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Abstract

We introduce a binding unanimous voting rule to a public goods game
with an uncertain threshold for the total group contribution. In a laboratory
experiment we find that voting generates significantly higher total contri-
butions than making individual voluntary contributions to the public good.
Heterogeneity with regard to marginal costs of contribution makes coordi-
nation on the threshold value somewhat more difficult when voting, but ap-
parently facilitates coordination when not voting. Homogeneous non-voting
groups instead exhibit a breakdown of contributions commonly observed in
linear public goods games, but unusual for a threshold setting. We also no-
tice a preference for payoff symmetry over maximization of expected welfare
in heterogeneous voting groups, which to a lesser extent also appears in non-
voting groups. Using a top-down rule, i.e., splitting the voting process into
two separate votes on 1) total contribution and 2) individual contributions
does not affect these results.
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1. Introduction

Public goods games with (uncertain) threshold values can be encoun-
tered in several different domains.[] A prime example, which motivates our
research, is constituted by the ongoing climate negotiations to prevent global
warming. It is believed that disastrous ecological effects can only be pre-
vented if global warming is kept below a critical “tipping point”, the passing
of which can lead to sudden and irreversible damages | These scientific find-
ings brought about the agreement on the 2°C threshold for acceptable global
warming in the 2009 Copenhagen Accord. In particular, the global warming
threshold corresponds to an estimated global abatement quantity of green-
house gas emissions (GHGs) that can only be achieved in a collaborative
effort among a large number of countries. The exact value of this quantity,
however, remains uncertain (Hansen et al. |2008) and thus this setting is a
public goods game with an uncertain threshold value.

In contrast to other types of social dilemmas, which are primarily con-
cerned with cooperation (increasing contribution levels), threshold public
goods games are primarily concerned with coordination (reaching the thresh-
old Value).ﬂ In two recent experimental studies, Barrett and Dannenberg
(2012, |2014)) therefore investigate such a threshold public goods game, re-
porting that threshold uncertainty, by making coordination on the threshold

1See Rapoport and Suleiman| (1993)) and Barrett and Dannenberg (2012) for a number
of examples.

2See the 2007 IPCC report (Solomon et al., 2007, p.775) and Hansen et al.| (2008).

3Compare also Barrett and Dannenberg| (2012) who suggest that the lack of success of
climate negotiations so far is actually a failure to coordinate, because there is apparently
already a global consensus on reaching a threshold, i.e. the 2°C target.



value more difficult, reduces total contributions substantially, despite the
possibility of pre-play communication via contribution pledges.

Our experimental design complements theirs by using a binding unani-
mous vote on the one hand, and a repeated game on the other. The voting
rule is further varied between a top-down process (total contribution chosen
first, then distributed among individual players) and a bottom-up process
(individual contributions chosen first, then added up to total contribution).
The distinction between top-down and bottom-up decision rules originally
stems from budget negotiations (Ferejohn and Krehbiel, 1987), which Ehrhart
et al.| (2007) have also simulated in a laboratory experiment by means of a
voting rule. We take up this approach for our own experiment. In addition,
we compare groups with homogeneous and heterogeneous marginal costs of
contribution.

However, our results only partially confirm those by Barrett and Dannen-
berg| (2012, [2014)). While non-voting homogeneous groups indeed miss the
threshold more often than they reach it, non-voting heterogeneous groups are
much more successful right from the start. Success is practically guaranteed
in the voting treatments, with top-down voting leading to similar results as
the bottom-up process. Moreover, we find a preference for payoff-symmetrical
outcomes in favor of welfare maximization in all of our heterogeneous treat-
ments.

Overview articles on (threshold) public goods experiments include [Led-
yard| (1995) and |Croson and Marks| (2000), the latter being concerned ex-
clusively with threshold public goods games. A number of design elements

investigated in the literature have proven to make coordination on the thresh-



old value more difficult, including heterogeneous player endowments (e.g.,
Rapoport and Suleiman, [1993; |(Croson and Marks, 2001), and threshold un-
certainty (e.g., Suleiman et al., 2001; McBride, 2010; Barrett and Dannen-
berg, 2012, 2014). Using similar elements in our own experimental design
should therefore equally decrease the players’ coordination success.

In contrast, the fact that in our model (just like in climate negotiations)
players face a negative payment (or penalty) if they fail to reach the threshold
(instead of a reward if they succeed) may actually be an additional incentive
to cooperate. Although previous studies have found detrimental effects on
contributions when using a “public bads” framing, in which players then face
a penalty instead of a reward (e.g., Sonnemans et al., [1998)), this may be
mainly due to the distinction between giving to and taking from a public
account. Instead, prospect theory (Kahneman and Tversky, 1979) predicts
a higher willingness to pay for avoiding an expected loss than for attaining
an expected gain of the same size, meaning that contributions to the public
good should be higher if the model is framed as preventing a penalty instead
of gaining a reward.

Finally, we employ a unanimous vote, as this is a good representation of
the political situation in UN negotiations where each country’s interests must
be accommodated. Unanimity appears to make agreement more difficult in a
social dilemma than a majority rule (e.g.,|Walker et al.; [2000). Heterogeneous
costs in a voting context are investigated by Margreiter et al.| (2005) who
extend the model by Walker et al.| (2000), but use only a majority rule.
To our knowledge, we are the first to apply a binding vote to determine

individual contributions in a threshold public goods game. However, Kroll



et al.| (2007) have done this for a linear public goods game and find a similar
increase of contributions compared to allowing only voluntary contributions.

The remainder of the paper is structured as follows. The theoretical
model and its solutions are described in Section 2] followed by the exper-
imental design and procedure in Section Section {] presents the results
of our experimental investigation, which are further discussed in Section
Section [0 concludes with suggestions for future research and possible political

implications of this work.

2. Theoretical Model

2.1. Basic model

Our model is based on the experimental study by Suleiman et al.| (2001)).
A group N of n players choose their contributions to a public goods game
with a threshold Q. This threshold is randomly distributed over all integers
between (and including) Qumin < Qmaz- Each of these numbers can result with
an equal probability of 1/(Qme:—Qmm+1). Each player ¢ starts with the same
endowment e which can then be used to pay for his contribution ¢; € [0, g
to the public good.

The players differ with respect to their marginal costs of contribution,
meaning the conversion rate from endowment to contribution. There are
two player types — one with high marginal contribution costs, ¢ = ¢y, and
the other with low marginal costs, ¢ = c¢;. Hence, the group is split into
two subgroups Ny and Ny, containing ny and nj, players, respectively, with
ng +n;, =n. We assume cyg > ¢, > 0.

The total contribution given by = ) ..\ ¢ must reach the threshold



Q, i.e., @ > Q. Otherwise each player suffers a penalty = which is deducted

from his remaining endowment. We set ¢ < Q,in and Q4. < nq, so that it

is always possible to reach the threshold value, but only if multiple players

make contributions. Furthermore, we assume nx > cyQ,nq. to make sure that

reaching the threshold is not only feasible, but also collectively profitable.
Player i’s payoff m;(g;) is given by:

gy = T4 e=e (1)
c—cq—z if Q<Q

2.2. Ez ante social optimum

We will now argue that, with our choice of parameters, the (ex ante) social
optimum of this game is reached with a total contribution of Q* = Q,4z,
which is the highest possible threshold level. However, there are many ways in
which this total contribution can be allocated among the individual players.
Therefore, this is a coordination problem.

A group of n € N players maximize their expected total payoff, given by
Il = Eg [>,cy mi(g:)], with a vector of contributions ¢* = (qf,...,q;). We
call this vector ¢* the (ex ante) social optimum and refer to Q* = Y.\ q;
as the socially optimal total contribution.

In order to find ¢*, we first need to know the socially optimal contribution
Q*. Following a similar proof by [Suleiman et al.| (2001)), we realize that for
Qmin — 1 < Q < Qmaz an increase of the total contribution by 1 leads to a
similar increase of the probability of reaching the threshold, P(Q < Q), by
Y(Qmaz—Qmin+1). Accordingly, in this interval an increase of the total contribu-

tion that is large enough to increase the probability of reaching the threshold



can also lead to an increase of the expected total payoff, if the marginal costs
of contribution ¢ are sufficiently small or the penalty for missing the thresh-
old z is sufficiently large. Formally this is the case, if ¢ < "%/(Qumas—Qmin+1), OF
equivalently ¢(Qae — Qmin + 1) < nx, for ¢ € {cp,cy}. Since by assumption
nr > cgQmas, this condition is satisfied, resulting in Q* = Qna-

Next, we consider the optimal way of allocating Q* among the individual
players, i.e., the optimal contribution vector ¢*. If marginal costs of contribu-
tion are homogeneous (¢ = cy = ¢p), any allocation of Q* leads to the same
total costs of contribution c@Q* and, consequently, the same expected total
payoff. So ¢* € {q| > ,cy ¢ = @*}. But if marginal costs are heterogeneous
(cy > cr), total costs decrease if the low-cost players provide a larger share
of the total contribution. Thus, low-cost players should provide either QQ* in
its entirety, or nyq if this is smaller than QQ*. Moreover, c¢q; < x must be
satisfied for each individual player ¢ to make this contribution individually

rational, resulting in the following characterization of ¢*:

q*E{q

Z q; = min{Q*’nL67 an/CL} A (VZ S NL S qifr S .ZU)

1€EN],

A Z g =Q" — Zqi/\(VjENH:qchgx)} (2)
JENK iENT,

According to Equation [2] in order to find ¢*, we first assign a share of

Q* to the low-cost players (top line). This share must be technically fea-

sible (3 _;cn, ¢ < nrq) and collectively rational (D, .y, ¢ < nr®/eu), and

otherwise should be as large as possible. Furthermore, each individual low-



cost player may not be assigned contribution costs higher than the penalty
payment, i.e., Vi € Ny : ¢;cp, < x. Any remaining share of )* is then allo-
cated among the high-cost players (bottom line) in an individually rational

manner, i.e., Vj € Ny : gjcg < x.

2.3. Voting rule

In our experiment we compare two voting rules to the case of a non-
cooperative game in which voting is not possible. In the voting treatments,
the group needs to reach a unanimous agreement on a vector of individ-
ual contributions (qi,...,q,). We compare top-down and bottom-up vot-
ing treatments with homogeneous and, respectively, heterogeneous marginal
costs of contribution. In all cases the subjects are fully informed about the
players’ types and the results of the previous voting rounds (individual pro-
posals and votes).

