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Everything else being the same, an equal outcome is generally preferred; however, an equitable allocation
sometimes is possible only by sacrificing the total amount of resources available to society. Moreover, direct
interests may interact with the perception of equality. Here, we have investigated individual preferences, and
their neural basis, by employing a task in which an allocation of a fixed amount between the subject and
another person (MS condition) or two third parties (TP condition) is randomly determined. The subject can
accept or reject the outcome, in the same fashion as the Ultimatum Game: thus an unequal offer may be
rejected at the cost of a loss in total amount. Behavioral results show preference for equal outcomes in TP and
for equal and advantageous outcomes in MS. An activation of medial prefrontal cortex (mPFC), extending to
the anterior middle cingulate cortex (aMCC), was found in MS unequal outcomes, particularly for
disadvantageous outcomes and consequent rejections. The anterior insula (AI) was active for unequal
outcomes, in both MS and TP. We propose that the equal treatment is a default social norm, and its violation
is signaled by the AI, whereas aMCC/mPFC activation, negatively correlated to rejections, reflects the effort to
overcome the default rule of equal treatment in favor of a self-advantageous efficiency.

© 2012 Elsevier Inc. All rights reserved.
Introduction

Everything else being the same, an equal treatment of individuals
is widely considered a preferable outcome (Engelmann and Strobel,
2007; Messick, 1995; Skitka and Tetlock, 1992). However, the
realization of a more equitable allocation of outcomes is sometimes
possible only at the cost of a loss in the total amount of resources
available to society. The alternative between a more equitable, but
smaller, pie and a larger, but less equitable, one is widespread and
problematic. It is only made even more complex by the fact that the
parties involved in the decision have sometimes a direct interest in
the outcome. It is therefore essential to have a good understanding of
how people perceive this tradeoff, and how the direct interest
interacts with the abstract principle that equality is, everything else
being equal, preferable.

We investigated how individuals perceive the alternative by asking
subjects to decide between accepting a less equitable distribution of
existing resources between two individuals or rejecting the allocation at
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the cost of a loss of those resources for both parties. To contrast the
effect of personal interest and abstract reasoning, we employed two
manipulations, one in which the subject who has to accept or reject the
proposed allocation is a recipient of one of the twopayments, and one in
which he is not. Thus, the twomanipulations pose the same problem to
the decider, but they differ in the level of self-involvement. When
chance makes equal treatment impossible, because the available
allocation is unequal, the deciding subject has the choice between
either accepting, that is accepting inequality or rejecting, which means
restoring equality at the cost of a zero payment to both.

A relevant number of studies from different fields addressed the
issues of distributional justice and perception of equality, and the
findings agree in describing equality, everything being the same, as
the preferred outcome. From a psychological point of view, Messick
(1995) has hypothesized that people use equality heuristically,
which means that they often make decisions applying some form of
the idea of equality, that may lead to more or less efficient and just
allocations. Fehr and Schmidt (1999) and Bolton and Ockenfels
(2000) put forward formal models describing the preferences over
outcome distributions, predicting aversion for unequal payoffs.
Engelmann and Strobel (2007) found experimental evidence for
perfect equality as a focal point, when there is no other reason to
give an advantage to any person and there are no substantial costs
in terms of efficiency. Neuroscientific findings support the idea that
equality and fairness are the preferred distribution: Tabibnia et al.
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Fig. 1. Task structure. RNG randomly establishes how to divide 10 euros between B and
A. B decides whether to accept or reject these offers: by accepting, the money is divided
between B and A as RNG established; by rejecting, neither B nor A get anything. In a
second condition, B is asked to accept or reject divisions between D and E, who are two
third parties completely uninvolved in the experimental protocol.
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(2008) found that Ultimatum Game fair offers activated the reward
system, whereas the anterior insula, a region which has been
traditionally associated to negative affective state, was found more
activate for unfair rejected offers, confirming for this specific area,
the findings of Sanfey et al. (2003), and the interpretation of
inequality as the trigger for negative emotional reactions. Hsu et al.
(2008) employed a novel distribution task in conjunction with
fMRI, giving further support to the theoretical position for which
the anterior insula signals the level of inequity aversion, and, more
broadly, norm violations.

In the current experimental design, participants are required to
value a distribution of outcomes by accepting or rejecting an amount
of money, where accepting would always be the most efficient thing
to do under a utilitarian point of view. In this, our experimental
paradigm derives from a classical paradigm traditionally used to
study fairness preferences, i.e., Ultimatum Game (UG) (Güth et al.,
1982). In this game, the proposer makes offers to the responder on
how to split an amount of money, and the responder, in turn, can
either accept or reject the offer. If the responder accepts, the money
will be divided as suggested by the proposer; otherwise, both players
end up with nothing. Behavioral findings clearly show that the
proposer tends to divide the money equally, and that the responder
rejects unfair offers which favor the proposer too much. Importantly,
this behavioral pattern has also been observed in both the “single-
shot” version of the UG, in which the two players interact once only,
and in the “covered” version of the UG, in which the proposer is not
informed about the responder's reaction (Abbink et al., 1999; Civai et
al., 2010; Zamir, 2001), making rejections losing their negotiating
role. The behavior of participants in this game clearly suggests that
equal partition is valued at the cost of the participant's own monetary
gain. However, despite being very informative, the UG carries some
inherent confounds which do not allow isolating all the variables that
may play a role in the decision of rejecting unfairness, and, conse-
quently, understanding themeaning of the involvement of the different
neural areas. The first confound is that, as the UG is a self-centered task,
it is not possible to understand whether responders are rejecting
unfairness because it is an unacceptable act, or simply because it is
damaging their own payoff. Second, the opponent is always the source
of unfairness, even if it is non-human (e.g. Sanfey et al., 2003; Van't
Wout et al., 2006), or the unfair behavior is not intentional (e.g. Blount,
1995; Güroğlu et al., 2010), and therefore lacking of a situation inwhich
(negative) reciprocity is not involved. Third, it is unlikely that the
opponent offers more than 50% of the share, thus preventing the
responder from facing advantageous inequality.

