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Abstract

We report on an experiment comparing two institutions governing bargaining over
public good allocations. In our setting, two parties bargain over how to allocate a fixed
endowment between a public good and two private accounts, one for each party. Parties
attach either high or low weight to the public good and the difference in these weights
reflects the degree of polarization. Under discretionary bargaining rules, the status quo
default allocation to the group account (in the event of disagreement) is zero while under
the mandatory bargaining rule it is equal to the level last agreed upon. The mandatory
rule thus creates a dynamic relationship between current decisions and future payoffs,
and our experiment tests the theoretical prediction that the efficient level of public
good is provided under the mandatory rule while the level of public good funding is
at a sub-optimal level under the discretionary rule. Consistent with the theory we
find that proposers (particularly high types) propose significantly greater allocations to
the public good under mandatory rules than under discretionary rules and this result
is strengthened with an increase in polarization. Still, public good allocations under
mandatory rules fall short of steady state predictions, primarily due to fairness concerns
that prevent proposers from exercising full proposer power.
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1 Introduction

Expenditures on public goods are often the result of a bargaining process between legislative
parties that differ in terms of their bargaining power and in the utility they derive from
public good expenditures. In addition, there is often a dynamic element to such negotiations
in that a considerable fraction of public expenditures are often mandated by law, and are not
subject to discretionary, renegotiation from one period to the next. For example, in the U.S.,
mandatory expenditures (e.g., on Social Security, Medicare, Medicaid, Veteran’s Benefits
and other sources of “Income Security” - the latter including Disability Assistance, Food
and Nutrition Assistance, Supplemental Security Income, Earned Income Tax Credits, Child
Tax Credits, Unemployment Insurance, Student Loans, and Deposit insurance) accounted
for over two thirds of total federal government spending in FY 2020, while discretionary
spending that is subject to renegotiation each year (e.g., on military and non-defense cabinet
offices) accounted for about one quarter of FY 2020 spending – see Figure 1 (The remaining
amount is interest on government debt which is not included in the figure).

Figure 1: Breakdown of U.S. Federal Government Spending in 2020, Source: Congressional
Budget Office Data

According to the Congressional Budget Office1 U.S. federal mandatory spending has
steadily increased over time from an average of 12.7 percent of GDP over the years 2010-
2019 to more than 20% of GDP during the pandemic years of 2020-21 and are projected to
be 15.2 percent of GDP by 2030. By contrast, discretionary outlays have steadily declined
from 7 percent of GDP in 2013 to 6.4 percent 2020 and are projected to be 5.6 percent of
GDP in 2030.

In this paper we explore the process by which two parties bargain over public good
expenditures under two distinct budgeting rules. Under the discretionary rule, the status
quo allocation to the public good in the event of a bargaining disagreement is always zero.
Under the mandatory bargaining rule, the status quo default public good expenditure in the
event there is no bargaining agreement is set equal to the level of public good expenditure
that was last agreed upon by the two parties. Thus, the mandatory rule transforms the
bargaining game from a static to a dynamic game with an endogenous status quo and

1CBO, The Budget and Economic Outlook: 2022 to 2032, May 2022, https://www.cbo.gov/

publication/57950

1

https://www.cbo.gov/publication/57950
https://www.cbo.gov/publication/57950


one that bears a greater resemblance to the manner in which many legislatures negotiate
public good expenditures over time. Nevertheless, there is some discretionary aspect to
government expenditures and the discretionary rule provides an extreme case where there
are no dynamic interactions in expenditure levels from one period to the next.

Bowen, Chen, and Eraslan (2014) show that under the mandatory bargaining rule,
allocations to the public good are higher and can Pareto dominate allocations under the
discretionary rule under certain conditions. Bowen et al. (2014) thus provide a simple
dynamic mechanism that enables efficient provision of public goods to be attained and
rationalizes the steady growth of mandatory spending in the historical U.S. federal budget.
Our aim in this paper is to experimentally test the predictions of the Bowen et al. (2014)
model in a laboratory experiment with paid human subjects. We implement a version of
their model in the laboratory and we find strong, though imperfect support for the model
predictions in our experimental data.

One could think about our experiment as combining a two-player ultimatum bargaining
game with a public good game and investigating two different legislative bargaining rules.
Thus, our paper is related to the following literatures: 1) The large literature on ultimatum
bargaining games (see, e.g., Güth and Kocher (2014) for a survey). This literature finds
that proposers do not fully exploit their proposer power, and we find similar behavior in
our experiment. 2) The large experimental literature on voluntary contributions to public
goods (see, e.g., surveys by Ledyard (1995) and Chaudhuri (2011)) in a finitely repeated
setting. This literature finds that subjects over-contribute to public goods relative to ra-
tional actor benchmarks. We also find substantial over-allocation to the public good under
the discretionary budget rule and a mild degree of such behavior under the mandatory
rules, depending on the type of proposers, relative to the (Markov perfect) equilibrium pre-
dictions. However, unlike voluntary public good games, allocations to the public good in
our setting are the result of a bargaining process by two parties over a joint endowment,
and we consider indefinite rather than finite horizons. 3) The literature on Baron-Ferejohn
legislative bargaining model experiments; see e.g., Baranski and Morton (2021) for a re-
cent survey. Somewhat differently from the Baron-Ferejohn model, we consider a legislative
decision-making problem where both public and private (particularistic) goods coexist, a
problem that was first experimentally studied by Fréchette, Kagel and Morelli (2012). How-
ever, we study a dynamic environment with just two parties in the bargaining game. In our
setting, following Bowen et al. (2014), the public good yields a nonlinear payoff (implying
an interior optimum for the public good amount) that varies with the player type – the
high (low) type gets a higher (lower) utility from the public good. Finally, 4) the recent
literature on dynamic bargaining experiments, possibly with an endogenous status quo, in
legislative and/or multilateral settings (e.g., Battaglini, Nunnari and Palfrey (2012) and
Battaglini and Palfrey (2012)). Those papers allow for an endogenous status quo, but focus
either on purely distributive politics without a public good element or on the provision of
durable public goods under different voting rules (majority/unanimity).

The main question we address is whether dynamic, mandatory budgeting rules matter for
the achievement of the efficient level of the public good relative to discretionary budgeting
rules, when the public good allocation is the result of a bargaining process by two parties
with different interests.

Our experimental data reveal clear evidence for the possibility of Pareto improvements
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in public good provision under dynamic, mandatory budget rules over discretionary ones
by way of private bargaining between interested parties and in the absence of transactions
costs. In this sense, the dynamic public good bargaining game provides a mechanism to
obtain efficient public good provision in line with the Coase Theorem. Specifically, we find
that subjects allocate significantly more to the public good in the mandatory treatments
as compared with the discretionary treatment. Subjects in the discretionary treatment
generally allocate more to the public good than is predicted by the static equilibrium.
Subjects in the mandatory treatments allocate even more to the public good, and come
very close to achieving the Pareto efficient outcome in public good provision. However,
they fall just short of that level, and we attribute this failure to fairness concerns. In
order to convince responders to accept proposals, proposers cannot exercise full proposer
power. Instead, they must award responders some private points, despite the equilibrium
prediction that proposers allocate zero private points to responders in most cases unless the
responders have a strong outside option. These private points award to responders reduce
both the public good allocation and the proposer’s own private allocations in the mandatory
treatments, and that is why the Pareto optimum is not quite achieved.

Indeed, the endogenous status quo level of public good provision works as an outside
option for responders in bargaining under the mandatory budget rules. Proposers have an
incentive to maintain or increase allocations to the public good over the current status quo,
as insurance against the possibility that they lose their status as a proposer in the future
(the roles of proposer and responder change with a fixed probability in each round of our
dynamic bargaining supergames). This is the key insight as to why public good provision
can grow up to the Pareto efficient level in the steady states of dynamic bargaining games
under the mandatory budget rules.

The control of the laboratory enables us to know what the Pareto optimal allocations
are under alternative parameterization and assess the extent to which subjects are able to
achieve it. To challenge the theory, we administer two mandatory rule treatments that
differ in the extent to which the high and low type utilities are polarized. In our baseline
“aligned” treatment, there is not a large difference in the utility the two types receive from
public goods. In the “polarized” treatment, we increased the high type’s utility parameter
(the weight that is attached to public good utility) significantly (which implies a higher
Pareto efficient public good level) while keeping the low type’s weighting parameter the
same. We observe that subjects respond to this treatment change: low type players, in
particular, significantly increase their public good allocations in the polarized treatment
as compared with the aligned treatment even though there is no change in the low type’s
utility parameter in either mandatory treatment.

Nevertheless, there are several important caveats. First, subjects’ over-allocate to the
public good in the discretionary treatment relative to the static equilibrium (a finding
that is consistent with other public good experiments). Further, in both the discretionary
and mandatory treatments, we find heterogeneity in subject behavior in proposer role (the
majority party). In particular, many proposers do not fully exploit their proposer power.
In the discretionary equilibrium, proposer power enables any type of proposer to allocate
private goods exclusively to themselves along with their static optimal allocation to the
public good. In the mandatory treatments, so long as the status quo level of the public
good is below the Pareto efficient level, proposers need only provide an acceptable allocation

3



to the public good and can keep nearly all of the remaining resources in their own private
account in the Markov perfect equilibrium. However, efforts to exercise such proposal
power are often rejected out of fairness concerns and so many proposers, particularly in the
mandatory bargaining rule treatments, choose to share private goods (by sacrificing their
own private points and sometimes by reducing public good allocations as well). Some high
type proposers even give up all of their own private points to some combination of the public
good and the responder’s private account in order to achieve a bargaining agreement. We
attribute this behavior to the fairness concerns needed for mutual agreement (a unanimous
vote) by responders and we capture this heterogeneity in proposer behavior using a finite
mixture model (Moffatt 2015).

These departures from the model predictions make the welfare distinctions between the
mandatory and discretionary rules less clear than in the theory, which employs the standard,
rational actor approach. Indeed, the efficiency differences between the discretionary and
mandatory treatments are not as large as the theory would predict. However, the restricted
use of proposer power is well known from ultimatum or two-person bargaining experiments
as well as from Baron-Ferejohn (1989) legislative bargaining experiments, as reported in,
e.g., McKelvey (1991), Fréchette et al. (2003), Fréchette et al. (2005a), Fréchette et al.
(2005b), Fréchette et al. (2005c), Fréchette et al. (2012), Agranov and Tergiman (2014),
Bradfield and Kagel (2015) and Diermeier and Morton (2005).2 Interestingly, the restric-
tions on proposer power is manifested as over-allocation to public goods in the intermediate
range of the utility parameter in Fréchette et al. (2012) while it results mainly in the sharing
of private goods between proposer and responder in our experiment.

Nevertheless, we are not aware of any prior experiment employing our design combining
ultimatum bargaining, public good allocations and legislative bargaining that allows for
dynamic interactions in terms of the status quo level of public good provision.

2 Model and Experimental Design

The model we implement in the laboratory was originally proposed as a dynamic game
of public good bargaining by Bowen, Chen and Eraslan (2014) and involves bargaining
between two parties about the allocation of an endowment across both public and private
accounts, under alternative budget rules, and over an indefinite horizon.

There are two parties who bargain repeatedly with one another. In each round of a
bargaining supergame or a “sequence”, the two parties bargain over how to allocate a fixed
endowment – in our experiment 100 points – across a group account (public good) and two
private accounts, one for each of the two parties. The points assigned to the group account
contribute to the earnings of both members of the pair, while the points assigned to the
private accounts only accrue to the earnings of the individual parties who own those private
accounts. At the start of each new sequence (supergame) the two members of each pair are
equally likely to be chosen to be the proposer or the responder. Following the first round
of the sequence, if the game continues, the current proposer continues to be the proposer in
the next round with probability p, and with probability 1− p, the proposer and responder

2Most Baron-Ferejohn type bargaining experiments including those cited above found significant, but
less than predicted, proposer power; see also Palfrey (2015). The only exception is Diermeier and Morton
(2005) that often found equal sharing within minimum-winning coalitions.
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switch roles. We chose to set p = .60 throughout all treatments of the experiment, so that
there is some persistence to players remaining in the same proposer/responder roles from
one round to the next of each sequence, but political change (i.e., changes in the majority
party which monopolizes the proposer power) does occur, here with probability 1−p = .40.

The proposer chooses an allocation of the 100 points (endowed anew each round) to
the “group” account and the “private” accounts of himself and the responder in the pair.
The allocations across all three accounts must sum to exactly 100 points. If the responder
(matched with the proposer) accepts this proposal, the round payoffs for proposer and
responder in the pair are realized according to the proposal agreed upon. A player with X
points in their own private account and Y points in the group account would have earnings
calculated as follows:

Player points earned = X + θi lnY, i ∈ {L,H}.

Here, if the player is a “low” type, then θL = 25 in all treatments. If the player is a
“high” type, then θH = 40 or θH = 55 depending on the treatment conditions.

For the duration of each sequence representing a supergame of two party bargaining,
subjects were randomly matched to form pairs and each pair remained fixed to play all
rounds of the sequence (or supergame). In each pair, one member was randomly assigned
to be a “high” type and the other a “low” type and this type assignment was also fixed
for the duration of the sequence (it was always the case that one member of a pair was a
high type while the other was a low type). Once a sequence ended, subjects were randomly
rematched into new pairs and their types (high or low) were newly assigned in each pair
at the start of the next sequence. In this way, subjects in each experimental session played
multiple indefinitely repeated games (supergames) of public goods bargaining as either high
or low types (in terms of their valuation for the public good) and also traded off proposer
and responder roles according to the Markovian switching probability p as described above.

Our experiment consists of two treatment variables, 1) the budget rule, which is either
“discretionary” or “mandatory” as discussed in further detail below and 2) for the manda-
tory treatments only, the degree of political polarization which is measured by the difference,
θH − θL. As noted earlier, we always have θL = 25. In the baseline “aligned” treatment
the high type has θH = 40 and in the “polarized” treatment, the high type has θH = 55
(accordingly θH − θL is larger in the polarized treatment). Note that the discretionary
treatment uses the same θ values as the baseline aligned treatment, (θH , θL) = (40, 25).

At the start of each new sequence, the default number of points Y in the group account
is one in both the mandatory and discretionary treatments. Thus under logarithmic utility
for the public good, there will be a zero payoff from this default level. The default number
of points in the two private accounts (which enter utility linearly) are both 0.

We distinguish alternative budget rules from each other according to whether the public
good levels that are agreed upon in previous rounds of a given sequence are persistent or
not. If there is disagreement under the discretionary budget rules, then the points allocated
to the group account are reset to one and both private accounts are reset to zero. In other
words, there is no persistence to public good levels in the discretionary treatment.

By contrast, under the mandatory budget rules if a proposal is accepted, the amount
in the group account becomes the new status quo default public good amount for future
rounds of that sequence. In the event that there is disagreement about future proposals
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within that same sequence (supergame) then under the mandatory rule both the proposer
and responder’s private accounts default to zero points but the group account defaults to
the status quo level - the most recently agreed to public good allocations – so that both
player may still receive positive utility benefit.

Thus, we implement three treatments. In the discretionary, aligned (D) treatment (just
called the “discretionary treatment” hereafter), (θH , θL) = (40, 25). In the mandatory-
aligned treatment (Ma) (θH , θL) = (40, 25) and in the mandatory-polarized treatment (Mp)
(θH , θL) = (55, 25). These parameter choices imply that the Pareto efficient level for the
public good allocation is θH + θL = 65 in the aligned treatment and 80 in the polarized
treatment.3 We required the proposer to allocate at least 1 point to the group account to
prevent outcomes with negative payoffs (lnY for 0 ≤ Y < 1 can result in a large negative
number). Note one difference of this theory from standard public good or voluntary contri-
bution games is that the utility from the public good allocation is nonlinear (logarithmic)
which enables unique interior solutions; utility from the private point allocations is linear
as is more typical.4 Finally, our design is between-subjects; each session consisted of 10
subjects who participated in multiple supergames or “sequences” all conducted under the
same treatment conditions (i.e., budget rule, discretionary or mandatory, and the values of
parameters (θH , θL) are fixed in any session).