The bottom-up treatments consist of up to ten voting rounds. In every
round, each player makes a proposal for a contribution vector ¢q. Identical
proposals are combined and their votes are added up. If there is no agreement
among the players, the no-contribution vector ¢° = (0,...,0) is used as the
group’s choice. This outcome, which we call “status quo” (SQ), is always
added as an additional proposal.

The top-down treatments consist of two parts of up to five rounds each,
again ten rounds in total. In the first part the players vote on their group’s
total contribution (). In the second part a vote is used to divide this total
contribution among the players. If there is no agreement among the players
in either the first or the second part, the SQ is used as the group’s choice. The

second part does not take place unless a positive total contribution (¢ > 0)
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is chosen in the first part.

Using the (Perfect Bayesian) Nash concept on this voting game is not
constructive, because every feasible outcome, in which each player gets an
expected payoff higher than in the SQ, can be motivated as a mutual best
response: Under a unanimous voting scheme and the expectation that ev-
erybody else votes for outcome ¢, a player should also vote for ¢ unless he is

strictly better off if no agreement is reached.

2.4. Equilibrium selection

Three equilibrium selection criteria seem appropriate here in order to
reduce the set of theoretical solutions: welfare maximization (WM), pay-
off symmetry (PS), and contribution symmetry (CS). The (ex ante) social
optimum ¢* maximizes the group’s total payoff. As an equilibrium of the
voting game, it is therefore a possible focal point for coordination. Given
that, under the unanimous voting rule, all players have equal power to veto
all proposals, this may instead induce these players to coordinate on a vector
¢"®, which reaches the socially optimal total contribution Q* by assigning
all player types (low-cost and high-cost) the same share of contribution costs
and payoffs: ¢;(¢;) = ¢;(g;) and m;(¢;) = 7;(g;) for all ¢, j.

This outcome is consistent with the equity principle (Adams, 1965), ac-
cording to which inputs (contribution costs) and outputs (payoffs) must be

balanced | The Rawlsian maximin criterion (Rawls| [1971) would similarly

select a payoff-symmetrical outcome. In addition, a very simple way to co-

“More precisely, the equity principle would allow any allocation for which crar/c,qn =
7r/7y, but in our model this is only possible if c¢rq;, = cggm which is equivalent to
T, = TH-.



ordinate behavior in this game is to just ignore all differences among the
players and have each player make the same contribution. The result is a
contribution-symmetrical (CS) outcome (¢; = g¢;, for all ¢ # j) with a cor-
responding contribution vector ¢©°. Even more voting outcomes may be
justified by drawing on additional principles of distributive justice and using
these as selection criteria. Many of these fairness principles are discussed by
Konow| (2003)).

Finally note that cg # c;, implies ¢* # ¢ # ¢“°. This means that, if
marginal costs are heterogeneous, an outcome can be either welfare-maximizing
or payoff-symmetrical or contribution-symmetrical, but not all at the same
time. Accordingly, our experimental design can actually distinguish between

these three contribution norms.

2.5. Repeated game

Since negotiations by means of a vote may not be practical in real life,
e.g., because the outcome is not considered legally binding, we also conduct
two non-voting treatments (homogeneous and heterogeneous costs) in which
the basic game is simply played ten times in a row with the same group of
players (partner setting). This provides the subjects with the same number
of interactions as in the voting treatments. In each round a new threshold
value is randomly determined. At the end of the experiment, a single ran-
domly selected round is paid to each player. In the non-voting treatments
participants are given complete information on past decisions (contributions
and threshold values). These treatments have the same sets of collectively
optimal outcomes as the voting treatments, allowing for a similar distinction

between preferences for welfare maximization, payoff symmetry, and contri-
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bution symmetry. The set of Pareto optimal Perfect Bayesian Nash equilibria
of these no-vote treatments can be derived in a similar fashion as the ex ante
socially optimal total contribution. In addition, contributing nothing in ev-
ery round (the SQ outcome) is also always an equilibrium in all treatments,

albeit a Pareto inferior one.

3. Experimental Design and Procedure

Based on the preceding theoretical sections, we use the following experi-
mental design:

A group consists of n = 5 players, each endowed with e = 25 ExCU
(“Experimental Currency Units”). Every player can convert his endowment
into up to ¢ = 10 CU (“Contribution Units”) which are then collected in a
public account (a common project).

In total, we consider six treatments which differ with respect to the voting
rule (top-down, bottom-up, no vote) and with respect to the marginal costs
of contribution (homogeneous vs. heterogeneous), as displayed in Table E]
In the case of homogeneous marginal contribution costs, all players have the
same costs cy = ¢; = 1ExCU/cu. In the case of heterogeneous marginal
costs, three of the five players have high costs, ¢y = 1.25ExCU/cu, and the
remaining two players have low costs, ¢, = 0.77ExCU/cu. Contributions can
be made in steps of 0.01 CU, and costs are rounded to 0.01 ExCU.

Unless the sum of contributions reaches a threshold value Q, a penalty
of x = 10 ExCU is deducted from each player’s payoff at the end of the

experiment. This means that high-cost players should rationally contribute

5The participant instructions to all treatments are included in the appendix.
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at most qg = 19/1.25 CU = 8 CU. The threshold value takes on a whole
number between (and including) Qi = 16 CU and Q0. = 24 CU, each
with equal probability, yielding k£ = 9 possible outcomes, each occurring with
a probability of 1/.

Proposals, votes, and individual contributions are all publicly displayed
immediately afterwards with the IDs of the associated players (e.g., “Player
C”). Furthermore, after the first round, subjects can call up the results from
past rounds whenever they have to make a decision.

In line with the theory presented above, all treatments are expected to
lead to the same (ex ante) socially optimal contribution of @* = 24 CU (the
maximum possible threshold value). For all three focal points — welfare max-
imization (WM), payoff symmetry (PS), and contribution symmetry (CS) —
Table [T also contains the numerical predictions for individual contributions
by cost-type as well as the expected total group payoffs.

The parameter choice for the heterogeneous marginal costs ensures that
any one of the nine possible threshold values can be allocated as individual
contributions among the five players in such a way that a payoff-symmetrical
outcome can be attained, which is identical in terms of individual payoffs to
that of the homogeneous counterpart. For example, in all treatments a total
contribution of 21 CU can be allocated among players so that each player
receives 20.6 ExCU if the threshold is reached, or 10.6 ExCU if not. This also
makes sure that the optimal outcome does not stand out among the other
choices, just because it “looks nice”. However, with these cost parameters it

is not individually optimal for high-cost players in the heterogeneous no-vote

12



Table 1: Investigated treatments and hypotheses for individual contributions ¢, ¢z, g;, (in
CU) and expected total group payoffs II (in ExCU) by player type (H or L) and allocation
norm (WM, PS, CS). In the homogeneous treatments, contributions cost ¢ = 1ExCU/cyu
for all players. In the heterogeneous treatments, two players (type L) have marginal
contribution costs of ¢;, = 0.77ExCU/cu whereas the other three players (type H) have
costs of ¢y = 1.25ExCU/cu. For each treatment, the number of independent observations
(groups) is given in brackets.

Top-down (TD) Bottom-up (BU) No vote (NV)

Hom. marginal TDHom BUHom NVHom
costs (Hom) (n =8) (n =8) (n =8)
WM/PS/CS ¢ 4.80 CU

I1 101.00 ExCU
Het. marginal TDHet BUHet NVHet
costs (Het) (n = 8) (n = 8) (n = 8)
WM qu 1.34 CU

qr 10.00 CU

I1 104.62 ExCU
PS qu 3.84 CU

qr 6.24 CU

I1 101.00 ExCU
CS qu 4.80 CU

qr 4.80 CU

I1 99.61 ExCU

13



treatment to reach the threshold valuef] leaving only the SQ as a Perfect
Bayesian Nash outcome. In contrast, in all other treatments, i.e., the four
voting treatments and the homogeneous no-vote treatment, all ex ante so-
cially optimal contribution vectors can also be achieved as part of a Perfect
Bayesian Nash equilibrium as an individually optimal choice.

During the experiment the subjects were asked not to talk to each other
and to turn off their cell phones. They were seated at computers, which were
screened off from the other subjects by plastic screens. The instructions
to the experiment were handed out to the subjects in written form as well
as read aloud at the beginning of the experiment. Every subject had to
complete a comprehension test consisting of 12 to 19 questions depending on
the treatment. The experiment did not start until everybody had answered
every question correctly.

In order to rule out variations in the results due to different risk pref-
erences, every treatment was followed by a Holt and Laury| (2002)) decision
task, for which the subjects were given separate instructions including a deci-
sion sheet for them to fill in. The subjects were asked to copy their decisions
into another questionnaire running on their computer, which also included
questions related to general personal data (age, gender, experience with ex-
periments) as well as strategies used in the main part of the experiment.ﬂ

A total of 240 subjects (6x8 groups with five members each) were recruited

via ORSEE (Greiner, 2004) from a student pool. The computer-based ex-

6Here, this would only be the case for cy < 10/9 ~ 1.11.
"The results from both the decision task and the accompanying questionnaire showed
no treatment differences and are therefore omitted.
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Table 2: Average payoffs in ExCU and € (exchange rate: 2 ExCU = €1)

TD BU NV All

Hom 1910 ExCU 20.20 BxCU 16.27 ExCU  18.52 ExCU
(€9.55) (€10.1) (€8.14) (€9.26)

Het 1890 ExCU 19.55 BxCU 17.90 ExCU  18.65 ExCU
(€9.25) (€9.78) (€8.95) (€9.33)

Ay 1880ExCU 1988 ExCU 17.09 ExCU 18.59 ExCU
(€9.40) (€9.94) (€8.55) (€9.30)

periment was conducted with z-Tree (Fischbacher, 2007). Together with a
show-up fee of €3 and the payoff from the Holt and Laury (2002) decision
task, the subjects earned on average €14.74 (roughly US$19 at the time of
the experiment) in all six treatments. Table [2| shows the average payoffs by
treatment in ExCU and €. In the case of the no-vote treatments, this is the
actual payment to the subjects, i.e., the payoff from the randomly selected
round. The subjects spent between one hour and one and a half hours in the

laboratory.

4. Results

4.1. Total contributions and coordination

The comparison of total contributions is based on the agreed-upon total
contribution in the voting treatments, which in the top-down treatments is
the result of the first part. For the no-vote treatments, we use Round 10,
as this represents the end of the coordination process. Because of the large

number of ties in our data, we mostly perform a categorical analysis using
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Table 3: Total contributions by category. Average total contributions in CU and relative
frequencies of reached thresholds (success rates) given in brackets.

