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Abstract This paper investigates systemic risk that emerges from the interplay between uncer-
tain returns to individual actions, uncertainty on others’ behavior and all this filtered through
individual attitudes towards risk. We design a finitely repeated linear public good experiment
based on a voluntary contribution mechanism and analyze the effect of risky and uncertain
returns on subjects’ contributions. Results from a baseline treatment without uncertainty are
compared with two risky treatments characterized by different values for the marginal per capita
return. In the treatments with risk, subjects are randomly assigned to one out of three feasible
marginal per capita returns, independently of what their individual contribution was. Results
show that a sufficient level of uncertainty leads to significantly lower individual contributions.
Furthermore, in a system with lower contributions due to uncertainty, subjects’ risk aversion
enhances the systemic risk, leading the system to collapse.
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1 Introduction

Often, when we refer to an economic system, we consider a market situation with its demand
and supply sides mostly inspired by the traditional view of non-cooperative interaction between
sellers and buyers. In a recent paper, Barreda-Tarrazona et al. (2018) show that such a market
system can also be viewed as a social dilemma in which socially better outcomes than the non-
cooperative equilibrium can be achieved if buyers and sellers behave in an altruistic way. For
example, selling at a low price or producing enough to fully satisfy the demand can be seen
as actions of altruism. More straightforward examples can be sought in the provision of public
goods with resources obtained from the collection of taxes. In such a context, the literature on
voluntary contributions to public goods becomes relevant also in the general context of economic
systems.

In this paper we address the emergence of systemic risk in an economic system providing
a public good which entails three different but interrelated phenomena: i. Uncertainty on the
individual returns from the public good, ii. Strategic uncertainty due to ‘others’ behavior’, and
iii. Heterogeneity in the agents’ attitudes towards risk. Imagine for example, a population of tax
payers considering whether to evade or fully comply with their fiscal obligations. If in return to
their taxes the state provides a health service of a random or fluctuating quality, depending, say,
on the quality of hospitals or doctors available, the citizens’ decisions regarding tax compliance
may be negatively affected. At the same time, whether other citizens have complied or not
with their obligations adds a further source of (strategic) uncertainty regarding the final quality
of the health service received. Finally, both sources of uncertainty will be filtered through the
tax-payers’ risk attitudes and will, eventually, create the heterogeneously perceived systemic
risk, which will lead to a variety of individual decisions and, thus, to a variety of potential final
outcomes at an aggregate level. Our analysis illustrates the emergence of systemic risk in a rather
broad family of cases in which the interplay between uncertain returns to individual actions and
uncertainty on others’ behavior is filtered through individual attitudes towards risk, leading not
only to collectively worse outcomes but, in the extreme, even to the collapse of the system.

After the 2007-08 financial crisis, systemic risk has been part of a rapidly growing research
agenda. As defined in Kaufman and Scott [2003], systemic risk refers to the probability of collapse
of an entire system due to the correlation among most of the parts of the system itself. The
majority of references in this field identify the interconnections among banks and institutions
(Berardi and Tedeschi [2017], Acemoglu et al. [2015], Freixas et al. [2000] and Recchioni and
Tedeschi [2017]) as the main systemic risk determinants. From a different perspective, Schwarcz
[2008] provides an alternative definition for the same term: “systemic risk results from a type of
tragedy of the commons in which market participants lack sufficient incentive, absent regulation,
to limit risk-taking in order to reduce the systemic danger to others”. Always in a financial
environment, Masciandaro and Passarelli [2013] describe financial systemic risk as a pollution
issue, as a financial risk externality. They point out that “systemic risk is a peculiar case of
externality resulting from contagion effects”, and that “any single financial portfolio produces
a certain amount of systemic risk pollution, even an extremely small one”. Therefore, since
free-riding leads to excess risk production, systemic risk can be defined as a negative externality.

The main aspect of a public good provision is that everyone in the society benefits from the
public investment, independently of whether the beneficiary contributed at all. As a matter of
fact, the public investment generates returns that normally are heterogenously exploited and that
are independent of the contribution level. In order to build up policies aimed at sustaining the
provision of public goods, we investigate how uncertain and heterogeneous returns from public
goods affect the decision of whether and how much to contribute to a common project. The
returns from public investments are determined by two main factors. Namely, the total amount
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contributed (i.e. the taxes paid), and the allocation of those contributions. If a majority of citizens
prefer not to invest in the public project, a collapse of the system may occur and, consequently,
public services may not be provided. Related to exactly this aspect of tax undercontribution,
several experimental investigations (Listokin and Schizer [2013] and Doerrenberg [2015]) have
shown that the policy of introducing earmarking in public expenditure reduces the subjects’
willingness to evade taxes. Strictly speaking, the earmarking increases the transparency in the
allocation of public contributions and, therefore, it reduces the uncertainty of future returns. As
a result, earmarking encourages subjects to contribute more to public investments and, therefore,
reduces the risk of collapse of the system.

In the standard setting of a public good game (PGG, henceforth), players simultaneously
decide how much to contribute to the public good and, as a result, they face the natural uncer-
tainty due to uncertainty on others’ behavior (Messick et al. [1988]) at the moment of deciding
whether and how much to contribute. Furthermore, previous related research like Fischbacher
and Gächter [2010] and Morone and Temerario [2018], remarks how each subject’s preferences
are characterized by a different willingness to cooperate. Those papers find subjects behaving as
free-riders, subjects that are altruistic and subjects that act as conditional cooperators. Players
in a PGG are part of a randomly determined group in which different kind of people are matched,
and where each individual has no prior information about the preferences of others in the group.
Moreover, players decide simultaneously about their individual contribution to the public good.
In other words, players decide under imperfect and uncertain information. When players play in
a repeated and partners set-up, uncertainty may be reduced since subjects try to learn about
others’ preferences and future behavior by observing the decisions taken in previous periods.
Seminal works by Andreoni [1988] and Andreoni and Croson [2008], remark that the explanation
behind the usual pattern of decaying contributions is a combination of learning to play the dom-
inant strategy and strategic play by self interested players.1 Research conducted by Neugebauer
et al. [2009] sheds light on these results. In their experiment, authors elicit beliefs about others’
contributions and compare results from the ‘Info’ treatment -where the individual contribution
of each member is shown at the end of each period-, and the ‘NoInfo’ treament in which subjects
only receive feedback about the aggregate value of the public good. The decline in contribution
is observed solely in the ‘Info’ treatment, causing also correlation between beliefs and individual
investment to rise. This may be interpreted according to the conditional cooperation strategy.

