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Abstract

Many studies have explored human cooperation in the context of Public Goods
Games (PGG) since 1980s. PGG provide an excellent opportunity to study the
often contrasting goals of cooperative and self-serving behavior. In spite of the
long tradition of research on public goods games, and the recent prominence of re-
search on social networks, very few studies have explicitly examined the influence
that social network structure can have on cooperation in Public Goods Games. In
our analyses, we explore the effects of two types of network structure: artificial
network structure of information, and real friendship networks. In addition to ex-
ploring the role of each, we begin to identify the contrasting roles that each type
of network may play in explaining individual behavior in the context of economic
games. In doing so, we draw on research from sociology, economic game theory,
and physics. While this report offers only preliminary findings, we believe that
this area of research is likely to be a fertile area for future exploration.

1 Introduction
In the last several decades, behavioral economics has demonstrated that classical eco-
nomic game theory does not adequately describe how people make decisions (e.g.
Kahneman & Tversky, 1979). Indeed, many empirical findings suggest that people
frequently deviate from the Nash equilibrium predicted by game theory. For example,
in the context of public goods games, people frequently cooperate at a level which is
somewhere between the social optimum (full contribution) and the Nash equilibrium
(zero contribution). Fehr and Gchter[6] conducted publics goods games with punish-
ment, and showed the contribution level dramatically improved over time. However,
in a subsequent experiment by Herrmann, Thni and Gchter[8] showed that punishment
behavior does not necessary encourage contribution.

Notably, most of these studies (as well as others) situate groups of people in an ar-
tificially constructed situation where there is no preexisting social structure (i.e. people
in the experiment do not know each other in measured or predictable ways). However,
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it is quite intuitive to understand that in real life, people obtain information from their
neighbors. In other words, there exists underlying social networks which shape and
influence the amount of information available to people. Therefore, it is very inter-
esting to investigate whether and how the network structure of the local information
affects decision-making. Here, we conduct a human experiment where each person is
associated with a particular node in a network, presented with local information of his
or her neighbors, and asked to do Repeated Public Goods Game without Punishment
(PGG). Consequently, this paper uses rather interdisciplinary approach. We start with
all related theories in section 2. Section 3 reviews the experimental design and results
are discussed in section 4. The paper concludes with a brief discussion.

2 Theory

2.1 Public Goods Game
The basic idea is that a group of subjects who participate in this experiment have to
make some decisions on the contribution of a public account, and later their total private
benefit is determined by a pre-set function. No communication is allowed during the
whole experiment. Each participant receives endowment y. He has to decide how much
of y he is willing to contribute to the public account. Then after the experimenter’s
calculation with the payoff function, the participant is informed about his own total
payoff of the round. The game is repeated for t rounds. We assume following payoff
function for participant i, who contributed gi to the public account, and there are n
participants in total:

πi = y − gi + a

n∑
j=1

gj

Note: 1/n < a < 1. The total payoff for participant i is just simply:
∑t

πi.
Under the condition above, and assuming that our subjects are selfish and rational,

even though there are some papers written about altruistic subjects. One of the earliest
such proposal was from Andreoni[1]. A subject would behave in such a way to max-
imize his payoff πi in each round of the basic game. Looking at the payoff function
mentioned before, we clearly see δπi

δgi
= −1 + a. Given 1/n < a < 1, we know

−1 + a < 0. Therefore the subject should never contribute to the public account, i.e.
gi = 0.1

2.2 Social Networks
Social networks have long been appreciated by sociologists as being important conduits
of information[7][3] and trust[4][9]. In some instances, network relationships can sup-
plant formal contracting and legal reinforcement by enacting social enforcement that
is bolstered by the manifold social relationships that an individual is embedded in. For
example, Colemans[4][5] unique analysis of the New York Diamond trade shows that,
in tightly knit communities, individuals are loath to cheat or scam others because such
information would quickly disseminate throughout the community. Moreover, this dis-
semination of information about malfeasant business dealings of an individual would
have the power to not only interrupt that persons ability to conduct business, but also to

1Now we are just looking at the game as if it’s one-short game
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affect their acceptance in local social gatherings and even religious institutions. Cole-
man notes that, even in the absence of formal contracts, this type of social enforcement
provides a powerful inducement for individuals to behave honestly and to abide by
social contracts with others in their social network.

In the context of a public goods game, we expect that the real friendship networks
of individuals should similarly affect decision making. In particular, we expect that in-
dividuals conducting public goods games with many of their friends (i.e. in more dense
friendship networks) will be constrained in their ability to shirk by social enforcement
mechanisms. Individuals in sparse networks, however, will not be subject to social
enforcement and may therefore be less likely to cooperate in the Public Goods Game.