Inferior Risky Optimal
(Q<16CU) (16CU<QR<24CU) (Q>24CU)
All (22.50 CU; 93.75%) 1 0 15
BU Hom (24.00 CU; 100.00%) 0 0 8
Het (21.00 CU; 87.50%) 1 0 7
All (23.07 CU; 87.50%) 0 6 10
TD Hom (23.25 CU; 87.50%) 0 2 6
Het (22.88 CU; 87.50%) 0 4 4
All (19.27 CU; 37.50%) 3 9 4
NV (Rd 1) Hom (17.93 CU; 87.50%) 3 3 2
Het (20.61 CU; 37.50%) 0 6 2
All (11.37 CU; 50.00%) 8 7 1
NV (Rd 10) Hom (5.20 CU; 25.00%) 6 2 0
Het (17.54 CU; 75.00%) 2 5 1
All (15.79 CU; 46.25%) 58 76 26
NV (All vds) Hom (11.40 CU; 30.00%) 49 23 8
Het (20.19 CU; 62.50%) 9 53 18

Fisher’s exact test for pairwise comparisons of treatments.ﬂ

We categorize total contributions as “optimal” (Q > 24 CU) | “risky” (16
CU < @ < 24 CU), or “inferior” (Q < 16 CU), as displayed in Table 3] In
addition, we compare the success rates, i.e., the relative frequency of reached
thresholds. These results, as well as the average total contributions, are also
shown in Table [3] There is no appreciable difference among the two voting
rules in terms of optimal behavior or success rates, which is also corroborated
by a statistical analysis (Fisher’s exact: p > 0.05 in all cases).

However, we observe a higher frequency of “inferior” or at least “risky”

choices in the no-vote treatments, especially in homogeneous (NVHom) groups,

81n each case, we have first checked for differences among all treatments with the same
test, which proved significant (Fisher’s exact: p < 0.05), unless stated otherwise.

9Since in the no-vote treatments pin-point coordination is much harder, we also count
contributions greater than 24 CU as “optimal”.
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which were also clearly less successful. In contrast, bottom-up voting groups
almost exclusively selected “optimal” outcomes. This difference is significant
for both homogeneous and heterogeneous groups (Fisher’s exact: p < 0.001
for BUHom vs. NVHom, p = 0.004 for BUHet vs. NVHet). But, whereas
homogeneous bottom-up (BUHom) groups outperformed their NVHom coun-
terparts in terms of success rates (BUHom: 100%, NVHom: 25%; Fisher’s
exact: p = 0.003), heterogeneous groups were almost equally successful
when voting or not voting (BUHet: 87.5%, NVHet: 75%; Fisher’s exact:
p = 1.000). The results are similar for top-down groups, which achieved
significantly better outcomes with homogeneous marginal costs (TDHom vs.
NVHom: Fisher’s exact: p = 0.001 for optimal behavior, p = 0.041 for suc-
cess rates), but about equally good outcomes in the case of heterogeneous
costs (TDHet vs. NVHet: Fisher’s exact: p = 0.152 for optimal behavior,
p = 1.000 for success rates).

Despite the fact that the final voting results do not show this, there
is some indication that coordination was more difficult for heterogeneous
voting groups than for their homogeneous counterparts. For example, six
out of eight BUHom groups (75%) agreed after one or two rounds of voting,
compared to only a single BUHet group (12.5%), resulting in a significant
difference of these treatments (Fisher’s exact: p = 0.041).

In contrast, without a vote, heterogeneous groups were apparently better
able to coordinate their actions than homogeneous groups. Initially, players
in both NV treatments contributed on a similar level (Round 1: 17.54 CU for
NVHom vs. 20.61 CU for NVHet; cf. Table [3), which led their groups to be
equally successful (37.5%). As Figure [1|shows, however, while heterogeneous

17



groups became more successful in later rounds (75% in Round 10), success
rates instead decreased in homogeneous groups (only 25% in Round 10).
From Figure 2] - which displays average individual contributions for NVHom
groups, as well as for low-cost and high-cost players and all groups combined
in the NVHet treatment — it becomes obvious that this is a direct effect of

decreasing contributions.

wv

=—=NVHom

# successful groups
o

w

NVHet

1 2 3 4 5 6 7 8 9 10
Rounds

Figure 1: Number of groups by round that reach the threshold value in no-vote (NVHom,
NVHet) treatments.

4.2. Individual contributions and distributive fairness

The groups in all four voting treatments displayed an obvious prefer-
ence for payoff-symmetrical (PS) outcomes, as shown in Table . In this
table, voting outcomes are assigned to the four categories “PS A -WM”

(payoff-symmetrical, but not welfare-maximizing), “WM A =PS” (welfare-

18



Average individual contributions (CU)

WM,
1
=—NVHom all NVHet all
0 NVHet low-cost =4 -NVHet high-cost
1 2 3 4 5 6 7 8 9 10
Rounds

Figure 2: Average individual contributions over ten rounds for the no-vote (NVHom,
NVHet) treatments, differentiated by cost type for the heterogeneous treatment. Welfare-
maximizing benchmarks (W My, WMp) are included as reference points.
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Table 4: Absolute frequency of payoff-symmetrical (PS) and welfare-maximizing (WM)
outcomes in bottom-up (BU) and top-down (TD) voting treatments. The combination of
both (PS AW M) is only possible in treatments with homogeneous marginal costs (Hom).

PSA-WM WMA-PS PSAWM Other

All 8 0 8 0
BU Hom 0 0 8 0
Hel 8 0 n.da. 0
All 8 0 6 2
TD Hom 2 0 6 0
Het ) 0 n.d. 2
All 16 0 14 2
Total Hom 2 0 14 0
Het 14 0 n.a. 2

maximizing, but not payoff-symmetrical), “PSAW M” (both PS and WM)[]
and “Other'{]]

Although all homogeneous outcomes were also contribution-symmetrical
(as a prerequisite for reaching equal payoffs), none of the heterogeneous vot-
ing groups agreed to contribute equally, leading to the conclusion that contri-
bution symmetry was not the primary motivation in voting groups. We have
therefore left out contribution symmetry as an additional category in Table
in order to better contrast payoff symmetry and welfare maximization.

While most homogeneous voting groups agreed on a “PSAW M” outcome
(all of them by payoff-symmetrically allocating the socially optimal total

contribution of 24 CU), none of the heterogeneous groups managed to leave

190nly possible in homogeneous treatments.

1 Even these two outcomes are nearly payoff-symmetrical with contribution costs of 4.74
ExCU and 4.87 ExCU as well as 4.85 ExCU and 4.75 ExCU for low- and high-cost players
respectively.
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the PS focal point in favor of a higher total payoff. Thus, homogeneous and
heterogeneous groups differ significantly in their outcome choice (Fisher’s
exact: p < 0.001 for BUhom vs. BUhet, p = 0.007 for TDhom vs. TDhet).

Individual preferences for distributive fairness are more difficult to re-
veal in the no-vote treatments, as we can only observe individual contribu-
tion choices directly. In the following statistical analysis, we always use
a two-tailed Wilcoxon signed-rank test for within-treatment comparisons
and refer to Table [1l for the individual contribution benchmarks. In the
NVHom treatment, there is only a single benchmark of individual contribu-
tions (4.8 CU) for welfare-maximizing (WM), payoff-symmetrical (PS) and
contribution-symmetrical (CS) outcomes, provided that the players make op-
timal and identical contributions. With an overall individual average of 2.28
CU, however, NVHom groups remained significantly below this benchmark
(W = 0,p < 0.05) and in fact even below a CS allocation of the minimum
possible threshold value (i.e., 3.2 CU each; W = 3,p < 0.05).

In the NVHet treatment, individual contributions of 8 CU or higher by
low-cost players can be taken to indicate a preference for welfare maximiza-
tion (WM). This benchmark reflects the most conservative scenario, in which
the group is satisfied with the minimum possible threshold value of () = 16
CU, instead of the optimal value of () = 24 CU assumed in Table [1| Actual
contributions were significantly below this value, though (W = 0,p < 0.05).
A likewise conservative benchmark for high-cost players is 1.34 CU, which
is the highest contribution by this player type that can still be considered
welfare-maximizing. Again we found that actual contributions were signif-

icantly different from this value (W = 1,p < 0.05). Both benchmarks are
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also displayed in Figure 2l Consequently, although our sample size was too
small to reliably confirm any allocation norm as a focal point in this treat-
ment, we can at least say that welfare maximization was not the motivator
for individual contribution choices. The obvious difference between the two
player types in regard to average contributions over all ten rounds (low-
cost: 5.14 CU, high-cost: 3.30 CU) — which is also statistically significant
(W =0,p <0.05) — indicates that the groups as a whole usually did not co-
ordinate on a contribution-symmetrical outcome, either. Instead, considering
that a similar comparison of average individual contribution costs (low-cost:
3.35 ExCU, high-cost: 3.69 ExCU) finds no significant differences between
types (W = 13,p > 0.05), payoff symmetry remains as the only plausible

distribution norm.

5. Discussion

Of the four treatments with threshold uncertainty that Barrett and Dan-
nenbergl (2012 2014)) report, three almost exclusively result in coordination
failure with total contributions below or at best at the bottom end of possible
threshold values. Only the “145/155” treatment has comparable results to
ours, with 40% choices that we would classify as “optimal” and the remaining
60% in the “risky” range. Since all of these treatments are one-shot volun-
tary contribution games with homogeneous players, these results can best
be compared to Round 1 of our NVHom treatment, which has only slightly
worse results (25% optimal, 37.5% risky, 37.5% inferior; ¢f. Table [3). Of
course, our homogeneous voting treatments, which are essentially also one-

shot, perform much better in terms of optimality (BUHom: 100% optimal,
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TDHom: 75% optimal, 25% risky; cf. Table[3)), but do not involve voluntary
contributions. Remarkably, although |Barrett and Dannenberg (2012} 2014)
use larger groups of ten players, this does not seem to impede coordination
in the “145/155” treatment.

Earlier studies involving heterogeneity in social dilemmas have rarely dis-
tinguished between player types in order to discuss (payoff) symmetry as
a distribution norm. An experimental study by van Dijk et al.| (1999) re-
ports that heterogeneity (in regard to the valuation of the public good) more
often leads to proportional than payoff-symmetrical outcomes in a public
goods Contextm but more often to payoff-symmetrical than to proportional
outcomes in the context of a resource dilemma.ﬁ Similarly, Rapoport and
Suleiman| (1993) state that contributions in their treatments are proportional
to endowments (the variable by which they model player heterogeneity).

