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Published: 24 June 2016 . Theempirical research on the public goods game (PGG) indicates that both institutional rewards and

institutional punishment can curb free-riding and that the punishment effect is stronger than the

reward effect. Self-regarding models that are based on Nash equilibrium (NE) strategies or evolutionary
game dynamics correctly predict which incentives are best at promoting cooperation, but individuals do
not play these rational strategies overall. The goal of our study is to investigate the dynamics of human
decision making in the repeated PGG with institutional incentives. We consider that an individual’s
contribution is affected by four factors, which are self-interest, the behavior of others, the reaction

to rewards, and the reaction to punishment. We find that people on average do not react to rewards

and punishment, and that self-interest and the behavior of others sufficiently explain the dynamics

of human behavior. Further analysis suggests that institutional incentives promote cooperation

by affecting the self-regarding preference and that the other-regarding preference seems to be

independent of incentive schemes. Because individuals do not change their behavioral patterns even

if they were not rewarded or punished, the mere potential to punish defectors and reward cooperators

can lead to considerable increases in the level of cooperation.

In the public goods game (PGG), the only Nash equilibrium (NE) that is based on monetary considerations is
for all players to free ride. However, in PGG experiments, most individuals contributed approximately half of
their endowment to the public pool, and this contribution tends to decrease as individuals play the game repeat-
edly'*. Much research has been devoted to explain the dynamics of human behavior in PGG. Early investigations
assumed that individuals consider self-interests only and interpreted the decline in cooperation as a preference
for free-riding, which pursues higher payoffs or frustrates attempts at kindness®~”. However, even in one-shot
PGG experiments, many people preferred to cooperate provided that others also cooperate, which is inconsistent
with the self-interest argument®~'1. Subsequent studies indicated that such conditionally cooperative behavior can
be explained by other-regarding preferences (e.g., inequity aversion or conformity), where a conditional coop-
erator (or conformist) changes his/her contribution in the next round in the direction of the average group con-
tribution of the current round®-'%. In repeated PGG, conditional cooperators who observe others free-riding will
reduce their contributions, which leads to a decline in cooperation. Recently, Fischbacher and Géchter'” indicated
that human behaviors in PGG can be better described through a combination of the self-regarding preference
and the other-regarding preference. They showed that most people are imperfect conditional cooperators who
match others’ contributions only partly. This behavior implies that the voluntary cooperation in PGG is inherently
fragile. Even if there are no free riders in the group, imperfect conditional cooperators decrease their contribution
because of the self-regarding preference. Fischbacher and Gachter!” then suggested that other mechanisms such
as punishment and rewards are necessary to sustain cooperation.

Much of the empirical and theoretical research on PGG indicates that rewards and/or punishment can curb
free-riding. One class of literature has addressed the so-called peer (or decentralized) incentives, where players
can impose fines or bonuses on others at a cost to themselves>!8-?°. Another class of literature considered the
so-called institutional (or centralized) incentives. In this scenario, it is not individuals who reward or punish but
rather an institution that rewards and punishes individuals based on their contributions'*!>**-#4, For both peer
and institutional incentives, theoretical studies have determined that the effect of rewards is not equivalent to
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Figure 1. Average contribution in Control and treatment experiments. (a) The average contribution for

the 50-round sessions in the Control and the nine treatments. The average contributions in IR are 7.55 in
Control, 8.32 in Down, 8.95 in Const and 9.18 in Up; in IP, they are 11.80 in Down, 10.79 in Const and 12.55 in
Up, and in IRP, they are 15.52 in Down, 15.23 in Const and 17.69 in Up. (b) The time evolution of the average
contribution per round in Control, IR, IP and IRP. The average contribution significantly increases significantly
in IRP, deceases slightly in IP, and decreases significantly in Control and IR.

the effect of punishment”18:24-29:31,34-38:40-44_Gpecifically, punishment can eliminate selfish behaviors in a coop-
erative population and stabilize cooperation!8242527:31:34-3841L42 By contrast, rewards play an important role in
leaving the selfish state but are relatively ineffective in maintaining a high cooperation leve]!8:2526:28:29,35.37,38,42-44,
The asymmetry between reward and punishment has also been observed in laboratory experiments'>!?-2232, A
meta-analysis found that the punishment effect was slightly stronger than the reward effect, and the central-
ization of incentives did not moderate the effect size®2. Although a self-regarding model that is based on NE
analysis or evolutionary game dynamics correctly predicts which incentives are better at promoting cooper-
ation'>'82528353742 indjviduals do not play these rational strategies overall'>*'. In fact, most subjects in PGG
with incentives tend to lower (or raise) their contributions if they contributed more (or less) than others in the
previous round>!>?!. Furthermore, the subjects exhibited different reactions to peer incentives and institutional
incentives. In the peer incentive scenario, both reward and punishment encouraged the recipients to increase
contributions®!. However, in the institutional incentive scenario, only punishment successfully caused the receiv-
ers to increase their contributions, and the subjects who were rewarded by the institution often decreased their
contributions in the next round". As a result, the contribution levels in institutional reward experiments were not
significantly above the standard PGG®.