At the end of each round of a sequence there is a one-fifth chance that the current
sequence does not continue on with another round. We thus implement bargaining over an
indefinite horizon with a discount factor of δ = .80 using the method of random termination.
After learning whether the most recent proposal was accepted or not, subjects were shown
a randomly drawn integer from 1-5 inclusive at the end of each round. They were instructed
that if a 5 was drawn then the sequence would end; otherwise the sequence would continue
with another round and in that case, the status quo level for the public good in the manda-
tory treatments would carry forward as well. We drew the random numbers in advance and
we used several different sequences of random number draws across both the discretionary
and mandatory treatment sessions. This design ensures that the length of sequences are the
same between mandatory and a discretionary sessions so that we can more readily compare
the dynamic data between the different treatments. The realized number of rounds for our
sessions are as shown in Table 1. For instance, for the first two sessions, 1-2 of treatments
D, Ma, and Mp, we had 7 sequences (supergames) lasting various numbers of rounds that
summed to 39 rounds in total.

At the end of a session, we randomly chose two sequences from all sequences played
in a session and we paid subjects according to the points they earned in the final rounds
of the two chosen sequences.5 The points subjects earned in those two final rounds were
converted into money at the fixed and known rate of 15 points = US$1 and the point totals
thus calculated were paid together with a $7 show-up fee.

3With the logarithmic utility specification for the public good payoff, it can be easily shown that the
Pareto efficient level for the public good allocation in the dynamic bargaining games described in this section
is θH + θL; see Bowen et al. (2014), Sec. II.

4The literature about Baron-Ferejohn type legislative bargaining usually involves allocation of private
points only among three or more players. Fréchette et al. (2012) is an exception in that they allow both
public and private (particularistic) goods, similar to our study, in legislative bargaining although they
examine static multi-stage bargaining games and their utility is linear in both types of goods.

5Here we follow the practice recommended by Sherstyuk et al. (2013).
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Table 1: Number of Realized Rounds

D1,2, Ma1,2, Mp1,2 D3,4, Ma3,4, Mp3,4 D5, Ma5, Mp5
Sequence Rounds Sequence Rounds Sequence Rounds

1 3 1 6 1 3
2 4 2 1 2 8
3 4 3 5 3 6
4 6 4 2 4 5
5 12 5 10 5 1
6 6 6 6 6 10
7 4 7 3 7 3

8 3 8 3
9 5

39 41 39

The experiment was computerized and programmed using oTree (Chen et al. 2016). On
the relevant decision screens, we reminded subjects of the history of all group (public good)
and private points in the previous rounds as well as the status quo levels to aid them in
making decisions. They also had access to online calculators.

All sessions were conducted in the Experimental Social Science Laboratory (ESSL) at
UC Irvine. Prior to making any decisions on the networked computer workstations of the
laboratory, subjects were given written instructions which were also read aloud. See the
Appendix A for a copy of these instructions for the aligned treatment (both the Discre-
tionary and Mandatory versions). After the instructions were read, subjects completed a
quiz (which can be found at the end of the instructions given in the Appendix). Subjects’
quiz answers were reviewed by the experimenter; if a subject got a quiz question wrong, the
experimenter went over the correct answer with the subject before the experiment began.

Subjects were undergraduate students at UC Irvine pursing a variety of different major
programs of study. They were recruited using the Sona systems software. Each subject
participated in just one session. Total average earnings (including the show-up payment)
were $24.03 for a two-hour experimental session.

3 Equilibrium and Hypotheses

In the dynamic bargaining game described in section 2, subjects seek to maximize their
discounted dynamic payoffs (discount factor δ = .80 for the experiment) from an infinite
sequence of allocations with the stage utility given by ut = Xt + θi lnYt. The resulting
public good and private point allocations in the Markov perfect equilibrium are plotted as
a function of different status quo levels of the public good (horizontal axis) in Figures 2 and
3, respectively, for the two mandatory (aligned, Ma and polarized, Mp) treatments for the
parameter values that we have used in the experiment. Figure 2 shows the predicted public
good allocations Y proposed by both high and low type proposers while Figure 3 presents
predicted private point allocations X for both proposers and responders (e.g., X(H → H)
indicates private points allocated by a high-type proposer to himself and X(H → L), private
points allocated by a high-type proposer to a low-type responder; X(L→ L) and X(L→ H)
are interpreted similarly). In the equilibrium for the discretionary (aligned) treatment
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(which is not shown in any figure), each type of player proposes his static equilibrium level
for the public good, Y ∗ = θi. The logic here directly follows from the first order condition
for stage utility which is −1 + θi

Y = 0. Thus, in the discretionary aligned treatment Y ∗ = 40
or 25 depending on whether the proposer is a high or low type (the interior optimum for
the stage utility with the assumption of full proposer power Xt,proposer = 100− Yt), and all
remaining points go to the proposer’s own private account.

Figure 2: Markov Perfect Equilibrium Predictions for Public Good Allocations in the two
Mandatory Treatments, as a function of the Status Quo Level. Top panel: Mandatory-
aligned (Ma); Bottom panel: Mandatory-polarized (Mp)

Under the mandatory rule, the two parties have an incentive to maintain the level of
public goods at least as high as the status quo level (the so-called status quo effect), as
illustrated in Figure 2. This is because maintaining the current public good allocations
provides them with some insurance against the future possibility of losing proposer power
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(which would happen with probability 1 − p in the next round if one was a proposer in
the current round). Once in the role of a responder, a higher status quo level for public
goods reinforces the player’s bargaining power, and anticipating this, proposers operating
under the mandatory rule have an incentive to push up or maintain public good allocations,
relative to those under the discretionary rule.

This dynamic incentive results in the eventual growth of public good amounts up to
the Pareto efficient level (θH + θL) under the mandatory regimes, which is in contrast
with perpetual oscillation between each type’s static equilibrium levels (θH and θL) in
discretionary equilibrium. We first introduce the notion of “dynamic optimum” (Y ∗DO)
which is roughly the public good allocations that maximize the dynamic payoff of each type
i under full proposer power;

Y ∗DO(High) =
1 + δ − 2δp

1− δp
θH , Y ∗DO(Low) = θL

where δ is discount factor, or probability of random termination in our experiment, and p is
the Markov probability of the roles switching between proposer and responder from round
to round. It is always the case that Y ∗DO(High) > θH unless δ = p = 0.6

Basically, if the status quo is below the (type-specific) dynamic optimum, each type
has an incentive to raise public goods to their own dynamic optimum level immediately;
if the status quo is above the dynamic optimum but below the Pareto efficient level, they
will maintain the status quo; finally, for the status quo above Pareto efficiency, both types
propose the efficient level in equilibrium (see Figure 2). These patterns for equilibrium
public good offers largely hold without exception in the mandatory-aligned (Ma) case.
However, the high type’s equilibrium public good offers may overshoot the Pareto efficient
level when the status quo is lower (below half of the endowment) or above the efficient level
in the mandatory-polarized (Mp) case (and a small region of irregularity in low type’s offers
for status quo close to the full endowment, 100). With the initial status quo being 1 point
in the group account at the start of each sequence (which is the case for all treatments of
our experiment), the equilibrium dynamics predict that the public good allocations in the
steady states are equal to the high type’s dynamic optimum: Y ∗SS = Y ∗DO(High) ≈ 64.615
in the Ma treatment and the Pareto efficient level Y ∗SS = θH +θL = 80 in the Mp treatment,
respectively, for our parameter choices. For complete characterization of Markov perfect
equilibrium and steady states, see Bowen et al. (2014).

Thus our experiment is designed to test the status quo effect of mandatory budget rules
that institutionalizes a relationship between current decisions and future payoffs, which
theoretically leads to efficiency gains. In particular, we propose to test hypotheses that
are informed by the equilibrium theory, and also some behavioral hypotheses, described
below. In evaluating equilibrium predictions (and analyzing data subsequently), we will
focus mainly on accepted proposals.7

Hypothesis 1 For fixed θH and θL, public good provision is higher under mandatory budget
rules than under discretionary budget rules.

6The two mandatory treatments, aligned or polarized, are distinguished by whether Y ∗
DO(High) < θH+θL

or not, which are named as low- or high-polarization cases, respectively, in Bowen et al. (2014).
7Bowen et al. (2014), Sec. III show that any equilibrium is payoff equivalent to the one where (i)

responders do accept when they are indifferent between accepting and rejecting, and (ii) the equilibrium
proposals are always accepted.
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Specifically, under our parameterization, starting from the status quo level of Y = 1,
public good provision is predicted to grow close to or to achieve the Pareto efficient public
good levels under the mandatory budget rules but will remain below this level under the
discretionary budget rules.

Hypothesis 2 When the efficient public good provision amount increases due to an in-
crease in political polarization (the change in treatment from Ma to Mp in our experiment),
then, under the mandatory rules, both types should increase their allocations to the public
good.

Specifically, even the type whose importance parameter for public good utility doesn’t
change (low type in the experiment) has an incentive to change their public good allocations
according to a change in the importance parameter of their opponent type (if the change
in the latter parameter results in a change in the Pareto efficient public good amount).

Hypothesis 3 In all treatments, proposers exercise proposer power by generally proposing
0 private points to responders and keeping all points in excess of the public good allocation
for their own private accounts.

The testable private point prediction of the model is summarized in the above Hypothesis
3. The theory predicts that in all settings, proposers exercise full proposer power, which
means that when the status quo allocation is below the Pareto efficient level, any points
not allocated to the public good are primarily, if not exclusively, allocated to the proposer’s
own private account and not to the responder’s private account. Figure 3 shows predictions
for private point allocations as a function of the status quo in our parameterization of
the two mandatory treatments. Notice that for the status quo below the Pareto efficient
level, private points allocated to the responder are always zero in the Ma treatment, and
sometimes marginally different from zero for certain status quo levels in the Mp treatment
(see Figure 3 for details). Similarly, in the discretionary treatment there is never any
allocation of points to the responder’s private account.

Hypothesis 4 Under discretionary budget rules, in equilibrium high and low types propose
distinct levels for the public good (which are their static equilibrium amounts, θH = 40 and
θL = 25) no matter how many rounds are played in a supergame of public good bargaining.

As mentioned before, the logic here follows directly from the first order condition for the
static optimization. Since an agreement about public good allocations in current round has
no implications for future rounds, the incentives to assign static equilibrium levels θi to
group account are still maintained in dynamic games of the discretionary treatment.

The theory also has predictions regarding the dynamics of behavior and the convergence
of public good allocations to steady states over time for the mandatory treatments, which
are summarized in the following hypothesis:

Hypothesis 5 Under mandatory rules, starting from the initial status quo level of Y = 1
(out of 100 endowment), both types will propose public good amounts that should converge
over time to the steady state levels - that is the high type’s dynamic optimum (Y ∗SS ≈ 64.615)
in the Ma treatment and the Pareto efficient level (Y ∗SS = 80) in the Mp treatment.
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Note: X(L→ L) is private points allocated by a low type proposer to that proposer’s own private account;
X(L→ H) is private points allocated by a low type proposer to the matched high type responder’s private
account; X(H → H) is private points allocated by a high type proposer to that proposer’s own private
account; X(H → L) is private points allocated by a high type proposer to the matched low type responder’s
private account.

Figure 3: Markov Perfect Equilibrium Predictions for Private Point Allocations in the two
Mandatory Treatments, as a function of the Status Quo Level. Top panel: Mandatory-
aligned (Ma); Bottom panel: Mandatory-polarized (Mp).

Finally, we consider an efficiency measure that can be used to evaluate the performance
of the different budget rules. In particular, our efficiency measure is the ratio of actual
payoffs from accepted allocations to payoffs that would have been obtained at Pareto optimal
allocations. This efficiency measure can be calculated for aggregate payoffs (the sum of
proposer and responder payoffs) but it can also be calculated for individual proposers’ and
responders’ payoffs and we look at both measures.

11



Hypothesis 6 Given predicted public good allocations, we should find a higher level of
aggregate efficiency in the mandatory treatments compared with the discretionary treatment.
However, the efficiency ordering between the two mandatory treatments is ambiguous since
the optimum (aggregate) payoffs in the denominator are different. High type proposers
should always attain higher individual efficiency than low type responders but the efficiency
ordering between low type proposers and high type responders is ambiguous.

Explanations for these differences in efficiency predictions are discussed in more detail in
section 4.9. In the next section we evaluate each of these six hypotheses using the data
from our experiment.

4 Experimental Results

We report on results from 5 sessions of each of our three treatments, 15 sessions in total.
As noted, there are 10 subjects per session; thus we report on data from 150 subjects.

Recall that the discretionary (D) and mandatory-aligned (Ma) treatments only involve
a change in the status quo rule for the public good; the values of (θH , θL) = (40, 25), are
kept constant between these two treatments. By contrast, the mandatory-polarized (Mp)
treatment involves both the mandatory rule for the status quo level of the public good and a
greater difference between θH and θL (i.e., greater polarization) namely (θH , θL) = (55, 25)
and thus a higher level for efficient public good provision.

As noted earlier, we focus here and throughout the paper on accepted proposal amounts
in keeping with the theory and since acceptance rates are generally high.

4.1 Overview

We begin with an overview of the main outcome variables from our experiment. Table
2 reports for each treatment, mean values for each of five main outcome variables: 1)
proposal acceptance rates, 2) accepted amounts allocated to the public good, disaggregated
by high or low type proposers; 3) accepted amounts allocated to the proposers’ private
account, disaggregated by high or low type proposers; 4) accepted amounts allocated to the
responders’ private account, disaggregated by high or low type responders, and 5) aggregate
efficiency levels achieved. Means are reported for the 1st half (all rounds of supergames 1-4),
for the 2nd half (all rounds of supergames 5-7, 8 or 9) and for all rounds of all supergames
(All Rnds). The table also shows in square brackets the equilibrium predictions based on
actual realizations for the proposer types and the actual levels of the status quo realized in
the experimental games (in the mandatory treatments).

Indeed, as Table 2 reveals, proposals are accepted on average more than 75% of the time.
A general finding observed across all treatments is that amounts allocated to the public good
by low proposer types are greater than equilibrium predictions, while amounts allocated by
high proposer types are lower than equilibrium predictions in the mandatory treatments.
On the other hand, both types of proposers allocate less, on average, to their own private
accounts and more, on average, to the private accounts of their matched responders. Despite
these differences, efficiency, as measured by the ratio of total payoffs earned to the Pareto
optimum payoff level, is generally quite high, in excess of 95%. A final general observation
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is that the changes in these mean values as we move from the first to the second half of
sessions are not very large, suggesting that while learning was occurring, it was not very
rapid within the time-frame allowed by our experiment.

4.2 Acceptance Rates

We begin by discussing responder’s acceptance rates of proposals made by proposers. As
Table 2 reveals, acceptance rates differ from the equilibrium prediction of 100%, and are
highest for the discretionary treatment and lower for the two mandatory treatments. Details
on acceptance rates by treatment and session are found in Table B.1 in the Appendix.