The decrease of contribution levels in the homogeneous no-vote treatment
is somewhat unusual, as in the case of a non-random threshold value total
contributions are normally found to oscillate around the threshold value (e.g.,
Croson and Marks|, 2000, 2001)). Apparently, threshold uncertainty leads to
a breakdown of cooperation in this treatment that is often observed in linear
public goods games (e.g., Kroll et al., 2007). Strikingly, we observe higher
contribution levels in non-voting groups with heterogeneous marginal contri-
bution costs, despite the fact that reaching the threshold is not individually

optimal for high-cost players. Unlike homogeneous groups, most heteroge-

12Here this refers to a proportion of contributions (as inputs) and valuations (as out-
puts).
13Compare in particular (van Dijk et al., 1999, Table 3 on p. 126).
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neous groups manage to keep total contributions on a level that is almost
comparable to that of voting groups.

A possible explanation for this result might be the presence of multi-
ple and conflicting behavioral norms in the NVHet treatment, which create
a morally gray area for “fair” behavior that helps maintain a high level of
contributions. Accordingly, low-cost players are able to reduce their contri-
butions from a payoff-symmetrical 6.24 CU to a contribution-symmetrical 4.8
CU without fear of retaliation. Similarly, high-cost players can reduce their
contributions below the payoff-symmetrical 3.84 CU and towards the welfare-
maximizing 1.34 CU. As long as the threshold value continues to be reached,
this reduction of individual contributions is tolerated or even compensated

by other players.

6. Conclusion

We show that a unanimous voting rule is able to achieve agreement where
individual action apparently fails. But even in a voting committee a welfare-
maximizing choice is not guaranteed, since the decision rule can dictate the
final outcome. In our experiment this has become evident in a preference
for payoff-symmetrical outcomes, despite the fact that payoff symmetry is
associated with lower-than-optimal total payoffs in heterogeneous groups.

Future research should investigate the robustness of this payoff symmetry
in the presence of other focal points. There are several possible ways of doing
so, including, for example, i) allowing transfer payments among players to
induce asymmetrical outcomes with higher (expected) social welfare, ii) em-

ploying a different voting rule (e.g., a majority rule) that does not require the
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agreement of every single player (and therefore a symmetrical solution), iii)
concealing the precise location of this payoff-symmetrical focal point, e.g., by
means of an uncertain cost component, so that the contribution-symmetrical
outcome becomes more attractive as a coordination target, and iv) using
heterogeneity in respect to endowments or valuations/penalties instead of
costs in order to motivate proportional contributions as a fair outcome (as
suggested by the findings of |Rapoport and Suleiman) |1993; van Dijk et al.,
1999, and others).

As a possible limitation of our work, we point out that the results of our
voting treatments might not be easily transferred to other voting rules. There
is certainly less reason to allocate payoff-symmetrically under a majority rule
instead of unanimity. And reaching an agreement of any kind may be more
difficult, if not impossible, if the status quo outcome is changed or if the
vote is modeled only as a non-binding precursor to a voluntary contribution
mechanism (similar to the non-binding vote in Kroll et al.; 2007).

In contrast with Barrett and Dannenberg (2012, 2014), we do not arrive
at a quite as negative conclusion in regard to threshold uncertainty in climate
negotiations. In the process of repeated negotiations, the international com-
munity may still be able to identify an (ex ante) socially optimal reduction
target. Moreover, this target may even be achievable by voluntary contribu-
tions, all the more so because countries are certainly heterogeneous in their
marginal reduction costs.

However, the development and employment of mechanisms (possibly based
on emissions trading) to non-cooperatively induce the apparently efficient

outcome of a binding agreement would be the preferable way of ensuring
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that this reduction target is indeed reached. Whether or not the total quan-
tity of reduced emissions is negotiated first for this purpose, as in a top-down
process, does not seem to matter, at least if all national reduction efforts are

negotiated at about the same time.
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Appendix: Participant Instructions

The following experimental instructions were translated from German. Please note that the instruc-
tions are only translations for information; they are not intended to be used in the lab. The instruc-
tions in the original language were carefully polished in grammar, style, comprehensibility, and
avoidance of strategic guidance. Treatment differences are indicated by the respective treatment
abbreviations in square brackets (e.g., [TDHOM] for the wording in the top-down voting treatment
with homogeneous marginal contribution costs).

[All treatments]

Welcome to the experiment!

You are now participating in a scientific experiment. Please read the following instructions carefully. Here
you will be told everything that you know for the participation in the experiment. Please also note the fol-
lowing:

From now on as well as during the entire experiment no communication is permitted. If you have any ques-
tions, please raise your hand. All decisions are made anonymously, meaning that none of the other partici-
pants learns the identity of those who made a particular decision.

For showing up on time you receive an amount of €3. Over the course of the experiment you can earn two
additional amounts of money. The first amount of up to €12.50 results from your decisions in the experi-
ment. This amount is influenced by the decisions of your fellow participants. The second amount lies be-
tween €0.10 and €3.85 and results solely from your individual decision in a subsequent questionnaire. The
total amount will be paid to you in cash at the end of the experiment. The payment occurs anonymously,
too, meaning that no participant will know another participant's payoff. This experiment uses the currency
“Experimental Currency Units” (ExCU).

Two Experimental Currency Units are equal to one euro.



[TDHOM]

‘ Experimental Procedure

In the experiment you form a group with four other players. The composition of this group will not change
throughout the entire experiment (in both parts and in all rounds). You begin the experiment with an en-
dowment of 25 Experimental Currency Units.

Your task in this experiment is to choose your and your fellow players’ contributions to a project. Each play-
er can contribute up to 10 Experimental Currency Units. The group’s total contribution can therefore amount
to up to 50 Experimental Currency Units.
The decision occurs in two parts.

1. First you vote on the total contribution of all players in your group.

2. Then you vote on which share of the total contribution each individual player has to contribute.
For the project to be successful, your group’s total contribution must reach a minimum contribution. Oth-
erwise, the project fails and the amount you contributed to the project (as well as the amounts from your
fellow players) are lost. The exact amount of this minimum contribution is determined randomly. You are told
this information only at the end of the experiment. You know however that the minimum contribution will take
on one of the following nine values in contribution units, each with the same probability:

16,17, 18, 19, 20, 21, 22, 23, 24

If the minimum contribution is not reached, each player must make an additional payment of 10 Experi-
mental Currency Units, which is deducted from his payoff.

Total contribution <16 | 16 17 18 19 20 21 22 23 24 | >24
Probability that minimum

contribution is reached 0 | 1/9|2/9|3/9|4/9|5/9]|6/9]|7/9|8/9 1 1
(absolute)

Probability that minimum
contribution is reached 0% | 11% | 22% | 33% | 44% | 56% | 67% | 78% | 89% | 100% | 100%

(%, rounded)

PROCEDURE OF THE FIRST PART

In the first part you and your fellow players vote on your group’s total contribution. This happens in up to
five voting rounds and proceeds as follows:

1. At the same time as the other players each player makes a proposal for the total contribution. In
order to do this, he or she chooses an amount between 0 and 50 Experimental Currency Units.

2. The proposals are shown to all players in a table (see Figure 1). Among them is also a proposal called
“Status Quo”, corresponding to a total contribution of 0 Experimental Currency Units. Next to each
proposal there is a list of the player(s) who made this proposal. If a proposal has been made multiple
times, it is displayed only once, together with all players who made this proposal. Accordingly, there
can be up to six different proposals.

3. Each player casts a vote for exactly one of these proposals. All votes are cast individually and at the
same time. In order to vote for a proposal please click on “Accept” in the column directly to the right
of the proposal.

4. Each player learns the result of the vote, i.e., the number of votes for each proposal as well as which
player has voted for which alternative. If all players select the same proposal (unanimous decision),
the second part of the experiment begins. Otherwise, Steps 1 to 4 are repeated up to four times. In
every repetition new proposals can be made.



5. If there is also no agreement in the fifth voting round, the Status Quo (total contribution of 0 Exper-
imental Currency Units) is chosen as your group's total contribution.

6. If the first part results in a total contribution of 0 Experimental Currency Units, no further voting
occurs in this group, meaning that the second part of the experiment is omitted. Each player then
automatically makes an individual contribution of O Experimental Currency Units and the experi-
ments ends with the calculation of payoffs.

Abstimmungsrunde 2 von maximal 5
Bitte entscheiden Sie sich fiir einen der folgenden Vorschlage!
Der Mindestbeitrag nimmt einen der folgenden neun Werte an: 16 GE, 17 GE, 18 GE, 19 GE, 20 GE, 21 GE, 22 GE, 23 GE, 24 GE.
Zuriick zur aktuellen mm4 ‘&1@&[& Runde am’uel{ |lelele Runde anzu'gel{

Vorschlag Gesamtbeitrag (GE)
Spieler A, B, D {lhr Vorschlag), E 0 CEEHEED
Spieler C 5 CEEHEED
Status Quo 0 CEEHEED

Figure 1[TDHOM)] — Vooting decision in the first part of the experiment (total contribution)

Example for the procedure of the first part:
= Round1:
e Atotal of six proposals for the total contribution (in ExCU): O (Status Quo), 16, 17, 17, 18, 19
e Total contribution “17 ExCU” has been proposed twice, but only counts as a single alternative.

e Two players vote for “18 ExCU”, three players for “16 ExCU”. “0 ExCU”, “17 ExCU”, and “19 ExCU”
receive no votes at this time.

e There is no agreement, so the procedure is repeated in an additional round.
=  Round 2:
e Again a total of six proposals for the total contribution (in ExCU): O (Status Quo), 16,17, 17,17, 19



e Total contribution “17 ExCU” has been proposed three times, but only counts as a single alterna-
tive.

e Now all five players vote for “19 ExCU”. “0 ExCU”, “16 ExCU”, and “17 ExCU” receive no votes at
this time.

e Thus, a total contribution of “19 ExCU” is accepted and chosen for the second part.

Please note that, starting with the second voting round, you may call up the results from previous votes
whenever you make a decision by clicking the button “Show earlier round” (see Figure 1). Clicking the button
again shows even earlier rounds. By clicking the buttons “Show later round” or “Back to current round” you
may advance again in the history or, respectively, jump immediately to the current decision round.

PROCEDURE OF THE SECOND PART

In the second part you and your fellow players vote on how the total contribution determined in the first
part is to be provided by the individual contributions of all group players. This happens in up to five voting
rounds and proceeds as follows:

1.