2.3 Games with Network Structures
Bramoullé and Kranton[2] have done theoretical study on how subjects could strate-
gically experiment in networks. Their results are essential for our experiment. First
of all, they show that social networks can encourage specialization. There are always
people who have specialized the knowledge and experiment more. At the same time,
there are always some free riders in the network who reply on the effort from people
who experiment. In the paper, it is clear that the position of the subject in network is
crutial for him to decide whether or not experiment. Another important result is that
specialization in the network increases the social welfare, especially when specialists
are linked, collectively, to many people in the networks.

3 Experiment Design
In order to isolate the effect that social structure has on decision making, we conduct
several controlled experiments in which we systematically vary the density of friend-
ship networks of the individuals participating in the experiment, as well as the amount
of information that different individuals in the game receive.

Figure 1 shows the two engineered networks. We implement the real human PGG
on these two artificial structures: 1) Each participate is put onto the nodes randomly
2)Each person is given 10 tokens each round. 3) Each person must decide simultane-
ously on how many tokens they would like to invest to the public account. 4) the return
for each person is the half of the total contribution from all participates, no matter what
is the individual contribution of this player during the investment. 5) Each participant
is told the contribution of her neighbors. The process is then iterated for 10 rounds2.

For comparison, we run different experiments on 4 different structures. Experiment
II is implemented on the artificial ring structure. Experiment III is on the artificial hub
network. Experiment I and IV are conducted on the social networks. However, the
participants in IV have a much denser friendship relationship than those in I. In each
round, we record the expected contribution and the real contribution of each person
(see figure 2).

4 Prediction
For the two experiments which has real embedded social networks, as per Coleman’s
theory of social enforcement, we expected that densely connected social networks

2The positions of the subjects on the networks are fixed over the 10 rounds.
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Figure 1: The sketch map of two artificial structures. The left one is a regular circle
where each person just know the contribution information of his two nearest neigh-
bors. The right one is a structure with a special hub who know all the contribution
information from all paticipates.

would indicate trust between participants and would act as a social inducement to co-
operate in the game. In contrast, individuals in sparsely connected networks should
feel free to act in any way they please, without much concern for retribution from
’friends’ within the network. While intuitive, this hypothesis stands in stark contrast
to that of game theory, which emphasizes that irrespective of social relationships, the
proper strategy is to shirk on responsibilities within the context of the public good (in
this case, to not contribute to a public fund). Sociograms of the two networks used in
our studies are provided below. As is clearly visible in the figure, the manipulation of
network density into high and low categories was clearly effective. In fact, the density
of the sparse network (density being the proportion of all possible social ties that actu-
ally do exist between participants3) is approximately 1/10 of the density of the dense
network. While individuals within the study were not allowed to talk with one another,
we expected that the presence of many friends within the dense network would pro-
vide individuals with a powerful sense of belonging to the group and, consequently, an
increased tendency to cooperate in the public goods game by donating money to the
public fund.

However, if we look at the networks of the information flows during the experi-
ments, i.e. information about other players contribution; we could separate them into

3For example, two directional ties could exist in a dyad. If only one tie existed, the density would be .5
(see Wasserman & Faust 1994 for more on this measure).
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three different types of networks. Two of them are presented in figure 1. The third one
is what experiment 1 and 4 both have, which is totally unconnected, since they wouldnt
have any information about other subjects contribution individually. If we assume the
amount of specialists in each network is the same, then specialists in networks in fig-
ure 1, i.e. experiement 2 and 3, are better linked. Therefore the social welfare should
be higher, which means the contribution level is higher. Between experiment 2 and
3, we expect participants in condition 3 to contribute more because of the increased
availability of information.

5 Results

5.1 General
Since the individual behavior is quite noisy and fluctuated, we sum over all the partici-
pants contributions to see the group behavior. Results are illustrated in Fig. 2. For the
group expected contribution and the group real contribution, these two group curves
match very well with each other, which indicates that the expectation guides the hu-
man behavior. More, all the curves oscillate and decrease to the steady state. The
unexpected high level in Experiment II results from the fact that one person leave the
experiment and fill all the contribution, real and expected, 10. This artificial cooper-
ation enhances the whole contribution level significantly. We rearrange these curves
in Fig. 3 for clear illustration. It shows the distinct oscillation behavior in four ex-
periments. All the expected contribution curve have the same clear delay to the curve
of real contribution. The universal oscillation and delay behaviors indicate that there
might be some universal mechanism underlying the game. In the following section, we
try to model the dynamics and give a qualitative explanation.

Further more, we find that E-III relaxes to the steady state faster than E-II, and
E-IV relaxes also a little faster than E-I. We guess it results from the network effect.
Recalling the difference between E-II and E-III, E-I and E-IV, the network structure
of E-III has a central hub and the friendship connection is denser in E-IV. In linear
coupled dynamics, it can be proven that the relaxation speed is proportional to the
eigenvalue of laplacian matrix of networks. In E-III, the hub with big degree, provides
a large eigenvalue, and in E-IV, the denser connections cause a bigger eigenvalue. That
is why the system relaxes quickly. However, to statistically evaluate these hypotheses,
we need to conduct more experiments.