Table 3: Mann-Whitney Tests of Differences in Acceptance Rates Across Treatments (p-
values)

Acceptance Rates 1st Half 2nd Half All Rounds

Both D 6=Ma 0.009 0.016 0.009
Type D 6=Mp 0.016 0.047 0.012
Proposer Ma6=Mp 0.295 0.602 0.530

High D6=Ma 0.028 0.059 0.009
Type D 6=Mp 0.028 0.347 0.076
Proposer Ma6=Mp 0.076 0.295 0.094

Low D6=Ma 0.036 0.016 0.012
Type D 6=Mp 0.076 0.028 0.016
Proposer Ma6=Mp 0.675 0.754 0.917

Notes. p-values for tests of differences in acceptance rates between treatments
are reported. The second column states the alternative hypotheses that acceptance
rates between any two treatments are not the same (two-sided test).
D=Discretionary, Ma=Mandatory-aligned, Mp=Mandatory-polarized.
1st Half=Sequences (supergames) 1-4, 2nd Half=Sequences 5-7,8,9.

The difference in acceptance rates between the discretionary and mandatory treatments
likely reflects the fact that under the discretionary rule, the rejection of a proposal means
that earnings are zero while under the mandatory rule, if the status quo level of the public
good, Y > 1, rejection still results in a positive payoff to both players and this status quo
payoff level can grow large over time, i.e., the status quo is endogenous. Thus, the mandatory
rule gives responders greater bargaining power that gets stronger as the status quo points
become higher, and empirically, this results in higher rates of rejection (lower acceptance
rates) under the two mandatory rules as compared with the discretionary rule. Indeed,
the difference in acceptance rates between the discretionary treatment and either of the two
mandatory treatments (Ma or Mp) is significant at the 5% level as revealed in Table 3 which
reports on Mann-Whitney tests using session level mean data (5 sessions per treatment)
over various sub-intervals. We observe in Table 2 that the difference in acceptance rates
between the discretionary and mandatory treatments is around 10 percentage points, on
average. Table 3 further reveals that there is no difference in acceptance rates between the
two mandatory treatments, Ma and Mp. Summarizing this discussion we have:
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Result 1 Acceptance rates across all treatments are less than 100%. Acceptance rates are
significantly higher in the discretionary treatment as compared with the two mandatory treat-
ments. There are no significant differences in acceptance rates between the two mandatory
treatments.

4.3 Determinants of Responder Acceptance Decisions

Table 4: Responders’ Acceptance Decisions: All Treatments

VARIABLES y = 1 if a proposal is accepted
(1) (2) (3) (4) (5) (6) (7)

Constant -0.104 -0.008 0.192 0.216 2.032*** 0.197 0.195
(0.206) (0.187) (0.207) (0.245) (0.328) (0.256) (0.255)

Public good alloc.s 0.014*** 0.019*** 0.019*** 0.025*** 0.007*** 0.025*** 0.025***
(0.002) (0.002) (0.002) (0.002) (0.003) (0.002) (0.002)

Private points 0.030*** 0.029*** 0.030*** 0.036*** 0.036*** 0.036***
(responder) (0.004) (0.005) (0.004) (0.004) (0.004) (0.004)

Status quo -0.010*** -0.008*** -0.009*** -0.009*** -0.009*** -0.009***
(0.001) (0.002) (0.002) (0.002) (0.002) (0.002)

Diff. Private pts. -0.018***
(pro.-res.) (0.002)

Ma -0.445* -0.469* -0.469* -0.466* -0.463
(0.240) (0.282) (0.282) (0.281) (0.282)

Mp -0.426* -0.513* -0.513* -0.510* -0.507*
(0.244) (0.290) (0.290) (0.290) (0.292)

High type -0.602*** -0.602*** -0.600*** -0.598***
(proposer) (0.086) (0.086) (0.082) (0.083)

Sequence 0.005
(0.018)

Round 0.001
(in session) (0.003)

Observations 2985 2985 2985 2985 2985 2985 2985
Pseudo-R2 0.068 0.099 0.105 0.133 0.133 0.133 0.133

Notes. (i) Random-effect probit models are estimated with clustering at the session level for responder’s
acceptance decisions about proposed allocations. The estimation is based on all proposals (not necessarily
accepted).
(ii) Ma=1 if treatment=Ma (θH = 40); Mp=1 if treatment=Mp (θH = 55).
(iii) Diff. Private pts.=Difference between proposer’s and responder’s private points.
(iv) Standard errors in parentheses: *** p<0.01, ** p<0.05, * p<0.1.
(v) Ma−Mp = −0.019 (0.131), 0.045 (0.135), 0.0446 (0.135), 0.044 (0.1352) and 0.0435 (0.1353) in columns
(3), (4), (5), (6) and (7), respectively, are all not statistically significant (standard errors in parentheses).
(vi) We use McFadden’s Pseudo R2 = 1− Ln(LM )/Ln(L0), where Ln(LM ) and Ln(L0) are the log likelihood
from the full model and the model only with constant, respectively.

We next examine the determinants of responder acceptance decisions using a Probit
regression analysis. Here the binary dependent variable is equal to 1 if the proposal was
accepted and 0 otherwise. The results from our analysis are reported in Table 4 for all
treatments and in Table 5 for the two mandatory treatments separately.
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Table 5: Responders’ Acceptance Decisions: Mandatory Treatments Only

VARIABLES y = 1 if a proposal is accepted
Treatment Ma Treatment Mp

(1) (2) (3) (4) (5) (6) (7) (8)

Constant -0.418 -0.451* 1.522*** -0.694*** -0.462*** -0.396** 1.455*** -0.834***
(0.263) (0.271) (0.244) (0.168) (0.177) (0.199) (0.458) (0.176)

Public good alloc.s 0.028*** 0.027*** 0.008*** 0.023*** 0.028*** 0.028*** 0.010* 0.021***
(0.002) (0.002) (0.002) (0.003) (0.002) (0.002) (0.005) (0.002)

Private points 0.040*** 0.039*** 0.042*** 0.037*** 0.037*** 0.037***
(responder) (0.005) (0.005) (0.006) (0.010) (0.010) (0.010)

Status quo, SQ -0.009*** -0.010*** -0.010*** -0.010*** -0.010*** -0.010***
(0.003) (0.003) (0.003) (0.002) (0.002) (0.002)

Diff. Private pts -0.020*** -0.019***
(pro.-res.) (0.002) (0.005)

High type -0.648*** -0.642*** -0.642*** -0.610*** -0.559*** -0.570*** -0.570*** -0.530***
(propoer) (0.156) (0.142) (0.142) (0.161) (0.099) (0.094) (0.094) (0.133)

Sequence 0.011 0.011 -0.019 -0.019
(0.031) (0.031) (0.017) (0.017)

Public×low SQ 0.003 0.008***
(0.003) (0.000)

Private×high SQ -0.014** -0.026**
(0.006) (0.011)

Observations 995 995 995 995 995 995 995 995
Pseudo-R2 0.168 0.169 0.169 0.153 0.130 0.130 0.130 0.124

Notes. (i) Random-effect probit models are estimated with clustering at the session level for responders’
acceptance decisions about proposed allocations. The estimation is based on all proposals (not necessarily
accepted).
(ii) Ma=1 if treatment=Ma (θH = 40); Mp=1 if treatment=Mp (θH = 55).
(iii) Diff. Private pts.=Difference between proposer’s and responder’s private points.
(iv) Standard errors in parentheses: *** p<0.01, ** p<0.05, * p<0.1.
(v) Low SQ (dummy) indicates the cases when the status quo public good is below Pareto efficient level
while high SQ (dummy) indicates the opposite case.
(vi) We use McFadden’s Pseudo R2 = 1− Ln(LM )/Ln(L0), where Ln(LM ) and Ln(L0) are the log
likelihood from the full model and the model only with constant, respectively.

In Table 4 we observe that responders are more likely to accept offers the higher is
the proposer’s allocations to the public good and the higher is the proposer’s allocation
to the responder’s private point balance. We further observe that responder acceptance
decisions are decreasing with increases in the status quo amount of the public good in
the two mandatory treatments, Ma and Mp. The latter result follows from the fact that
in the discretionary treatment the status quo level is not changing but it generally rises
over time in the mandatory treatments. Intuitively, as the status quo level rises, it is
easier for responders to reject proposals as the positive status quo level of the public good
guarantees that they will get some positive payoffs from the public good. Finally, we observe
that controlling for public and private good allocations, the status quo public good level
and treatment effects, proposals made by high type players (those who value the public
good more) are significantly more likely to be rejected by their low type responders. The
latter finding is our first indication that fairness concerns may play a role in responders’
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acceptance decisions (more on this later).
These results remain largely robust if we restrict attention to the two mandatory treat-

ments only, as reported on in Table 5. In the analysis of Table 5 we further explore if
acceptance decisions depend on whether the status quo level of the public good is below
the efficient level (low SQ) or above the efficient level (high SQ). We find that, in a way
to facilitate the theory predictions, when the status quo level is below the efficient level, a
higher allocation to the public good leads to a greater likelihood of acceptance by respon-
ders, though this is only significant in the Mp treatment. When the status quo level is
above the efficient level, higher private points awarded to the responder lead to a small but
significant reduction in acceptance rates by responders.

We further consider differences in mean allocations to public good and private points
between accepted and rejected proposals - see Figure B.1 and Table B.2 in Appendix. There
we show that public good and responder private points are significantly greater in accepted
proposals as compared with rejected proposals while proposer private points are significantly
lower in accepted proposals as compared with rejected proposals. This evidence further
confirms that responders consider both public good levels and their own private points in
deciding whether to accept proposals, as was already shown in the probit regression results.

4.4 Effect of Mandatory Rules on Public Good Levels

We now consider the main treatment effect of adopting mandatory budget rules for public
good provision relative to the discretionary budget rule case. We first focus on a com-
parison of the mandatory-aligned (Ma) and discretionary (D) treatments as they are most
comparable (have the same θ values). We report the following finding.

Result 2 Consistent with Hypothesis 1, public good provision is higher in the mandatory-
aligned treatment than in the discretionary treatment.

Support for Result 2 comes from Table 2 and from Figure 4 which reveals mean public
good allocations by treatment and disaggregated also by proposer type (high or low). Fur-
ther Table 6 provides results from non-parameteric Mann-Whitney tests on accepted public
good amounts by treatment using session level averages (session level data on public good
allocations shown in Tables B.3-B.5).

We first compare overall allocations to the public good in the discretionary treatment
(D) with the mandatory-aligned treatment (Ma). Since the θ values do not change between
these two treatments, the comparison of D vs. Ma provides the cleanest test of the effect of
changing the bargaining rules. We observe that the mean agreed upon public good levels as
proposed by both high and low types in the Ma treatment are always greater, by about 10
points on average, relative to the comparable means for discretionary treatment and, over
all rounds, this difference is statistically significant at the 5% level using the Mann-Whitney
test on session level data as revealed in Table 6.

Using a random-effects Tobit regression analysis (to account for data censoring) and all
data on accepted public good amounts from all treatments, Table 7 confirms that public
good provision is, on average, 10-13 points higher in the Ma treatment as compared with
the baseline D treatment and that this difference is generally significant at the 1% level
for various different specifications that include sequence numbers and round numbers along
with various interactive terms.
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Notes. D=Discretionary, Ma=Mandatory-aligned, Mp=Mandatory-polarized. Error bars indicate

95% confidence intervals.

Figure 4: Mean Accepted Allocation to Public Good, All Rounds

Table 6: Mann-Whitney Tests for Differences in (Accepted) Public Good Allocations (p-
values)

Public Good Offers 1st Half 2nd Half All Rounds

Both D<Ma 0.174 0.014 0.024
P.Types Ma<Mp 0.038 0.014 0.008

High D<Ma 0.174 0.005 0.008
P.Type Ma<Mp 0.014 0.014 0.014

Low D<Ma 0.232 0.038 0.038
P.Type Ma<Mp 0.125 0.038 0.087

D Low<High 0.038 0.125 0.059
Ma Low<High 0.038 0.014 0.014
Mp Low<High 0.005 0.005 0.005

Notes. p-values for tests of differences in accepted public good offers between two different
treatments or between two different types of proposers within a treatment are reported.
The second column states the alternative hypotheses that the public good offers in the first
treatment are less than those in the second treatment or that the public good offers by low
type proposers are less than those by high type proposers in each of the three treatments
(one-sided test). D=Discretionary, Ma=Mandatory-aligned, Mp=Mandatory-polarized.
1st Half=Sequences (supergames) 1-4, 2nd Half=Sequences 5-7,8,9. P.Type=proposer type.

We note further that in the discretionary treatment, Table 2 reveals that there is con-
siderable over -allocation to the public good in that mean accepted public good amounts
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Table 7: Tobit Regression Analysis of Accepted Public Good Allocations

VARIABLES Accepted public good allocations
(1) (2) (3) (4)

Constant 47.033*** 40.462*** 47.468*** 47.735***
(1.748) (1.969) (1.948) (2.140)

Private Pts. -0.657*** -0.641*** -0.654*** -0.634***
(responder) (0.030) (0.029) (0.029) (0.029)

Ma 13.153*** 13.143*** 9.494*** 4.739
(2.405) (2.399) (2.702) (3.000)

Mp 20.192*** 20.330*** 15.621*** 11.946***
(2.401) (2.395) (2.696) (2.981)

High Type 15.322*** 15.304*** 15.117*** 15.221***
(proposer) (0.765) (0.756) (0.760) (0.755)

Round 0.564*** -0.094
(in seq.) (0.137) (0.223)

Ma×Rd. 0.980***
(0.331)

Mp×Rd. 1.247***
(0.332)

Sequence 0.904*** -0.195
(0.160) (0.264)

Ma×Seq. 1.770***
(0.386)

Mp×Seq. 1.775***
(0.384)

Observations 2436 2436 2436 2436
Pseudo-R2 0.034 0.036 0.035 0.037

Notes. (i) Random-effect tobit model is estimated with lower bound=1 and upper
bound=100 in the dependent variable. The estimation is based on accepted proposals.
(ii) Ma=1 if treatment=Ma (θH = 40); Mp=1 if treatment=Mp (θH = 55).
(iii) Standard errors in parentheses: *** p<0.01, ** p<0.05, * p<0.1.
(iv) We use McFadden’s Pseudo R2 = 1− Ln(LM )/Ln(L0), where Ln(LM ) and Ln(L0) are
the log likelihood from the full model and the model only with constant, respectively.

are greater than theoretical predictions.8 We see considerably less over-allocation in the
mandatory-aligned (Ma) treatment.

We further observe in Figure 4 and in Table 7 that, consistent with the theory, av-
erage allocations to the public good in the mandatory-polarized treatment (Mp) are also
significantly greater than in the discretionary treatment (D) by somewhere between 15-20
points, though in this case, the additional change in the degree of polarization between the
discretionary and mandatory-polarized treatment is a confounding factor.