Each player makes a proposal for the contribution of every single player. All players make their
proposals individually and at the same time. In order to do this, each player chooses an amount be-
tween 0 and 10 Experimental Currency Units (in steps of 0.1 ExCU). Caution! The sum of these con-
tributions must be equal to the total contribution determined in Part 1!

The proposals are shown to all players in a list. Among these is again a proposal called “Status Quo”.
Here, this proposal means that each player provides a contribution of 0 Experimental Currency Units,
no matter what amount has been chosen as a total contribution in Part 1. Next to each proposal
there is a list of the player(s) who made this proposal. Identical proposals are displayed only once,
together with all players who made this proposal. Accordingly, there can be again up to six different
distribution proposals.

At the same time as all of the other players in his group, each player casts a vote for exactly one of
these proposals. In order to vote for a proposal please click on “Accept” in the column directly to the
right of the proposal.

Each player learns the result of the vote, i.e., the number of votes for each proposal as well as which
player has voted for which alternative. If all players select the same proposal (unanimous decision),
the experiment ends with the calculation of payoffs. Otherwise, Steps 1 to 4 are repeated up to four
times.

If there is also no agreement in the fifth voting round, the Status Quo (each player provides a con-
tribution of 0 Experimental Currency Units, total contribution of 0 Experimental Currency Units) is
selected to calculate payoffs. This is true, even if a different total contribution has been chosen in
the first part.

Example for the procedure of the second part (total contribution 19 ExCU):

Round 1:
e Atotal of six proposals for the allocation of the total contribution:
Individual contributions (ExCU)

Proposals Player A PlayerB PlayerC PlayerD PlayerE
Players A, C 1 2 4 3 9
Players B, E 3 1 2 6,5 6,5
Player D 9 3 2 1 4
Status Quo 0 0 0 0 0




e The allocation “1 ExCU; 2 ExCU; 4 ExCU; 3 ExCU; 9 ExCU” has been proposed twice, but only
counts as a single alternative.
e The same is true for the allocation “3 ExCU; 1 ExCU; 2 ExCU; 6.5 ExCU; 6.5 ExCU".
o All five players vote for “A, C”. The other three different proposals (“Status Quo”, “B, E”, “D”) re-
ceive no votes this time.
= In this example, the voting procedure ends with a total contribution of 19 ExCU and the following in-
dividually payable contributions:
e PlayerA: 1ExCU
e PlayerB: 2 ExCU
e PlayerC: 4ExCU
e PlayerD: 3 ExCU
e PlayerE: 9 ExCU

Please note that, starting with the second voting round, you may call up the results from previous votes in
this part whenever you make a decision by clicking the button “Show earlier round”. Clicking the button
again shows even earlier rounds. By clicking the buttons “Show later round” or “Back to current round” you
may advance again in the history or, respectively, jump immediately to the current decision round.

YOUR PAYOFF
The payoff of each player calculates as follows:

= Please note that the contributed amount is deducted from your account balance in any case, even if
the total contribution has not reached the minimum contribution.

= [f the group’s total contribution is greater than or equal to the minimum contribution, then the project is
successful and you receive the following payoff:

payoff for reaching the minimum contribution = 25 ExCU - your contributed amount

= |f the group’s total contribution is less than the minimum contribution, then the project is not success-
ful and you receive the following payoff:

payoff for missing the minimum contribution = 25 ExCU - your contributed amount - 10 ExCU

In order to determine the total payoff at the end of the experiment, the resulting amount is converted into
euros and added to your show-up fee. The payoff from a subsequent separate experiment is later added to
this amount.

Example for payoffs (total contribution 19 ExCU):

Assume that the minimum contribution amounts to 20 ExCU. Then a total contribution of 19 ExCU misses
this minimum contribution. Accordingly, for Player A from the previous example (contributed amount of
1 ExCU) a payoff of 25 ExCU - 1 ExCU - 10 ExCU = 14 ExCU results. An amount of 10 ExCU is deducted here,
because the minimum contribution has not been reached.

Assume that the minimum contribution amounts to 18 ExCU. Then a total contribution of 19 ExCU reaches
this minimum contribution. Now, for a contributed amount of 1 ExCU a payoff of 25 ExCU - 1 ExCU = 24 ExCU
results. In this case nothing is deducted, because the minimum contribution has been reached.
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[BUHOM]

‘ Experimental Procedure

In the experiment you form a group with four other players. The composition of this group will not change
throughout the entire experiment. You begin the experiment with an endowment of 25 Experimental Cur-
rency Units.

Your task in this experiment is to choose your and your fellow players’ contributions to a project. Each play-
er can contribute up to 10 Experimental Currency Units. The group’s total contribution can therefore amount
to up to 50 Experimental Currency Units. Your decision consists in a vote on the individual contributions of
all players in a group. These contributions are added up to a total contribution.

For the project to be successful, your group’s total contribution must reach a minimum contribution. Oth-
erwise, the project fails and the amount you contributed to the project (as well as the amounts from your
fellow players) are lost. The exact amount of this minimum contribution is determined randomly. You are told
this information only at the end of the experiment. You know however that the minimum contribution will take
on one of the following nine values in contribution units, each with the same probability:

16,17, 18, 19, 20, 21, 22, 23, 24

If the minimum contribution is not reached, each player must make an additional payment of 10 Experi-
mental Currency Units, which is deducted from his payoff.

Total contribution <16 | 16 17 18 19 20 21 22 23 24 >24
Probability that minimum

contribution is reached 0 | 1/9|2/9|3/9|4/9|5/9|6/9]|7/9|8/9 1 1
(absolute)

Probability that minimum
contribution is reached 0% | 11% | 22% | 33% | 44% | 56% | 67% | 78% | 89% | 100% | 100%
(%, rounded)

VOTING PROCEDURE

In the experiment, you and your fellow players vote on the individual contributions of all group players.
This happens in up to ten voting rounds and proceeds as follows:

(1) Each player makes a proposal for the contribution of every single player. All players make their pro-
posals individually and at the same time. In order to do this, each player chooses an amount between
0 and 10 Experimental Currency Units (in steps of 0.1 ExCU). The individual contributions from each
proposal are automatically summed up to a total contribution.

(2) The proposals and corresponding total contributions are shown to all players in a list. Among these is
also a proposal called “Status Quo”. This proposal means that each player provides a contribution of 0
Experimental Currency Units. Next to each proposal there is a list of the player(s) who made this pro-
posal. Identical proposals are displayed only once, together with all players who made this proposal.
Accordingly, there can be up to six different distribution proposals.

(3) At the same time as all of the other players in his group, each player casts a vote for exactly one of
these proposals. In order to vote for a proposal please click on “Accept” in the column directly to the
right of the proposal.

(4) Each player learns the result of the vote, i.e., the number of votes for each proposal as well as which
player has voted for which alternative. If all players select the same proposal (unanimous decision),

the experiment ends with the calculation of payoffs. Otherwise, Steps 1 to 4 are repeated up to nine
times.



(5) If there is also no agreement in the tenth voting round, the Status Quo (each player provides a con-
tribution of 0 Experimental Currency Units, total contribution of 0 Experimental Currency Units) is se-
lected to calculate payoffs.

Abstimmungsrunde 5 von maximal 10
Sie sind Spisler D
Bitte entscheiden Sie sich for einen der folgenden Vorschlage!
Der Mindestbeitrag nimmt einen der folgenden neun Werte an
16 GE, 17 GE, 18 GE, 19 GE, 20 GE, 21 GE, 22 GE, 23 GE, 24 GE
Zuriick zur aktuellen mm4 |S[nilnm Runde ﬂnm'uml ‘mem Runde anm'ua{
Vorschlag Beitrag Beitrag Beitrag lhr Beitrag Beitrag Gesamtbeitrag
Spieler A (GE) Spieler B {(GE) Spieler C (GE) (Spieler D) (GE) Spieler E (GE) (GE)
Spieler A, € 10 20 40 3.0 9.0 19.0
Spieler B, E 65 10 20 65 00 16.0
SR (i 9.0 30 50 40 10 220
Vorschlag)

Status Quo 00 00 00 0.0 00 00

Figure 1[BUHOM] — Voting decision in the experiment

Example for the procedure of the experiment:
= Round1:

e Atotal of six proposals for the individual contributions of all players in the group:

Total contribu-
Individual contributions (ExCU) tion
Proposals Player A PlayerB PlayerC PlayerD PlayerE (ExCU)
Players A, C 1 2 4 3 9 19
Players B, E 6,5 1 2 6,5 0 16
Player D 9 3 5 4 1 22
Status Quo 0 0 0 0 0 0

e The allocation “1 ExCU; 2 ExCU; 4 ExCU; 3 ExCU; 9 ExCU” with a total contribution of 19 ExCU has
been proposed twice, but only counts as a single alternative.

e The same is true for the allocation “6.5 ExCU; 1 ExCU; 2 ExCU; 6.5 ExCU; 0 ExCU” with a total con-
tribution of 16 ExCU.



o All five players vote for “A, C”. The other three different proposals (“Status Quo”, “B, E”, “D”) re-
ceive no votes this time.

= |n this example, the voting procedure ends with a total contribution of 19 ExCU and the following in-
dividually payable contributions:
e PlayerA: 1ExCU
e PlayerB: 2ExCU
e PlayerC: 4ExCU
e PlayerD: 3 ExCU
e PlayerE: 9 ExCU

Please note that, starting with the second voting round, you may call up the results from previous votes in
this part whenever you make a decision by clicking the button “Show earlier round”. Clicking the button
again shows even earlier rounds. By clicking the buttons “Show later round” or “Back to current round” you
may advance again in the history or, respectively, jump immediately to the current decision round.

YOUR PAYOFF
The payoff of each player calculates as follows:

= Please note that the contributed amount is deducted from your account balance in any case, even if
the total contribution has not reached the minimum contribution.

= |f the group’s total contribution is greater than or equal to the minimum contribution, then the project is
successful and you receive the following payoff:

payoff for reaching the minimum contribution = 25 ExCU - your contributed amount

= |f the group’s total contribution is less than the minimum contribution, then the project is not success-
ful and you receive the following payoff:

payoff for missing the minimum contribution = 25 ExCU - your contributed amount - 10 ExCU

In order to determine the total payoff at the end of the experiment, the resulting amount is converted into
euros and added to your show-up fee. The payoff from a subsequent separate experiment is later added to
this amount.