In the present study, we have addressed the three issues by
employing an experimental paradigm involving an ultimatum bargain,
in which the participant has to accept or reject outcome distributions,
randomly established by a device (RNG), between two couples of
players: a) the participant and another person A (myself —MS‐
condition); b) D and E, two uninvolved third parties (third party—TP‐
condition). In both conditions, none of the players are responsible for
the outcome, but they are all affected by the participant's decision
(Fig. 1; see Appendix A section for a translation of the instructions given
to the participants). This manipulation should not imply negative
reciprocity feelings, given that the device does not have intentions and
is not the counterpart in the allocation.Moreover it allows us to present
subjects with both disadvantageously and advantageously unequal
offers and it disentangles self-involvement (MS condition) and general
concerns for equality (TP condition). A third task (Free-Win [FW]) was
administered in order to control for simple reception of money: this
control condition consents to present the participants with the same
monetary amounts, isolating the social comparison element which
characterizes the UG. The resulting design is a 3 (Task: MS, TP, FW) X 5
(Equality: hyper_unequal (disadvantageous), mid_unequal (disadvan-
tageous), equal, mid_unequal (advantageous), hyper_unequal (advan-
tageous)). Fig. 2 exemplifies one UG_MS trial and one FW trial.
We propose that equal splitting is a default social norm, or
heuristic, which is followed when there is no salient contextual cue to
shift responders' preference away from that norm (Messick, 1995;
Messick and Schell, 1992). Therefore, in terms of behavior, we predict
that, when deciding on behalf of unknown third parties, and there is
no reason to prefer one player over the other, responders will prefer
equal outcomes, whereas when they are directly involved in the
partition, they will deviate from equal splitting and prefer advanta-
geous inequality. We hypothesize that responders behave following
this pattern, i.e., they reject unequal outcomes in TP, and accept a
higher rate of advantageous inequality in MS. The predictions on
brain activation concern in particular the areas previously associated
with self-referential thought, reaction to inequality and unfairness. A
crucial, although still unclear, role in these cognitive processes has
been attributed to the medial prefrontal cortex (mPFC), anterior
cingulate cortex (ACC) and anterior insula (AI) (Güroğlu et al., 2010;
Koenigs and Tranel, 2007; Sanfey et al., 2003). The mPFC is known for
being implicated in the control of emotional responses (Bechara et al.,
2005), and also, more broadly, in self-referential thought (Jenkins et
al., 2008; Mitchell et al., 2005; Northoff and Bermpohl, 2004). In a
study by Koenigs and Tranel (2007a) patients with a lesion in the
vmPFC showed a higher irrational rate of UG rejections, compared to
controls. The authors attributed this behavior to the increased
sensitivity to frustration, which might have been caused by the
malfunctioning of emotional down-regulation processes, related, in
turn, to the lesion. However, Koenigs et al. (2007b) also found that
these patients were more likely to use utilitarian thinking when
facing personal moral dilemmas (Greene et al., 2004). The discrep-
ancy in the results suggests a focal role of the self-referential thinking,
i.e. non-utilitarian thinking involving the vmPFC is correlated with
personal frustration more than social norm violations. The AI has
been associated with negative emotions such as disgust, anger, fear
and pain (e.g. Calder et al., 2001; Damasio et al., 2000; Wicker et al.,
2003), and, as previously mentioned, with reactions to unfairness
and, more broadly, with norm violations (Hsu et al., 2008; Spitzer et
al., 2007).

Recently, our research group has carried out an fMRI study, using
a modified version of the UG which addressed only the MS-TP
manipulation (the same task as in Civai et al., 2010), in which a
dissociation between AI and mPFC was reported: while AI was
implicated in rejecting unfair offers both when the unfairness was
directed to the responder and when it was other-directed, mPFC,
especially the anterior part, was exclusively activated when facing
self-directed unfairness (Corradi-Dell'acqua et al., 2012). In light of
these results, we expect mPFC to be involved in processing self-
directed inequality, and AI to be implicated in processing inequality,
irrespectively from the self-involvement.
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Fig. 2. Examples of MS and FW trials. Each offer remained on the screen for 3 s; the
participant had to respond by button press to accept or reject the outcome (A) MS. The
position of the targets “A” and “YOU” was counterbalanced among trials, to rule out
potential effects of attention, compatibility or number line (e.g. higher offers always
appearing on the right half of the screen). The same structure applies for TP, with D and
E replacing A and YOU. (B) FW: also in this case, the position of the target was
counterbalanced among trials.
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Methods

Participants

Nineteen (12 females) subjects took part in the experiment. None
of the participants had any history of neurological or psychiatric
illness. Written informed consent was obtained from all subjects, who
were naive to the purpose of the experiment. The study was approved
by the local ethics committee.

Task and stimuli

A random number generator (RNG) decided how to divide 10
euros between two couples of players: a) the participant B and
another person A (myself—MS-condition); b) D and E, two otherwise
uninvolved third parties (third party—TP‐condition). The participant
had to accept or reject the outcomes, both for himself and A (MS) and
for D and E (TP). In both conditions, players A, D and E were not
responsible for the outcome, but they were all affected by the
participant's decision, which means that the payoffs of A in condition
a) and of both D and E in condition b) were all established only by B's
decisions on RNG divisions. These manipulations allowed to pre-
senting subjects with both unequal disadvantageous and advanta-
geous outcomes, unlike the traditional UG; moreover, they helped to
disentangle self-involvement (MS) from general concerns for equality
(TP) (Fig. 1; Appendix A section for the instructions). A third task
(FW) controlled for simple reception of money: in this condition,
which addressed only the self, the participant had to accept or reject
money given by the device RNG, and that was not the result of a
division of 10 euros. FW was administered in order to differentiate
between the perception of simple money reception and the
perception of social comparison. We predicted that, if participants
preferred equal treatment they would have rejected all the unequal
splits when the payoffs of D and E were involved, whereas they would
have tended to accept unequal splits which are advantageous for
themselves when their own payoff was involved, since in this case the
selfish preference for a relative higher payoff may had overcome the
preference for equal treatment.