We next consider the impact on allocations to the public good under the mandatory
rule when there is an increase in polarization, that is, we make a comparison between mean

8Note that the predicted public good amounts (in square brackets) for the mandatory treatments in Table
2 and other tables condition on the status quo level of the public good at time a proposal was made, which
differs by round and across sessions.
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Table 8: Tobit Regression Analysis of Accepted Public Good Allocations, Mandatory Treat-
ments Only

VARIABLES Accepted public good allocations
(1) (2) (3) (4)

Constant 53.087*** 49.429*** 53.350*** 49.077***
(1.581) (1.824) (1.727) (1.984)

Private pts. -0.769*** -0.750*** -0.766*** -0.752***
(responder) (0.036) (0.036) (0.036) (0.036)

Status quo 0.204*** 0.199*** 0.216*** 0.190***
(0.014) (0.016) (0.016) (0.014)

Mp 6.027*** 6.158*** 6.346*** 6.055**
(1.816) (1.812) (2.172) (2.524)

High type 15.068*** 15.115*** 15.071*** 15.117***
(proposer) (0.890) (0.882) (0.890) (0.883)

Round -0.217 -0.227
(in seq.) (0.190) (0.248)

Mp×Rd. -0.100
(0.331)

Sequence 0.921*** 0.920***
(0.194) (0.273)

Mp×Seq. 0.031
(0.378)

Observations 1554 1554 1554 1554
Pseudo-R2 0.060 0.062 0.060 0.062

Notes. (i) Random-effects Tobit model is estimated with a lower bound=1 and upper
bound=100 in the dependent variable. The estimation is based on accepted proposals.
(ii) Mp=1 if treatment=Mp (θH = 55).
(iii) Standard errors in parentheses: *** p<0.01, ** p<0.05, * p<0.1.
(iv) We use McFadden’s Pseudo R2 = 1− Ln(LM )/Ln(L0), where Ln(LM ) and Ln(L0) are
the log likelihood from the full model and the model only with constant, respectively.

allocations by low and by high types in the mandatory-aligned treatment (Ma) and the
mandatory-polarized (Mp) treatment. We have:

Result 3 Consistent with Hypothesis 2, when there is an increase in polarization (hence a
change in treatments from Ma to Mp in the experiment), then under the mandatory rules,
both types increase their allocations to the public good.

Support for Result 3 comes from Figure 4 and Tables 6 and 8. From Figure 4 we observe
that average allocations to the public good are higher for both high and low types in the
mandatory-polarized (Mp) treatment relative to the allocations of these same types in the
mandatory-aligned (Ma) treatment. Using Mann-Whitney tests on session level averages
over all rounds, as reported on in Table 6 we find that this difference is significant for either
types at the 5% or 10% level of significance. That is, for each type (high or low), we reject
the null hypothesis that mean allocations to the public good are the same in treatments Ma
and Mp in favor of the alternative that mean allocations are higher in Mp as compared with
Ma. Finally, Table 8, reports on another Tobit regression analysis for accepted public good
allocations but for the mandatory treatments only and confirms this finding. Across several
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different specifications, we see that accepted public good allocations are significantly higher
in the Mp treatment as compared with the baseline Ma treatment at the 1% significance
level.9

4.5 Accepted Allocations to Private Accounts of Proposer and Responder

Thus far, we have focused on accepted allocations to the public good benefiting both players.
However, it is also of interest to consider the amounts allocated to the proposer and respon-
der’s private accounts. Here again we focus on accepted proposals made by the proposer
to his/her own private account and to the other player’s (the responder’s) private account.
Mean amounts for both allocations are reported on in Table 2 and illustrated in Figure 5.

Table 9: Nonparametric Tests for Differences in (Accepted) Private Points to Proposer and
Responder (p-values)

Private Points (Pro.) 1st Half 2nd Half All Rounds

Both D>Ma 0.125 0.014 0.024
P.Types Ma>Mp 0.014 0.038 0.014

High D>Ma 0.174 0.005 0.014
P.Type Ma>Mp 0.005 0.008 0.005

Low D>Ma 0.038 0.038 0.059
P.Type Ma>Mp 0.125 0.377 0.174

Private Points (Res.) 1st Half 2nd Half All Rounds

D Low>High 0.040 0.040 0.040
Ma Low>High 0.069 0.112 0.069
Mp Low>High 0.040 0.173 0.112
Pool Low>High 0.002 0.010 0.005

Notes. p-values for Mann-Whitney tests of differences in accepted proposers’ private
points between two different treatments or for Wilcoxon signed rank tests of differences
in accepted responders’ private points between different types within the same treatment.
The second column states the alternative hypotheses that the proposers’ private points
in the first treatment are greater than those in the second treatment, e.g., D>Ma, or that
the private points assigned to low type responders are greater than those assigned to high
types in each of the three treatments or all treatments pooled together, Low>High (one-
sided test). D=Discretionary, Ma=Mandatory-aligned, Mp=Mandatory-polarized.
1st Half=Sequences (supergames) 1-4, 2nd Half=Sequences 5-7,8,9.
Pro.=proposer, Res.=responder, P.Type=proposer type.

Figure 5 and the non-parameteric tests reported in Table 910 reveal that, consistent with
theoretical predictions, private points allocated to proposers are significantly higher in the
discretionary treatment as compared with the Ma treatment, where they are significantly
higher than in the Mp treatment. We further note that accepted private points to low type
responders are significantly greater than accepted private points to high type responders.

9The same tobit models in Tables 7-8 are estimated separately for each of high and low type proposers
and the results are shown to be robust in the subsamples of fixed proposer types in Tables B.6-B.7.

10Based on the session level data in Tables B.8-B.10 for proposer and Tables B.11-B.13 for responder.

21



Notes. D=Discretionary, Ma=Mandatory-aligned, Mp=Mandatory-polarized. Error bars indicate

95% confidence intervals.

Figure 5: Mean Accepted Allocation to Private Account, All Rounds
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However, in all cases accepted points allocated to the proposer’s private accounts lie
below the predicted amounts based on the realized status quo level (solid line) or using
the Pareto efficient equilibrium benchmark (dashed line) in Figure 5. That is, proposers of
both types under -allocate to their own private accounts on average and they over -allocate
to the responder’s private account on average, relative to theoretical predictions. As we are
focusing here on accepted proposals, this under-allocation by proposers to their own account
and over-allocation to the responder’s account appears to be the price that proposers must
pay to ensure acceptance of their proposals. Recall from our earlier discussion of Figure 3,
that it is generally the case that proposers should be able to secure acceptance from the
responder by making a positive allocation to the public good (which benefits both players)
and not by contributing anything (or very little) to the private account of the responder.
What we observe instead (see Figures 4-5) is that proposers are contributing positive but
small amounts, averaging around 8-18 points to responders in addition to making positive
allocations to the public good and their own private accounts.

While the equilibrium suggests that a proposal will be accepted so long as there is
sufficient provision of public goods but zero private points to responders, especially given
a status quo below the Pareto efficient level, such proposals are typically rejected in our
laboratory experiment and proposers had to offer private points as well to their responders
at most realized status quo levels. Indeed, as Tables B.15-B.16 in the Appendix show, mean
proposed amounts to the proposer’s private account and to the responder’s private account,
independent of the acceptance decision are, respectively, slightly greater and lower than
are the same amounts conditional on acceptance of the proposal in Tables B.8 and B.11.
We understand this as proposers not being able to fully exercising their proposer power, a
widely observed phenomenon in the empirical bargaining literature.

4.6 Allocations within the 2D Simplex

Figures 6-8 summarize, using a 2-dimensional simplex, the frequency of all accepted (left
panels) or rejected (right panel) allocation vectors made by high and low proposer types.
The advantage of this approach relative to our analysis thus far is that instead of looking
at one-dimensional analysis of public or private points here we can consider the behavior
of allocation vectors in multidimensional (bargaining) choice spaces. In each figure, the
first coordinate, on the horizontal axis, is the amount allocated to the public good and
the second coordinate, on the vertical axis, is the proposer’s allocation to his own private
account. The allocation to responders’ private account is the residual amount. Thus, the
coordinate pair (50,25) corresponds to case where the proposer allocated 50 points to the
public good, 25 points to his own private account and the remaining 25 points went to the
responder’s private account.11 The size of a bubble centered at each observed coordinate
pair is proportional to the count of observations with that allocation vector; the smallest
bubble corresponds to a single observation. These figures also show the mean allocation of
the experimental data (Data Mean, indicated by the solid triangles) along with the static
equilibrium prediction in the discretionary treatment and the Pareto optimum allocation in

11Also note that the three vertices of the 2-dimensional simplex (triangle) in Figures 6-8 represent pro-
posals: 1) that allocate all available resources to the group account (100, 0); 2) that allocate all resources to
the proposer’s private account (0, 100); or 3) that allocate all resources to the responder’s private account
(0, 0).
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the two mandatory treatments (the solid squares) for reference purposes.

Figure 6: Bubble Plots of Allocation Vectors by Proposer Types, Accepted vs. Rejected
Proposals in Discretionary Treatment Sessions

One key finding from these simplex figures is that there is a noticeable difference between
accepted and rejected proposals across all three treatments. Most rejected proposals lie on
the hypotenuse of the simplex triangle. These are proposals that assign zero private points
to the responder and positive points to both the public good and the proposer’s private
account. By contrast, many more accepted proposals do not lie on the hypotenuse of the
simplex triangle. Instead, the most frequently observed accepted proposals involve an equal
division of private points between the proposer and the responder. Such “equal split”
allocations are defined as those for which the proposer divides the amount not allocated to
the public good equally between himself and the responder. These equal split allocations
are found along the dashed line labeled “equal split” in Figures 6-8. While we observe these
equal split outcomes in all three treatments, the frequency of such equal split allocations is
greater in the two mandatory treatments.
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Figure 7: Bubble Plots of Allocation Vectors by Proposer Types, Accepted vs. Rejected
Proposals in Mandatory-aligned Treatment Sessions

A second key finding concerns the mean allocations relative to theoretical predictions.
In the discretionary treatment, Figure 6 reveals that the mean rejected proposal allocation
is closer to the static equilibrium than is the mean accepted proposal. However, we also
note that the mean accepted proposals in the D treatment contain larger amounts of pub-
lic goods relative to rejected proposals and hence, attain much higher efficiency.12 This
finding is similar to deviations toward cooperative outcomes commonly observed in exper-
imental social dilemma games. By contrast, in the two mandatory treatments, the mean
accepted allocation is generally closer to the Pareto optimum level than is the mean rejected
allocation.

If we focus on accepted proposals only (the left panels of Figures 6-8), there is a large
difference in allocations between the discretionary treatment and the two mandatory treat-

12The aggregate efficiency of rejected proposals in the D treatment was especially low at about 30-40%;
see Figure B.5.
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Figure 8: Bubble Plots of Allocation Vectors by Proposer Types, Accepted vs. Rejected
Proposals in Mandatory-polarized Treatment Sessions

ments which is consistent with theoretical predictions (and earlier findings). In the dis-
cretionary treatment, Figure 6, we observe a large mass of observations around the static
equilibrium allocation. By contrast, as we move from the discretionary to the two manda-
tory treatments, Figures 7-8, we see an increase in the accepted amounts allocated to the
public good, as indicated by the rightward movement of the data mean allocation. This
movement is away from the static equilibrium and toward the Pareto efficient outcome.
The shift is particularly pronounced for high proposer types and only less so for low pro-
poser types. In Figures B.2- B.4 in the Appendix, we provide further evidence of similar
movements over time, between the first and second halves of sessions, in the mean accepted
allocations in all three treatments. In the discretionary treatment there is a very slight
movement toward the static equilibrium while in the two mandatory treatments there is a
more pronounced movement toward the Pareto optimum allocation over time.

A further observation from the 2D simplex Figures 7-8 is that in the two mandatory
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treatments, low type proposers’ accepted allocations assign greater points to their own
private accounts than do high type proposer’s accepted allocations. Low type proposer’s
accepted allocations generally lie on or above the equal split line, while high type proposer’s
accepted allocations generally lie on or below the equal split line. The difference is largely
due to some high types proposing allocations at the lower bound of the simplex (the hori-
zontal leg of the triangle) where high type proposers are giving all of the endowment points
in excess of the public good to the responder. We seldom see this type of allocation behav-
ior in the case of low type proposers suggesting again that fairness motivations are playing
an important role since low type responders (matched with high type proposers) don’t get
the same benefit from the public good as do high type responders (matched with low type
proposers).

In the two mandatory treatments, it may be puzzling to find that low type proposers
are proposing public good amounts that are substantially below the Pareto optimum level,
as is also revealed in Figure 4. Figures 7-8 suggest that low types in the two mandatory
treatments appear to be allocating too much, on average, to their own private accounts,
particularly in the Mp treatment (see also Figure 5 for low types’ over-allocation to their
own private accounts, relative to the Pareto benchmark-drawn as the dashed line). However,
Figures 4-5 also reveal that low type proposers have actually over-allocated to public goods
and under-allocated to their own private account in the two mandatory treatments, taking
into account the predictions based on the realized status quo levels of the public good (i.e.,
the predictions depicted as the solid line). Thus, it seems that a reason for the under-
allocation to the public good by the low proposer types is that the status quo level of
the public good is not high enough in the time frame of our experiment to justify their
allocating the Pareto efficient amount to the public good.13 Of course, the status quo level
depends on the behavior of both high and low type proposers. The high proposer types
in the mandatory treatments are generally closer to the Pareto optimal public good levels,
particularly in the Ma treatment.

Based on Figures 6-8, we summarize our findings regarding proposer power in relation
to Hypothesis 3 as follows:

Result 4 Inconsistent with Hypothesis 3 proposers do not exercise full proposer power by
allocating zero private points to responders. This is particularly evident in the mandatory
treatments, where sizeable fractions of proposers divide points net of the public good alloca-
tion equally between their own private accounts and those of responders.

In an effort to better understand the heterogeneity regarding the allocation of private
points (individual differences in fairness concerns) that is evident in our 2D simplex figures,
we turn next to estimation of a finite mixture model that involves multiple behavioral types.

4.7 A Finite Mixture Model

As revealed by the allocations in the 2D simplex (Figures 6-8), proposers may not be
single-minded in how they choose to allocate private points between themselves and the

13We indeed show later in Table 12 that status quo public good levels faced by low proposer types converge
to values that are lower than those faced by high proposer types in both mandatory treatments.
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responders. After deciding how much to allocate to the group account, many subjects
choose to allocate the remaining private points equally either out of fairness concerns or out
of a fear that their offers might be rejected. If we regard proposer power in our context as the
ability of the proposer to take all (or most of) the points not allocated to the public good
for themselves, then the evidence thus far suggests that subjects may be heterogeneous
in the extent to which they exercise this proposer power, possibly according to different
risk attitudes toward the likelihood of rejection (Roth et al. 1991).14 In order to further

Note. α = X
100−Y (if Y < 100; α is “missing” if Y = 100) where Y =public good allocations,

X =proposer private points. The histogram is based on accepted proposals.

Figure 9: Proposer’s Own Private Points as a Proportion of Non-Public Good Private Points
by Treatment and Proposer Type

explore such heterogeneity, we consider how proposers allocate the private points remaining

14Theory predicts full proposer power every time in the discretionary treatment, and most of the time
when the status quo level of public good is below Pareto optimum, in the mandatory treatments (see Figure
3).
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after their public good choices among all accepted proposals and we define this term by α.
Specifically, we define α = X/(100 − Y ), where X are the proposer’s own private points
and Y are public good amounts.15 Figure 9 shows the distributions of α across the three
treatments and the two proposer types.

Examination of Figure 9 reveals that there appear to be three α-types across all treat-
ments and proposer types. First, the α = 1 (α1) type corresponds to those who exercise full
proposer power. Second, the α = 0.5 (α0.5) type corresponds to those who split the private
points equally. Finally, there is the surprising α = 0 (α0) type that is particularly prominent
among high type proposers and less so among low-type proposers. This type of proposers
doesn’t exercise proposer power at all, and cedes all of the private points remaining after
the public good allocation to the responder.

Given the evidence for three α-types from Figure 9, we estimated a finite mixture model
to identify the mean α values for these three types, together with their proportions in our
subject population (see Moffatt 2015, Ch.8). The finite mixture model assumes that the
total number of types is finite and that the parameters of the type distributions, along with
the “mixing proportions” (parameters revealing the proportion of subjects of each type),
are estimated by the method of maximum likelihood estimation (MLE).

In particular, we estimate the mixture model with three types specified below:

type i : N(αi, σ
2), i = 0, 0.5, 1

mixing proportions : p(α = αi) = pi, i = 0.5, 1

p(α = α0) ≡ p0 = 1− p0.5 − p1.

