in general, but rather were
specifically linked to reward feedback.

We did find a marginally significant interaction between Prime and
Target on activation in the right insula during the Loss condition, such
that losses for one's friend (vs. the self) produced greater activation
after Interdependence priming, whereas the opposite was the case
after Independence priming. Given that the insula has been implicated
in empathy (for a review see Bernhardt and Singer, 2012), these results
suggest that priming interdependence may have heightened empathic
responses to losses for one's friend. This is broadly consistent with the
previous finding that trait-level interdependence was correlated with
increased error-related negativity (ERN) in response to trials where
one lost points for a friend (Kitayama and Park, 2013). However, we
should note that the pair-wise contrasts were not significant in the
present study. This may be due to relatively limited power. We should
also note that in Kitayama and Park's (2012) study, participants com-
pleted a flanker task and incorrect answers led to losses for a friend;
whereas in our paradigm incorrect guesses were framed as having to
do with chance rather than ability or performance (and in fact in our
case feedback was rigged). Further, our study was designed such that
loss trials were of smaller monetary magnitude than win trials, thus

losses in general may not have been particularly painful. Future research
with a larger sample (and hence greater statistical power) might explore
whether modifying the relative value of loss vs. reward trials or perceived
(or actual) responsibility for trial outcomes in order to test whether this
might magnify the effects of self-construal priming on regions like the
insula or ACC.

The present study did not measure subjective responses to individual
trials (due to time constraints). As a result it was not possible to map the
neural effects of the priming that were observed in the current study
onto subjective reports. Future research may address this limitation



condition where wins for friends produced larger activations than wins
for the self, as it might increase power to detect such effects. Although in-
terspersing the trials may have increased power and decreased noise,
self-construal primes are likely to have strong carry-over effects. Consid-
ering these trade-offs, we opted to employ a block design as we felt it
would provide a better chance to capture the priming effects we were in-
terested in.

Although the present study was conducted within a single culture,
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