More specific to strategies used in a PGG, Fischbacher et al. [2001] find that around 50% of the
subjects show conditional behavior such that the own contribution increases in the other group
members’ average contribution.2 Furthermore, when allowed, being a conditional cooperator may
imply punishing members of the group that free-ride in the previous period (Fehr and Gächter
[2002]). It is reasonable to assume that in a PGG with uncertainty the proportion of free-riders
would increase, being this fact by itself a source of systemic risk. In fact, one’s unwillingness to
contribute propagates through the conditional cooperation strategy, likely ending up with the
failure in the provision of the public goods, presumably leading to a collapse of the whole system.

We aim at carrying out the analysis of systemic risk under the same perspective of Schwarcz
[2008], as a problem of failure in the provision of public goods due to the lack of incentives
provided by the uncertain marginal per capita return (MPCR, henceforth). Indeed, when un-
certainty increases due to the fact that subjects are uncertain about the marginal return of
their contributions, they may prefer not to invest at all in the common project. Based on this
reasoning, we draw our first research question:

1 See Chaudhuri [2011] for a detailed survey on cooperation in laboratory public goods experiments.
2 The authors use a variant of the strategy method: subjects are asked to indicate, for each average contribution

level of the group members, how much they want to contribute to the public good.
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RQ1: The number of free-riders is expected to increase with uncertainty.

In order to test RQ1, we propose a public good experiment with uncertain individual returns.
In our setting, subjects do not know their MPCR when deciding their contribution level in
each period. Three possible realizations of the MPCR are considered in our experiment, each
randomly allocated within the 3-member-group. Each MPCR realization is equally likely, which
implies that ties are possible. In order to test whether different degrees of uncertainty affect
subjects’ contribution levels, we run three different treatments. First, a baseline (BL) in which
the MPCR takes the same value for all subjects and this is common knowledge, therefore subjects
are certain about their MPCR. Second, a treatment with high risk (HR) and, third, a low risk
(LR) treatment. The main difference between the treatments with risk, HR and LR, is the
variance between the MPCR values. This aspect of our design is explained in detail in Section 3.

In this environment with induced uncertainty, the contribution level is expected to be af-
fected by the individuals’ risk preferences. Budescu et al. [1990] as well as Sabater-Grande and
Georgantzis [2002], find that risk aversion negatively affects cooperation. Based on this evidence
we formulate our second research question:

RQ2: Subjects that are more risk averse contribute significantly less to the public good, and
this effect is intensified with risky returns.

Our results partially confirm the conjecture that uncertain future returns have a significant
negative effect on individual contributions. Moreover, this negative effect is stronger in the treat-
ment with higher risk. In general terms, compared with the non risky treatment, we find that the
uncertainty on the individual degrees of appropriation of the public good leads to lower levels of
individual involvement in the social project. Furthermore, evidence is found of a source of sys-
temic risk in this context that emerges from the interplay between the aforementioned uncertain
returns and individual risk attitudes. Specifically, the individuals’ risk aversion degree enhances
the system to collapse due to lower individual contributions under return uncertainty.

The rest of the paper is structured as follows. In Section 2 we review the relevant experimen-
tal literature on PGG with uncertainty. Section 3 is dedicated to the experimental design and
procedures. The theoretical framework and predictions are developed in Section 4. The analysis
of our experimental data is detailed in Section 5. Section 6 concludes. Appendix A includes the
instructions (translated from Spanish) given to the participants at the beginning of each session.

2 Public good games with uncertainty

Experimental research on linear PGG is extensive (Isaac et al. [1984]) and has been undertaken
under different perspectives. Some of them are, for example, to introduce non-monetary incentives
(Dugar [2013]), to allow for endogenous group formation (Brekke et al. [2011]), or to select the
MPCR through a voting process (Colasante and Russo [2017]). Furthermore, cooperation in a
public goods environment has been recently studied under uncertainty about the MPCR (Boulu-
Reshef et al. [2017]). More specifically, much interest has been put in studying the effect of risk
in a public good environment, referring to situations in which agents are uncertain about the
final returns but are aware of both the outcomes and their associated probabilities.

In this context, we will refer to uncertainty whenever the future outcomes are unknown for
players. Furthermore, other sources of uncertainty have been incorporated in the standard game,
for example, by introducing risky returns. In the context of a step-level public good, Au [2004]
introduced risk on the provision threshold. In this setting, subjects were told that the threshold
could take one of three different but equally likely values. The author obtained a lower level of
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contribution compared to that of a baseline treatment with a fixed threshold. Other example is
the work by Wit and Wilke [1998] who investigated the effect of uncertainty on the provision
point. In this setting, the threshold was randomly drawn from a uniform distribution -with
the same mean of 500, and different range-, and the subjects were aware of the minimum and
maximum values. In this study, a drop in contribution levels was also observed. In a related line
of research, Milinski et al. [2008] analyzed collective risk dilemmas where the return depended
on contributions exceeding a threshold. They addressed an interesting research question: “will a
group of people reach a fixed target sum through successive monetary contributions, when they
know they will lose all their remaining money with a certain probability if they fail to reach the
target sum?” The authors found that, in case of high probability of losing all their remaining
money (i.e. high probability of a serious natural disaster), half of the groups succeed in reaching
the threshold, whereas the others only marginally failed. As a result, when the potential loss
equals -or is lower- to the necessary average investment, the groups generally fail to reach the
threshold. Individual behavior in low-probability-high-loss risk situations has been analyzed also
by Ozdemir and Morone [2014], who found that subjects consider ‘loss size’ when making paying
decisions.