We assume a common variance σ2 across each of the three type i’s for the convenience of
estimation. Hence we have six parameters (p0.5, p1, σ

2, α0, α0.5 and α1) to be estimated for
our three-type finite mixture model (an estimate of p0 is deduced using the delta method).
The density associated with a particular value of α, conditional on the subject being of type
αi, is:

f(α|αi) =
1

σ
φ
(α− αi

σ

)
(where φ is the standard normal density) and the marginal density associated with an
observation of α is obtained by combining conditional densities with the mixing proportions:

f(α; α0, α0.5, α1, σ, p0.5, p1) =
∑

i∈{0,0.5,1}

pi ×
1

σ
φ
(α− αi

σ

)
.

The above equation for the marginal density is used as the likelihood contribution for each
observation. The sample log-likelihood, based on a sample α1, α2, ... , αN is given by

LogL =
N∑
n=1

ln f(αn; α0, α0.5, α1, σ, p0.5, p1).

Maximizing this sample log-likelihood with respect to (α0, α0.5, α1, σ, p0.5, p1) gives the
maximum likelihood estimates of these six parameters. The results of the finite mixture
model estimation are reported on in Tables 10 - B.17.

15In the case where Y = 100, α is treated as “missing” since in that case there are no remaining private
points to be divided between proposer and responder.
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Table 10: Finite Mixture Model with Three Types (MLE)
Treat High Proposer Type Low Proposer Type

Coef. S.E. 95% C.I. Coef. S.E. 95% C.I.
D α0 0.055 0.009 0.037 0.074 0.083 0.024 0.036 0.130

α0.5 0.509 0.005 0.499 0.518 0.558 0.009 0.541 0.575
α1 0.989 0.005 0.980 0.998 0.970 0.005 0.961 0.980
σ 0.063 0.002 0.059 0.068 0.076 0.003 0.071 0.081
p0 0.114 0.015 0.084 0.144 0.026 0.008 0.011 0.041
p0.5 0.427 0.024 0.381 0.474 0.287 0.023 0.241 0.332
p1 0.458 0.024 0.411 0.505 0.687 0.024 0.641 0.734

Ma α0 0.043 0.011 0.021 0.065 0.028 0.026 -0.023 0.079
α0.5 0.507 0.006 0.496 0.519 0.521 0.005 0.511 0.530
α1 0.966 0.015 0.938 0.995 0.960 0.006 0.948 0.972
σ 0.072 0.003 0.067 0.078 0.067 0.003 0.062 0.072
p0 0.148 0.019 0.111 0.186 0.025 0.008 0.009 0.042
p0.5 0.685 0.026 0.634 0.736 0.590 0.026 0.539 0.641
p1 0.167 0.022 0.125 0.209 0.385 0.026 0.334 0.435

Mp α0 0.063 0.012 0.039 0.088 0.014 0.035 -0.055 0.084
α0.5 0.486 0.007 0.472 0.500 0.553 0.009 0.536 0.571
α1 0.948 0.026 0.898 0.999 0.925 0.010 0.905 0.944
σ 0.089 0.004 0.081 0.097 0.093 0.004 0.086 0.101
p0 0.248 0.026 0.198 0.299 0.018 0.007 0.005 0.032
p0.5 0.687 0.028 0.633 0.742 0.564 0.030 0.504 0.623
p1 0.064 0.015 0.035 0.093 0.418 0.030 0.358 0.477

Notes. α = X
100−Y (if Y < 100; α is “missing” if Y = 100) where Y =public good allocations,

X =proposer private points. αj and pj are estimated parameter and proportion of each type j.
The maximum likelihood estimation of finite mixture model is based on accepted proposals.
D=Discretionary, Ma=Mandatory-aligned, Mp=Mandatory-polarized.

Table 10 reveals several interesting findings. First, the estimated α coefficients for each
of the three types are indeed close to 0, 0.5 and 1.0, respectively and these hypothesized
values often lie within the 95% confidence interval of the α coefficient estimates. Second,
the proportion of α = 1 types –those who exercise full proposer power– p1, is greater for
low proposer types than for high proposer types in all three treatments. This means that
low proposer types are more likely to allocate all of the points in excess of their public good
allocation to themselves as compared with the high proposer types; this behavior, amounting
to the exercise of full proposer power, is generally consistent with the theoretical predictions
(given the status quo levels achieved for the public good in the mandatory treatments). The
proportion of α = 0 types –those exercising no proposer power– p0 is small, but opposite to
the finding for p1, the value for p0 is significantly greater for high proposer types than for
low proposer types across all three treatments. As the high proposer types earn a higher
payoff from the public good, a larger proportion of these high proposer types offer nearly
all of the private points in excess of the public good allocation to their low-type player
match. This allocation of nearly all private points to the responder is generally at odds
with theoretical predictions, but it appears to be the price that some high proposer types
are willing to pay in order to get their proposals accepted by low type responders. Further,
and consistent with the last observation, the proportion of equal split, α = 0.5 proposer
types, p0.5, is always greater among high proposer types as compared with low proposer
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types. Finally, comparing the discretionary treatment with the two mandatory treatments,
we observe that in the discretionary treatment, regardless of whether the proposer is a high
or low type, we have p1 > p0.5 > p0, and these differences are often statistically significant
(see the 95% confidence intervals). By contrast, in the two mandatory treatments, we find
that the α = 0.5 type always has the largest proportion, p0.5 > max{p0, p1}, regardless
of the proposer type (high or low). Second rank goes to p1 with an exception in case of
Mp-high proposer types where p0 takes the second largest proportion. We also found that
p0.5 increased as we moved from low to high status quo (low status quo being lower than
the Pareto efficient level and high status quo being above Pareto efficiency) as shown in
Table B.17.

Overall, these findings suggest that proposer power, as measured by α is greatest in
the discretionary treatment. In the mandatory treatments, the persistence of the status
quo level of the public good increases the amount allocated to the public good, but this
persistence also works to weaken proposer power, particularly among high proposer types.
Fairness or “inequity-aversion” concerns require proposers, particularly high type proposers
to divide the private points remaining after the public good allocation equally between
themselves and the responders. A small but sizeable fraction of the (mainly) high proposer
types elect to give all of the private points in excess of the public good allocation to the
responder, likely in acknowledgment of the higher return these high proposer types earn
from the public good. The need to behave in an equitable manner to ensure adoption of
proposals by both parties in the two mandatory treatments likely explains why the Pareto
optimum level is not achieved in those two treatments, though subjects do get close to this
level over the rounds of each supergame.

4.8 Evolution of Accepted Public Good Amounts Over Time

In this section we explore in further detail, the evolution of public good provision over
time. Figure 10 shows mean public good allocations over all rounds of a supergame, with
standard error bars (see also Table B.18 in the Appendix). Note that due to our use
of random termination to implement a discount factor of δ = .80, earlier rounds in a
supergame will have more observations than later rounds (larger standard errors in later
rounds accordingly) and that the longest supergame in any session was 12 rounds. The
top panel of Figure 10 shows mean public good allocations by proposer type, high or low,
across all three treatments. The two middle panels and the bottom left panel show mean
public good allocations by high and low types for each of the three treatments Ma, Mp and
D. Finally, the bottom right panel shows mean public good allocations for both proposer
types combined, across all three treatments.

The clear impression given by Figure 10 is that over the course of a supergame there
is on average, good separation in mean public good amounts across treatments, offered by
the high and low proposer types. Further, in both of the mandatory treatments we observe
an upward trend in public good allocations while in the discretionary treatment we see a
constant or even a declining trend in mean public good amounts.

We next consider each treatment in turn, beginning with the discretionary treatment.
Recall from Hypothesis 3 that for the discretionary treatment, high and low types should
simply propose their static equilibrium amounts in each round that they serve as the pro-
poser, specifically θH = 40 for high types and θL = 25 for low types, ignoring any dynamic
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Notes. D=Discretionary, Ma=Mandatory-aligned, Mp=Mandatory-polarized. p.type=proposer type. Error

bars show standard errors. Horizontal axis indicates round in sequence.

Figure 10: Average (Accepted) Public Good Allocations over Rounds

aspects of the repeated game. As Table 2 and Figure 4 reveal, in the discretionary (D)
treatment, accepted proposals made by high types average 50.81 while those made by low
types average 43.3 over all rounds. These levels are greater than the static equilibrium levels
of 40 and 25 respectively. However, as Table 6 reveals, we can reject the null hypothesis that
accepted public good offers by low types are the same as accepted public good offers by high
types in favor of the alternative that the latter offers by high types are significantly greater
than the former offers by low types at the 10% level of significance (p = .059). Further, as
Table 2 reveals, there is not much change in the accepted public good allocations proposed
by high and low types over the first and second halves of each session; that is, while accepted
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amounts proposed by both types are greater than the static equilibrium levels, they are not
increasing or decreasing by much over time. A similar observation follows from the bottom
left panel of Figure 10.

We summarize this finding as follows.

Result 5 Consistent with Hypothesis 4 in the discretionary treatment, accepted public good
proposals by high types are greater than accepted public good proposals by low types, and do
not change much over time. Both types’ accepted public good proposal amounts are greater
than the static equilibrium levels (θH , θL) = (40, 25).

We next go back to Table 7 and compare the evolution of accepted public good amounts
over time in the mandatory treatments relative to the discretionary treatment using Tobit
regressions that account for data censoring. Specifically, we report on random-effect tobit
regressions and we include round and sequence numbers to consider behavior over time.
The dependent variable is accepted public good amounts within the implemented limits
between 1 and 100.

In these regressions in Table 7, the discretionary treatment serves as the baseline. We
see in specification (1) that the baseline accepted public good amount is about 47 and is
increasing in the mandatory-aligned (Ma) treatment by about 13 and increasing further in
the mandatory-polarized (Mp) treatment by around 20. Further, the inclusion of sequence
and round numbers in specification (2) suggests that allocations to the public good are
growing over time. However, disaggregating this effect further using interaction variables,
Ma×Round and Mp×Round in specification (3) and Ma×Sequence and Mp×Sequence in
specification (4) we see that the growth in public good allocations over time is owing to the
two mandatory treatments (Ma and Mp); including the interactive terms, the coefficients
on the round or sequence number variables for the baseline discretionary treatment are no
longer significantly different from zero. This finding is consistent with the theory which
predicts that accepted public good amounts should be growing over time in the mandatory
treatments due to the role played by the status quo public good level in dynamic bargaining
under mandatory rules. These same results generally continue to hold if we disaggregate
accepted public good allocations by the type of player (high or low) who made the proposal
as in Table B.6 reported on in the Appendix.

We next look for more explicit evidence of dynamic adjustment within a sequence (in-
definitely repeated game) in the mandatory treatments, since in those treatments, each new
sequence starts with a status quo level for the public good reset to the initial condition,
Y = 1, and then, depending on whether proposals are accepted or not, the status quo level
for the public good can increase over time.

Starting with the first and second half means reported in Table 2, we observe that
acceptance rates remain roughly constant over time and consistently below the 100% equi-
librium prediction across treatments (the 95% confidence intervals of mean acceptance rates
- viewed as sample proportions - were overlapping between the first and the second half of
sessions for all three treatments).

We notice further in Figure 11 that both high and low types tend to increase their public
good allocations over time in the two mandatory treatments, while there is not much change
in public good allocations over time in the discretionary treatment (the 95% confidence in-
tervals of mean public good allocations in accepted proposals were non-overlapping between
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Notes. 1st Half=Sequences (supergames) 1-4, 2nd Half=Sequences 5-7,8,9. Error bars indicate 95%

confidence intervals.

Figure 11: Mean Accepted Allocation to Public Good by Proposer Type, 1st vs. 2nd Half
of Session
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the first and the second half of sessions for the two mandatory, Ma and Mp, treatments, for
each of the two types, high and low, of proposers, while the same intervals were indeed over-
lapping between the two halves for either type of proposers in the discretionary treatment).
The latter observation is consistent with the notion that players may be learning to play
according to the dynamic equilibrium predictions of the theory with greater experience.

Figure 12: Scatter Plot of (Accepted) Public Good Allocations by Status Quo Default Level,
Mandatory Treatments Along with Lowess Filter.

Figure 12 shows scatter plots of accepted public good amounts as a function of the
default, status quo level at the time the proposal was made. In addition, we show the fit of
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Lowess filters to these data. The top panels are for the high and low proposer types in the
mandatory-aligned (Ma) treatment, the middle panels are for the high and low types in the
mandatory-polarized (Mp) treatment, and the bottom panels consider both proposer types
combined in Ma (left) and Mp (right). By comparison with the theoretical predictions in
Figure 2, we find both differences and similarities. On the one hand, we observe that for
the low types (the right columns of the top and middle panels), the pattern of allocations to
the public good as a function of the status quo level is qualitatively similar to the Markov
perfect equilibrium path. On the other hand, for the high types (the left columns of the top
and middle panels) public good allocation levels should be more or less constant according
to the equilibrium while the data shows a clearly increasing pattern as status quo levels
increase.

By way of an explanation, we note that the lowest status quo value (of 1) is more likely
to be observed, as it is the initial state of all supergames, and there is a wide variance of
public good allocation amounts for this status quo level for both high and low proposer
types. This large initial variance reflects some initial learning/coordination that the theory
does not address. Further, as the probit regressions in Tables 4-5 revealed, proposals by
high type proposers are significantly more likely to be rejected by low type responders across
all treatments (while the Markov equilibrium, as depicted in Figures 2 and 3, assumes no
rejection). The greater rejection of high type proposals may cause these high types to
increase their allocations to the public good in order to gain acceptance.

To better understand the repeated game dynamics within a supergame (or sequence), we
consider a simple first order autoregressive model of the convergence behavior of different
outcome variables, which we label y. Specifically, we consider the model

yj,t = λyj,t−1 + µj + εj,t (1)

where yj,t denotes the time t value of variable j. We are particularly interested in two main
outcome variables, namely the accepted amount of the public good in period t, PGt and
the status quo level for the public good in period t, SQt in the two mandatory treatments,
as both of these variables are expected to converge to steady states over time.

Provided that estimates of λ are less than 1, the steady state public good and status
quo amounts over a supergame are well approximated by estimates of the limiting value
of equation (1), namely, by µ

1−λ . Estimation of equation (1) for the accepted public good
amount (PG) are reported on in Table 11 while estimates for the status quo level of the
public good (SQ) are reported on in Table 12.