The above discussion suggests that it is important to recognize that actual people are not perfectly rational,
and models that are based on self-interest may fail to predict the effectiveness of incentives at promoting cooper-
ation. However, it is unclear how people make decisions when confronted with institutional incentives and why
subjects have different attitudes on reward and punishment. In this study, we analyze the observed outcomes in
PGG experiments with institutional incentives'® and provide an explicit description of human decision making.
As an extension of Fischbacher and Gichter’s model'’, we emphasize that the subjects in the experiments con-
sidered not only self-interests but also the behavior of others and whether they were rewarded or punished in the
previous round. Our main goal is to answer how the self-regarding preference and the other-regarding preference
affect contributions in PGG with institutional incentives and why the reactions to rewards and punishment are
different. Interestingly, we find that people on average do not change their behavioral patterns after they are
rewarded or punished. In fact, the people who received punishment (or reward) generally contributed less (or
more) than their group members, and they increase (or decrease) their contribution in the next round because
of the other-regarding preference. Furthermore, the other-regarding preference seems to be independent of the
incentive schemes, and institutional incentives promote cooperation by affecting the self-regarding preference.

Results

Experimental setups and primary results. The experimental setups and primary experimental results
were reported in our previous study'®, and here, we briefly review them. In the experiments, the subjects inter-
acted anonymously for 50 rounds of the repeated game among the same four players. The control experiment
(Control) is a standard four-player repeated PGG. In each round, every subject receives 20 monetary units and
decides how much to contribute to the public pool. The total contributions in the pool are then multiplied by
1.6 and split evenly among the four group members. In the nine treatment experiments, each round of PGG is
followed by a second stage, which corresponds, respectively to an institutional punishment (IP), an institutional
reward (IR), or both institutional reward and punishment (IRP). In a round, exactly one player will be chosen to
be rewarded or punished according to his/her contribution (see Methods). For each IR, IP and IRP, there are three
different types of incentive intensities, which are called Const, Up and Down, where the amount of punishment/
reward is fixed at 20 monetary units in Const, and increases linearly from 16 to 25.6 (or decreases from 25.6 to 16)
monetary units per round as a function of the group’s total contribution in Up (or Down).

The primary experimental results are shown in Fig. 1 (the related statistics can be found in Wu et al.'®). For all
three types of incentive intensities, IRP is significantly better than either IP or IR in promoting cooperation, and
IP has contribution levels significantly above Control, whereas the levels in IR are not significantly above Control
(see Fig. 1a). Furthermore, there is a significant increase in contribution levels from the first to the last round in
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Up Const Down
IR by 0.0443 0.0492 0.0430
1P b, —0.0062 0.0352 0.0274
by 0.0115 0.0415 0.0392%*
IRP
b, 0.0119 0.0142 —0.0027

Table 1. Reactions to reward and punishment. The mean values of b; and b, in the nine treatment
experiments. The symbol “”” denotes that the mean value of b, is significantly different from zero (Mann-
Whitney U-test, P-value < 0.01). The data are analyzed at the group level to avoid the interdependence of
outcomes for members of a given group.

IRP, whereas there is a significant decrease in IR and Control, and a slight decrease in IP (see Fig. 1b). Our previ-
ous study showed that although the motivations that are based on (single-round) Nash equilibria correctly predict
the evolutionary direction, individuals overall do not play rational strategies'®. In contrast, in all ten experiments,
the proportion of conforming behaviors (i.e., changing the contribution in the next round in the direction of
the average group contribution in the current round) is higher than one-half. Furthermore, significantly more
individuals increase their contribution after being punished than after being rewarded. However, the correlation
between conforming behaviors and reactions to incentives is unknown, and an explicit description of the sub-
jects” decision making is lacking. Thus, the findings in Wu et al.!® cannot be applied to evaluate the efficiencies of
different incentive schemes on promoting cooperation.