Moving from the step-level to the standard linear PGG, an alternative way to increase un-
certainty is to consider that the MPCR is risky. In an early paper, Dickinson [1998] compared
the baseline treatment with a standard public good to one in which subjects knew the exoge-
nous probability of getting the public good (named the ‘uncertainty treatment’); an alternative
treatment was considered in which the probability of getting the public good depended on the
contribution at an aggregate level (named the ‘incentive treatment’). In both treatments, the
MPCR was homogeneous within the group. It is shown that playing under uncertain MPCR has
a detrimental effect on contribution levels.

Following a similar line, several papers look at whether a risky MPCR negatively affects
the willingness to contribute. Levati et al. [2009] test the impact of imperfect information on
participants’ contribution to the public good. In particular, they run two treatments, one with
perfect information (PI-treatment) and other with imperfect information about the MPCR (II-
treatment), in the sense that the MPCR can take the values 0.4 or 1.1 with the same probability.
Also, in their experiment there is a random extraction for each group, and therefore the value
of the MPCR is heterogeneous between but not within groups. Results show that imperfect
information entails lower average contributions and higher percentage of free-riding. However,
in a follow-up experiment it has been shown that this effect may depend on parameterization
(Levati and Morone [2013]). The authors assign different values to the MPCR, and compare
the risk treatment with known probabilities with the uncertainty treatment where participants
know just the two possible values of MPCR (either 0.6 or 0.9). In contrast with their findings
in the previous study, contributions in both risky and uncertain treatments are not statistically
different from contributions in the control treatment where a standard linear public good is im-
plemented. Teyssier [2012] analyzes which type of intrinsic preferences drive an agent’s behavior
in a sequential PGG, depending on whether the agent is a first or second mover. Theoretical
predictions are based on the heterogeneity of individuals in terms of social and risk preferences.
Teyssier [2012] models preferences according to the inequity aversion model of Fehr and Schmidt
[1999] and to the assumption of constant relative risk aversion. Risk aversion is significantly and
negatively correlated with the contribution decisions of first movers. Second-movers with suffi-
ciently high advantageous inequity aversion free-ride less and reciprocate more than others. Both
results are predicted by her model. Nevertheless, no effect of disadvantageous inequity aversion
of first-movers is found in the data, while theory predicted it. Her results underline the impor-
tance of taking into account the order of agents’ play to correctly understand which preference
influences cooperation in voluntary contribution mechanisms.
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So far, all references mentioned share the fact that returns are heterogenous only between
-but not within- groups. In relation to this, Fischbacher et al. [2014] are the first to introduce
heterogeneous returns within the group. In their experiment, there are a low and a high MPCR
and subjects, split in groups of four, are aware that two per group will receive the high return and
the other two the low one. Introducing this source of uncertainty is detrimental for contributions.
By implementing a similar approach, Boulu-Reshef et al. [2017] run an experiment in which
an individual MPCR value is drawn from a uniform distribution and, therefore, the MPCR is
heterogeneous not only within the group but also between groups. The authors compare one
treatment with certainty where the MPCR is homogeneous and known ex ante by subjects, with
a treatment with complete uncertainty about the MPCR relative to the private consumption, and
individually drawn after the contribution decision. They obtain that contributions are equivalent
when the rate of return is predetermined and when it is uncertain, and show a similar decay
over time. Therefore, in their setting uncertainty per se about the MPCR plays no role in the
contribution decisions.

3 Experiment

We propose an experiment in which subjects play a finitely repeated version of a linear PGG. Our
design aims at investigating the effect of risky and uncertain returns on individual contribution
levels to a social project.

3.1 Experimental design

Three treatments are considered. In a baseline treatment (BL) subjects in groups of three play
a standard PGG with a fixed and certain MPCR equal to α = 0.6. The other two treatments
are risky: a high risk (HR) and a low risk (LR) treatment. Both risky treatments, HR and LR,
differ only in the variance of the distributions from which the specific values of the MPCR are
extracted.

Table 1: MPCR values, per treatment

BL HR LR

ᾱ 0.6 0.9 0.75
α 0.6 0.6 0.6
α 0.6 0.3 0.45

Apart from the subjects’ imperfect information about others’ contributions, we introduce
uncertainty about the value of MPCR. As already explained in the previous section, risky treat-
ments in the literature have been usually characterized by the random selection between two
values of the MPCR for each group. In our experiment, there are three different values of α.
Specifically, a high value (ᾱ), a medium value (α) and a low value (α). Table 1 shows the three
values of the MPCR per treatment. These three values of α are the same for all groups within
the same treatment and session.
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The values of the MPCR for treatments HR and LR have been chosen such that two conditions
hold. On one hand, the average value (α̃) must be equal to the MPCR in the baseline treatment
(i.e., α̃ = 0.6). On the other hand, the induced level of risk in HR must be higher than that in
LR. To comply with the latter condition, the values of MPCR for treatment HR are such that
the difference between the maximum and the minimum α is higher than the same difference for
treatment LR. Formally, this means that (ᾱHR − αHR = 0.6) > (ᾱLR − αLR = 0.3).