We investigated the effect of two factors, TASK (3 levels: MS, TP and
FW) and EQUALITY (5 levels), on both the behavior and the brain
activity. For both MS and TP, division options were 9 (1:9, 2:8, 3:7, 4:6,
5:5, 6:4, 7:3, 8:2, 9:1), repeated 8 times each (4 times each in each of
two separate fMRI runs, see next section) except from 5:5, which was
repeated 16 times (8 times in each fMRI run). Equality level was
considered as follows: hyper_unequal/disadvantageous = D/partici-
pant gets 1 or 2 euros; mid-unequal/disadvantageous = D/participant
gets 3 or 4 euros; equal = D/participant gets 5 euros; mid_unequal/
advantageous = D/participant gets 6 or 7 euros; hyper_unequal/
advantageous = D/participant gets 8 or 9 euros. For FW, the outcome
ranges from 1 to 9, and the offer level is considered as follows:
hyper_low = participant gets 1–2 euros; mid_low = participant gets
3–4 euros;mid=participant gets 5 euros;mid_high=participant gets
6–7 euros; hyper_high= participant gets 8–9 euros. Overall, each type
of FW offer was repeated 16 times in the experiment (8 times in each
fMRI runs). For an example of both UG and FW trials, see Fig. 2, panels A
and B, respectively.

fMRI data acquisition and experimental set-up

Images were acquired using a 3-T MRI scanner (Achieva 3.0 T
Philips Medical Systems, Netherlands) equipped with a standard
quadrature head coil and for echo-planar imaging (EPI). Head
movement was minimized by mild restraint and cushioning. Thirty-
four slices of functional MR images were acquired using blood
oxygenation level-dependent (3.59×3.59 mm, 4 mm thick, repetition
time=2 s, time echo=35 ms; flip angle: 90°; field of view, FOV:
23×23 cm, acquisition matrix: 64×64), covering the entire cortex. At
the beginning of the scanning session, anatomical scans were also
acquired for each participant (TR/TE: 8.2/3.7, 190 transverse axial
slices; flip angle: 8; 1 mm3 voxel size; FOV=24 cm×24 cm; acquisi-
tion matrix: 240×240).

Participants lay supinely in the MR scanner for approximately
40 min (7 min required for the anatomical scans and about 34 min for
the task). The experimental task was presented using the Presenta-
tion Software (Neurobehavioral Systems, Inc.), and delivered within
the scanner by means of MR-compatible goggles mounted on the coil.
For each experimental trial, participants were first presented with the
monetary offer for 3000 ms. Participants delivered their response by
button press (one button for rejecting and one button for accepting;
the role of the buttons was counterbalanced among subjects) in this
time window; thus, they knew that they had a limited amount of time
to make their choice. If no response was recorded, a random response
(accept or reject) was chosen for that trial. Only two participants had
few omitted responses, and those responses were ruled out from the
analysis. The offer was then followed by a random inter-trial interval
ranging from 3000 ms to 7000 ms (with an incremental step of
33 ms). A black screen was presented during the inter-trial interval.
Each of the two experimental fMRI runs comprised 120 randomized
trials [3 TASK×5 EQUALITY×8 repetitions] and 1 min of low level
baseline, as 20 s of fixation cross at the beginning, in the middle and
at the end of each run.

Behavioral and imaging data processing

For each subject, and for each task, the rejection rates were
calculated for all equality levels, and analyzed using the Friedman's
test, a non-parametric statistic. The behavioral statistical analyses
were performed using SPSS 11.5 Software (SPSS Inc., Chertsey, UK).

Image processing and statistical analysis of the functional images
were performed using the SPM8 software package (http://www.fil.
ion.ucl.ac.uk/spm/). For each participant we acquired 1030 volumes
(515 volumes for each fMRI-run); the first 5 volumes were discarded
for each run to allow the magnetization reach steady state. Slice-
acquisition delays were corrected using the middle slice as reference.
All images were corrected for head movements. All images were then
normalized to the standard SPM8 EPI template and spatially
smoothed using an 8 mm FWHM Gaussian filter. The high-pass filter
was set to the cut-off value of 128 s. Data were fed into two different
models; the outcome-related model accounted for effects of outcome

http://www.fil.ion.ucl.ac.uk/spm/
http://www.fil.ion.ucl.ac.uk/spm/
image of Fig.�2


Table 1
Average Rejection Rate (RR) and standard errors of the mean (SEM) for
high_disadvantageous, mid_disadvantageous, fair, mid_advantageous,and high_-
advantageous offers (columns), and for MS, TP, and FW conditions (rows).

RR h_dis mid_dis Fair mid_adv h_adv

RR_MS
(SEM)

24.70 (7.48) 9.21 (3.77) 0 2.67 (1.47) 6.58 (4.12)

RR_TP
(SEM)

38.79 (8.57) 21.84 (4.74) 5.59
(1.03)

15.61 (3.70) 38.15 (4.74)

RR_FW
(SEM)

16.11 (7.59) 6.38 (1.63) 0.65
(0.65)

0.75 (0.75) 1 (0.55)
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type and depended on the equality level, while the response-related
model accounted for effects of response type (rejection/acceptance).
The second model counted 10 subjects instead of 19, because it was
necessary that all the subjects considered had rejections in both the
MS and the TP in order to perform an ANOVA without empty cells.
Only one subject out of the ten included in the response-related
model had less than 4 rejections. The FW task was not considered in
the response-related model, given its low rate of rejections.

In the outcome-related model, data were fed into a first level
analysis using the general linearmodel framework (Kiebel and Holmes,
2004) implemented in SPM8. On the first level, for each individual
subject, we fitted a linear regression model to the data. A factorial
design 3 (TASK: MS, TP, FW)×5 (EQUALITY: h_unequal/disadv,
mid_unequal/disadv, equal, mid_unequal/adv and h_unequal/adv)
yielded to 15 conditions. We modeled the onsets of each of these 15
conditions and convolved with a canonical haemodynamic response
function. Each trial wasmodeled as a separate event (duration=0).1 In
addition, in order to account for movement-related variance, the model
comprised the parameters of the realignment (motion correction) as
covariates of no interest. The first level analysis of each subject yielded
15 contrast images describing the parameter estimates associated
with each condition modeled. These images were then fed into a
second-level full factorial ANOVA with a within-subject factor of 15
levels using a random effects analysis (Penny and Holmes, 2004). In
this ANOVA we tested for i) the main effects of TASK, ii) main effects
of EQUALITY, iii) simple main effects of EQUALITY in MS and TP, and
iv) interactions TASK X EQUALITY.

In the response-related model, on the first level, a 2 (RESPONSE:
rej, acc) by 2 (TASK: MS, TP) design yielded to 4 conditions: MS_rej,
MS_acc, TP_rej, TP_acc. The rest of the analysis was carried out as in
the first model. In the second ANOVA, we tested for i) main effect of
RESPONSE, ii) interaction RESPONSE x TASK, and iii) simple main
effects of RESPONSE in MS and TP.