Example for payoffs (total contribution 19 ExCU):

Assume that the minimum contribution amounts to 20 ExCU. Then a total contribution of 19 ExCU misses
this minimum contribution. Accordingly, for Player A from the previous example (contributed amount of 1
ExCU) a payoff of 25 ExCU - 1 ExCU - 10 ExCU = 14 ExCU results. An amount of 10 ExCU is deducted here,
because the minimum contribution has not been reached.

Assume that the minimum contribution amounts to 18 ExCU. Then a total contribution of 19 ExCU reaches
this minimum contribution. Now, for a contributed amount of 1 ExCU a payoff of 25 ExCU - 1 ExCU = 24 ExCU
results. In this case nothing is deducted, because the minimum contribution has been reached.
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[NVHOM]

‘ Experimental Procedure

In the experiment you and four other players form a group of five. The composition of this group will not
change throughout the entire experiment, i.e., in all ten rounds.

Your task in each of the ten rounds is to choose your contribution to a project. At the same time, every other
player in your group chooses his own contribution to this project. The contributions of all players in a group
are added up to a total contribution. For the project to be successful, your group’s total contribution must
reach a minimum contribution. Otherwise, the project fails and the amount you contributed to the project
(as well as the amounts from your fellow players) are lost.

The experiment consists of a total of ten independent decisions of this kind in a total of ten rounds. How-
ever, only one of these rounds will matter for your payoff. Which of these rounds is paid will be deter-
mined randomly at the end of the experiment, individually for each player. For this purpose, each of the ten
rounds has the same probability of being chosen.

At the beginning of each round, each player has an endowment of 25 Experimental Currency Units. In every
individual round, each player can contribute up to 10 Experimental Currency Units. The group’s total contri-
bution in each round can therefore amount to up to 50 Experimental Currency Units.

The exact amount of this minimum contribution is determined randomly and separately for each round. You are
told this information only at the end of the respective round, i.e., after the contributions have been chosen. You
know however that the minimum contribution will take on one of the following nine values in contribution
units, each with the same probability:

16,17, 18, 19, 20, 21, 22, 23, 24

If the minimum contribution is not reached in a given round, each player must make an additional payment
of 10 Experimental Currency Units, which is deducted from his earnings in the respective round.

Total contribution <16 | 16 17 18 19 20 21 22 23 24 >24
Probability that minimum

contribution is reached 0 | 1/9(2/9|3/9|4/9|5/9|6/9|7/9 89| 1 1
(absolute)

Probability that minimum
contribution is reached 0% | 11% | 22% | 33% | 44% | 56% | 67% | 78% | 89% | 100% | 100%

(%, rounded)

PROCEDURE OF THE DECISION
In the experiment you and your fellow players each choose your own contribution to the project. This hap-
pens in ten decision rounds which all proceed as follows:
(1) Each player chooses his own contribution to the project. All players choose their contribu-
tions at the same time. In order to do this, each player chooses an amount between 0 and
10 Experimental Currency Units (in steps of 0.1 ExCU). The individual contributions of all
players in a group are automatically summed up to a total contribution.
(2) After all group members have made their contribution choice, each player is told the re-
quired minimum contribution, his group’s total contribution, as well as his resulting earn-
ings. The contributions of the other players in the group are also displayed.

YOUR PAYOFF
The earnings of each player in the respective round calculate as follows:

= Please note that the contributed amount is deducted from your account balance in any case, even if
the total contribution has not reached the minimum contribution.
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= [f the group’s total contribution is greater than or equal to the minimum contribution, then the project is
successful and you receive the following earnings:

earnings for reaching the minimum contribution = 25 ExCU - your contributed amount

= |f the group’s total contribution is less than the minimum contribution, then the project is not success-
ful and you receive the following payoff:

earnings for missing the minimum contribution = 25 ExCU - your contributed amount - 10 ExCU

In order to determine the total payoff at the end of the experiment, one of the ten rounds is chosen ran-
domly. All rounds have the same probability of being chosen. This means that you receive the earnings from
only a single round. The results from the remaining rounds are no longer relevant to your payoff, no matter
if the minimum contribution has been reached in these rounds or not.

The earnings from the randomly chosen round are converted into euros (2 EXCU = €1) and added to your
show-up fee (€3). The payoff from a subsequent separate experiment is later added to this amount.

Example for the procedure of a particular round

In this round, the players in a given group make the following individual contributions which add up to a
total contribution of 19 ExCU:

Player A: 1 ExCU
e PlayerB: 2ExCU
e PlayerC: 4ExCU
e PlayerD: 3ExCU
e PlayerE: 9 ExCU

Assume that the minimum contribution amounts to 20 ExCU. Then a total contribution of 19 ExCU misses
this minimum contribution. Accordingly, Player A from the previous example (contributed amount of 1 ExCU)
has earnings of 25 ExCU - 1 ExCU - 10 ExCU = 14 ExCU in this round. An amount of 10 ExCU is deducted here,
because the minimum contribution has not been reached.

Assume that the minimum contribution amounts to 18 ExCU. Then a total contribution of 19 ExCU reaches
this minimum contribution. Now, a contributed amount of 1 EXCU results in earnings of 25 ExCU - 1 ExCU =
24 ExCU. In this case nothing is deducted, because the minimum contribution has been reached.

Please note that, starting with the second decision round, you may call up the results from previous rounds
whenever you make a decision by clicking the button “Show earlier results”. By clicking the button “Back”
you may return to the current decision round. After having chosen your contribution (by clicking “Confirm
choice”) you have one additional opportunity to correct your decision if necessary. As soon as you click “Con-
firm choice and continue”, your decision is final.

12
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[TDHET]

‘ Experimental Procedure

In the experiment you and four other players form a group of five. The composition of this group is deter-
mined randomly at the beginning of the experiment and does not change during the entire experiment (in

both parts and in all rounds). You begin the experiment with an endowment of 25 Experimental Currency
Units.

Your task in this experiment is to choose your and your fellow players’ contributions to a project. Each play-
er’s contribution is measured in Contribution Units (CU). Each player can contribute up to 10 Contribution
Units, by investing Experimental Currency Units from his or her endowment. The decision occurs in two
parts.

1) First you take a vote on the total contribution of all players of your group. This total contribution can
amount to up to 50 contribution units.

2) Then you take a vote on the share of total contributions that is allocated to the individual players.
The costs of contributions in Experimental Currency units vary among the players:
Players A and B 1 Contribution Unit costs 0.77 Experimental Currency Units (1 CU = 0.77 ExCU)
Players C, D, and E 1 Contribution Unit costs 1.25 Experimental Currency Units (1 CU = 1.25 ExCU)

Which player you are (A, B, C, D, E) is determined randomly at the beginning of the experiment. You are told who
you are before the first decision.

For the project to be successful, your group’s total contribution must reach a minimum contribution. Oth-
erwise, the project fails and the amount you contributed to the project (as well as the amounts from your
fellow players) are lost.
The exact amount of this minimum contribution is determined randomly. You are told this information only at the
end of the experiment. You know however that the minimum contribution will take on one of the following nine
values in contribution units, each with the same probability:

16,17, 18, 19, 20, 21, 22,23, 24

If the minimum contribution is not reached, each player must make an additional payment of 10 Experi-
mental Currency Units, which is deducted from his payoff.

Total contribution <16 | 16 17 18 19 20 21 22 23 24 >24
Probability that minimum

contribution is reached 0 | 1/9(2/9|3/9|4/9|5/9|6/9]|7/9|8/9 1 1
(absolute)

Probability that minimum
contribution is reached 0% | 11% | 22% | 33% | 44% | 56% | 67% | 78% | 89% | 100% | 100%

(%, rounded)

PROCEDURE OF THE FIRST PART

In the first part you and your fellow players vote on your group’s total contribution. This happens in up to
five voting rounds and proceeds as follows:

1. At the same time as the other players each player makes a proposal for the total contribution. In
order to do this, he or she chooses an amount between 0 and 50 Contribution Units.

2. The proposals are shown to all players in a table (see Figure 1). Among them is also a proposal called
“Status Quo”, corresponding to a total contribution of 0 Contribution Units. Next to each proposal
there is a list of the player(s) who made this proposal. If a proposal has been made multiple times, it
is displayed only once, together with all players who made this proposal. Accordingly, there can be
up to six different proposals.

14



Each player casts a vote for exactly one of these proposals. All votes are cast individually and at the
same time. In order to vote for a proposal please click on “Accept” in the column directly to the right
of the proposal.

Each player learns the result of the vote, i.e., the number of votes for each proposal as well as which
player has voted for which alternative. If all players select the same proposal (unanimous decision),
the second part of the experiment begins. Otherwise, Steps 1 to 4 are repeated up to four times. In
every repetition new proposals can be made.

If there is also no agreement in the fifth voting round, the Status Quo (total contribution of 0 Con-
tribution Units) is chosen as your group's total contribution.

If the first part results in a total contribution of 0 Contribution Units, no further voting occurs in this
group, meaning that the second part of the experiment is omitted. Each player then automatically
makes an individual contribution of 0 Contribution Units and the experiments ends with the calcula-
tion of payoffs.

Abstimmungsrunde 2 von maximal 5
Bitte entscheiden Sie sich fiir einen der folgenden Vorschlage!
Der Mindestbeitrag nimmt einen der folgenden neun Werte an: 16 BE, 17 BE, 18 BE, 19 BE, 20 BE, 21 BE, 22 BE, 23 BE, 24 BE.

Vorschlag Gesamtbeitrag (BE)
Spieler A, B, E 17 =
Spieler C (Ihr Vorschlag) 19 Y
Spieler D 16 - |
Status Quo 0 Y

Figure 1[TDHET] — Voting decision in the first part of the experiment

Example for the procedure of the first part:

Round 1:
e Atotal of six proposals for the total contribution (in CU): O (Status Quo), 16, 17, 17, 18, 19
e Total contribution “17 CU” has been proposed twice, but only counts as a single alternative.

e Two players vote for “18 CU”, three players for “16 CU”. “0 CU”, “17 CU”, and “19 CU” receive no
votes at this time.

e There is no agreement, so the procedure is repeated in an additional round.
Round 2:

15



e Again a total of six proposals for the total contribution (in CU): 0 (Status Quo), 16, 17,17, 17, 19

e Total contribution “17 CU” has been proposed three times, but only counts as a single alternative.

e Now all five players vote for “19 CU”. “0 CU”, “16 CU”, and “17 CU” receive no votes at this time.

e Thus, a total contribution of “19 CU” is accepted and chosen for the second part.

