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The public goods (PG) game is a standard game 
design for investigating the cooperating and free-
riding behavior of humans. The game models a 
simplified version of social interaction. The result 
of each trial is affected by the decisions of each 
player; thus, one should consider the number of 
cooperators and the result of the last trial. There 
have been several attempts to uncover the 
underlying motivations of the player decisions, but 
the results revealed in previous studies provide 
only limited information (i.e., behavioral 
decisions) (Andreoni, 1995; Keser & van Winden, 
2000).  

Dawes et al. (1986) suggested an experimental 
design in which incentives were modified in an 
effort to investigate the motivation behind free-
riding. They provided three differentiated sessions, 
corresponding respectively to a ‘standard design’, a 
‘money-back guaranteed design’, and a 
‘cooperation enforced design’. The participants 
showed significantly enhanced cooperation in the 
third session relative to the second session and 
relative as well to the first session, which suggests 
‘greed’ as a stronger motivation for free-riding. 
The design of this game allows the separation of 
incentives for free-riding, which can be an 
effective stepwise approach toward investigating 
different types of motivation. 

The current study adopted the experiment design 
of Dawes et al. (1986). To investigate the 
underlying decision process and the motivation 

behind the decisions of the participants, EEGs of 
26 healthy male participants were recorded during 
a PG game. EEGs of two players were recorded 
simultaneously (i.e., EEG hyperscanning) to 
analyze the interactions between the two players. 

Methods 
The five-player step-level PG game as described 

in Dawes et al. (1986) was used in this study. The 
players could choose to cooperate by paying their 
promissory money to the group; otherwise, they 
could choose to defect (i.e., free-ride) by keeping 
this money. Every player in the group will receive 
a bonus, but only if more than three people among 
the five cooperate in each trial. Each of three 
sessions was repeated 10 times. The first session 
involved the standard design (Session I) in which 
the bonuses are equal for all players and the money 
paid in by each player comes with no money-back 
guarantee in the event of failure. In the second 
session (Session II), people who decided to 
cooperate were guaranteed to receive their money 
back if their group failed. The free-riders have the 
advantage of saving the promising money and still 
receiving the same amount of additional money. In 
this condition, there is strong motivation to free-
ride and receive more money compared to others 
who choose to cooperate. In the third session 
(Session III), greed in a player was controlled by 
changing the amount of the bonus according to the 

Fig 1. Experimental procedure. The players were told to decide simultaneously after a five-second countdown (from 5 to 
0). The result screens were displayed in the order depicted above, each screen for 5 seconds. 



cooperation of that player. The players, thus, 
tended to use a ‘win-win’ strategy (i.e., cooperate) 
and to obtain a larger monetary reward equally. 

Subjects 
65 male university students aged from 19 to 27 

(male: 22.40 ± 1.97) were recruited by means of 
web advertisement on the website of Choong-nam 
University in Daejeon, South Korea. All 
participants were right-handed and none had a 
history of neurological or psychiatric disorders. 
The EEGs of only 26 subjects (male: 22.27± 1.78) 
were recorded, whereas the others experienced a 
sham recording setting. They were equally 
informed regarding the entire procedure and 
received equal treatment apart from the EEG 
recording setup. This study was approved by the 
Institutional Review Board at KAIST in Daejeon, 
South Korea (KH2008-1), and all participants were 
given informed consent before all experimental 
procedures. 

Procedure 
The participants were instructed to sit facing 

each other. The experimental procedure was 
clearly explained to all directly before the EEG 
recording sessions began. A full experiment was 
made up of three individual sessions (i.e., sessions 
I~III), and the order was counter-balanced. Details 
for each session were emphasized again directly 
before each session began. The participants were 
given two cards for each trial, on which were 
written 5000 and 0, denoting 5000 won and 0 won, 
respectively. The participants were instructed to 
choose one of the cards and to turn it in to the 
dealer right after a countdown finished on a 19-
inch monitor placed between the players. The card 
each player turned in represented his cooperation 
decision. The dealer collected all of the cards 
recieved from the players. The result regarding 
whether they failed or succeed was displayed on 
the monitor for five seconds after five seconds of a 
“cross” screen (i.e., a white cross displayed in the 
middle of the black screen), and the number of 
instances of cooperation was displayed for five 
seconds after an additional five seconds of the 
cross screen. A bonus was given to the participants 
only if they succeeded. These procedures were 
repeated for 10 times for each session. 