Correction for non-sphericity (Friston et al., 2002) was used in
both ANOVAs to account for possible differences in error variance
across conditions and any non-independent error terms for the
repeated measures. MarsBar toolbox (Brett et al., 2002) was used to
extract beta-values from the region of interest, in order to look for
correlations between neural activations and behavior (rejection rate).
Results

Behavioral results

We predicted rejections of very unequal allocations in the TP
treatment, and a smaller rejection rate in the MS treatment when the
allocation was favorable to the subject. The first prediction follows
from the assumption that individuals prefer equal outcomes every-
thing else being equal, and the second from the obvious moderating
effect of self-interest.

Six out of 19 subjects did not reject at all, 3 subjects never rejected
in MS, and one subject never rejected in TP. Given that our data
violate the assumption of normality of the distribution, we have used
the Friedman's test, a non-parametric statistic which can be used for
continuous data that violate the assumptions necessary to run the
ANOVA with repeated measures, such as, for example, marked
1 Since the mean RT was of 1.1 s with many RT being faster, we modeled events as
0 second events; nevertheless, we also carried out epoch-related analysis inwhich each of
the 15 conditions (i.e., MS: h_disadv,mid_disadv, equal, mid_adv, h_adv; TP: 2 conditions
h_unequal, 2 conditions mid_unequal, 1 condition equal; FW: h_low, mid_low, mid,
mid_high, h_high) was modeled using a boxcar with a variable duration, so that the
resulting beta values represented an estimate of the neural response per unit time spent
thinking about rejecting or accepting the offer. The duration of each boxcar function
corresponded to the latency of the button press obtained in each of the 15 types of
conditions. This complementary analysis led to similar patterns of activation than the
event-related analysis, as far as the AI and the MPF regions are concerned.
deviations from normality. We found a significant difference among
the conditions (χ2 (2)=107.908, Pb .001). In order to pinpoint
which conditions in particular differ from each other, we run a post-
hoc Wilcoxon Signed-Rank test, comparing the following conditions,
which we are reporting below together with the z-value and the
associated level of significance (Bonferroni's correction determines a
significance threshold of p-level=0.00625):

1. MS h_disadv vs MS equal (Z=−2.803, p=0.005);
2. MS h_adv vs MS h_disadv (Z=−2.807, p=0.005);
3. MS h_adv vs MS equal (Z=−1.826, p=0.068 n.s.);
4. TP h_unequal vs TP equal (Z=−3.077, p=0.002);
5. TP h_unequal vs MS h_disadv (Z=−1.822, p=0.069 n.s.);
6. TP h_unequal vs MS h_adv (Z=−2.937, p=0.005);
7. FW h_low vs FW h_high (Z=−2.207, p=0.027 n.s.).

These results show a significant difference in the rejections' rate
between MS disadvantageous and advantageous outcomes, with the
former being rejected more than the latter. Moreover, there is a
difference between MS disadvantageous and MS equal offers, but not
between MS advantageous and MS equal outcome, with the latter
being rejected almost never. TP unequal offers are rejected significantly
more than TP equal, as well as than MS advantageous, but not more
than MS disadvantageous. Moreover, there is no difference between
FW low and MS disadvantageous offers, suggesting that the trend of
rejection's rate in FW resembles the one of MS, even though the
difference between FW low and FW high fails to reach the statistical
significance – it does not survive the Bonferroni's correction – (See
Table 1 and Fig. 3).
Fig. 3. Behavioral results. Rejection Rates are plotted as a function of Equality level in
MS, TP and FW. Each bar refers to the percentage of rejected outcomes for that
particular division, e.g. 1 or 2 euros to the participant (or to D) and 8 or 9 euros to A (or
to E) (hyper_disadvantageous (unequal) condition). The error bars indicate the
standard error of the mean (SEM).

image of Fig.�3


106 C. Civai et al. / NeuroImage 62 (2012) 102–112
Neural activations

The main aim of the functional imaging analyses was to investigate
the role of areas previously associated with UG performance and
potentially associated with evaluation of unequal outcomes (e.g. AI and
mPFC), by using a modified version of the task which allows one to
Table 2
Voxels showing significant increases of neural activity associated with main effects and i
multiple comparisons at the cluster level across the whole brain, with an underlying height t
(voxels per cluster) column, cluster extent is reported in correspondence of the main peak.
corresponding Brodmann areas (BA).

Region Side MNI coordinates

x Y

Main effect of TASK:
MS>TPa

Middle temporal gyrus L −56 −
Superior temporal gyrus L −66 −
Medial frontal gyrus L −4
Medial frontal gyrus R 10

Main effect of TASK:
MS>FW
Cuneus R 10 −
Cuneus L −12 −
Inferior frontal gyrus L −42
Inferior frontal gyrus R 46
Superior frontal gyrus L −8
Superior frontal gyrus R 10
Anterior insula L −32
Anterior insula R 34
Thalamus (ventral posterolateral
nucleus)

L −14 −

Thalamus (ventral posterolateral
nucleus)

R 12 −

Main effect of EQUALITY:
Unequal>Equal
Inferior frontal gyrus R 36 2
Anterior middle cingulate cortex L −4 1
Anterior middle cingulate cortex R 6 3
Anterior insula L −38 1
Inferior frontal gyrus L −44 4

Main effect of EQUALITY:
Equal>Unequal
Postcentral gyrus R 2 −
Postcentral gyrus L −10 −
Posterior cingulate cortex L −8 −

Simple main effect of EQUALITY in MS:
MS_unequal>MS_equal
Inferior frontal gyrus R 34
Medial frontal gyrus R 8
Superior frontal gyrus R 12
Anterior middle cingulate cortex L −8
Inferior frontal gyrus L −34
Anterior insula L −32

Simple main effect of EQUALITY in TP:
TP_unequal>TP_equalb

Anterior insula R 34

Interaction TASK×INEQUALITY:
MS [(h_ disadv+mid_disadv+h_adv+mid_adv)−equal]−TP [(h_unequal+mid_uneq
Superior frontal gyrus L −10
Superior frontal gyrus R 8

Simple Main effect of DISADVANTAGEOUSNESS in MS:
MS (h_disadv+mid_disadv)− [MS (h_adv+mid_adv)a