In every period, once contributions are made, for each subject within a group, the computer
randomly selects, with replacement, a number from the set X = {1, 2, 3}. Once a single number
has been assigned to each subject in each group, the computer ranks them. If the result is that
each player is assigned a different number, the subject with number 1 in the group receives ᾱ,
the subject with number 2 receives α and the one with number 3 receives α. Since the random
extraction is made with replacement, we implicitly leave the possibility for a tie. In fact, it could
be the case that every subject in the group gets either the highest or the lowest MPCR.3 In case
of a tie, experimental instructions included the details on how ties would be solved during the
session (see appendix A), so that subjects were informed before playing. In a session, the game
was repeated over 10 rounds.

Returns in our set-up are risky, since participants know not only the values that the MPCR
may take, but also the probability of getting one specific value for the MPCR. Subjects are also
aware of the random allocation of the three possible values of the MPCR. Furthermore, returns
are uncertain because the value of the MPCR is randomly assigned through an extraction process.

3.2 Experimental procedures

A total of 216 undergraduate students took part in the experiment. Each subject participated
in just one session of one treatment. Hard copies of the instructions were distributed for each
specific treatment (see Appendix A), and then the experimenter explained aloud the whole
decision making process. A standard repeated linear PGG was played in treatment BL and the
same game with risky returns was played in treatments HR and LR. Subjects were informed
about the values of the MPCR (α, α, ᾱ). In particular, participants in the BL treatment knew
that the MPCR was the same for all subjects. Likewise, participants in treatments HR and LR
knew that the MPCR was randomly assigned and, therefore, that it was independent of their
contributions.

At the beginning of the session, each player received an endowment of 100 ECU, and had
to decide -privately and anonymously- whether to keep the money or to contribute to a social
project. By reading the instructions, subjects knew that they would play the same game for 10
rounds. Subjects’ contribution decisions were taken before the disclosure of the values for MPCR.
Participants were informed that a partner matching protocol was applied. During the session,
subjects could see at the end of each round the individual contribution of each member of the
group, the allocation of the MPCR among the members of their group, and own payoff for that
period.

At the end of period 10, after a brief questionnaire about demographic data, we elicited in-
dividual risk aversion by implementing the lottery panels risk elicitation task of Sabater-Grande
and Georgantzis [2002]. With this method, subjects were asked to choose their preferred lottery
from four panels, knowing the probability to win the reported amounts. Table 2 reports the

3 The case in which all participants get the same benefit from the public good is not unrealistic. Consider, for
instance, the public healthcare system. A person who receives medical care by a doctor with good skills do not
exclude the possibility that other people may receive good care as well.
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summary of the lotteries of each panel of the test. Observe that the amount related to each prob-
ability increases from panel 1 (P1) to panel 4 (P4). Moreover, the higher the winning probability
of the lottery chosen, the more risk averse the subject is.4 Risk neutral and risk loving subjects
will choose the riskiest option available.

Table 2: The lottery panels risk elicitation task

Probability

Panels 1 0.9 0.8 0.7 0.6 0.5 0.4 0.3 0.2 0.1

P1 1.00 1.10 1.30 1.50 1.70 2.10 2.70 3.60 5.40 10.90
P2 1.00 1.20 1.50 1.90 2.30 3.00 4.00 5.70 9.00 19.00
P3 1.00 1.70 2.50 3.60 5.00 7.00 10.00 15.00 25.00 55.00
P4 1.00 2.20 3.80 5.70 8.30 12.00 17.50 26.70 45.00 100.00

The experiment was programmed in z-Tree (Fischbacher [2007]) and conducted in the LEE
experimental laboratory of the Universitat Jaume I (Castellón, Spain) in December 2016. We ran
two sessions for each treatment with 36 participants per session, randomly distributed in groups
of three. Because of the partners protocol, this yields 24 independent observations per treatment.
Each session lasted around 30 minutes and the average earnings per subject were 16.75 Euro.

4 Theoretical framework

Consider the standard public good game. Subject i’s payoff function is expressed as,

πi = e− ci + α

n∑
j=1

cj

where e is the initial endowment, ci is subject i’s individual contribution, and α is the MPCR.
Parameter α < 1, implying that the subject payoff is decreasing with the individual contribution
(ci), and increasing with the contribution of others (c−i).

In our framework, the MPCR is assigned in an individual way and without depending on
the individual contribution. In each of the two risky treatments, three different values of α are
considered. These values of α have been calibrated in order to reach a social dilemma situation.
More specifically, the following conditions hold,

(i) α < α < ᾱ < 1
(ii) α̃ > 1

N , where α̃ = 0.6 is the average MPCR.

Condition (i) guarantees that the best individual strategy is to free-ride, while condition (ii)
guarantees that, on average, the best strategy for the group -the Pareto optimum- is reached in
case that every member of the group contributes with the whole endowment. In theory, condition
(ii) holds in all treatments. In other words, given that subjects do not know ex-ante their own

4 For every lottery, the alternative outcome is a zero payoff. For a more detailed explanation of this test, see
Garćıa-Gallego et al. [2012].
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MPCR, we reasonably assume that, when deciding, they take the average MPCR as a reference
point.

Furthermore, the experimental treatments HR and LR are uncertain because subjects know
just the probability with which they will get a MPCR for their investment, a value that may
take one among three possible. The individual expected payoff is computed by considering every
possible randomly assigned MPCR. It can be expressed as,

E(πi) = e− ci +

(
8

27
ᾱ +

11

27
α +

8

27
α

)
·

n∑
j=1

cj (1)

which is equivalent to:

E(πi) = e− ci + α ·
n∑

j=1

cj (2)

Therefore, the expected payoff is computed by taking the average MPCR into account. We use
the linear net payoff function and simulate the best response function of subject i with respect
to the contribution of subject j. Observe in Figure 1 that, as subject i’s contribution increases
and subject j’s contribution decreases, subject i gets a negative net payoff. Moreover, according
to the calibration of the MPCR values in Table 1, it is straightforward that the best individual
strategy is to free-ride. In other words, for every value of α, subject i gets the maximum net
payoff by no contributing at all (c∗i = 0).