Please note that, starting with the second voting round, you may call up the results from previous votes
whenever you make a decision by clicking the button “Show earlier round” (see Figure 1). Clicking the button
again shows even earlier rounds. By clicking the buttons “Show later round” or “Back to current round” you
may advance again in the history or, respectively, jump immediately to the current decision round.

PROCEDURE OF THE SECOND PART

In the second part, you and your fellow players take a vote on how the total contribution determined in part
one is to be allocated as individual contributions among all group players. This occurs as follows in up to five

voting rounds:

(1)

(2)

(3)

(4)

At the same time as his fellow players, each player makes a proposal for the contributions
of each individual player. For this purpose, he or she chooses an amount between 0 and 10
Contribution Units (in steps of 0.01 CU). By clicking on “Calculate values” you can also dis-
play the corresponding values in Experimental Currency Units. Attention! The sum of Con-
tribution Units must be equal to the total contribution determined in Part 1!

The proposals are shown to all players in a table (in CU as well as in ExCU). Among these is
again a proposal called “Status Quo”. Here this proposal means that every player makes a
contribution of 0 Contribution Units, no matter what has been determined as a total con-
tribution in Part 1. With each proposal, a list of players is given who made this proposal. If
the same proposal has been made several times, it is shown only once, with all players that
made this proposal. So there can again be up to six different proposals.

At the same time as his fellow players, each player casts a vote for exactly one of these pro-
posals. In order to vote for a proposal, please click on “Accept” directly to the right of the
proposal.

Each player is told the voting result, i.e., the number of votes for each proposal, as well as
which player voted for which proposal. If all players choose the same proposal (unani-
mous decision), the experiment ends with the calculation of payoffs. Otherwise, Steps 1 to
4 are repeated up to four times.

If no agreement has been reached in the fifth voting round either, the Status Quo (each
player makes a contribution of 0 Contribution Units, total contribution of 0 Contribution
Units) is used for the calculation of payoffs. This is true even if a different total contribution
has been chosen in the first part.

16



Example for the procedure of the second part (total contribution 19 CU):
= Round1:

e Atotal of six proposals for the allocation of the total contribution:

Individual contributions in CU (costs in ExCU)
Proposals Player A Player B Player C Player D Player E
Player(s) A, C ! 2 4 3 ?
(0.77) (1.54) (5) (3.75) (11.25)
1 2
Player(s) B, E 3 65 6,5
(2.31) (0.77) (2.5) (8.12) (8.12)
9 3 2 1 4
Player(s) D
(6.93) (2.31) (2.5) (1.25) (5)
Status Quo 0 0 0 0 0
(0) (0) (0) (0) (0)
e Allocation “1 CU; 2 CU; 4 CU; 3 CU; 9 CU” has been proposed twice, but only counts as a single
option.

e The same is true for allocation “3 CU; 1 CU; 2 CU; 6.5 CU; 6.5 CU”.

e All five players vote for “A, C”. The remaining three different proposals (“Status Quo”, “B, E”, “D”)
do not receive any votes this time.

= The voting procedure ends in this example with a total contribution of 19 CU and the following indi-
vidual contributions:

e PlayerA: 1CU(1*0.77 ExCU = 0.77 ExCU)
e PlayerB: 2 CU (2*0.77 ExCU = 1.54 ExCU)
e PlayerC: 4 CU (4*1.25 ExCU =5 ExCU)

e PlayerD: 3 CU (3*1.25 ExCU = 3.75 ExCU)
e PlayerE: 9 CU (9*1.25 ExCU = 11.25 ExCU)

Please note that, starting with the second voting round, you may call up the results from previous votes in
this part whenever you make a decision by clicking the button “Show earlier round”. Clicking the button
again shows even earlier rounds. By clicking the buttons “Show later round” or “Back to current round” you
may advance again in the history or, respectively, jump immediately to the current decision round.

YOUR PAYOFF
The payoff of every player calculates as follows:

= Please note that you have to pay the costs of your contribution in any case, even if the total contribu-
tion did not reach the minimum contribution.

= |f the group’s total contribution is greater than or equal to the minimum contribution, then the project
is successful and you receive the following payoff:

Payoff if minimum contribution is reached = 25 ExCU - your costs (in ExCU)

= |f the group’s total contribution is less than the minimum contribution, then the project is not success-
ful and you receive the following payoff:

Payoff if minimum contribution is not reached = 25 ExCU — your costs (in ExCU) — 10 ExCU

17



In order to determine the final payoff at the end of the experiment, this amount is converted into euros
(2 EXCU = 1 euro) and added to your show-up fee. An additional payoff from a subsequent separate experi-
ment is also added to this amount.

Example for the calculation of payoffs (total contribution 19 CU):

Assume a minimum contribution of 20 CU. Then a total contribution of 19 CU is less than this minimum con-
tribution. For Player A from the previous example (costs of 0.77 ExCU for 1 CU) this results in a payoff of 25
ExCU — 0.77 ExCU — 10 ExCU = 14.23 ExCU. A payment of 10 ExCU is deducted here, because the minimum
contribution was not reached.

Assume a minimum contribution of 18 CU. Then a total contribution of 19 CU reaches this minimum contri-
bution. For a contribution of 1 CU (costs of 0.77 CU) this now results in a payoff of 25 ExCU — 0.77 ExCU =
24.23 ExCU. In this case, no additional payment is deducted, because the minimum contribution has been
reached.

Experimental Procedure

(dwiy 37 03 sT) ON

No (5% time)

Part 1
Total contribution

Yes (Total contribution = 0)

Yes (Total contribution > 0)

(W3 4 03 3T) ON

Part 2
Individual contributions

No (5th time)
Yes

onp sniels

1

Figure 2[TDHET] — Experimental procedure
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[BUHET]

‘ Experimental Procedure

In the experiment you and four other players form a group of five. The composition of this group is deter-
mined randomly at the beginning of the experiment and does not change during the entire experiment (in

both parts and in all rounds). You begin the experiment with an endowment of 25 Experimental Currency
Units.

Your task in this experiment is to choose your and your fellow players’ contributions to a project. Each play-
er’s contribution is measured in Contribution Units (CU). Each player can contribute up to 10 Contribution
Units, by investing Experimental Currency Units from his or her endowment. Your decision consists in a vote
on the individual contributions of all players in a group. These contributions are added up to a total contri-
bution of up to 50 Contribution Units.

The costs of contributions in Experimental Currency units vary among the players:
Players A and B 1 Contribution Unit costs 0.77 Experimental Currency Units (1 CU = 0.77 ExCU)
Players C,D,and E 1 Contribution Unit costs 1.25 Experimental Currency Units (1 CU = 1.25 ExCU)

Which player you are (A, B, C, D, E) is determined randomly at the beginning of the experiment. You are told who
you are before the first decision.

For the project to be successful, your group’s total contribution must reach a minimum contribution. Oth-
erwise, the project fails and the amount you contributed to the project (as well as the amounts from your
fellow players) are lost. The exact amount of this minimum contribution is determined randomly. You are told
this information only at the end of the experiment. You know however that the minimum contribution will take
on one of the following nine values in contribution units, each with the same probability:

16,17, 18, 19, 20, 21, 22, 23, 24

If the minimum contribution is not reached, each player must make an additional payment of 10 Experi-
mental Currency Units, which is deducted from his payoff.

Total contribution <16 | 16 17 18 19 20 21 22 23 24 | >24
Probability that minimum

contribution is reached 0 [ 1/9]2/9|3/9|4/9 |59 |6/9|7/9]|89]| 1 1
(absolute)

Probability that minimum

(%, rounded)

VOTING PROCEDURE

In the experiment, you and your fellow players vote on the individual contributions of all group players.
This happens in up to ten voting rounds and proceeds as follows:

(1) Each player makes a proposal for the contribution of every single player. All players make
their proposals individually and at the same time. In order to do this, each player chooses an
amount between 0 and 10 Contribution Units (in steps of 0.01 CU). By clicking on “Calculate
values” you can also display the corresponding values in Experimental Currency Units. The
individual contributions from each proposal are automatically summed up to a total contri-
bution.

(2) The proposals and corresponding total contributions are shown to all players in a list (both in
CU and ExCU) (see Figure 1). Among these is also a proposal called “Status Quo”. This pro-
posal means that each player provides a contribution of 0 Contribution Units. Next to each
proposal there is a list of the player(s) who made this proposal. Identical proposals are dis-
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played only once, together with all players who made this proposal. Accordingly, there can
be up to six different distribution proposals.

(3) At the same time as all of the other players in his group, each player casts a vote for exactly
one of these proposals. In order to vote for a proposal please click on “Accept” in the col-
umn directly to the right of the proposal.

(4) Each player learns the result of the vote, i.e., the number of votes for each proposal as well
as which player has voted for which alternative. If all players select the same proposal
(unanimous decision), the experiment ends with the calculation of payoffs. Otherwise, Steps
1 to 4 are repeated up to nine times.

(5) If there is also no agreement in the tenth voting round, the Status Quo (each player pro-
vides a contribution of 0 Contribution Units, total contribution of 0 Contribution Units) is se-
lected to calculate payoffs.

unde 2 von { 10
Sie sind Spieler A
Bitte entscheiden Sie sich fir einen der folgenden Vorschlage!
Der Mindestbeitrag nimmt einen der folgenden neun Werte an
16 BE, 17 BE, 18 BE, 19 BE, 20 BE, 21 BE, 22 BE, 23 BE, 24 BE
Spieler A Spieler B Spieler C Spieler D Spieler E _
Vorschlag Beit‘:l:gei:\ BE Beit:’:;ei; BE Beit:’:geirr\ BE Beitﬂzeirr\ BE Beit:)alz nBE G“‘"’"gé’e'“ag
(Kosten in GE) (Kosten in GE) (Kosten in GE) (Kosten in GE) (Kosten in GE) (BE)
Spieler A (lhr 1.00 2.00 4.00 3.00 9.00 19.00
Vorschlag), C (0.77) (1.54) (5.00) (3.75) (11.25) :
. 6.50 1.00 2.00 6.50 0.00
Spieler B, E (5.00) ©.77) (2.50) (8.12) (0.00) 16.00 [
A 9.00 3.00 5.00 400 1.00
Spieter D (6.93) (231) (6.25) (5.00) (1.25) 2200 (S
0.00 0.00 0.00 0.00 0.00
StaiuziQug (0.00) (0.00) (0.00) (0.00) (0.00) UEw [ Aastern |

Figure 1[BUHET] — Voting decision in the experiment
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Example for the voting procedure

= Round1:
e Atotal of six proposals for the individual contributions of all players in the group:
Individual contributions in CU (costs in ExCU) Total contributi-
on
Proposals |Player A Player B Player C Player D Player E in CU
1 2 4 3 9
Player A, C | (0.77) (1.54) (5) (3.75) (11.25) 19
6,5 1 2 6,5 0
Pl B,E ’ ! 16
ayer (5) (0.77) (2.5) (8.12) 0)
9 3 5 4 1
D 22
Player (6.93) (2.31) (6.25) (5) (1.25)
0 0 0 0 0
Status Quo 0
(0) (0) (0) (0) (0)

e Allocation “1 CU; 2 CU; 4 CU; 3 CU; 9 CU” with a total contribution of 19 CU has been proposed
twice, but only counts as a single option.

e The same is true for allocation “6.5 CU; 1 CU; 2 CU; 6.5 CU; 0 CU” with a total contribution of 16
Cu.

e All five players vote for “A, C”. The remaining three different proposals (“Status Quo”, “B, E”, “D”)
do not receive any votes this time.