Angular gyrus R 52 −
Angular gyrus L −44 −
Middle frontal gyrus L −46
Medial frontal Gyrus L 6

a Clusters surviving a threshold corresponding to pb0.05, corrected for multiple compar
b Significance at cluster level p=0.08; significance at voxel level pb0.05 (FWE corrected
consider the contribution of factors such as self/other-involvement (i.e.,
MS vs. TP, and MS vs. FW), equality level (equal vs. unequal outcomes),
and rejection rate (rejections vs. acceptances). We therefore first
investigatedwhether therewere regions thatwere globallymore active
when participants played for themselves (MS) as opposed to third
parties (TP). Then,we tested for the effects of social comparison (i.e.,MS
nteractions. All clusters survived a threshold corresponding to pb0.05, corrected for
hreshold corresponding to pb0.001 (uncorrected), except from those starred. In the kE
Only contrasts yielding significant activations are reported. The last column reports the

Z-value kE BA

z

50 6 4.53 1391 21
46 12 3.70 22
46 −8 3.69 817 10
58 2 3.56 10

88 2 >8 35072 17
90 4 >8 17
2 32 6.03 3249 9
6 30 6.71 7841 9
8 54 6.16 6

16 50 5.99 32
18 −2 5.12 350 13
22 −4 5.91 789 47
18 4 4.77 864

14 2 4.29 311

4 −8 5.66 933 47
8 46 5.05 1454 32
0 24 4.10 24
4 4 4.45 537 13

30 4.46 330 9

34 66 3.96 471 6
36 68 3.90 3
60 18 4.14 253 23

22 −14 4.83 661 47
22 50 4.09 581 8
26 60 3.95 6
24 32 3.26 32
16 −10 3.78 255 47
20 8 3.46 13

26 −2 4.67 206 47

ual)−equal]a

54 42 4.05 531 9
54 42 3.83 9

66 42 4.07 811 39
64 52 3.99 604 7
22 40 3.69 649 3
38 36 3.47 618 9

ison, with an underlying height threshold corresponding to pb0.005 (uncorrected).
).



Fig. 4.Main effect of task. Activation for the main effect of task (MS>TP). The clusters of
activation in the vmPFC (upper part of the figure) and in the STG and MTG (lower part
of the figure) are depicted in the sagittal and the coronal views.
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vs FW) and equality, looking, for instance, for regions that were more
active for unequal as opposed to equal outcomes. Moreover, in order to
test whether there were regions specifically involved in disadvanta-
geous as opposed to advantageous inequality in MS, we tested for the
interaction between Task (MS vs. TP) and Equality (unequal vs. equal)
and for the main effect of disadvantageousness, again considering both
MS and TP. Finally, we also tested for regions that were more active
during rejection, as opposed to acceptance, of the outcomes. Unless
stated otherwise, we report exclusively areas of activation with an
underlying height threshold of t>3.12 (i.e., voxels in each cluster had
an uncorrected P-levelb0.001), and which survived a threshold of
pb0.05, corrected for multiple comparisons at the cluster level, using
FWE and (Tables 2 and 3). In all of the analyses the whole brain was
considered as the volume of interest.

Outcome-related effects

Main effects. We first tested for increases of neural activation
associated with outcomes addressing oneself as opposed to offers
addressing a third-party, [i.e., main effect of task: MS>TP]; such an
increase was found significant in the left posterior superior and
middle temporal gyrii (STG and MTG; BA 22), which are known to
play important roles in processes such as explaining and predicting
the behavior of others during theory of mind scenarios, and deciding
about complex ethical dilemmas (Heekeren et al., 2003; Paulus et al.,
2005). The involvement of these areas in this contrast is of particular
interest, since it suggests that, when personally involved in the task,,
the participant is engaging in other-regarding consideration, taking
into account her own state as well as the other's (A) mental state,
experiencing the social nature of the task. On the contrary, it is
possible that, in TP, the participant, who is not personally involved,
solves the task not by putting herself in the shoes of D or E, but simply
by implementing a rule, which is one of equal splittings. Using a less
conservative uncorrected threshold of pb0.005 instead of pb0.001,
the activation of (v)mPFC (−4, 46, −8) is also significant (cluster-
Table 3
Voxels showing significant increases of neural activity associated with main effects. All
clusters survived a threshold corresponding to pb0.05, corrected for multiple
comparisons at the cluster level across the whole brain, with an underlying height
threshold corresponding to pb0.001 (uncorrected), except from those starred. In the
kE (voxels per cluster) column, cluster extent is reported in correspondence of the
main peak. Only contrasts yielding significant activations are reported. The last column
reports the corresponding Brodmann areas (BA).

Region Side MNI coordinates Z-value kE BA

x y z

Main effect of RESPONSE:
REJ>ACC
Anterior cingulate
cortex (pregenual portion)

L −6 42 16 4.04 262 32

Medial frontal gyrus L −8 50 12 3.25 10

Interaction TASK×RESPONSEa

(MS_rej−MS_acc)−(TP_rej−TP_acc)
Medial frontal gyrus L −8 36 38 3.98 1384 10
Medial frontal gyrus R 4 42 38 3.33 9
Anterior middle
cingulate cortex

R 12 32 22 3.86 32

Simple main effect of RESPONSE in MS
(MS_rej−MS_acc)
Anterior middle cingulate
cortex

R 10 32 20 4.43 1256 32

Medial frontal gyrus L −6 36 38 4.13 6
Anterior insula R 30 18 −16 4.13 356 47
Anterior insula L −30 18 −12 3.87 255 47

a Clusters surviving a threshold corresponding to pb0.05, corrected for multiple
comparison, with an underlying height threshold corresponding to pb0.005
(uncorrected).
level FWE corrected p=0.01), possibly denoting the involvement of
this area in both self-referential thinking and mentalizing (see Fig. 4).
This interpretation finds an indirect corroboration in the fact that no
supra-threshold voxel was found for the opposite contrast, i.e.,
TP>MS, suggesting that participants do not engage in mentalizing
and/or theory of mind when deciding in TP. Then, we test for
increases associated with MS as opposed to FW [i.e., main effect of
task: MS>FW], finding a significant activation in visual areas, as well
as in the thalamus, possibly ascribable to the differences in the visual
inputs between MS trials, more elaborate, and FW trials. Activation in
this contrast also extended to the superior part of the inferior frontal
gyrus (IFG), involving the precentral gyrus, the AI, and the superior
frontal gyrus, bilaterally. No suprathreshold voxel was found for the
opposite contrast, i.e., FW>MS.