5 Results

In the next two subsections we present the analysis of our experimental data. First, we show the
descriptive statistics of the distribution of contribution levels. Second, we elaborate an econo-
metric modelization.

5.1 Descriptive analysis

A central goal of our study is to test whether the existence of risky returns in the system
is detrimental for cooperation, in the sense of contributing less to the common project. We
report in Figure 2 the average contribution per period and per treatment. This figure shows
that: i) the average contribution follows the same non-linear pattern in all treatments; ii) the
contribution level in the first period is significantly different from the one in the late periods in
all treatments; iii) in comparison with the other two treatments, treatment HR shows the lowest
average contribution; iv) a doomsday effect is clear in all treatments.

Tests t and Mann Whitney have been calculated in order to compare, respectively, the mean
and median contributions in treatments HR and LR with respect to contribution levels in the
baseline BL. Table 3 shows, on the left-hand side, the descriptive statistics of the contribution
distribution and, on the right-hand side, the values for the aforementioned tests. Observe that
only in treatment HR individual contributions are significantly different from those in BL, some-
thing that is intuitively confirmed also graphically. In treatment LR, contributions are slightly
lower than in the BL, but the difference is not statistically significant.
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Fig. 1: Simulated individual net payoff. The interval of contribution levels c ∈ (0, 100) has been rescaled with
the interval c ∈ (0, 10) aiming at having better quality pictures. Each bar represents the net profit of subject i
depending on own as well as subject j’s contribution.

Table 3: Descriptive statistics of the contribution levels, per treatment

Treatment N Mean Median Sd t-test Mann Whitney test

BL 72 36.87 30 31.29 - -
HR 72 29.80 20 28.95 t= 4.55∗∗∗ z = -3.83∗∗∗

LR 72 35.31 25 32.51 t= 0.93 z = -0.79

∗∗∗ p-value < 0.01, ∗∗ p-value < 0.05, ∗ p-value < 0.1

We have an interpretation with respect to the, common to all treatments, non-linear shape of
the average contribution distribution. Our intuition is that subjects may be playing conditional
cooperation, in the sense that an increase in the group contribution in one round makes the
subject prone to contribute more to the public project in the next round. Furthermore, playing
conditional cooperation means that when the subject detects that not everyone within the group
is contributing at his/her same level, the incentive to reduce the own contribution increases in
the next round. We speculate this is the kind of behavior behind the significant drop in average
contribution after the “peak”. Moreover, although the average contribution has a similar shape in
all treatments, the difference in the timing observed in treatment HR may indicate that subjects
in this treatment trust less and need more time to significantly increase their contribution.

Observe in Figure 2 how different the first period contribution levels are among treatments.
The difference, although apparently big, is not statistically significant. However, the share of
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Fig. 2: Average group contribution over time in each treatment.

subjects contributing the whole endowment (i.e., ci =100) in the first period is equal to 8% in
the baseline BL, 1% in HR, and 8% in LR. Accordingly, it seems that when subjects play the
first round, they are not able to perceive any difference between a common MPCR (treatment
BL) for all players and receiving one of the α possible in treatment LR.

Although the general effect highlights an inverse relationship between risk and willingness
to contribute to the public good, we observe no significant differences in LR with respect to
the baseline BL. Consequently, we observe that only under sufficiently high risk the contribution
levels can be significantly reduced. Analyzing more deeply this result in order to test our research
question RQ1, we check whether a higher level of risk implies an increase in the number of
free-riders. For each treatment, we compute the share of free-riders (FR), i.e. subjects whose
contribution is zero in period t (i.e., cit = 0) and full cooperators (FC), the ones that invest the
whole endowment in the public good in period t (i.e., cit = 100).

In Figure 3 we show the percentage of FR and FC subjects per treatment. The share of free-
riders per treatment is of 19% (BL), 15% (HR) and 10% (LR), which corresponds to 14, 11 and
7 subjects, respectively. Despite the fact that the average contribution is the highest in BL, the
highest rate of free-riders is unexpectedly found also in the baseline. One could argue that this
anomalous result may possibly be due to the presence of a sufficient number of full cooperators
in our sample. However, if we look at the percentage of FC per treatment, we find that the lowest
share (6%) corresponds to treatment BL. Thus, the descriptive analysis of our data so far gives
us evidence that more risky returns do not necessarily imply a higher probability of free-riding.
Consequently, our first research question is not confirmed.

Going further in our analysis, we investigate the difference in contribution levels by splitting
the subject pool according to a simple criterion. Specifically, the distribution of individual con-
tribution shown in Figure 4 highlights that in the BL treatment a majority of subjects contribute
either zero or a positive amount close to 60 ECU. On the other hand, in treatments HR and LR
the majority of subjects invest an amount close to 20 ECU. Using this evidence, we exogenously
choose a fix threshold equal to 50 ECU and split our subjects sample in two groups: ‘cooperators’
(C), if contributing more than 50% of their endowment (i.e., 50 ECU); and ‘no-cooperators’ (NC)
otherwise. This classification allows us to detect whether the highest contribution in treatment
BL depends on the amount of free-riders or, alternatively, on the amount of full cooperators in
the system. By observing Figure 5, it is quite straightforward to see that the highest share of
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Fig. 3: Percentage of free-riders (FR) and full cooperators (FC), per treatment.