Modeling human behavior in PGG with institutional incentives. Following Fischbacher and
Gichter!’, we consider that the contribution of a player in PGG with institutional incentives is affected by four
factors, which are his/her own behavior, the behavior of others, and whether he/she was rewarded and/or pun-
ished in the previous round. Write the contribution of a player in round ¢ as

Ct)=b,-C(t—1)+b,-OC(t — 1)+ by-R(t — 1) + b, - P(t — 1) 1)

In Eq. (1), C(t —1) and OC(t —1) denote the contribution of the player and the average contribution of his/her
three other group members, respectively, in round ¢ —1. Thus, b, and b, measure the effects of the self-regarding
preference and the other-regarding preference, respectively (see SI Section 2 for a detailed discussion), where
b, =0 represents individuals who consider only their self-interests, and b, = 0 represents individuals who care
only about others’” behavior. In contrast, R(t —1) and P(t —1) are the amounts of reward and punishment, respec-
tively, that are received in round t —1, and R(¢t —1) (or P(t —1)) equals 0 if the player was not rewarded (or pun-
ished). Therefore, b; and b, describe the reactions of being rewarded or punished, respectively, where a player
tends to increase his/her contribution after being rewarded (or punished) if b; >0 (or b, > 0).

Following Eq. (1), the behavioral patterns of the players in the repeated PGG with institutional incentives
can be characterized by a 4-dimensional vector (by, b,, bs, b,), where free-riders, unconditional contributors
and conditional cooperators (who move toward the average contribution of others'®!>!¢) are denoted by b, =0,
b,=0,b,=1,b,=0and b, + b,=1, b, > 0, respectively. In particular, the imperfect conditional cooperators who
are defined by Fischbacher and Gachter' satisfy b, + b, < 1 and b, > 0. We then calculate the behavioral patterns
of the 792 participants based on the regression equation, Eq. (1). The regression results are significant for 79.5%
of the players (F-test, P-value < 0.01); furthermore, the results are significant for 91.3% of the players at the 5%
significance level. These results imply that the behavior of most individuals in PGG with institutional incentives
can be described by our model.

The effects of reward and punishment.  Based on the regression results, we first examine the reactions to
reward and punishment. Surprisingly, Table 1 shows that in all nine treatment experiments, the mean values of b,
and b, are very small. Notice that the absolute values are less than 0.05 in all treatments, and the resulting change
in the contribution is less than 1 monetary unit. Furthermore, in almost all of the treatments, b; and b, are not
significantly different from zero (the only exception is b; in the IRP Const experiment). This finding means that
people on average do not react to reward or punishment.

Because b; and b, are small and their impacts on contributions are not significant, we drop them from Eq. (1)
and consider the following simplified regression equation

C(t)=b1~C(t— 1)+b2'OC(t— 1) ()

In SI Table S1, we show that excluding b; and b, from Eq. (1) does not significantly affect the self-regarding
parameter b, and the other-regarding parameter b,. In addition, the regression results that are based on Eq. (2) are
even better than the results of Eq. (1), i.e., the results are significant for 87.2% of all players (F-test, P-value < 0.01);
furthermore, the results are significant for 95.8% of the players at the 5% significance level. This outcome further
demonstrates that people on average do not change their behavioral patterns after they are rewarded or punished,
and a combination of the self-regarding preference and the other-regarding preference sufficiently explains the
dynamics of human behavior in PGG with institutional incentives.

The formation of human behavior. Based on Eq. (2), we first test whether individuals are sensitive to
different types of incentive intensities. For each IR, IP and IRP, we compare b, (or b,) in Up, Const and Down.
SI Table S2 shows that in each incentive scheme, there is no significant difference between b, (or b,) in the three
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Control IR 1P IRP
b, 0.3332 0.3235 0.4026 0.4373
b, 0.5421 0.5264 0.5518 0.5314
b,+b, 0.8753 0.8499* 0.9544* 0.9687

Table 2. The mean values of b, and b, in Control, IR, IP and IRP. The symbol “*” denotes that the individual
b, + b, is significantly smaller than one (Mann-Whitney U-test, P-value < 0.01). Most people in IR and IP are
imperfect conditional cooperators (i.e., b, + b, < 1), whereas most people in IRP are conditional cooperators
(e, by+ by~ 1).

Control IR IP IRP
b, —0.0006 0.1678 0.3795% 0.4036*
b, 0.7173* —0.0503 —0.2663 —0.2853

Table 3. Correlation coefficients between the group average payoff and the group average, b;, b, and b, + b,
in Control, IR, IP and IRP. The symbol “*” denotes that the correlation is strong, i.e., P-value < 0.01.

incentive intensities, i.e., small changes in the amount of reward or punishment do not affect b, and b,. We there-
fore combine the data in Up, Const and Down and investigate b, and b, in the four schemes of Control, IR, IP
and IRP.

As shown in Table 2, the mean values of b, are between 0.52 and 0.55 in all four schemes, and the differences
among them are not significant (see SI Table S3 for a statistical test). In contrast, we observe that b, in IRP and IP
is larger than in IR and Control, and b, in IRP is slightly larger in IP, whereas the difference between b, in IR and
Control is not significant (see SI Table S3 for a statistical test). We also estimated b, and b, in the four schemes
separately for rounds 1 to 25 and rounds 26 to 50. In IR, IP and IRP, the estimated coefficients are very similar
in both halves of the experiments (see SI Table S4). This result means that individual behavioral patterns do not
change over rounds in PGG with incentives. However, in Control, b, in the first 25 rounds is significantly larger
than in the last 25 rounds, whereas b, in the first 25 rounds is (insignificantly) smaller than in the last 25 rounds.
These findings are consistent with the observation of Fischbacher and Gichters!” that belief in others plays a
major role in early periods, and self-interest becomes more important later.