These tables reveal several things. First estimates for λ are generally less than 1 pro-
viding evidence of weak convergence over time across all treatments. Second, the limiting
estimated values for µ

1−λ in the two mandatory treatments are greater than in the dis-
cretionary treatment and are close to, but often fall just short of predicted steady state
values for these two mandatory treatments. For instance, considering both proposer types
in treatment Ma (Ma-both) a 95% confidence interval for the estimated limiting value of
the public good allocation or the status quo level does not include the steady state level of
64.615, though the data are very close to this level. For high type proposers in treatment Ma
(Ma-high), the 95% confidence intervals for the estimated limiting value of the public good
allocation or the status quo level do include or overshoot the predicted steady state level
of 64.615. Similarly, for the Mp treatment, considering both proposer types (Mp-both), a
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Table 11: Test of Convergence to Steady States: Public Good (PG)

Treat & 1st Half 2nd Half All Rounds Steady
P.Types λ µ

1−λ λ µ
1−λ λ µ

1−λ States

D-both Coef. 0.376 47.277 0.418 46.248 0.397 46.688 32.5†
Std.Err. 0.051 1.894 0.043 1.429 0.033 1.139
95% LB 0.276 43.565 0.332 43.447 0.332 44.455
95% UB 0.476 50.990 0.503 49.049 0.461 48.921

D-high Coef. 0.542 58.681 0.324 50.362 0.433 53.360 40
Std.Err. 0.065 3.501 0.063 1.756 0.045 1.682
95% LB 0.413 51.820 0.201 46.920 0.343 50.063
95% UB 0.670 65.543 0.447 53.804 0.522 56.656

D-low Coef. 0.244 39.421 0.504 40.812 0.375 40.574 25
Std.Err. 0.071 2.489 0.059 2.463 0.046 1.675
95% LB 0.103 34.542 0.388 35.984 0.285 37.291
95% UB 0.385 44.300 0.620 45.640 0.464 43.858

Ma-both Coef. 0.510 54.341 0.480 62.858 0.511 59.749 64.615
Std.Err. 0.051 2.467 0.045 1.777 0.033 1.515
95% LB 0.409 49.505 0.391 59.375 0.446 56.780
95% UB 0.611 59.176 0.568 66.342 0.577 62.718

Ma-high Coef. 0.475 62.435 0.511 75.837 0.519 70.717 64.615
Std.Err. 0.072 3.451 0.058 2.980 0.045 2.418
95% LB 0.333 55.671 0.398 69.007 0.430 65.978
95% UB 0.617 69.199 0.625 81.677 0.608 75.457

Ma-low Coef. 0.519 43.807 0.432 52.938 0.486 49.538 64.615
Std.Err. 0.068 3.419 0.061 2.277 0.045 1.996
95% LB 0.384 37.105 0.311 48.474 0.397 45.626
95% UB 0.655 50.509 0.553 57.401 0.575 53.449

Mp-both Coef. 0.345 64.257 0.463 72.629 0.430 69.537 80
Std.Err. 0.058 2.156 0.044 1.767 0.035 1.419
95% LB 0.231 60.031 0.376 69.166 0.362 66.756
95% UB 0.459 68.482 0.550 76.093 0.498 72.318

Mp-high Coef. 0.445 77.000 0.457 83.095 0.473 81.339 80
Std.Err. 0.077 4.646 0.054 2.569 0.043 2.481
95% LB 0.293 67.894 0.350 78.061 0.388 76.477
95% UB 0.597 86.107 0.564 88.130 0.557 86.201

Mp-low Coef. 0.290 54.065 0.413 61.564 0.376 58.460 80
Std.Err. 0.080 2.474 0.065 2.203 0.050 1.692
95% LB 0.132 49.215 0.285 57.247 0.277 55.144
95% UB 0.447 58.915 0.541 65.882 0.475 61.776

Notes. The model PGt = λPGt−1 + µ is estimated, based on accepted proposals; and
the estimated parameters, and their standard errors and 95 % confidence intervals are
reported (λ and µ are estimated by OLS and then µ

1−λ , by the delta method; Moffatt

2015). D=Discretionary, Ma=Mandatory-aligned, and Mp=Mandatory-polarized.
P.Type=proposer type. Static equilibrium is provided instead of steady state for D in
the last column. † 32.5 is the average between static equilibrium values 40 and 25
but there’s no steady states in D (perpetual oscillation between the two values instead).

95% confidence interval for the estimated limiting value of the public good allocation or the
status quo level does not include the steady state level of 80, though again the data are very
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Table 12: Test of Convergence to Steady States: Status Quo (SQ)

Treat & 1st Half 2nd Half All Rounds Steady
P.Types λ µ

1−λ λ µ
1−λ λ µ

1−λ States

Ma-both Coef. 0.350 57.663 0.413 63.724 0.397 61.498 64.615
Std.Err. 0.040 2.270 0.035 1.934 0.027 1.588
95% LB 0.272 53.215 0.344 59.934 0.343 58.385
95% UB 0.428 62.112 0.482 67.514 0.451 64.611

Ma-high Coef. 0.396 61.439 0.392 65.050 0.404 64.010 64.615
Std.Err. 0.051 3.286 0.050 2.799 0.038 2.308
95% LB 0.295 55.000 0.293 59.564 0.330 59.486
95% UB 0.497 67.879 0.491 70.536 0.478 68.533

Ma-low Coef. 0.290 53.350 0.436 62.562 0.389 59.075 64.615
Std.Err. 0.062 3.122 0.049 2.695 0.040 2.181
95% LB 0.167 47.232 0.338 57.279 0.310 54.800
95% UB 0.413 59.469 0.533 67.845 0.468 63.350

Mp-both Coef. 0.373 65.105 0.381 72.127 0.400 69.086 80
Std.Err. 0.039 2.638 0.031 1.804 0.025 1.624
95% LB 0.296 59.936 0.320 68.591 0.351 65.904
95% UB 0.451 70.275 0.442 75.662 0.450 72.268

Mp-high Coef. 0.419 66.151 0.329 74.255 0.382 71.005 80
Std.Err. 0.052 3.970 0.044 2.339 0.034 2.229
95% LB 0.317 58.371 0.242 69.670 0.315 66.637
95% UB 0.521 73.931 0.415 78.839 0.448 75.373

Mp-low Coef. 0.316 64.165 0.425 69.544 0.424 66.923 80
Std.Err. 0.060 3.470 0.044 2.707 0.037 2.370
95% LB 0.197 57.364 0.339 64.238 0.350 62.278
95% UB 0.435 70.965 0.511 74.850 0.498 71.568

Notes. The model SQt = λSQt−1 + µ is estimated, based on accepted proposals; and
the estimated parameters, and their standard errors and 95% confidence intervals are
reported (λ and µ are estimated by OLS and then µ

1−λ , by the delta method; Moffatt

2015). D=Discretionary, Ma=Mandatory-aligned, and Mp=Mandatory-polarized.
P.Type=proposer type.

close to this level. For high proposer types in Mp (Mp-high), the 95% confidence interval for
the estimated limiting value of the public good allocation does include the predicted steady
state level of 80 (but not for the limiting value of the status quo level). A third finding
from Tables 11- 12 is that the 95% confidence intervals for the estimated limiting values of
accepted public good allocations and status quo levels are non-overlapping across all three
treatments (when both proposer types combined, and in 2nd Half and All Rounds); that is,
there is good separation in these limiting values as we move from the discretionary treatment
to treatment Ma and then to treatment Mp. For instance, considering both proposer types
and all rounds, Table 11 reveals that the estimated limiting accepted public good allocation
in the discretionary treatment (D-both) is 46.688 with a 95% confidence interval of [44.455,
48.921]; for the Ma treatment the estimated limit for both proposer types (Ma-both) is
59.749 with a 95% confidence interval of [56.780, 62.718]; and finally for the Mp treatment
the estimated limit for both proposer types (Mp-both) is 69.537 with a 95% confidence
interval of [66.756, 72.318]; We summarize these findings as follows:
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Result 6 Regarding Hypothesis 5, in the mandatory treatments, accepted public good allo-
cations are converging toward steady state levels, but estimated limits often fall just short of
steady state predictions. Still there is good separation of the long-run mean public good al-
locations across treatments in terms of 95% confidence intervals. A similar pattern obtains
for the convergence of the status quo level.

4.9 Efficiency

In this section we consider efficiency across all three treatments. To enable a consistent
comparison, we calculate efficiency as the ratio of actual payoffs from accepted allocations
to those that would have been obtained at the Pareto optimal allocations as was already done
in the overview Table 2. While the Pareto optimum is not achievable in the discretionary
treatment, using the Pareto optimum payoff levels as a benchmark enables comparisons
across all three treatments. Here we report both aggregate efficiency measures, defined as
the sum of proposers’ and responders’ actual payoffs relative to the Pareto optimum payoff
level, and individual type-specific payoffs: proposer/responder and high/low types payoffs
relative to the Pareto optimum. To be precise, the denominator of both the aggregate and
individual efficiency measures uses the same (hypothetical) aggregate payoff at the Pareto
optimum since we are interested in how aggregate efficiency is decomposed individually
between high and low type proposers and responders. The results are shown in Table 13
and Mann-Whitney tests for differences in these efficiency measures are reported in Table
14.16

As Table 13 reveals, aggregate efficiency is very high across all treatments in excess of
90%. The rows for each treatment (D, Ma, Mp) labeled “Aggregate-both p.types” repeat
the efficiency measures reported on earlier in Table 2. These aggregate numbers are re-
calculated according to whether the proposer was a high or low type. The final 12 rows
of Table 13 show proposers’ or responders’ average share of the Pareto optimal payoff and
these percentages are further distinguished by the player’s type high or low. We further
report the Pareto Optimum (PO) share predictions for comparison purposes. Note that the
actual efficiency shares for the Proposer and the Responder add up to the aggregate actual
efficiency percentage in the first part of the table. For example, the numbers in the row “D:
Proposer high p.type” and in the row “D: Responder-low r.type” sum up to the numbers
in the row “D: Aggregate high p.type.”

As Table 13 reveals, we observe slightly higher aggregate efficiency in the mandatory
treatments relative to the discretionary treatment, but as the Mann-Whitney test results
using session level averages in Table 14 reveal, these differences are only significant when we
look at efficiency in the second half of sessions. This finding is surprising since the mandatory
treatments should lead to higher efficiency due to the role played by the endogenous status
quo default. However, as we have already noted there is over-allocation to the public good
in the discretionary treatment and this behavior raises payoffs to levels that are not far

16Table B.19 presents an alternative version of individual efficiency where the denominator is the individual
type/role’s portion of the Pareto optimal payoff. In matches between high proposers and low responders,
the low types get more than their own share of Pareto optimum payoffs while the high types get less, which
reflects fairness concerns but contrasts with the original efficiency measures reported in Table 13. On the
other hand, in matches between low proposers and high responders, there is more ambiguity as to which
type fares better in terms of relative payoffs.
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Table 13: Aggregate and Individual Efficiency

1st Half 2nd Half All Rounds PO Prediction
D: Aggregate-both p.types 94.70% 96.98% 96.02%
D: Aggregate-high p.type 96.35% 97.58% 97.03%
D: Aggregate-low p.type 92.72% 96.41% 94.96%
Ma: Aggregate-both p.types 96.92% 98.37% 97.77%
Ma: Aggregate-high p.type 97.80% 98.88% 98.42%
Ma: Aggregate-low p.type 95.98% 97.89% 97.13%
Mp: Aggregate-both p.types 97.04% 98.48% 97.87%
Mp: Aggregate-high p.type 97.83% 99.27% 98.66%
Mp: Aggregate-low p.type 96.27% 97.71% 97.10%

D: Proposer-high p.type 60.40% 61.76% 61.15% 65.93%
D: Responder-low r.type 35.95% 35.82% 35.88% 34.07%
D: Proposer-low p.type 43.95% 46.03% 45.22% 45.49%
D: Responder-high r.type 48.77% 50.38% 49.74% 54.51%
Ma: Proposer-high p.type 59.62% 59.24% 59.40% 65.93%
Ma: Responder-low r.type 38.18% 39.64% 39.02% 34.07%
Ma: Proposer-low p.type 42.48% 42.22% 42.32% 45.49%
Ma: Responder-high r.type 53.51% 55.68% 54.80% 54.51%
Mp: Proposer-high p.type 65.14% 66.24% 65.77% 70.44%
Mp: Responder-low r.type 32.69% 33.03% 32.89% 29.56%
Mp: Proposer-low p.type 35.17% 35.06% 35.10% 34.96%
Mp: Responder-high r.type 61.10% 62.66% 62.00% 65.04%

Notes. Efficiency data are based on accepted proposals. Aggregate efficiency is measured as
the ratio of the sum of the proposer’s and responder’s actual payoffs to the same sum of payoffs
that would have been obtained at Pareto optimum. Individual (proposer/responder) efficiency
is the ratio of individual proposer’s or responder’s actual payoff to the (hypothetical) sum of
payoffs for both players at the Pareto optimum. Note that aggregate and individual efficiency
measures use the same denominator, namely the Pareto optimal payoffs to both players, hence
the sum of proposer and responder efficiencies in matched cells gives back the aggregate efficiency
in the corresponding cell (e.g., 60.4 + 35.95 = 96.35). The final column shows the hypothetical
decomposition of aggregate efficiency at Pareto optimum into individual ones, assuming that
proposers take all private points. All Rounds= all rounds in all sequences (supergames),
1st Half=all rounds in sequences 1-4, 2nd Half=all rounds in sequences 5-7,8,9.
p.type=proposer type, r.type=responder type. PO=Pareto optimum.

from the Pareto optimal benchmark. There is indeed dramatic differences by about 50-65%
in the aggregate efficiency between accepted and rejected proposals in the D treatment, as
shown in Figure B.5. At the same time, in the two mandatory treatments, the desire for
equal sharing is more pronounced (see the finite mixture model results and the allocations
in the 2D simplex) and these fairness concerns reduce allocations to the public good. The
net effect of these two behaviors is to move payoffs in all treatments to be closer together so
that efficiency differences across treatments are minimal. Further, we do not find efficiency
differences between the two mandatory treatments.

While there are not large differences in aggregate efficiency across treatments, Tables 13
and 14 reveal an interesting difference in individual efficiency by player type. Specifically,
we find strong evidence that high type proposers or high type responders achieve a greater
share of total payoffs (greater efficiency) than do (their matched) low type responders or
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Table 14: Nonparametric Tests for Differences in Efficiency(p-values)

Across Treatment (SUM) 1st Half 2nd Half All Rounds
Both D<Ma 0.301 0.024 0.125
P.Types D<Mp 0.301 0.024 0.071

Ma6=Mp 0.834 0.754 0.917
High D<Ma 0.377 0.030 0.087
P.Type D<Mp 0.232 0.006 0.038

Ma6=Mp 0.530 0.530 0.602
Low D<Ma 0.301 0.125 0.125
P.Type D<Mp 0.232 0.125 0.300

Ma6=Mp 0.917 0.602 0.753
Pro. vs Res. (INDIV) 1st Half 2nd Half All Rounds
High Pro. D: P>R 0.022 0.022 0.022
vs. Ma: P>R 0.022 0.022 0.022
Low Res. Mp: P>R 0.022 0.022 0.022

Pool: P>R 0.0004 0.0004 0.0004
Low Pro. D: P<R 0.112 0.173 0.112
vs. Ma: P<R 0.022 0.022 0.022
High Res. Mp: P<R 0.022 0.022 0.022

Pool: P<R 0.0006 0.0008 0.0006

Notes. SUM=Mann-Whitney tests of differences in aggregate efficiency between two
different treatments; INDIV=Wilcoxon signed rank tests of differences in individual
efficiency between high-type proposer and low-type responder, or vice versa, within
a given treatment or in all three treatments pooled together. The session level data
for aggregate and individual efficiency are based on accepted proposals. The second
column states the alternative hypotheses that aggregate efficiency are higher in D
than in Ma or Mp (one-sided) or aggregate efficiency are not the same between Ma and
Mp (two-sided) in the top part; and that individual efficiency is higher for high-type
proposer/responder than for low-type responder/proposer within a given treatment or
all treatments pooled together (one-sided) in the bottom part. D=Discretionary,
Ma=Mandatory-aligned, Mp=Mandatory-polarized. 1st Half=Sequences 1-4,
2nd Half=Sequences 5-7,8,9. P.Type=proposer type, Pro.=proposer, Res.=responder.

proposers. The differences are consistent with what would be predicted in the Pareto
optimum (PO) as also reported in Table 13 (under PO predictions), and mainly reflect the
fact that high types get more utility value from public good allocations than do low types.
We summarize these findings as follows:

Result 7 Efficiency (actual payoffs achieved relative to the Pareto optimum) is high across
all treatments in excess of 90%. Consistent with Hypothesis 6 aggregate efficiency is signifi-
cantly higher in the two mandatory treatments as compared with the discretionary treatment
by the second half of sessions. Further, high types achieve a significantly larger individual
share out of the efficient aggregate payoff level regardless of whether they are in the proposer
or the responder role.
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5 Conclusions and Suggestions for Future Research

We have reported on an experimental test of a model of public good bargaining due to
Bowen et al. (2014). The main innovation of this model is the consideration of mandatory
versus discretionary bargaining rules for public good provision. Under mandatory rules,
the status quo level of public good provision becomes endogenous; once parties agree on
a public good provision level, that level becomes the new status quo level. Thus, in the
event of a break-down in bargaining between the two political parties, public good provision
defaults to the status quo level which may be positive unlike in the discretionary case where
the status quo level or the disagreement value is always zero. Theoretically, the problem
of underprovision of the public good in the discretionary environment can be eliminated in
the mandatory setting because the mandatory bargaining rules raise the bargaining power
of the out-of-power party. Indeed, under mandatory rules, efficient public good provision
becomes possible. The aim of our experiment is to test this important insight.