Mechanism and Modelling The universal oscillation and delay in human behavior
indicate that there might be some negative feed-back mechanism underlying the game.
The sketch map of the negative feedback mechanism is showed in Fig. 4. At round
n + 1, the real contribution last round, Real(n), will positively active the expected
contribution this round, Expected(n+ 1). And then, the expected contribution stimu-
lates the self this round, Self(n+1), which following suppresses the real contribution
this round, Real(n+ 1).

This mechanism can be modelled by the following equations: Expectn = (Realn−1 + Expectn−1)/a;
Selfn = Selfn−1 + (Expectn − Expectn−1) ∗ b;
Realn = Realn−1 − Selfn,

(1)

where a, b are the system parameters.
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Figure 2: (a) Expectation total contribution; (b) Real total contribution. The two group
curves match very well with each other. They have the same oscillation behavior and
decrease to the steady state.
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Figure 3: It shows the oscillation behavior clearly for four experiments. The expected
contribution curve has a distinct delay to the curve of real contribution in all cases. It
indicates that the oscillation and delay behavior is universal in our game experiments.
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Figure 4: The sketch map of the feedback mechanism to explain the oscillation and
delay. At step n + 1, the real contribution last round (denoted as Real(n).) will
positively active the expected contribution (denoted as Expected(n + 1).). And then,
the expected contribution stimulate the self (denoted as Self(n+1).), which therefore
repress the real contribution at step n+ 1 (Real(n+ 1)).
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Figure 5: The simulation result for the negative feed-back mechanism. We set a =
2, b = 3, and the initial condition Real(0) = 58, Expect(0) = 40, Self() = 5. The
simple model is able to reproduce the oscillation and delay behavior very well.

From the above simplest negative feedback mechanism, we are able to reproduce
qualitatively the behavior of oscillation and delay. The simulation result is illustrated
in Fig. 5.

5.2 Some Individual Results
There are some individual cases worth looking at. First two are showed below, both
subjects are from experiment 3, which has an artificial network structure with a hub.
Subject no. 10 is actually the hub in the network, which means he gets to know every-
one’s contribution information in each round. As we showed above, in experiment 3,
the whole group approached Nash equilibrium rather quickly. However, why these two
subjects contributed maximal amount in couple of rounds even after round 5 (see table
1). More interestingly, they did expected low average from other people (see table 2). It
is rather easily to understand subject 10 does these irrational contribution. He’s in the
center of the network, has the most information about the whole network. Therefore,
he experiments a lot more than other people in different positions.

The two subjects mentioned are in the artificial network. They are only informed
about their neighbors’ contribution, at the same time, they are not able to find out who
are the neighbors so that the real social network would not influenced the results4. Now
let us look at two subjects from the experiment 4, the one with densed real social net-
work. Subject 3 and subject 2 show two extreme situations, the Nash equilibrium and
the social optimal. They are also consistent from round 1 to 10. The social connection
does not seem to influence how they interact in the game, especially subject 3.
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Table 1: Contribution - experiment 3
round 1 2 3 4 5 6 7 8 9 10
no.10 5 10 10 0 0 10 10 0 0 0
no.2 10 10 0 0 10 10 0 10 0 10

Table 2: Expectation - experiment 3
round 1 2 3 4 5 6 7 8 9 10
no.10 3 7 6.4 4.4 1 3.7 5 2 1.5 0
no.2 5 9.05 9.01 9.01 5 0 3.01 4.01 1 0

6 Discussion
We implement the real human experiment, public goods game, on four different struc-
tures to see the network effect on human behavior. We find that the structures with
hub and dense connections cause the fast relaxation to the steady state. This is because
these kind of structures have a larger eigenvalue which is proportional to the relaxing
speed. Further more, we find the universal oscillation and delay phenomenon for the
group behavior whatever the underlying structures. It indicates there must be some uni-
versal mechanism to shape it. Base on the negative feed-back hypothesis, we build a
simple model and are able to reproduce the oscillation and delay behavior qualitatively.
However, since the limited time, our experiment result and analysis are quite noisy and
rough. We need conduct more experiment to make our conclusion reliable. There are
still many open questions to answer: How the structure of local information affects
the individual behavior? That is, is there any relation between the persons degree and
his behavior? How the behavior of individual with special structure of local informa-
tion affects the group behavior. What if the network changes dynamically? How the
network structure and human decision-making interplay?

4All the subjects participated in the four experiments are from CSSS08.

Table 3: Contribution - experiment 4
round 1 2 3 4 5 6 7 8 9 10
no.3 0 0 0 0 0 0 0 0 0 0
no.2 10 10 10 10 10 10 10 10 10 10
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Table 4: Expectation - experiment 4
round 1 2 3 4 5 6 7 8 9 10
no.3 3 2 2 1 2 2 2 2 2 0
no.2 10 10 10 10 10 10 10 10 10 10
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