These regression results raise two additional questions, namely, why b, in IRP and IP is larger than in IR and
Control and why b, in different incentive schemes is similar. We answer these questions by investigating the cor-
relations between the group average payoff and the group average, b;, b, and b, + b,. The main results are shown
in Table 3. In the three incentive schemes of IR, IP and IRP, the correlation between b, and the payoff is not signif-
icant, whereas we observe a strong positive correlation between b, and the payoff in IP and IRP. Thus, a larger b,
is preferred in IRP and IP because it can lead to a higher payoff. In Control, there is a strong positive correlation
between b, and the group average payofl, i.e., the level of group average contribution increases in b,. This finding
is consistent with the previous study that conformity promotes the evolution of cooperation in PGG!®.

Now, we explain why the average contributions in IRP and IP are higher than in IR and Control. The analysis
in SI Section 2 shows that the group average contribution in a repeated PGG increases in the group average,
b, + b,. Furthermore, a high level of contributions can be maintained in a PGG if the group average of b, + b,~ 1
and b, are not too small (i.e., the group consists of conditional cooperators'®). Thus, IRP and IP are better at pro-
moting cooperation than IR and Control because they have a larger b, 4 b,. Notice that most groups in IRP and
IP satisfy b, 4+ b, ~ 1, and cooperation increases or does not change significantly in these two incentive schemes
(see Fig. 2a). However, b, + b, < 1 in most groups of IR and Control. As a result, contributions drop significantly
in these two schemes.

We also examine b, + b, at an individual level (see Fig. 2b). Table 2 shows that b, + b, is significantly smaller
than 1 in IR and IP, which means that many subjects in IR and IP are imperfect conditional cooperators. This
result explains why cooperation slightly decreases in IP although punishment successfully eliminates the
free-riders from the population. Interestingly, individual b, + b, is insignificantly different from one in Control,
which implies that many people in Control are conditional cooperators. As shown in Fig. 2b, individual behav-
ioral patterns in Control have a large degree of heterogeneity, where free-riders (i.e., b, + b, < 1) and conditional
cooperators (i.e., b, + b,~ 1,b, > 0) are the two largest types. Thus, cooperation can be maintained in groups
that consist of conditional cooperators, and contributions drop if there are free-riders or imperfect conditional
cooperators in the group (as shown in Fig. 2a, approximately 30% of the groups in Control comprise conditional
cooperators).

Discussion

Recent empirical research has shown that conditional cooperation or conforming behaviors are common in PGG
experiments®'°, and people may have different attitudes concerning reward and punishment!>!%-22324 The goal
of our study is to explore how the self-regarding preference and the other-regarding preference affect contribu-
tions in repeated PGG with institutional incentives and why some incentive schemes promote cooperation better
than others. To achieve this goal, we consider that individual contributions are affected by four factors, which are
self-interest, the behavior of others, and the reactions to reward and punishment. The regression results show
that people on average do not react to reward or punishment and that two factors, namely, self-interest and the
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Figure 2. Distribution of b, 4 b, in Control, IR, IP and IRP. (a) The distribution of the group average, b, 4 b,.
Cooperation can be maintained in groups with b, + b, ~ 1. (b) The distribution of the individual b, + b,. Most
subjects in IRP are conditional cooperators (i.e., b, + b, ~ 1), whereas there are many imperfect conditional
cooperators (i.e., b, + b, < 1) in IR, IP and Control.

behavior of others, sufficiently explain the dynamics of human behavior. Furthermore, institutional incentives
promote contributions by affecting the self-regarding preference, b,, and the other-regarding preference, b,, seems
to be independent of incentive schemes.

Our conclusion questions the applicability of many theoretical models of PGG with institutional incen-
tives!>3134-44 The evolutionary/learning dynamics that are considered in these models are based on the
assumptions of perfect rationality, such as Nash equilibrium strategies (or best response strategies)!>*>*, or pref-
erential imitation of better performing players, such as replicator dynamics®-740-#3, pairwise comparison updat-
ing**36:3844 and exploration dynamics®*?. However, our experiments did not provide significant evidence that
the subjects choose payoff maximizing strategies or imitate their group members with the best payoft. Instead,
the contributions of the players mainly depend on their own previous action and the actions of their group mem-
bers. Accordingly, we suggest that subsequent theoretical research on PGG with institutional incentives should
consider our findings that players seem to not care about the payoffs of their group members in updating their
actions, but they care about their group members’ contributions.