Fig. 4: Violin plot of the individual contribution in each treatment (the white dots indicate median values).

subjects willing to contribute more than 50% of their endowment corresponds to treatment BL,
while the lowest share is that of treatment HR. Therefore, being uncertain about the MPCR
makes the subject’s returns more volatile and, consequently, the best strategy is to contribute
a low positive amount to the public good. With such a strategy, subjects may reduce the risk
related to the MPCR, which can be determined through two main factors. On the one hand,
subjects know that the probability to get either the highest or the lowest MPCR is independent
of their contribution, being this an incentive to contribute zero or a very low amount. On the
other hand, subjects decide not to free-ride motivated by some other regarding preferences like,
for example, reciprocity or fairness. In other words, subjects are aware of the fact that their in-
dividual contribution will be common knowledge at the end of each period and that, as a result,
a subject with zero contribution may be the starting point of a domino effect that would end up
in a system collapsing with each member of the group contributing zero.
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Fig. 5: Distribution of cooperators with c ≥ 50% (C) and no cooperators with c < 50% (NC), by treatment.

Let us summarize our findings so far. The existence of risky MPCR in the system leads
to a decline in contributions which is statistically significant only in treatment HR, where the
variance in the distribution of the values MPCR is the highest among all treatments. Furthermore,
no evidence is found supporting research question RQ1, in the sense that risky returns do not
necessarily cause an increase in free-riding. Interestingly, we find that induced uncertainty reduces
the general willingness to contribute. Thus, low contribution levels remaining stable over time are
observed, being more intense in treatment HR. This result may be evidence of subjects willing
to contribute but at a low rate, likely caused by the high level of uncertainty on future returns.

5.2 Econometric analysis

In order to test our research questions, we estimate the effect of two different sets of variables on
the probability to be a cooperator. This means that our dependent variable is the probability of
being a cooperator, thus contributing more than half of the endowment (50 ECU in our design).
Specification (1) in Table 4 is helpful to understand the impact of uncertainty on individual
contribution. Therefore, such specification only includes the following explanatory variables: two
treatment dummies, one for HR and one for LR; subject i’s MPCR for the previous period
(αit−1), and the MPCR for subject j of the same group5 (αjt−1); finally, we include variables
Factor 1 and Factor 2, two additional measures for individual risk aversion. These measures are
computed according to the evidence shown in Garćıa-Gallego et al. [2012]. In particular, Factor 1
is equal to the average choice across the four panels presented in Table 2, being therefore a straight
measure of risk aversion. In particular, the higher the value of Factor 1 the more risk averse the
subject is. With respect to Factor 2, it measures the sensitivity to variations in the return to
risk. Therefore, Factor 2 is a measure of the tendency of subjects towards varying their choices
as they move from panel 1 to panel 4. Specifically, it is computed as

[
2(P1− P4)

]
+ (P2− P3).

Notice that, as shown in Table 4, we consider two models in order to isolate the effect due to
risky MPCR from the effect of individual risk aversion.

5 We must not include the MPCR of all members of the group, since this would result in a collinearity problem.
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Table 4: Probit panel regression with random effects. Dependent variable: probability to contribute more than
50% of the endowment

Specification (1)

Model (1) Model (2)
Pr(C = 1|Xit) Pr(C = 1|Xit)

HR -0.95*** -0.93***
(0.348) (0.347)

LR -0.63* -0.59*
(0.347) (0.347)

αt−1 -0.44 -0.44
(0.395) (0.396)

αt−1,j 6=i -0.74* -0.77*
(0.402) (0.403)

Factor1 -0.49
(0.411)

Factor2 0.22
(0.175)

Constant 0.24 0.45
(0.476) (0.532)

Observations 1944 1944
Number of subjects 216 216

Wald χ2 11.16** 14.40**
LR test χ2 848.22*** 841.36***

*** p<0.01, ** p<0.05, * p<0.1
Standard errors in parentheses

Results from the regressions reinforce our previous findings. Specifically, the MPCR does not
affect the actual decision of the subject of contributing to the public good with more than half
of the endowment. Interestingly, however, the MPCR assigned to other subjects in the group
in the previous period significantly reduces the probability of behaving as a cooperator in the
present period. One may speculate that, even if subjects are aware that the MPCR is randomly
assigned, their willingness to cooperate is negatively affected -a sort of envy- by the higher
potential earnings of their partners. Results from Model (2) in this table shows that risk aversion
plays no role in determining the probability to be a cooperator, while participating in one of the
two risky treatments reduces such probability.

Specificacion (2) inTable 5 includes two models that allow us to test our second research
question and, additionaly, our conjecture about the conditional cooperator behavior. In other
words, with models (3) and (4) we aim at measuring the impact of the level of risk aversion and
of others’ contribution on the probability to be a cooperator. More specifically, we test the effect
of: (i) other members’ contribution, and (ii) the interaction between risk aversion and uncer-
tainty. In particular, this specification includes the following explanatory variables: the aggregate
contribution of the other members of the group in the previous period (Others′contrt−1); the in-
teraction between others’ MPCR and their contribution; the measures of risk aversion interacted
either with variable6 r -in model (3)- or with the treatment dummies in model (4).

