





paid according to their decisions in the task, although in the end all
the participants were paid 20 yuan extra on top of the basic
payment. Four graduate students (2 females), who were strangers
to the EEG participants, were recruited as confederates. The
purpose of using four confederates was to reduce reputation
building in the repeated-trial game and to make the experimental
setup more realistic since the EEG participant would play against
different allocators in rounds of the game.

All the participants were right-handed and had normal or
corrected-to-normal vision. They self-reported on a short ques-
tionnaire no history of neurological or psychiatric disorders.
Informed consent was obtained from each participant before the
test. The experiment was carried out in accordance with the
Declaration of Helsinki and was approved by the Ethics
Committee of the Department of Psychology, Peking University.

Design and procedures

The experiment had a 3x2 within-participant factorial design,
with the first factor referring to the offer type (disadvantageous
unequal vs. equal vs. advantageous unequal offer) and the second
factor referring to the initial ownership (self vs. other). Disadvan-
tageous unequal offers could be 1, 2, or 3 yuan (out of 10 yuan),
equal offers could be 5 yuan (out of 10 yuan), and advantageous
unequal offers could be 7 or 8 yuan (out of 10 yuan). The
bargaining property (10 yuan) was assigned ostensibly by the
computer to either the recipient or the allocator in random order
before the division scheme was presented to the recipient.

When the EEG participant came to the laboratory, he/she and
the four confederates were told that they would sit in separate
rooms to finish a task together through the computer network. The
EEG participant was ostensibly selected through lottery to
undergo the EEG test. This participant was then told that he/
she would play as a recipient in UG and the others would be
allocators. He/she was also informed about the rules of UG and
the manipulation of ownership. That is, at the beginning of each
round the computer would randomly assign 10 yuan to either the
allocator or himself/herself, and the allocator would then offer
a scheme on how to divide the amount. The EEG participant was
asked to press a button with the index finger of his/her left or right
hand, without elaborative thinking, to indicate whether he/she
would accept or reject the offer. He/she was reminded that the
allocators made their division schemes individually and indepen-
dently, and his/her response would not be sent back to the
allocator immediately and therefore could not affect the allocators’
offers in following rounds.

Each trial began with the presentation of a fixation sign (a white
dot subtended 0.3? of visual angle) for 500 ms against a black
background (see Fig. 1). The sentence ‘“The computer is randomly
pairing” in Chinese (white and Song font, size 32) was presented
for either 800, 850, 900, 950, or 1000 ms, indicating to the EEG
participant that one of the other four persons was randomly
selected to play as an allocator in the current round of game. Then
the EEG participant’s own head portrait and a silhouette (each
subtended 1.5 x 1.6°, separated for 2.3° between the centers of the
two figures) were presented at the left side of the screen for either
800, 900, 1000, 1100 or 1200 ms, along with Chinese words
“please wait” (white and Song font, size 32) at the left. This was to
suggest to the participant that the computer was assigning the
initial ownership of the 10 yuan. The positions of these two figures
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Figure 1. Sequence of events in a single trial.
doi:10.1371/journal.pone.0039627.g001

baseline-corrected by subtracting from each sample the average
activity of that channel during the baseline period. All trails in
which EEG voltages exceeded a threshold of *80 puV during
recording were excluded from further analysis. The EEG data
were filtered with a band-pass from 0.016 to 30 Hz.

We focused on 10 frontocentral electrodes, FC3, FC1, FCz,
FC2, FC4, C3, C1, Cz, C2 and C4 for the MFN responses and 10
centro-posterior electrodes, CP3, CP1, CPz, CP2, CP4, P3, P1,
Pz, P2 and P4, for the P300 responses since the MFN and the
P300 effects tended to be the strongest on these electrodes. Based
on the visual inspection of ERP waveforms, we used the mean
amplitudes in the 280-380 ms time window for the MFN
measurement and the mean amplitudes in the 400-600 ms time
window for the P300 measurement (see also [28] for similar
treatment). Average amplitudes over frontocentral and centro-
posterior electrodes were used in the following analysis. Analyses
of variance (ANOVAs) were conducted with two within-partici-
pant factors: initial ownership (self vs. other) and offer type
(disadvantageous unequal vs. equal vs. advantageous unequal
offer). The Greenhouse-Geisser correction for violation of the
assumption of sphericity was applied where appropriate. The
Bonferroni correction was used for multiple comparisons.

@ PLoS ONE  www.plosone.org

Results

Among the thirty EEG participants, three participants stated
that they completely disbelieved the setup of the experiment in the
interview after the EEG test, four participants displayed excessive
artifacts in EEG recording, one participant misunderstood the
game rule, and one participant accepted all the offer types. These
participants were excluded from data analysis, leaving twenty-one
participants (8 females) for the following analysis.

Manipulation Checks of Initial Ownership

The post-experiment questionnaire indicated that the incidental
assignment of the 10 yuan bill in line with either the participant’s
head portrait or the other’s silhouette strongly affected the
participants’ perception of potential ownership. A 2 (location of
the 10 yuan bill: the recipient’s head portrait vs. the other’s
silhouette) x 2 (benefactor of allocation: allocator vs. recipient)
repeated measures ANOVA on the perceived ownership showed
a significant interaction between the two factors, F(1, 20) =56.88,
p<<0.001. Simple-effect tests revealed that when the 10 yuan bill
was temporarily located in line with the participant’s own portrait,
participants thought that the property should be more in their own
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