Our analysis also reveals that individuals display different behavioral patterns when confronted with institu-
tional incentives and peer incentives. The experiments on peer incentives have shown that people behave more
cooperatively after being rewarded or punished??>%. These observations indicate a problem with peer incentives:
the maintenance of cooperation by peer incentives relies on whether defectors are punished and cooperators
are rewarded in time, and the cooperation level will decline if the reward or punishment level declines. It has
been shown that the average number of peer punishers (or rewarders) decreases with the number of defectors
(or cooperators)*"*. This result implies that peer incentives are inherently fragile because reward levels are diffi-
cult to maintain in a cooperative population and because punishment levels are difficult to maintain in a selfish
population. In contrast, in PGG with institutional incentives, because individuals do not change their behavioral
patterns regardless of whether they received incentives, the mere potential to punish defectors and to reward
cooperators can lead to considerable increases in the level of cooperation. In our experiments, only one player will
be rewarded or punished in each round. Therefore, institutional incentives are more powerful than peer incen-
tives in promoting cooperation because the incentive institutions work although not all defectors are punished.

Finally, it is well known that human populations are in general highly structured, where different individuals
interact with different subsets of the entire population. Theoretical studies that are based on evolutionary game
methods have indicated that structures play a major role in the evolution of cooperation in social dilemma games,
such as prisoner’s dilemma (PD) and PGG*¢->*. However, cooperative outcomes have been rarely observed in
experiments on many static networks®*~%°. A possible explanation for this inconsistency is that most theoretical
studies have considered payoff-based updating rules, whereas the people in the experiments did not adopt these
rules®'-%%. In particular, a behavioral rule called “moody conditional cooperation” was observed in several spa-
tial PD game experiments, where moody conditional cooperators make decisions based on their own previous
action and the actions of their neighbors (specifically, they cooperate more when they themselves cooperated in
the previous round and more of their neighbors cooperated)®%. There is a direct connection between moody
conditional cooperation and our model'¢, and our method can also be applied to describe the dynamics of human
behavior on networked PD games. By introducing network parameters into the model (e.g., the number of neigh-
bors), we can expect to quantitatively evaluate the effect of network structures on human decision making.

Methods
A total of 792 university students participated in our PGG experiments at the School of Mathematical Sciences
Computer Lab at Beijing Normal University. All participants provided written informed consent after the nature
and possible consequences of the studies were explained. All experimental methods were conducted according
to the approved guidelines. All experimental protocols were approved by the Ethics Review Committee of the
Institute of Zoology.

The subjects interacted anonymously through computer screens for 50 rounds of the repeated game among
the same four players. The control experiment (Control, 76 subjects, 19 groups) is a standard four-player repeated
PGG. In the treatment experiments, each round of PGG is followed by an incentive stage, which corresponds
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to an institutional punishment (IP), an institutional reward (IR), or both institutional reward and punishment
(IRP). Furthermore, for each IR, IP and IRP, there are three different types of incentive intensities that are called
Const, Up and Down. In IP, there are 80 subjects (20 groups) in Const, 76 subjects (19 groups) in Up and 84 sub-
jects (21 groups) in Down. In IR, there are 80 subjects (20 groups) in Const, 72 subjects (18 groups) in Up and 84
subjects (21 groups) in Down. In IRP, there are 80 subjects (20 groups) in Const, 80 subjects (20 groups) in Up
and 80 subjects (20 groups) in Down.

In Control, an individual’s single round expected payoff is 7o = 20 — C + 1.6C when he/she contributes C
and the average contribution of the group is C. In the treatments, exactly one player will be chosen to be rewarded
or punished refers according to his/her contribution in the incentive stage. An individual’s expected payoffs are
Tr=Tc+ PrA in IR, mp=m—PpA in IP, and 7 zp= 7+ (Pjr—P;p)A in IRP, where A denotes the amount of
incentives (which is A =20 in Const, A = 16 + 0.48C in Up and A = 16 + 0.48(20 — C) in Down), and Py
(or Pjp) is the probability that the individual is rewarded in IR (or punished in IP). Specifically,
Py = (C+ 1)/4(C + 1),and Pjp = (21 — C)/4(21 — C). Thus, the probability that an individual is rewarded
(or punished) increases (or decreases) as the amount that he/she contributed increases. More methodological
details and sample instructions can be found in Wu et al.’>.