We then looked at activations related to the unequal offers, as
opposed to equal, across tasks, i.e., main effect of equality (contrast 3
in Table 2): MS [(h_disadv+mid_disadv+h_adv+mid_adv)−
equal]+TP [(h_unequal+mid_unequal)−equal]; we found a
significant increase of activation in the AI, and in a frontal area involving
the anterior middle cingulate cortex (aMCC), and extending toward the
pregenual anterior cingulate cortex (pACC) (refer to Vogt, 2005 for the
labeling of the different areas of the cingulate cortex) and the more
anterior part of the mPFC (see Fig. 5). For the opposite contrast, i.e.,
equal>unequal (contrast 4 in Table 2), the medial postcentral gyrus (BA
6), and the posterior cingulate cortex, as “the default mode” (Fransson
and Marrelec, 2008), were found active, possibly given the less cognitive
load required by the 5:5 division. From the analysis of the two simple
main effects of equality (unequal>equal, contrasts 5 and 6 in Table 2),
considering separately MS and TP, it emerged that the activation in the
aMCC andmPFCwas limited toMS, whereas the AI was activated in both
tasks; consistent with this finding, the interaction TASK×EQUALITY, i.e.,
MS [(h_ disadv+mid_disadv+h_adv+mid_adv)−equal]−TP [(h_un-
equal+mid_unequal)−equal] showed a significant activation, although
at a lower threshold (p=0.005 instead of p=0.001) in a portion of the
superior anterior part of mPFC (contrast 7, Table 2), confirming the
specific activation of this area for unequal offers in MS, but not in TP. As
shown in the signal plots reported in Fig. 5, referring to the right AI and
aMCC, these areas clearly showed a U-shaped modulation as a function
of the level of equality; quadratic contrasts were performed on MS, TP
and FW, assigning different weights to the different levels of equality,
i.e. [2 1 −6 1 2, respectively for: hyper_unequal=2, mid-unequal=1,
equal=−6]. AI was significantly active for both MS and TP, whereas a
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Fig. 5.Main effect of equality. Activation for the main effect of equality (unequal>equal). In the lower part of the figure, the graph on the left shows the activation in the right AI [36
24 −8]: a clear U-shape trend is recognizable, confirmed by quadratic contrasts for both MS and TP, while there is no effect for FW. The graph on the right shows the activation of
the mPFC, specifically the anterior middle cingulate cortex (aMCC) [6 30 24]: a U-shape pattern is confirmed by the simple main effect of equality in MS and by the quadratic
contrast in the same condition. There are no effects of equality in this area (either simple main effect or quadratic contrast) in the TP or FW conditions. All signal plots depict activity
in experimental conditions relative to baseline (in arbitrary units [a.u.], ±90% confidence interval); plots report the pattern of activity at activation's peaks (i.e., single voxels)
selected from the whole-brain contrast in SPM maps.
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cluster involving aMCC/mPFC, was active specifically for MS (Fig. 5). As
expected, no suprathreshold voxel was found for the quadratic contrast
in FW.

Of importance, activation of the mPFC in MS was higher for
disadvantageous, as opposed to advantageous outcomes (see signal
plot of Fig. 6). Since our interest was focused on understanding the
Fig. 6. Main effect of disadvantageousness. Activation of the mPFC for the effect of disad
mid_unequal)]). In the lower part of the figure, the graph shows the activation in [14 52 40
FW, despite the same trend, this activation does not reach significance. Plots report the pat
contrast in SPM maps.
correlates of the self-centered inequality aversion, we contrasted
disadvantageous outcomes with advantageous outcomes in MS; even
if at a lower threshold (p=0.005 instead of p=0.001), we found a
significant activation in the mPFC (medial and superior frontal gyrus),
in the same cluster previously found for the TASK×EQUALITY
interaction (Fig. 6 and contrast 8 of Table 2); no significant
vantageousness (MS (h_dis+mid_dis)− [MS (h_adv+mid_adv)+TP (h_unequal+
]: there is a difference in b-values between the h_dis and h_adv in MS, but not in TP. In
tern of activity at activation's peaks (i.e., single voxels) selected from the whole-brain
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Fig. 7. Correlations with rejection rate. The two scatter plots show the correlation between the beta-values and the rejection rate. The graph on the left refers to the data extracted
from the peak of aMCC/mPFC cluster, resulted from the simple main effect of (MS_rej−MS_acc), and shows a significant negative correlation between the neural data and the
percentage of rejected outcomes; the graph on the right refers to the data extracted from the AI (same contrast), and shows the non-significant correlation between this activation
and the rejection rate.
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suprathreshold voxel was found when comparing low FW to high FW
outcomes and no significant suprathreshold voxel was found for the
opposite subtractions (advantageous minus disadvantageous MS out-
comes or high minus low FW outcomes).

Response-related effects
In order to analyze the effects of the response type (rejection/

acceptance), data were fed into a second model, with a 2 (RESPONSE:
rejections, acceptances)×2 (TASK: MS, TP) design (see Methods
section). The second model counted 10 subjects instead of 19,
because it was necessary that all of the subjects considered had
rejections in both the MS and the TP in order to perform an ANOVA
without empty cells. Only one out of ten subjects had less than 4
rejections. The significant activations are reported in Table 3. A
significant main effect of RESPONSE was found, with rejections, as
opposed to acceptances, leading to a higher activation of the mPFC
(contrast 1 of Table 3). The opposite contrast (i.e., acceptance minus
rejection) did not lead to any significant activation. The interaction
between TASK and RESPONSE was not significant; nevertheless,
lowering the threshold at p=0.005, we found an activation in the
aMCC and mPFC (contrast 2 of Table 3), which extends slightly more
anteriorly and inferiorly with respect to the activation resulting from the
interaction TASK×EQUALITY in the outcome-relatedmodel; the analysis
of the simplemain effects showed that AI andmPFCweremore active for
the contrast MS_rej>MS_acc (contrast 3 of Table 3) but not for
TP_rej>TP_acc. No significant supra-threshold voxel was found for the
opposite simple main effects. Eventually, the beta-values were extracted
from the peaks of the clusters involving AI and aMCC/mPFC resulting
from the contrast MS_rej>MS_acc: a significant negative correlation
(R2=−0.641, pb .05)was found between the rate of rejection inMS and
the beta-values of the aMCC/mPFC for MS_rej, indicating that the
activation increased as the rejection rate decreased. Importantly, the
degree of activation in the AI during MS_rej was not significantly
correlated with the RR in MS (R2=−0.249, p=.488) (Fig. 7).