Data Acquisition 
EEGs were recorded using two Neuroscan EEG 

recording systems (Compumedics Neuroscan, 
USA) through a 64-channel Quick-caps (Ag/AgCl 
Quick-cap, Compumedics Neuroscan, USA) 
device. Standard electrode sites followed the 
extension of the international 10-20 system 
nomenclature as well as all electrode positions 
were measured using a 3D-digitizer Fastrak 
(Polhemus, USA) for accurate source analyses. An 
electrode on the vortex of the head was used as a 
reference, and an extra electrode amongst Fz, FPz, 
F1, and F2 was used as a ground. The impedance 
levels of all of the electrodes were lower than 
5kΩ . EEGs were digitized at sampling frequency 
of 1,000Hz and were amplified with a 64-channel 
SynAmps2 (Compumedics Neuroscan, USA) 
amplifier. A 55~65Hz notch filter was applied to 
remove 60Hz of AC noise, along with a 1~100Hz 
band pass filter. A principle component analysis 
and an independent component analysis were 
conducted to remove eye-movement and motion 
artifacts using a Curry 6.0 (Compumedics 
Neuroscan, USA) device. EEGs were recorded 
from two individual recording systems and the two 
systems were synced using a customized two-
button button box built specifically for this purpose. 

Data Analysis 
The performances of the players were analyzed 

by measuring their cooperation during each 
grouped session. Recorded EEGs were analyzed 
via power spectrum analysis and time-frequency 
analysis separately for ‘decision’, ‘success/failure 
result’, and ‘number of cooperators’ states. Five 
separate frequency bands were defined: delta 
(1~4Hz), theta (4~8 Hz), alpha (8~12 Hz), beta 
(12~30Hz), and gamma (30~50Hz).  

Results 

Behaviors 
The cooperation level of each player in the 

human experiments was measured, and all groups’ 
cooperation levels were averaged trial by trial. 
Figure 2 shows the measured performance of the 
participants in percentages. They were sub-
grouped according to the session. Session I shows 
the lowest rate of cooperation (mean: 33.1±22.6%, 



range: 21.5~41.5%) overall. Session II (mean: 
48.8±19.0%, range: 41.5~58.5%) and session III 
(mean: 75.4±18.2%, range: 67.6~80%) display an 
increasing pattern of cooperation.  

 
Fig 2. Cooperation rate in percentage in session I, II, and III 

 

EEG power spectrum analysis 
The EEG readouts one second before a decision 

was made were selected for an analysis of the 
decision-making process of the players. For the 
results in which states were displayed, EEGs one 
second after the display of each result were 
analyzed (i.e., success/failure and the number of 
cooperators).  

 

Table 1 summarizes the power spectrum analysis 
results. Statistically higher high-frequency 
activities (i.e., beta and gamma) were found in the 
prefrontal region during a decision state, regardless 
of the session design, compared to that found in a 
resting state for the cooperators. Free-riders, 
however, showed no statistical differences in terms 
of high-frequency bands in session I and II. In 
session III, statistically higher beta frequency 
activity was observed in the FPz channels of the 
defectors. 

The high-frequency band powers were lower 
after watching the result in the temporal, central 
and parietal regions for cooperators in sessions I 
and III and for free-riders in session II. The players 
who cooperated in session II continued to show 
higher high-frequency activity in prefrontal region 
as the results were displayed compared to the 
resting state. 

EEG Time-frequency patterns 
The frontal and central regions, where the power 

spectrums had statistical differences, were set as 
regions of interest. Differentially activated EEGs 
were observed in the cooperators and defectors in 
each session.  

Table 1. High frequency power comparison. High frequency powers in each channel during each state 
were calculated and compared to the resting state. EEGs for 1 second before decision and after result 
display were used.  