References
1. Ledyard, O. Public goods: some experimental results. Handbook of Experimental Economics Kagel, ]. & Roth, A. (ed.) (Princeton
Univ. Press, Princeton, 1995).
2. Fehr, E. & Gichter, S. Cooperation and punishment in public goods experiments. Am. Econ. Rev. 90, 980-994 (2000).
3. Fehr, E. & Fischbacher, U. The nature of human altruism. Nature 425, 785-791 (2003).
. Chaudhuri, A. Sustaining cooperation in laboratory public goods experiments: a selective survey of the literature. Exp. Econ. 14,
47-83 (2011).
. Andreoni, ]. Why free ride? Strategies and learning in public goods experiments. J. Public Econ. 37,291-304 (1988).
. Andreoni, ]. Cooperation in public-goods experiments: kindness or confusion? Am. Econ. Rev. 85, 891-904 (1995).
. Sigmund, K. The Calculus of Selfishness Princeton Univ. Press, Princeton (2010).
. Keser, C. & van Winden, F. Conditional cooperation and voluntary contributions to public goods. Scand. J. Econ. 102, 23-39 (2000).
. Fischbacher, U., Géchter, S. & Fehr, E. Are people conditionally cooperative? Evidence from a public goods experiment. Econ. Lett.
71, 397-404 (2001).
10. Kurzban, R. & Houser, D. Experiments investigating cooperative type in humans: a complement to evolutionary theory and
simulations. Proc. Natl. Sci. USA 102, 1803-1807 (2005).
11. Cartwright, E. & Patel, A. Imitation and the incentive to contribute early in a sequential public good game. J. Public Econ. Theory 12,
691-708 (2010).
12. Frey, B. S. & Meier, S. Social comparisons and pro-social behavior: testing “conditional cooperation” in a field experiment. Am. Econ.
Rev. 94,1717-1722 (2004).
13. Rustagi, D., Engel, S. & Kosfeld, M. Conditional cooperation and costly monitoring explain success in forest commons management.
Science 330, 961-965 (2010).
14. Blanco, M., Engelmann, D. & Normann, H. T. A within-subject analysis of other-regarding preferences. Game. Econ. Behav. 72,
321-338 (2011).
15. Wu, J. J,, Li, C., Zhang, B., Cressman, R. & Tao, Y. The role of institutional incentives and the exemplar in promoting cooperation.
Sci. Rep. 4, 6421 (2014).
16. Dong, Y., Li, C., Tao, Y. & Zhang, B. Evolution of conformity in social dilemmas. PloS ONE 10, e0137435 (2015).
17. Fischbacher, U. & Gichter, S. Social preferences, beliefs, and the dynamics of free riding in public goods experiments. Am. Econ. Rev.
100, 541-556 (2010).
18. Sigmund, K., Hauert, C. & Nowak, M. A. Reward and punishment. Proc. Natl. Acad. Sci. USA 98, 10757-10762 (2001).
19. Andreoni, J., Harbaugh, W. T. & Vesterlund, L. The carrot or the stick: rewards, punishments and cooperation. Am. Econ. Rev. 93,
893-902 (2003).
20. Walker, J. M. & Halloran, M. Rewards and sanctions and the provision of public goods in one-shot settings. Exp. Econ. 7, 235-247
(2004).
21. Sefton, M., Schupp, R. & Walker, M. The effect of rewards and sanctions in provision of public goods. Econ. Ing. 45, 671-690 (2007).
22. Rand, D. G,, Dreber, A., Ellingsen, T., Fudenberg, D. & Nowak, M. A. Positive interactions promote public cooperation. Science 325,
1272-1275 (2009).
23. Wu, J. ], Zhang, B. Y., Zhou, Z. X,, He, Q. Q,, Zheng, X. D., Cressman, R. & Tao, Y. Costly punishment does not always increase
cooperation. Proc. Natl. Acad. Sci. USA 106, 17448-17451 (2009).
24. Helbing, D., Szolnoki, A., Perc, M. & Szabd, G. Evolutionary establishment of moral and double moral standards through spatial
interactions. PLoS Comput. Biol. 6, 1000758 (2010).
25. Hilbe, C. & Sigmund, K. Incentives and opportunism: from the carrot to the stick. Proc. R. Soc. B 277, 2427-2433 (2010).
26. Szolnoki, A. & Perc, M. Reward and cooperation in the spatial public goods game. EPL 92, 38003 (2010).
27. Perc, M. & Szolnoki, A. Self-organization of punishment in structured populations. New J. Phys. 14, 043013 (2012).
28. Szolnoki, A. & Perc, M. Evolutionary advantages of adaptive rewarding. New J. Phys. 14, 093016 (2012).
29. Szolnoki, A. & Perc, M. Correlation of positive and negative reciprocity fails to confer an evolutionary advantage: Phase transitions
to elementary strategies. Phys. Rev. X 3, 041021 (2013).
30. Yamagishi, T. The provision of a sanctioning system as a public good. J. Pers. Soc. Psychol. 51, 110-116 (1986).
31. Sigmund, K,, De Silva, H., Traulsen, A. & Hauert, C. Social learning promotes institutions for governing the commons. Nature 466,
861-863 (2010).
32. Sutter, M., Haigner, S. & Kocher, M. G. Choosing the carrot or the stick? Endogenous institutional choice in social dilemma
situations. Rev. Econ. Studies 77, 1540-1566 (2010).
33. Putterman, L., Tyran, J. L. & Kamel, K. Public goods and voting on formal sanction schemes. J. Public Econ. 95, 1213-1222 (2011).
34. Szolnoki, A., Szab6, G. & Perc, M. Phase diagrams for the spatial public goods game with pool punishment. Phys. Rev. E 83, 036101
(2011).
35. Cressman, R., Song, J. W, Zhang, B. Y. & Tao, Y. Cooperation and evolutionary dynamics in the public goods game with institutional
incentives. J. Theor. Biol. 299, 144-151 (2012).
36. Perc, M. Sustainable institutionalized punishment requires elimination of second-order free-riders. Sci. Rep. 2, 00344 (2012).
37. Sasaki, T., Brannstrom, A., Dieckmann, U. & Sigmund, K. The take-it-or-leave-it option allows small penalties to overcome social
dilemmas. Proc. Natl. Acad. Sci. USA 109, 1165-1169 (2012)
38. Chen, X. & Perc, M. Optimal distribution of incentives for public cooperation in heterogeneous interaction environments. Front.
Behav. Neurosci. 8, 00248 (2014).