= The voting procedure ends in this example with a total contribution of 19 CU and the following indi-
vidual contributions:

e PlayerA: 1CU(1*0.77 ExCU = 0.77 ExCU)
e PlayerB: 2 CU(2*0.77 ExCU = 1.54 ExCU)
e PlayerC: 4 CU (4*1.25 ExCU =5 ExCU)

e PlayerD: 3 CU (3*1.25 ExCU = 3.75 ExCU)
e PlayerE: 9 CU (9*1.25 ExCU = 11.25 ExCU)

Please note that, starting with the second voting round, you may call up the results from previous votes
whenever you make a decision by clicking the button “Show earlier round”. Clicking the button again shows
even earlier rounds. By clicking the buttons “Show later round” or “Back to current round” you may advance
again in the history or, respectively, jump immediately to the current decision round.
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YOUR PAYOFF
The payoff of every player calculates as follows:
= Please note that you have to pay the costs of your contribution in any case, even if the total contribu-
tion did not reach the minimum contribution.

= |f the group’s total contribution is greater than or equal to the minimum contribution, then the project
is successful and you receive the following payoff:

Payoff if minimum contribution is reached = 25 ExCU — your costs (in ExCU)

= [f the group’s total contribution is less than the minimum contribution, then the project is not success-
ful and you receive the following payoff:

Payoff if minimum contribution is not reached = 25 ExCU — your costs (in ExCU) — 10 ExCU

In order to determine the final payoff at the end of the experiment, this amount is converted into euros
(2 ExCU = 1 euro) and added to your show-up fee. An additional payoff from a subsequent separate experi-
ment is also added to this amount.

Example for the calculation of payoffs (total contribution 19 CU):

Assume a minimum contribution of 20 CU. Then a total contribution of 19 CU is less than this minimum con-
tribution. For Player A from the previous example (costs of 0.77 ExCU for 1 CU) this results in a payoff of 25
ExCU — 0.77 ExCU — 10 ExCU = 14.23 ExCU. A payment of 10 ExCU is deducted here, because the minimum
contribution was not reached.

Assume a minimum contribution of 18 CU. Then a total contribution of 19 CU reaches this minimum contri-
bution. For a contribution of 1 CU (costs of 0.77 CU) this now results in a payoff of 25 ExCU — 0.77 ExCU =
24.23 ExCU. In this case, no additional payment is deducted, because the minimum contribution has been
reached.

Experimental Procedure

(dwn ;6 01 5T) ON

Voting round
individual contributions

No (10t time)
Yes

Figure 2[BUHET] — Experimental procedure
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[NVHET]

‘ Experimental Procedure

In the experiment you and four other players form a group of five. The composition of this group is deter-
mined randomly at the beginning of the experiment. It will not change throughout the entire experiment,
i.e., in all ten rounds.

Your task in each of the ten rounds is to choose your contribution to a project. At the same time, every other
player in your group chooses his own contribution to this project. The contributions of all players in a group
are added up to a total contribution. For the project to be successful, your group’s total contribution must
reach a minimum contribution. Otherwise, the project fails and the amount you contributed to the project
(as well as the amounts from your fellow players) are lost.

The experiment consists of a total of ten independent decisions of this kind in a total of ten rounds. How-
ever, only one of these rounds will matter for your payoff. Which of these rounds is paid will be deter-
mined randomly at the end of the experiment, individually for each player. For this purpose, each of the ten
rounds has the same probability of being chosen.

At the beginning of each round, each player has an endowment of 25 Experimental Currency Units. Each
player’s contribution is measured in Contribution Units (CU). In every individual round, each player can
contribute up to 10 Contribution Units, by investing Experimental Currency Units from his or her endow-
ment. The group’s total contribution in each round can therefore amount to up to 50 Contribution Units.

The costs of contributions in Experimental Currency units vary among the players:

Players A and B 1 Contribution Unit costs 0.77 Experimental Currency Units (1 CU = 0.77 Ex-
CU)

Players C,D, and E 1 Contribution Unit costs 1.25 Experimental Currency Units (1 CU = 1.25 Ex-
CU)
Which player you are (A, B, C, D, E) is determined randomly at the beginning of the experiment. You are told who
you are before the first decision.
The exact amount of this minimum contribution is determined randomly and separately for each round. You are
told this information only at the end of the respective round, i.e., after the contributions have been chosen. You
know however that the minimum contribution will take on one of the following nine values in contribution units,
each with the same probability:

16, 17, 18, 19, 20, 21, 22, 23, 24

If the minimum contribution is not reached in a given round, each player must make an additional payment
of 10 Experimental Currency Units, which is deducted from his earnings in the respective round.

Total contribution <16 | 16 17 18 19 20 21 22 23 24 | >24
Probability that minimum

contribution is reached 0O | 1/9|2/9|3/9|4/9]|5/9]|6/9]|7/9]| 8/ 1 1
(absolute)

Probability that minimum
contribution is reached 0% | 11% | 22% | 33% | 44% | 56% | 67% | 78% | 89% | 100% | 100%

(%, rounded)

PROCEDURE OF THE DECISION
In the experiment you and your fellow players each choose your own contribution to the project. This hap-
pens in ten decision rounds which all proceed as follows:
(1) Each player chooses his own contribution to the project. All players choose their contribu-
tions at the same time. In order to do this, each player chooses an amount between 0 and
10 Contribution Units (in steps of 0.01 CU). By clicking on “Calculate values” you can also
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display the corresponding values in Experimental Currency Units. The individual contribu-
tions of all players in a group are automatically summed up to a total contribution.

(2) After all group members have made their contribution choice, each player is told the re-
quired minimum contribution, his group’s total contribution, as well as his resulting earn-
ings. The contributions of the other players in the group are also displayed (in CU and Ex-
Cu).

YOUR PAYOFF
The earnings of each player in the respective round calculate as follows:

= Please note that the contributed amount is deducted from your account balance in any case, even if
the total contribution has not reached the minimum contribution.

= [f the group’s total contribution is greater than or equal to the minimum contribution, then the project is
successful and you receive the following earnings:

earnings for reaching the minimum contribution = 25 ExCU — your costs (in ExCU)

= |f the group’s total contribution is less than the minimum contribution, then the project is not success-
ful and you receive the following payoff:

earnings for missing the minimum contribution = 25 ExCU — your costs (in ExCU) — 10 ExCU

In order to determine the total payoff at the end of the experiment, one of the ten rounds is chosen ran-
domly. All rounds have the same probability of being chosen. This means that you receive the earnings from
only a single round. The results from the remaining rounds are no longer relevant to your payoff, no matter
if the minimum contribution has been reached in these rounds or not.

The earnings from the randomly chosen round are converted into euros (2 EXCU = €1) and added to your
show-up fee (€3). The payoff from a subsequent separate experiment is later added to this amount.

Example for the procedure of a particular round

In this round, the players in a given group make the following individual contributions which add up to a
total contribution of 19 CU:

e Player A: 1 CU (1*0.77 ExCU = 0.77 ExCU)
e PlayerB: 2 CU (2*0.77 ExCU = 1.54 ExCU)
e PlayerC: 4CU (4*1.25 ExCU =5 ExCU)

e PlayerD: 3 CU (3*1.25 ExCU = 3.75 ExCU)
e PlayerE: 9 CU (9*1.25 ExCU = 11.25 ExCU)

Assume that the minimum contribution amounts to 20 CU. Then a total contribution of 19 CU misses this
minimum contribution. Accordingly, Player A from the previous example (costs of 0.77 ExCU for 1 CU) has
earnings of 25 ExCU — 0.77 ExCU — 10 ExCU = 14.23 ExCU in this round. An amount of 10 ExCU is deducted
here, because the minimum contribution has not been reached.

Assume that the minimum contribution amounts to 18 CU. Then a total contribution of 19 CU reaches this
minimum contribution. Now, a contributed amount of 1 CU (costs of 0.77 ExCU) results in earnings of 25
ExCU — 0.77 ExCU = 24.23 ExCU. In this case nothing is deducted, because the minimum contribution has
been reached.

Please note that, starting with the second decision round, you may call up the results from previous rounds
whenever you make a decision by clicking the button “Show earlier results”. By clicking the button “Back”
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you may return to the current decision round. After having chosen your contribution (by clicking “Confirm
choice”) you have one additional opportunity to correct your decision if necessary. As soon as you click “Con-

firm choice and continue”, your decision is final.

Experimental Procedure
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Round 10

Figure 1[NVHET] — Experimental procedure
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[All Treatments]

ADDITIONAL REMARKS

Please think carefully about all of your decisions, because they determine your payoff at the end of the ex-
periment. Before the actual experiment can begin, you must answer a few questions which ensure that you
have understood the procedure of the experiment and your task. You find the questions on the left side of
the screen, and you can enter your answers on the right side. Please enter decimal numbers with a point
instead of a comma (that is, e.g., 12.34 instead of 12,34).

If you have any questions yourself during the experiment, please remain seated quietly and raise your hand.
Please wait until the experimenter has come to your seat and then ask your question as quietly as possible.
However, questions should only be about the instructions and not about strategies!

Furthermore, please note that the game only continues after all players have made their decisions.

Feel free to use the last sheet of these instructions for your own notes.

END OF THE EXPERIMENT

After the experiment, we ask you to fill in a questionnaire with an additional decision task. When the time has
come, we will distribute separate instructions explaining the procedure. Please remain seated after filling in the
guestionnaire until we call up your place number. Take your instructions with you to the front desk. Only then
you can receive your payoff.

Thank you very much for your participation and good luck!
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