Discussion

In this study, we employed a novel distribution task which ruled out
negative reciprocity and intentions concerns, disentangled self-
involvement frompure unfairness perception, and allowedmanipulating
outcomes for the level of advantageousness. Participants behaved as
predicted, rejecting as the outcome became more and more unequal in
TP, whereas, in MS, advantageous outcomes where rejected significantly
less than disadvantageous. Our results may seem to be in contrast with
previous results in the literature that stress the difference between
responses to human offers and randomly drown offers by a non-human
opponent. First, our results are in linewith previous literature focusing on
intentionality, in that our participants rejected overall fewer outcomes as
compared to the traditional UG. In addition previous studies (Blount,
1995; Güroğlu et al., 2010; Sanfey et al., 2003) did not try to account
for rejections that, even if to a less extent, appear to occur in non-
intentional scenarios as well.

As far as potential conclusions on intentionality are concerned, we are
not claiming that negative reciprocity (Rabin, 1993) does not play any
role in human interaction: in fact, it might be that it is themain reason to
reject unfair offers made by an involved proposer (e.g. UG). However,
given that people reject alsowhennegative reciprocity cannot possibly be
an explanation of rejections, different factors involved. Our paradigm
differs from those previously implied to test the intentionality (Blount,
1995; Falk et al., 2003; Güroğlu et al., 2010) in that it does not focus the
participant's attention on the other's intention, and it does not bias the
participant by asking for the expectation of the distribution prior tomake
a decision, leaving responders free from expectation biases.

In the present study, we confirmed that responders have indeed a
preference for equal outcomes (Messick and Schell, 1992; Skitka and
Tetlock, 1992); nevertheless, when their payoff is at stake, and the
outcome is advantageous, self-interest motives overcome social rules.
As far as the FW is concerned, as one would expect, the rejection rate
was overall lower than in the MS and TP, and, likewise to the MS, most
of the rejections focused on the“hyper_low” outcomes.

Our initial hypotheses about the activations of the mPFC and AI are
confirmed by the results which indicate important differences between
their activation profiles. The aMCC/mPFC cluster is more active in
processing unequal (vs. equal) outcomes exclusively in MS. More
specifically, while the aMCC responded more to unequal than equal
outcomes, irrespectively of the advantageousness, the superior/anterior
mPFC contributed more to disadvantageous outcomes. Conversely, the
AI was significantly activated for unequal as opposed to equal
outcomes, irrespectively of the target (MS or TP), as confirmed by the
two simple main effects of equality and by the quadratic contrasts
which were significant in this region in both MS and TP conditions (see
also signal plot in Fig. 5). Relying on these activation profiles, we
propose two different, yet related interpretations for the involvement of
mPFC and AI in processing inequality and the reactions to it.

The role of aMCC/mPFC

There is a large body of neuroimaging andneuropsychological studies
indicating that the mPFC, including the portion of pACC and of aMCC (as
defined by Vogt, 2005), is involved inmanydifferent tasks requiring self-
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other judgments,moral judgments, and,more broadly, relying on the co-
occurrence of cognitive, emotional and social aspects (see Amodio and
Frith, 2006 for a review). A certain degree of overlap between the
different cognitive processes implied by these tasks has often been
suggested (Hynes et al., 2006; Jenkins et al., 2008; Shamay-Tsoory et al.,
2006), such as that between self-referential and emotional processing.
As proposed by Amodio and Frith (2006), the value-related representa-
tions in the mPFC, namely the representations of the value of a certain
outcome or action, extend the more anterior (and superior) as the
complexity of the integration of cognitive, emotional, social and
motivational processes increases. The patterns of activation found in the
present study for the aMCC/mPFC would be in line with the proposed
hierarchical progression of value-related representations along the
rostro-caudal organization of the (medial) frontal cortex. Thus, the
aMCC was generally involved in processing the self-involvement in
relation to the equality level, integrating the processing of norms such as
equality preference, and self-centered motivations, such as gaining
money, while the more anterior (and superior) portion of the mPFC
elaborated the specific disadvantageousness of the outcome, which
would imply the integration of equality preferences, self-interests, and
social comparisons, possibly involving also feelings of frustration for the
low outcome. The possible involvement of a sentiment of frustration
when facing self-directed disadvantageous outcomes seems also
supported by both the FW behavioral and neural results: responders
were rejecting a small percentage of low FW offers, and anterior mPFC
showed for FW a similar trend of activation as in MS (cf. signal plot of
Fig. 6). It is possible that in FW, responders get frustrated and reject when
offered 1 or 2 euros knowing that they could have gained more. The
negative correlation found between aMCC/mPFC and the rejection rate,
i.e., the lower the rejection rate, the higher the activation, supports the
interpretation put forward by Vogt (2005), that considers this area as
engaged in cognitive tasks based on the reward value of particular
outcomes. This area seems to perform cognitive, emotional and
motivational control: more precisely, it appears to be particularly active
when the default norm of equal splitting has to be overcome in order to
pursue self-interest, which is increasing the monetary gain. Moreover,
this result is also consistent with findings that correlate the medial
prefrontal cortex to negative emotional regulation: DeYoung et al. (2010)
found that a reduction in the volume of the dorsomedial prefrontal cortex
was associated with high scores in Neuroticism, a personality trait which
is characterized by a high sensitivity to threat and punishment.