'S

NeJieo BN B W) ]

SCIENTIFICREPORTS | 6:28809 | DOI: 10.1038/srep28809 6



www.nature.com/scientificreports/

39. Zhang, B., Li, C., De Silva, H., Bednarik, P. & Sigmund, K. The evolution of sanctioning institutions: an experimental approach to the
social contract. Exp. Econ. 17, 285-303 (2014).

40. Chen, X., Sasaki, T., Brinnstrom, A. & Dieckmann, U. First carrot, then stick: how the adaptive hybridization of incentives promotes
cooperation. J. R. Soc. Interface 12, 20140935 (2015).

41. Chen, X,, Sasaki, T. & Perc, M. Evolution of public cooperation in a monitored society with implicated punishment and within-
group enforcement. Sci. Rep. 5, 17050 (2015).

42. Gao, L., Wang, Z., Pansini, R, Li, Y. T. & Wang, R. W. Collective punishment is more effective than collective reward for promoting
cooperation. Sci. Rep. 5, 17752 (2015).

43. Sasaki, T., Uchida, S. & Chen, X. Voluntary rewards mediate the evolution of pool punishment for maintaining public goods in large
populations. Sci. Rep. 5, 08917 (2015).

44. Szolnoki, A. & Perc, M. Antisocial pool rewarding does not deter public cooperation. Proc. R. Soc. B 282, 20151975 (2015).

45. Balliet, D., Mulder, L. B. & Van Lange, P. A. M. Reward, punishment, and cooperation: a meta-analysis. Psychol. Bull. 137, 594-615
(2011).

46. Ohtsuki, H., Hauert, C., Lieberman, E. & Nowak, M. A. A simple rule for the evolution of cooperation on graphs and social
networks. Nature 441, 502-505 (2006).

47. Santos, E. C., Santos, M. D. & Pacheco, J. M. Social diversity promotes the emergence of cooperation in the public goods game.
Nature 454, 213-216 (2008).

48. Li, C., Zhang, B, Cressman, R. & Tao, Y. Evolution of cooperation in a heterogeneous graph: fixation probabilities under weak
selection. PLoS One 8, 66560 (2013).

49. Perc, M., Gémez-Gardefies, J., Szolnoki, A., Floria, L. M. & Moreno, Y. Evolutionary dynamics of group interactions on structured
populations: a review. J. R. Soc. Interface 10, 20120997 (2013).

50. Deng, X., Liu, Q, Sadiq, R. & Deng, Y. Impact of roles assignation on heterogeneous populations in evolutionary dictator game. Sci.
Rep. 4, 6937 (2014).

51. Wang, Z., Wang, L., Szolnoki, A. & Perc, M. Evolutionary games on multilayer networks: a colloquium. Eur. Phys. ]. B 88, 1-15
(2015).

52. Wang, Z., Kokubo, S., Jusup, M. & Tanimoto, J. Universal scaling for the dilemma strength in evolutionary games. Phys. life Rev. 14,
1-30 (2015).

53. McAvoy, A. & Hauert, C. Asymmetric evolutionary games. PLoS. Comput. Biol. 11, 1004349 (2015).

54. Szolnoki, A. & Perc, M. Conformity enhances network reciprocity in evolutionary social dilemmas. J. R. Soc. Interface 12, 20141299
(2015).

55. Deng, X., Zhang, Q., Deng, Y. & Wang, Z. A novel framework of classical and quantum prisoner’s dilemma games on coupled
networks. Sci. Rep. 6, 23024 (2016).