We consider both discretionary and mandatory bargaining rules and in the latter case,
we further consider the degree of political polarization of the two parties as measured by
differences in the weights that they attach to public good provision.

Consistent with the theory, we find that public good allocations are significantly higher
under mandatory budget rules than under discretionary rules and that under the mandatory
rules, pairs of players are very close to achieving the efficient level of public good provision.
Still, they fall just short. What can explain this behavior? As we have seen, acceptance rates
are increasing in both the public good amount and the private points offered to responders.
The latter result is inconsistent with the theoretical prediction that proposers exercise full
proposer power, but it is consistent with findings from many ultimatum bargaining experi-
ments. At the same time, low type proposers are not offering as large an allocation to the
public good as high type proposers are (while the former types over-allocate and the latter
types under-allocate on average, with respect to the equilibrium predictions conditional on
the realized status quo levels for the public goods, in the mandatory treatments) and this
behavior by the low types largely accounts for the shortfall in public good provision relative
to the Pareto efficiency benchmark. This bias by the low types may reflect the low type’s
relatively low payoff from the public good relative to the high types in combination with
fairness concerns. Further, many proposers in the mandatory treatment, particularly the
high types are choosing to reduce their own private points from equilibrium levels to fund
the private points allocated to the responder. That is, proposers are heterogeneous in their
exercise of proposer power, consistent with prior legislative bargaining experiments. The
main difference of course, is that we are considering bargaining over public good provision
which benefits all players. Here we observe that while our subjects fall short of achieving
the efficient outcome, they do come tantalizingly close to reaching that benchmark.

Still, consistent with theoretical predictions, we find that when there is an increase in
political polarization, both proposer types increase their allocations to the public good under
the mandatory rules since the change in polarization leads to a higher efficient public good
level in that case. The behavior under the mandatory rules can be contrasted with behavior
under the discretionary rules, where each proposer type makes public good proposals that
are higher than the predicted static equilibrium levels, but which are further away from
the Pareto efficient levels than under the mandatory rules. The main takeaway from our
experimental findings is that they help to rationalize the widespread use of mandatory rather
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than discretionary budget rules in bargaining over public good provision levels between
political parties.

We see several directions for future research on this topic. First, it would be useful to
consider longer indefinite sequence lengths than in our study as that would allow more time
for the status quo bargaining mechanism in the mandatory treatments to enable subject
to possibly achieve convergence to the Pareto optimum. This change might be achieved by
increasing the discount factor or by using the block random termination method of Embrey,
Fréchette and Yuksel (2018). Alternatively, we could consider changing the initial status
quo level for the public good, e.g., to be at the Pareto optimum level. Second, it would be
of interest to give subjects some pilot experience with several indefinite sequences involving
both discretionary and mandatory bargaining rules and then ask them to choose which set of
bargaining rules they would like to operate under - Bowen, Chen, Eraslan and Zápal (2017)
suggest an interesting theory along this line. Third, it would be of interest to vary the
duration of proposer power; we currently only consider a single value for p, the probability
that a proposer remains in power. Changing p can affect the insurance motivation without
changing the Pareto optimum public good levels, which is different from changing the degree
of polarization (θH−θL). Finally, it would be of interest to connect our experimental design
more closely with the Baron-Ferejohn legislative bargaining experiments, for example, by
Fréchette, Kagel and Morelli (2012) that involve three or more parties as well as both public
and private goods in a dynamic bargaining game thereby enabling the study of majority
rule rather than unanimous consent for implementation of bargaining outcomes. We leave
all of these interesting extensions to future research.
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Appendix for Online Publication Only

A Instructions used in the Aligned (Mandatory/Discretionary)
Treatment

Here we present the instruction used in the low polarization treatment where the low type’s
T = 25 and the high type’s T = 40. Differences in the wording between the Mandatory and
Discretionary Treatments are indicated.

Overview

Welcome to this experiment in the economics of decision-making. Funding for this experi-
ment has been provided by the UC Irvine School of Social Sciences. We ask that you not
talk with one another and that you silence your mobile devices for the duration of today’s
session.

For your participation in today’s session you will be paid in cash at the end of the
experiment. Different participants may earn different amounts of money. The amount you
earn depends partly on your decisions, partly on the decisions of others, and partly on
chance. Thus, it is important that you listen carefully and fully understand these instruc-
tions before we begin. There will be a short comprehension quiz following the reading of
these instructions which you will all need to complete before we can begin the experimental
session.

The experiment will make use of the computer workstations, and all interactions by you
and others will take place through these networked computers. You will interact anony-
mously with one another and your data records will be stored only by your ID number; your
name or the names of other participants will not be revealed at any time during today’s
session or in any write-up of the findings from this experiment.

Today’s session will involve a number of “sequences.” Each sequence consists of a number
of “rounds.” In each round you will view some information and make a decision. Your
decision together with the decisions of others determine the amount of points that you
earn each round. At the end of the session, we will randomly select two sequences from
those played in today’s session. Your point earnings from the final rounds of the two chosen
sequences will be converted into dollars at a conversion rate of 15 points = $1. Your earnings
from the final rounds of the two chosen sequences and your $7 show-up payment will be
paid to you in cash and in private at the end of the session.

Specific Details

At the start of each new sequence, participants will be randomly matched in pairs. Each
pair of participants will interact together in all rounds of that sequence. At the beginning
of each new sequence, one member of the pair will be randomly selected as the “high” type
and the other will be the “low” type. Your assignment to either type is equally likely – it is
like flipping a coin – and your type assignment will last for all rounds of that sequence. At
the start of any subsequent sequence, you will again be randomly assigned a type as either
“high” or “low”.
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In each round, each pair must decide how to allocate 100 points between a group account
and two private accounts. The points assigned to the group account will contribute to the
earnings of both members of the pair, while the points assigned to the two private accounts
will only accrue to one or the other individual participant’s earnings.

[Mandatory Treatment: At the start of each new sequence, it will be randomly deter-
mined with equal probability whether you will be the Proposer or the Responder in the first
round. Your role as a proposer or responder is different from your type (high or low). The
proposer moves first and chooses an allocation of the 100 points to the group account, to
his/her own private account and to the other player’s private account. The proposer does
this by typing a number in the box for each account on the computer screen. Note that
the allocation to the group account must be at least 1 point and that the allocations across
all three accounts must sum to exactly 100 points; if this is not the case, the Proposer will
see an error message and will have to resubmit his or her proposal. When the proposer
is satisfied with the allocation of 100 points to the three accounts, s/he clicks the NEXT
button, which then sends the proposed allocation to the responder for his or her consid-
eration. After viewing the proposed allocation, the responder matched with the proposer
decides whether to Accept or Reject the proposal. The responder does this by clicking
the button next to either the YES (to accept) or NO (to reject the proposer’s proposal).
If the responder chooses YES, the Proposer’s allocation of points to the three accounts is
implemented. The amount in the group account becomes the default amount in the event
that any future proposals are rejected. If the responder chooses NO, both the proposer and
responder get zero points in their private accounts, but they will get the default number of
points in the group account. Initially, the default number of points in the group account
is 1 point, but whenever a pair agree to a proposal, the amount in the group account they
agreed to becomes the new default group account number of points. The amount of points
in each private account is always zero upon the rejection of a proposal; only the group
account amount may be positive in the event of a rejection.]

[Discretionary Treatment: At the start of each new sequence, it will be randomly deter-
mined with equal probability whether you will be the Proposer or the Responder in the first
round. Your role as a proposer or responder is different from your type (high or low). The
proposer moves first and chooses an allocation of the 100 points to the group account, to
his/her own private account and to the other player’s private account. The proposer does
this by typing a number in the box for each account on the computer screen. Note that
the allocation to the group account must be at least 1 point and that the allocations across
all three accounts must sum to exactly 100 points; if this is not the case, the Proposer will
see an error message and will have to resubmit his or her proposal. When the proposer
is satisfied with the allocation of 100 points to the three accounts, s/he clicks the NEXT
button, which then sends the proposed allocation to the responder for his or her consid-
eration. After viewing the proposed allocation, the responder matched with the proposer
decides whether to Accept or Reject the proposal. The responder does this by clicking
the button next to either the YES (to accept) or NO (to reject the proposer’s proposal).
If the responder chooses YES, the Proposer’s allocation of points to the three accounts is
implemented. If the responder chooses NO, both the proposer and responder get 1 point in
the group account and zero points in their own private account.]

After the responder has made his/her decision, both players will be informed of the
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Points in the Points in Your Points in the High Type Low Type
Group Account Own Account Other’s Account Player’s Payoff Player’s Payoff

100 0 0 184.21 115.13
75 25 0 197.70 132.94
75 0 25 172.70 107.94
75 13 12 185.70 120.94
65 35 0 201.98 139.36
65 0 35 166.98 104.36
65 18 17 184.98 122.36
50 50 0 206.48 147.80
50 0 50 156.48 97.80
50 25 25 181.48 122.80
40 60 0 207.56 152.22
40 0 60 147.56 92.22
40 30 30 177.56 122.22
25 75 0 203.76 155.47
25 0 75 128.76 80.47
25 38 37 166.76 118.47
1 99 0 99.00 99.00
1 0 99 0.00 0.00
1 50 49 50.00 50.00

Table A.1: Some example allocations of the 100 points and payoffs earned by high and low
type players

outcome of the round, namely the proposal of the proposer, whether or not the responder
accepted or rejected it, the points earned for the round and the cumulative point total for
the sequence. For your convenience, a scrollable history of this same information will appear
on the round decision screen of all players.

Point Earnings

If you have X points in your own private account and there are Y points in the group account
in a round, then your earnings in that round is calculated according to the following formula:

My points = X + T lnY (A.1)

where T = 25 if you are the Low type and T = 40 if you are the High type and ln is the
natural logarithm of Y , the allocation of points to the group account. As you can see from
formula (A.1), you earn more from the group account if you are in a high type (T = 40),
than if you are a low type (T = 25), which is also illustrated in Figure 1. Your total number
of points can be obtained by shifting up the graph of the relevant log payoff (for your
type) in the figure by the amount of the points in your own private account. Please note
that the type of the other player in your pair is always the opposite of your own type. In
Table 1, we provide an illustration of some possible points that you could earn from various
allocations of the 100 points between you, the other player and the group account. These
point calculations are based on formula (A.1). Note that these payoffs in points depend on
whether your type is high or low. This schedule is meant to be illustrative and is not an
exhaustive list of possible point earnings from all possible allocations by each type.
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Figure A.1: Payoff graph of the logarithmic part of the payoff for each type.

For your convenience, a calculator will be available to you to help with calculating
your point earnings from different allocations of the 100 points to the group and individual
accounts.

Sequences, Rounds, Player Roles and Types

At the end of each round of a sequence there is a 1/5 (20 percent) chance that the current
sequence does not continue with another round. On the screen where you see the results
of the just completed round, the computer program will randomly choose a number (an
integer) from 1 to 5, inclusive. If the random number is a 1,2,3, or 4, the sequence will
continue with another round. Otherwise, if a 5 is drawn, the round that was just played is
the final round of the sequence.

If the sequence continues with another round, then the roles of proposer and responder
in each pair of players may also change as well. Specifically, if you were a proposer last
round, then you will remain a proposer in the new round with probability 0.6 and you will
switch to being a responder in the new round with probability 0.4. Symmetrically, if you
were a responder last round, then in the new round you will be a proposer with probability
0.4 and you will remain a responder with probability 0.6.

If the random draw was a 5 so that the sequence ended, then, depending on the time
available, a new sequence will begin. You will be randomly matched to another player to
begin play of a new sequence. For the new sequence, you will be randomly chosen to be
either a high or low type. Additionally, one member of the pair will be randomly selected
to be the proposer and the other the responder in the first round of the new sequence.
Thereafter, the proposer/responder roles will continue with probability 0.6 and switch with
probability 0.4 at the start of each new round of the sequence, provided that the sequence
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continues with a new round. Your role and your type will always be displayed on your
decision screen. Remember that you and the other player in your pair will remain the
same in all rounds of a given sequence. At the start of each new sequence, participants are
randomly paired anew, so the participant you are matched with can change from sequence
to sequence.

Feedback

At the end of each round, you will be reminded of the round number, your role (proposer
or responder), your type (high or low), the allocation the proposer in your pair made to the
group account, to his/her own private account and to the other player’s private account,
and whether the responder accepted or rejected it. In addition, you will learn your point
earnings for the round. Please record this information on your record sheet under the
appropriate headings.

Earnings

Following completion of the final sequence, we will randomly select two sequences from all
sequences played in today’s session assuming two or more sequences are played.17 We will
then pay you according to the points you earned in the final rounds (when a 5 was drawn)
of those two chosen sequences. Your points from those two final rounds will be converted
into dollars at the rate of 15 points = $1. Since you do not know which rounds will be
the final rounds and which sequences will be chosen for payment, you will want to do your
best in all rounds of all sequences played in today’s session. In the final screen, you will be
informed of which two sequences were selected for payment and how much you earned in the
final rounds of those two sequences. In addition, you are guaranteed $7 for showing up and
completing today’s session. Your total earnings from the two randomly chosen sequences
and your show-up payment will be paid to you in cash and in private.

Questions?

Now is the time for questions. If you have a question about any aspect of these instructions,
please raise your hand and an experimenter will answer your question.

Quiz

Before we start today’s experiment we ask you to answer the following quiz questions that
are intended to check your comprehension of the instructions. The numbers in these quiz
questions are illustrative; the actual numbers in the experiment may be quite different.
Before starting the experiment we will review each participant’s answers. If there are any
incorrect answers we will go over the relevant part of the instructions again.

1. You will be matched with a new partner in every round of a sequence. Circle one:
True False.

17If, by chance only one sequence is played, then your earnings from the final round of that sequence will
be doubled for payment purposes.
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2. If you are a high type, you can be matched with a partner in either a high or a low
type. Circle one: True False.

3. If you are a low type, your payoff from the group account is higher than that of a high
type. Circle one: True False.

4. You must propose to assign at least one point to the group account. Circle one:
True False.

5. If you are a proposer in the current round, then you are more likely to be a proposer
in the next round than your partner. Circle one: True False.

You are more likely to be a proposer in the next round if your proposal in this round
is accepted than if it is rejected. Circle one: True False.

6. Suppose you propose to assign 50 points to the group account and your proposal is
accepted in this round. Then if the proposal (submitted either by you or by your
partner) in the next round is rejected, there are points in the group account for
the calculation of your total points in the next round.

7. Suppose that the current proposal in the first round of a sequence assigns 25 points to
your own private account and 75 points to the group account. Then (i) if the proposal
is accepted, your payoff is if you are a high type and if you are a low
type; (ii) if the proposal is rejected, your payoff is if you are a high type and

if you are a low type.