The role of AI

The activation of the cluster involving theAI confirms the involvement
of this area in processing fairness and equality. So far, AI involvement in
the UG has been interpreted as a sign of negative emotional to the unfair
treatment (Hsu et al., 2008; Sanfey et al., 2003; Tabibnia et al., 2008).
However, it is known that AI plays a role inmany different tasks involving
different cognitive and emotional demands, from the simplest, such as
interoception and pain perception, to the more complex ones such as
empathy, self-recognition, vocalization and music, emotional awareness,
time perception, perceptual decision making, cognitive control and
performance monitoring, and recent accounts suggest that AI mediates
the integration of emotional, cognitive andmotivational processes (Craig,
2009; LammandSinger, 2010)Moreover, studies have found thatAI plays
a critical role in detecting social norm violations (King-Casas et al., 2008;
Spitzer et al., 2007; Strobel et al., 2011), thus extending its role beyond
emotional involvement. Craig (2009) proposes an account that integrates
all these findings by interpreting AI function as one of awareness, defined
as “knowing that one exists”. Nevertheless, a straightforward way to
interpret the results of the studies reviewed by Craig is that AI signals a
deviation from the expected outcome, even though the expectation is not
explicit. Just to give an example, as far as the complex domain of cognitive
control is concerned, AI activation has been reported to be particularly
high in a stop-signal task, when subjects perceive the stop-signal (a signal
that should trigger the inhibition of the response which was, in turn,
previously triggered by a target stimulus), with the activation increasing
as a function of the rarity of the stop-signal (Brass and Haggard, 2007;
Ramautar et al., 2006). On this account, the self-awareness hypothesis
could be interpreted as the integration of external stimuli with the
complex set of motivations and expectations of the subject. This
interpretation may also apply to the results of Güroğlu et al. (2010),
who found a high AI activation when participants (i.e., responders in the
UG) engaged themselves in a behavior that deviated from the expected
one, such as accepting unfair offers, or rejecting unfair offers when the
unfairness was unintended. The authors hypothesized that AI correlates
with the detection of norm violations, which are context-dependent. We
have recently found data supporting the idea of equality preference as a
social norm which is followed when no salient contextual cues shift
players' preferences (Bicchieri, 2006; Engelmann and Strobel, 2007). In
this perspective, equality can be considered an expected outcome, given
that a social rule is expected to be matched. Here, we propose that the
equal splitting is to be considered as a social default norm to be applied
when no other salient contextual cue shift the preference; on this view,
the equal split represents the implicitly expected outcome, and the AI
would operate to signal the deviation from this outcome. Moreover, it
might be possible that AI activation could also be imputed to the basic
physiological arousal elicited by a mismatch stimulus, which would be
different in nature from the negative emotional arousal, elicited by an
unfair treatment. An indirect corroboration to this interpretation comes
from the fact that, differently from the mPFC, we have not found any
correlation between AI activation and rejection rate in the UG. Further
work is needed for clarifying what the AI actually signals: it is not only
necessary to test behavior, and consequent AI activation, when
modifying expectations, but, in order to define expectations, it is also
conceivable to consider personality traits and how these factors
influence and interact with each other, as done in recent integrative
accounts (Rustichini, 2009).

Conclusions

To conclude, equality was found to be the preferable outcome, to be
pursued even at the cost of destroying existing resources. However, a
direct interest interacts with the abstract principle and shifts the
preference toward unequal outcomes, when the allocation is favorable
for the responder. Thus, even if the two manipulations (MS and TP) pose
the same problem to the decider, two systems are engaged: a first one,
which worked for both conditions and was grounded in the AI, involves
abstract reasoning on social rules (i.e., equality), and a second one, which
worked in addition to the first one in the MS condition and is
underpinned by aMCC/mPFC, reflects self-interested motivations.

Appendix A. Instructions

Hello! You are now going to take part in a game in which you will be
asked to make decisions on money allocations. Three people other than
you will be involved: they won't be playing with you, but they will be
affected by your decisions. We will call the other participants A, D and E.
They are not going to play this game; in fact, they are going to be scanned
in the MRI while performing a completely uninvolved perceptual
memory task, with another experimenter. At the end of their perfor-
mance, they will get a compensation for their participation. However,
their compensation is notfixed as they think to be; in fact, it is the result of
your decisions in this game. They are completely unaware of how their
compensation is actually determined.

Now imagine two deks of 10 euros banknotes. Each deck contains a
certain number of banknotes, which is unknown to you. The two decks
contain the same number of banknotes.

- Let's consider the first deck.
Each one of these banknotes will be divided between you and A; a

random number generator (RNG), a computerized algorithm, will
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decide the monetary allocation. You have to accept or reject each
allocation, knowing that if you accept, the money will be divided as
determined by RNG, whereas if you reject neither you nor A will get
any of that money. (e.g. first banknote is divided as follows: 3 to you
and 7 to A. If you accept, you get 3 euros and A gets 7, otherwise none
of you gets anything). Each allocation regards a different banknote, so
if you reject that banknote won't be allocated anymore. Allocations
will continue until the banknotes of the first deck are over.

- Let's consider the second deck.
Each of these banknotes will be divided between D and E. Again, a

randomnumber generator (RNG)will determine the allocation. You have
to accept or reject each allocation, knowing that if you accept, the money
will be divided as determined by RNG,whereas if you reject neither D nor
Ewill get any of thatmoney. (e.g. first banknote is divided as follows: 3 to
D and 7 to E. If you accept, D get 3 euros and E gets 7, otherwise none of
them gets anything). Each allocation regards a different banknote, so if
you reject that banknote won't be allocated anymore. Allocations will
continue until the banknotes of the second deck are over.

The rules for the second deck are identical to those for the first deck,
but the decisions you take will affect not yours, but D and E's payoff.

Eventually, you will be paid a percentage that reflects the proportion
that youhave decided to accept. E.g. If, of 10 banknotes, the allocations are
always 1 euro to you and 9 euros to A. If you decide to accept every
allocation, you end up with 10 euros, and A ends up with 90 euros. The
final amountwill be 1 euro to you and 9 euros to A. If you decide to reject
all the allocations, none of you gets anything. If youdecide to accept half of
the allocations, you endupwith 5 euros,whichwill be 50 cents in the end,
and A will get 45 euros, i.e. 4.5 euros. The same rules apply to D and E.

Given that A, D and Ewill get somemoney anyway, independent from
your decisions (they know that they are supposed to be paid for showing
up), you are given the chance to get someextramoney, independent from
the game and the RNG allocations. You will be randomly assigned some
money, which is not given by a ripartition determined by the RNG, and
does not come from any of the previous decks. In order to get thatmoney,
you just need to accept it by pressing the correspondent key on the
response box. If you reject it, you don't get it. E.g. if you are assigned 2
euros, and you accept them, there is no one “on the other side” taking
8 euros. This gives you the chance to balance your final fixed payoff with
the one of A, D and E.

Remember that A, D and E are not aware of the fact that you are
deciding their payoffs. Moreover, the experimenter will pay you at
the end, but she won't pay A, D and E (another experimenter will do
it), and she does not know the random allocations: thus you are the
only one completely aware of your decisions.

Important: in this game there are no right or wrong answers! Just
take the decision that fits you best.

Now you will do some practice.
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