56. Gruji¢, J., Fosco, C., Araujo, L., Cuesta, J. A. & Sdnchez, A. Social experiments in the mesoscale: Humans playing a spatial prisoner’s
dilemma. PLoS ONE 5, 13749 (2010).

57. Traulsen, A., Semmann, D., Sommerfeld, R. D., Krambeck, H. J. & Milinski, M. Human strategy updating in evolutionary games.
Proc. Natl. Acad. Sci. USA. 107, 2962-2966 (2010).

58. Suri, S. & Watts, D. J. Cooperation and contagion in web-based, networked public goods experiments. PLoS ONE 6, €16836 (2011).

59. Gracia-Lazaro, C. et al. Heterogeneous networks do not promote cooperation when humans play a Prisoner’s Dilemma. Proc. Natl.
Acad. Sci. USA 109, 12922-12926 (2012).

60. Rand, D. G., Nowak, M. A., Fowler, J. H. & Christakis, N. A. Static network structure can stabilize human cooperation. Proc. Natl.
Acad. Sci. USA 111, 17093-17098 (2014).

61. Grujic, J., Rohl, T., Semmann, D., Milinski, M. & Traulsen, A. Consistent strategy updating in spatial and non-spatial behavioral
experiments does not promote cooperation in social networks. PLoS ONE 7, e47718 (2012).

62. Semmann, D. Conditional cooperation can hinder network reciprocity. Proc. Natl. Acad. Sci. USA 109, 1284612847 (2012).

63. Gruji¢, J. et al. A comparative analysis of spatial Prisoners Dilemma experiments: Conditional cooperation and payoft irrelevance.
Sci. Rep. 4, 4615 (2014).

Acknowledgements
This study was supported by the National Science Foundation of China (Grant No. 31270439, Grant No.
11471311, and Grant No. 11301032).

Author Contributions
Y.D.,B.Z. and Y.T. designed the study; Y.D. and B.Z. performed the research; Y.D. and B.Z. provided new methods
or materials; and B.Z. and Y.T. wrote the manuscript.

Additional Information
Supplementary information accompanies this paper at http://www.nature.com/srep

Competing financial interests: The authors declare no competing financial interests.

How to cite this article: Dong, Y. et al. The dynamics of human behavior in the public goods game with
institutional incentives. Sci. Rep. 6, 28809; doi: 10.1038/srep28809 (2016).

This work is licensed under a Creative Commons Attribution 4.0 International License. The images

& or other third party material in this article are included in the article’s Creative Commons license,
unless indicated otherwise in the credit line; if the material is not included under the Creative Commons license,
users will need to obtain permission from the license holder to reproduce the material. To view a copy of this
license, visit http://creativecommons.org/licenses/by/4.0/

SCIENTIFICREPORTS | 6:28809 | DOI: 10.1038/srep28809 7


http://www.nature.com/srep
http://creativecommons.org/licenses/by/4.0/

	The dynamics of human behavior in the public goods game with institutional incentives

	Results

	Experimental setups and primary results. 
	Modeling human behavior in PGG with institutional incentives. 
	The effects of reward and punishment. 
	The formation of human behavior. 

	Discussion

	Methods

	Acknowledgements
	Author Contributions
	﻿Figure 1﻿﻿.﻿﻿ ﻿ Average contribution in Control and treatment experiments.
	﻿Figure 2﻿﻿.﻿﻿ ﻿ Distribution of b1 + b2 in Control, IR, IP and IRP.
	﻿Table 1﻿﻿. ﻿  Reactions to reward and punishment.
	﻿Table 2﻿﻿. ﻿  The mean values of b1 and b2 in Control, IR, IP and IRP.
	﻿Table 3﻿﻿. ﻿  Correlation coefficients between the group average payoff and the group average, b1, b2 and b1 + b2 in Control, IR, IP and IRP.



 
    
       
          application/pdf
          
             
                The dynamics of human behavior in the public goods game with institutional incentives
            
         
          
             
                srep ,  (2016). doi:10.1038/srep28809
            
         
          
             
                Yali Dong
                Boyu Zhang
                Yi Tao
            
         
          doi:10.1038/srep28809
          
             
                Nature Publishing Group
            
         
          
             
                © 2016 Nature Publishing Group
            
         
      
       
          
      
       
          © 2016 Macmillan Publishers Limited
          10.1038/srep28809
          2045-2322
          
          Nature Publishing Group
          
             
                permissions@nature.com
            
         
          
             
                http://dx.doi.org/10.1038/srep28809
            
         
      
       
          
          
          
             
                doi:10.1038/srep28809
            
         
          
             
                srep ,  (2016). doi:10.1038/srep28809
            
         
          
          
      
       
       
          True
      
   