Observe Table 5. It is quite straightforward to see that subjects behave as conditional coop-
erators. In other words, the higher the others’ contribution in the previous period, the higher the
probability to be a cooperator in this round. The interaction between others’ contribution and
returns helps us to measure the existence of any correlation between these two variables. The
estimation of the model reveals that the interaction is no significant, implying that subjects are

6 Variable r is equal to the difference between ᾱ and α. This variable takes the values of 0, 0.3 and 0.15 for
treatments BL, HR and LR, respectively.
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Table 5: Probit panel regression with random effects and variable interactions. Dependent variable: probability
to contribute more than 50% of the endowment

Specification (2)

Model (3) Model (4)
Pr(C = 1|Xit) Pr(C = 1|Xit)

Others’ contrt−1 0.02*** 0.02***
(0.004) (0.004)

(α ∗ c)t−1,j 6=i -0.02 -0.01
(0.007) (0.007)

(α ∗ c)t−1,k 6=j -0.01 -0.01
(0.007) (0.007)

Factor1 0.22 0.29
(0.505) (0.511)

Factor2 0.26 0.27
(0.214) (0.226)

Factor1*r -2.42
(1.537)

Factor2*r -0.36
(1.057)

Factor1*HR -0.75*
(0.410)

Factor1*LR -0.71
(0.499)

Factor2*HR -0.10
(0.316)

Factor2*LR -0.12
(0.407)

Constant -2.13*** -2.10***
(0.258) (0.263)

Observations 1944 1944
Number of subjects 216 216

Wald χ2 168.49** 169.43***
LR test χ2 424.75*** 420.91***

*** p<0.01, ** p<0.05, * p<0.1
Standard errors in parentheses

aware of the randomness in the MPCR assignment process. Furthermore, even though decisions
are made in a risky environment, the model shows that individual risk aversion plays no role
in the probability of behaving as a cooperator. By focusing on results of model (4), it is inter-
esting to observe that the interaction between the degree of risk aversion and the dummy for
treatment HR is negative and statistically significant. This means that it is less likely that risk
averse subjects contribute with more than half of their endowment whenever a high degree of
risk is introduced in the system. Potentially, a high uncertainty about future returns constitutes
an important source of systemic risk. In other words, in order to face uncertainty, risk averse
subjects will less likely behave as cooperators. This effect, together with the effect from others’
contribution, will potentially result in others in the group imitating this behavior, consequently
resulting in a failure of the system, ending with the no provision of the public good.

Finally, we explore the dynamics of the session, checking whether the features of our experi-
mental design affect the main results in terms of both conditional cooperation and risk aversion.
On the one hand, in our experimental design we have implemented a partner matching protocol
so that the composition of groups remains constant along the session. On the other hand, at the
end of each period we have provided information about contribution of others in the group. We
present in Table 6 a dynamic linear panel regression that measures the impact of lagged own
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contribution (cit−1, cit−2), lagged others’ contribution (Others’ contrt−1) and risk aversion levels
on individual contribution. Results are in line with those from the probit regressions shown in
Tables (4) and (5). Additionally, we observe a path depedence in the individual contribution,
since past values strongly affect the current level of contribution. Hence, we may conclude that
our results in terms of conditional cooperation and of risk aversion are not significantly affected
by the partner matching protocol.

Table 6: Dynamic panel regression. Dependent variable: individual contribution. Instruments: lagged values
of individual contribution, others’ contribution and MPCRs. Sargan test of overidentifying restriction: χ2 =
106.41(0.31)

ct

cit−1 0.16***
(0.02)

cit−2 0.10***
(0.01)

Others’ contrt−1 0.13***
(0.02)

Factor1 -2.91
(5.02)

Factor2 4.81
(3.43)

Observations 1512
Number of subjects 216
Wald χ2 216.22 (0.00)
AR(1) -5.24 (0.00)
AR(2) -0.38 (0.71)

*** p<0.01, ** p<0.05, * p<0.1
Standard errors in parentheses

Summing up our results, we have found that introducing an additional source of uncertainty
results in a decrease in contribution levels but it does not necessarily increase the number of
free-riders. Such a cutback is due to a possible strategy carried out by subjects in order to reduce
the risk of getting the lowest MPCR, for example by contributing each period a low but positive
amount. Furthermore, not to act as a free-rider has pushed the subjects to behave as conditional
cooperators. Our research question RQ1 is ultimately rejected. Furthermore, the individual risk
aversion level does not significantly affect the subject contribution decision. Only if we consider
the interaction with the treatment variable, we find out that the reluctance to cooperate by risk
averse subjects emerges in the high risk environment. In summary, not enough evidence is found
to reject RQ2.

6 Conclusions

A system’s risk may originate from uncertainty due to external and institutional factors, un-
certainty due to interaction between individuals and due to the way in which these risks are
filtered through the attitudes of people towards uncertainty. This paper reports results from an
experiment in which individual attitudes towards risk are accounted for in a set-up in which the
returns from interacting agents’ behavior in the context of a PGG are also uncertain. Specifically,
we aim at testing two research questions. On one hand, we expect a larger share of free-riding
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behavior. On the other hand, we speculate that more risk averse subjects will contribute less to
the public good, being this effect intensified by the risky returns.

We have designed a public good experiment with uncertain individual returns, that is, sub-
jects, when deciding their contribution level each period, ignore their MPCR. We have considered
three treatments, each corresponding to three possible realizations of the MPCR, randomly allo-
cated for each of the 3-member-group. Subjects play a finitely repeated version of a linear PGG.
In the baseline treatment (BL) subjects in groups of three play a standard PGG with a fixed
and certain MPCR. The other two treatments correspond to heterogeneous distributions of the
MPCR, one with higher variance than the other.

Our results partially confirm the conjecture that uncertain future returns have a significant
negative effect on individual contributions but it does not imply an increase of free-riders. On the
contrary, significant evidence has been found of subjects behaving as conditional cooperators,
contributing more the more the others in the group contribute. The negative effect of uncertainty
in the contribution levels has showed stronger in the treatment with higher risk. In general terms,
compared with the baseline, uncertain returns lead to lower levels of individual investment in
the social project. Furthermore, the individual risk aversion level does not significantly affect the
subject contribution decision. Only if we consider the interaction with the treatment variable, we
find out that the reluctance to cooperate by risk averse subjects emerges in this uncertain envi-
ronment. Consequently, the hypothesis that more risk aversion implies lower levels of contribution
can not be rejected.