D S C 

SI 
Cooperator FPz g 

Fz g 
FT7 g 
T7 g 

FT8 g 
T8 g 

CP3 b 

CP6 b, g 
P3 g 

T7 g 
Poz b 

Free-rider - CP3 b 

SII 

Cooperator
FP1 b, g 
AF3 b, g 

 

FT8 g 
CP3 b 

FP1 b 
FPz b 

AF3 b 
CP3 b 

FP1 b 
FPz b 
FP2 b 

AF3 b, g 
AF4 b 

CP3 b, g 

Free-rider C2 b 
CP3 b 

P5 b 
P3 b 
Pz b 
P6 b 

PO3 b 
O2 b 

C1 b 
CP5 b, g 
CP3 b, g 

P5 b 
P3 b, g 

Pz b 
P2 b 
P4 b 

P6 b 
PO3 b 
Poz b 
PO4 b 
PO6 b 
PO8 b 
O1 b 
O2 b 

CB2 b 

SIII 
Cooperator

FP1 b, g 
AF3 b, g 

F1 g 
FT8 g 

FC2 b 
FT8 g 
C2 b, g 
CP6 b 

P2 b 
Poz g 
CB2 b 

F8 g 
Pz b 
P2 b 

PO7 b 
Poz b 

Free-rider FPz b - - 

Bold marked channels showed statistically higher activity whereas other channels showed lower 
activity in each measured state than the resting state; b: beta; g: gamma; ANOVA for statistical 
analysis, p<0.01 



As depicted in Figure 3, in session I, strong CPz 
activity 500msec before a cooperator’s decision 
was observed, whereas relatively weak CPz 
activation was observed for the free-riders. In the 
F4 channel, alternatively activating high-frequency 
band powers were observed for cooperators and 
free-riders. 

 The cooperators had heightened high-frequency 
activity in the frontal cortex directly before a 
decision relative to their baseline activity, whereas 
the defectors showed lowered activity in session I 
and III.  

F4 channel activity from the free-riders also 
showed instant high-frequency activity one second 
before a decision in session II, whereas this was 
not seen in session III. Additionally, in 
cooperators’ EEGs, the high-band activation 
disappeared in the F4 electrode during session II.  

Discussions 
A public goods game was used to study human 

cooperative behavior and the related decision 
processes. The behavioral changes captured from a 
previous study were reproduced in this study 
(Dawes et al., 1986).  

EEG analysis results provide possible 
explanation for player decisions. High-frequency 
activity at the prefrontal region by cooperators 
before a decision could account for the active 
perceptual and emotional decision-making process 
of the player. It can be inferred from the 
maintained frontal regional high-frequency activity 
in the view states of the session II results that 
players were also affected by the results of the 

previous trial as they considered the 
card they would present to the 
dealer. In session III, in which the 
strong incentive to free-ride was 
controlled, the players who defected 
also showed higher beta power in 
his decision state compared to his 
resting state. According to these 
results, the free-riders might have 
used a different neural process to 
make a decision, except during 
session III.  

The decision processes occurring 
in the brains of players were 
observed via EEG hyperscanning. 
Counter-balancing activity for 

cooperators and free-riders was observed, which 
also occurs during social decisions. We could 
further investigate the covert social interaction 
during a interactive-game such as PG using EEG 
hyperscanning. One interesting finding was that a 
stronger controlled incentive to free-ride led to 
comparable EEG patterns between cooperators and 
free-riders.  This finding suggests that the same 
process of deciding whether to cooperate can occur 
in different functional regions depending on the 
case. 

There are, however, several limitations of this 
study. EEG readings have low spatial resolution; 
thus, the recorded signals may include large 
individualities. For this reason, care should be 
taken while interpreting the activated regions 
during the game.  

The current study provided the possibility to 
investigate a complex decision-making process in a 
simply designed game used in conjunction with 
EEG analysis. Further investigations, however, are 
required to understand the aforementioned 
unaccountable points. 
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Fig 3. Time-frequency EEG pattern 
during sessions. The time-frequency 
EEG patterns were analyzed in time-
locked manner according to the 
experimental procedure. CPz, F4, P8 
and FP1 electrodes were selected to 
depict the clear difference between the 
cooperators and free-riders.