The existence of risky MPCR in the system leads to a decline in contributions which is
statistically significant only in treatment HR, where the difference between the minimum and
the maximum value of MPCR is large enough. Furthermore, no evidence is found supporting
research question RQ1, that is, risky returns do not cause an increase in the share of free-riders.
Interestingly, we find that induced uncertainty reduces the general willingness to contribute and,
consequently, we observe low levels of contribution that remain stable over time, especially in
HR. This result may be an evidence of subjects willingness to contribute but at low rate, likely
caused by the high level of uncertainty on future returns.

More specifically, the individuals’ degree of risk aversion enhances lower individual contri-
butions under return uncertainty, thus making the system to collapse in the middle run. A
relevant policy implication of our analysis is that more egalitarian systems would suffer less from
the effect that individual risk aversion might have on the reduction of individual contributions,
occasionating the potential collapse of the social/economic system.
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A Instructions to subjects (translated from Spanish)

Thank you very much for being here. The instructions are identical to all participants. Read them carefully.
If you have any questions or concerns, please raise your hand and we will answer your questions individually.
During the session, it is strictly forbidden to communicate with the other participants. The unit of experimental
money will be the ECU (Experimental Currency Unit), where 100 ECU = 10 Euro. At the end of the session
one of your decisions will be randomly chosen. Note that all choices are equally likely. The experimental pay-
off corresponding to the selected decision will be calculated, converted to Euro, and paid to you (privately) in cash.

The Experiment (Baseline (BL) treatment)
The experiment consists of 10 independent periods, in which you will interact with 2 other participants in the
session. The 3 of you form a group that will remain THE SAME in all periods. The identity of the participants
of your group will not be revealed to you at all during the whole session. At the beginning of each period, each
participant receives an endowment of 100 ECU. In any period, each member of the group has a decision to make.

Every period, you have to decide how much of your endowment you want to contribute to a common project.
Your contribution will be an amount not smaller than 0 ECU and not greater than 100 ECU. Furthermore, it
must be an integer number. You will keep for yourself any amount of your endowment that you decide not to
invest in the common project (“ECU you keep”).

In every period, your earnings consist of two parts:

1. the “ECU you keep” = [100 - your contribution] ECU;
2. the “income from the project”.

The “income from the project” is calculated by adding up the contributions of the 3 members of your group
and multiplying the resulting sum by a number that we call α. That is:

Income from the project = [Your contribution + Your partners’ contribution] x α

The multiplier α is equal to 0.6. [Treatment HR] The multiplier α can be either 0.9 or 0.6 or 0.3, [Treatment
LR] : The multiplier α can be either 0.75 or 0.6 or 0.45, where each value is equally likely. You have to decide
about your contribution without knowing the value of α.

The income from the common project is determined in the same way for every member of the group, and it
is independent of the size of your individual contributions.

[Treatments HR and LR] The ‘income from the project’ is determined as follows: each member is randomly
assigned a number ranged between 1 and 3 regardless of the size of his/her contribution. Given that several (or
all of them) members of the group can be assigned the same number, this is not necessarily a ranking. In case
the extracted number is different for each subject, the subject with number 1 receives α=0.9 [Treatment LR: α
= 0.75] from the common project; the subject with number 2 receives α = 0.6, and the subject with number 3
receives α = 0.3 [Treatment LR: α=0.45]. If it is the case that several (or even all subjects) subjects get the same
number, ties are solved as follows:

– If all three members get the same number (1, 2 or 3), each member receives α = (0.9 + 0.6 + 0.3)/3 = 0.6
[Treatment LR: α = (0.75 + 0.6 + 0.45)/3 = 0.6];

– If two members get number 1 or 2, they both receive α = (0.9 + 0.6)/2 = 0.75 [Treatment LR: α = (0.75 +
0.6)/2 = 0.675] and the third member receives α = 0.3 [Treatment LR: α = 0.45];

– If two members get number 2 or 3, they both receive α = (0.6 + 0.3)/2 = 0.45 [Treatment LR: α = (0.6 +
0.45)/2] and the first ranked member receives α = 0.9 [Treatment LR: α = 0.75];

[Treatment BL] Example: If the sum of the contributions of the three members is 60 ECU, each member
receives an income from the project equal to (0.6 x 60) = 36 ECU.

[Treatment HR] Example: If the sum of the contributions of the three members is 60 ECU and each member
is assigned a different number, the subject with number 1 receives an income from the project of (0.9 x 60) =
54 ECU [Treatment LR: (0.75 x 60) = 45 ECU]; the one with number 2 receives (0.6 x 60) = 36 ECU and the
subject with number 3 receives (0.3 x 60) = 18 ECU [Treatment LR: (0.45 x 60)=27 ECU]. However, for instance:

– if all members are assigned the same number (1, 2 or 3) each receives (0.6 x 60) = 36 ECU;
– if two members are assigned the same number (1 or 2), they each receive [(0.9 + 0.6)/2 x 60] = 45 ECU

[Treatment LR: [(0.75 + 0.6)/2 x 60] = 0.67 x 60= 40.2 ECU]; the other subject receives (0.3 x 60) = 18
ECU [Treatment LR: (0.45 x 60) = 27 ECU];

– if two members are assigned the same number (2 or 3) they each receive [(0.6 + 0.3)/2 x 60] = 27 ECU
[Treatment LR: [(0.6+ 0.45)/2 x 60 = 0.525 x 60 = 31.5 ECU]; the other member of the group receives (0.9
x 60) = 54 ECU [Treatment LR: (0.75 x 60) = 45 ECU].
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At the end of each period you will receive information about the individual contribution of your partners
in the group and your own period-earnings. Before the experiment starts, you will have to answer some control
questions to verify your understanding of the rules of the experiment. Please remain seated quietly until the
experiment starts. If you have any questions please raise your hand.