8. The current round has a 1/5 chance of being the last round of a given sequence.
Circle one: True False.

Any round reached in a given sequence has a 1/5 chance of being the last round of
that sequence. Circle one: True False.
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B Additional Tables and Figures

Table B.1: Proposal Acceptance Rates - Session Level Averages

Treat Acpt# N 1st Half Acpt# N 2nd Half Acpt# N All Rnds

D1 78 85 0.9176 99 110 0.9000 177 195 0.9077
D2 71 85 0.8353 95 110 0.8636 166 195 0.8513
D3 62 70 0.8857 112 135 0.8296 174 205 0.8488
D4 65 70 0.9286 126 135 0.9333 191 205 0.9317
D5 96 110 0.8727 78 85 0.9176 174 195 0.8923
D 372 420 0.8857 510 575 0.8870 882 995 0.8864

Ma1 67 85 0.7882 84 110 0.7636 151 195 0.7744
Ma2 65 85 0.7647 82 110 0.7455 147 195 0.7538
Ma3 56 70 0.8000 104 135 0.7704 160 205 0.7805
Ma4 45 70 0.6429 107 135 0.7926 152 205 0.7415
Ma5 85 110 0.7727 72 85 0.8471 157 195 0.8051
Ma 318 420 0.7571 449 575 0.7809 767 995 0.7709

Mp1 60 85 0.7059 87 110 0.7909 147 195 0.7538
Mp2 65 85 0.7647 73 110 0.6636 138 195 0.7077
Mp3 60 70 0.8571 114 135 0.8444 174 205 0.8488
Mp4 58 70 0.8286 105 135 0.7778 163 205 0.7951
Mp5 90 110 0.8182 75 85 0.8824 165 195 0.8462
Mp 333 420 0.7929 454 575 0.7896 787 995 0.7910

Notes. N is the number of proposals and Acpt# is the number accepted.
D=Discretionary, Ma=Mandatory-aligned, and Mp=Mandatory-polarized.
1st half=Sequences (supergames) 1-4, 2nd half=Sequence 5-7,8,9, All Rnds= all rounds.
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Notes. D=Discretionary, Ma=Mandatory-aligned, Mp=Mandatory-polarized. Error bars indicate

95% confidence intervals.

Figure B.1: Comparison of Public Goods & Private Points Offered in Accepted vs. Rejected
Proposals
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Table B.2: Wilcoxon Signed Ranks Tests of Public Goods & Private Points in Accepted vs.
Rejected Proposals using Session Level Averages (p-values)

Alternative Hypothesis D Ma Mp

Public Good to High Type Proposers Accepted6=Rejected 0.043 0.043 0.345
Public Good to Low Type Proposers Accepted 6=Rejected 0.080 0.043 0.043
Public Good to Both Type Proposers Accepted6=Rejected 0.043 0.043 0.080

Private Point to High Type Proposers Accepted6=Rejected 0.043 0.043 0.043
Private Point to Low Type Proposers Accepted 6=Rejected 0.043 0.043 0.043
Private Point to Both Type Proposers Accepted6=Rejected 0.043 0.043 0.043

Private Point to Low Type Responders Accepted6=Rejected 0.043 0.043 0.080
Private Point to High Type Responders Accepted6=Rejected 0.043 0.043 0.043
Private Point to Both Type Responders Accepted 6=Rejected 0.043 0.043 0.080

Notes. p-values for tests of differences in public good and private point offers between accepted and
rejected proposals are reported. The second column states the alternative hypotheses that public good
or private point allocations between accepted and rejected proposals are not the same (two-sided test).
D=Discretionary, Ma=Mandatory-aligned, Mp=Mandatory-polarized.
1st Half=Sequences (supergames) 1-4, 2nd Half=Sequences 5-7,8,9.

Table B.3: Mean Accepted Public Good Allocations
1st Half 2nd Half All Rounds

Treat Observed Predicted N Observed Predicted N Observed Predicted N
D1 43.026 34.038 78 38.677 33.485 99 40.593 33.729 177
D2 58.620 33.451 71 58.832 31.632 95 58.741 32.410 166
D3 45.565 33.226 62 45.714 32.366 112 45.661 32.672 174
D4 44.477 33.769 65 44.317 33.095 126 44.372 33.325 191
D5 46.375 31.875 96 48.603 30.385 78 47.374 31.207 174
D 47.543 33.185 372 46.888 32.324 510 47.164 32.687 882
Ma1 60.313 56.900 67 64.917 58.480 84 62.874 57.779 151
Ma2 48.262 51.988 65 60.671 55.380 82 55.184 53.880 147
Ma3 51.875 50.838 56 55.125 54.789 104 53.988 53.406 160
Ma4 39.333 44.133 45 57.224 56.837 107 51.928 53.076 152
Ma5 56.853 53.918 85 67.201 59.733 72 61.599 56.585 157
Ma 52.470 52.225 318 60.406 56.868 449 57.116 54.943 767
Mp1 56.250 67.132 60 67.184 66.990 87 62.721 67.048 147
Mp2 59.431 65.269 65 69.356 70.679 73 64.681 68.131 138
Mp3 59.917 64.241 60 65.482 71.313 114 63.563 68.874 174
Mp4 61.724 67.280 58 68.286 68.860 105 65.951 68.298 163
Mp5 61.511 63.835 90 70.827 69.560 75 65.745 66.437 165
Mp 59.907 65.382 333 67.963 69.526 454 64.554 67.772 787

Notes. D=Discretionary, Ma=Mandatory-aligned, Mp=Mandatory-polarized.
1st Half=Sequences (supergames) 1-4, 2nd Half=Sequences 5-7,8,9.
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Table B.4: Mean Accepted Public Good Allocation Proposed by High Types
1st Half 2nd Half All Rounds

Treat Observed Predicted N Observed Predicted N Observed Predicted N
D1 47.894 40.000 47 44.643 40.000 56 46.126 40.000 103
D2 61.175 40.000 40 56.143 40.000 42 58.598 40.000 82
D3 47.500 40.000 34 47.218 40.000 55 47.326 40.000 89
D4 51.789 40.000 38 51.147 40.000 68 51.377 40.000 106
D5 53.250 40.000 44 50.393 40.000 28 52.139 40.000 72
D 52.335 40.000 203 49.574 40.000 249 50.814 40.000 452
Ma1 65.486 64.792 37 72.239 64.833 46 69.229 64.814 83
Ma2 54.886 64.692 35 72.639 64.754 36 63.887 64.723 71
Ma3 56.800 64.677 25 61.733 64.735 45 59.971 64.714 70
Ma4 46.211 64.737 19 59.200 64.755 55 55.865 64.750 74
Ma5 57.872 64.746 47 69.681 64.786 36 62.994 64.763 83
Ma 57.436 64.733 163 66.424 64.772 218 62.579 64.755 381
Mp1 60.313 86.810 32 75.872 83.220 39 68.859 84.838 71
Mp2 66.371 84.271 35 73.765 84.841 34 70.014 84.552 69
Mp3 61.400 85.178 25 70.082 83.466 61 67.558 83.963 86
Mp4 67.833 84.688 30 78.208 84.344 53 74.458 84.469 83
Mp5 72.690 84.212 42 84.459 83.825 37 78.203 84.031 79
Mp 66.317 84.966 164 75.946 83.899 224 71.876 84.350 388

Note. D=Discretionary, Ma=Mandatory-aligned, and Mp=Mandatory-polarized.
1st Half=Sequences (supergames) 1-4, 2nd Half=Sequences 5-7,8,9.

Table B.5: Mean Accepted Public Good Allocations Proposed by Low Types
1st Half 2nd Half All Rounds

Treat Observed Predicted N Observed Predicted N Observed Predicted N
D1 35.645 25.000 31 30.907 25.000 43 32.892 25.000 74
D2 55.323 25.000 31 60.962 25.000 53 58.881 25.000 84
D3 43.214 25.000 28 44.263 25.000 57 43.918 25.000 85
D4 34.185 25.000 27 36.310 25.000 58 35.635 25.000 85
D5 40.558 25.000 52 47.600 25.000 50 44.010 25.000 102
D 41.787 25.000 169 44.326 25.000 261 43.328 25.000 430
Ma1 53.933 47.167 30 56.053 50.789 38 55.118 49.191 68
Ma2 40.533 37.167 30 51.304 48.043 46 47.053 43.750 76
Ma3 47.903 39.677 31 50.085 47.203 59 49.333 44.611 90
Ma4 34.308 29.077 26 55.135 48.462 52 48.192 42.000 78
Ma5 55.592 40.526 38 64.722 54.681 36 60.034 47.412 74
Ma 47.248 39.071 155 54.727 49.409 231 51.724 45.258 386
Mp1 51.607 44.643 28 60.125 53.802 48 56.987 50.428 76
Mp2 51.333 43.100 30 65.513 58.333 39 59.348 51.710 69
Mp3 58.857 49.286 35 60.189 57.326 53 59.659 54.128 88
Mp4 55.179 48.629 28 58.173 53.077 52 57.125 51.520 80
Mp5 51.729 46.004 48 57.553 55.671 38 54.302 50.276 86
Mp 53.686 46.378 169 60.187 55.527 230 57.434 51.652 399

Note. D=Discretionary, Ma=Mandatory-aligned, and Mp=Mandatory-polarized.
1st Half=Sequences (supergames) 1-4, 2nd Half=Sequences 5-7,8,9.

55



Table B.6: Tobit Regression Analysis of Accepted Public Good Allocations by Proposer
Types

VARIABLES Public good-high p.type Public good-low p.type
(1) (2) (3) (4) (5) (6)

Constant 57.112*** 65.743*** 61.362*** 43.082*** 45.400*** 49.876***
(2.342) (2.315) (2.469) (2.613) (2.510) (2.994)

Private Pts. -0.856*** -0.861*** -0.840*** -0.484*** -0.489*** -0.488***
(responder) (0.039) (0.039) (0.039) (0.048) (0.047) (0.048)

Ma 12.530*** 8.447*** 5.890* 12.161*** 10.434*** 4.464
(2.823) (3.185) (3.558) (3.111) (3.555) (4.215)

Mp 22.672*** 18.873*** 17.439*** 17.630*** 14.762*** 12.079***
(2.821) (3.193) (3.546) (3.101) (3.516) (4.137)

High Type
(proposer)

Round 0.286* -0.401 0.723*** 0.347
(in seq.) (0.166) (0.285) (0.194) (0.306)

Ma×Rd. 1.147*** 0.463
(0.412) (0.470)

Mp×Rd. 1.067** 0.807*
(0.412) (0.466)

Sequence 1.322*** 0.566* 0.175 -0.661
(0.196) (0.308) (0.242) (0.414)

Ma×Seq. 1.441*** 1.579***
(0.477) (0.596)

Mp×Seq. 1.142** 1.090*
(0.473) (0.576)

Observations 1221 1221 1221 1215 1215 1215
Pseudo-R2 0.052 0.048 0.052 0.014 0.014 0.013

Note. (i) Random-effect tobit model is estimated with lower bound=1 and upper bound=100
in the dependent variable.
(ii) Columns (1)-(3) Public good allocations by high proposer type; (4)-(6) by low proposer type.
(iii) Ma=1 if treatment=Ma (θH = 40); Mp=1 if treatment=Mp (θH = 55).
(iv) Standard errors in parentheses: *** p<0.01, ** p<0.05, * p<0.1.
(v) We use McFadden’s Pseudo R2, 1− Ln(LM )/Ln(L0), where Ln(LM ) and Ln(L0) are
the log likelihood from the full model and the model only with constant, respectively.
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Table B.7: Tobit Regression Analysis of Accepted Public Good Allocations by Proposer
Types, Mandatory Treatments Only

VARIABLES Public good-high p.type Public good-low p.type
(1) (2) (3) (4) (5) (6)

Constant 67.595*** 73.789*** 66.707*** 52.890*** 53.042*** 52.485***
(2.158) (2.037) (2.331) (2.695) (2.505) (3.009)

Private pts. -0.987*** -1.018*** -0.991*** -0.606*** -0.608*** -0.606***
(responder) (0.042) (0.043) (0.042) (0.061) (0.061) (0.061)

Status quo 0.106*** 0.127*** 0.107*** 0.178*** 0.180*** 0.173***
(0.018) (0.018) (0.016) (0.024) (0.024) (0.021)

Mp 9.086*** 9.739*** 11.149*** 4.583* 4.975 4.991
(2.187) (2.579) (2.984) (2.663) (3.158) (3.821)

High type
(proposer)

Round 0.049 0.066 -0.114 -0.061
(in seq.) (0.206) (0.280) (0.288) (0.371)

Mp×Rd. -0.209 -0.119
(0.369) (0.498)

Sequence 1.436*** 1.662*** 0.082 0.129
(0.224) (0.317) (0.298) (0.433)

Mp×Seq. -0.450 -0.080
(0.440) (0.581)

Observations 769 769 769 785 785 785
Pseudo-R2 0.091 0.084 0.091 0.026 0.026 0.026

Note. (i) Random-effects Tobit model is estimated with a lower bound=1 and upper bound=100
in the dependent variable.
(ii) Columns (1)-(3) Public good allocations by high proposer type; (7)-(9) by low proposer type.
(iii) Mp=1 if treatment=Mp (θH = 55).
(iv) Standard errors in parentheses: *** p<0.01, ** p<0.05, * p<0.1.
(v) We use McFadden’s Pseudo R2, 1− Ln(LM )/Ln(L0), where Ln(LM ) and Ln(L0) are the
log likelihood from the full model and the model only with constant, respectively.
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Table B.8: Mean Accepted Private Points Allocated to Proposer’s Account
1st Half 2nd Half All Rounds

Treat Observed Predicted N Observed Predicted N Observed Predicted N
D1 49.513 65.962 78 54.040 66.515 99 52.045 66.271 177
D2 24.296 66.549 71 24.274 68.368 95 24.283 67.590 166
D3 39.177 66.774 62 42.205 67.634 112 41.126 67.328 174
D4 50.446 66.231 65 53.397 66.905 126 52.393 66.675 191
D5 35.823 68.125 96 34.436 69.615 78 35.201 68.793 174
D 39.608 66.815 372 42.739 67.676 510 41.418 67.313 882
Ma1 25.552 40.852 67 19.667 39.421 84 22.278 40.056 151
Ma2 31.000 47.144 65 22.293 41.237 82 26.143 43.849 147
Ma3 37.964 47.887 56 30.519 44.212 104 33.125 45.498 160
Ma4 37.489 55.855 45 24.393 40.063 107 28.270 44.738 152
Ma5 26.376 44.628 85 19.750 36.663 72 23.338 40.975 157
Ma 30.761 46.509 318 23.800 40.573 449 26.686 43.034 767
Mp1 28.500 32.280 60 20.920 32.223 87 24.014 32.246 147
Mp2 25.000 34.229 65 19.014 28.352 73 21.833 31.120 138
Mp3 23.983 35.428 60 20.675 28.456 114 21.816 30.860 174
Mp4 21.707 32.368 58 19.019 30.547 105 19.975 31.195 163
Mp5 23.400 35.711 90 15.853 29.653 75 19.970 32.957 165
Mp 24.441 34.170 333 19.275 29.843 454 21.461 31.674 787

Note. D=Discretionary, Ma=Mandatory-aligned, and Mp=Mandatory-polarized.
1st Half=Sequences (supergames) 1-4, 2nd Half=Sequences 5-7,8,9.

Table B.9: Mean Accepted Private Points Allocated to Proposer’s Account: Proposed by
High Type

1st Half 2nd Half All Rounds
Treat Observed Predicted N Observed Predicted N Observed Predicted N
D1 43.106 60.000 47 43.911 60.000 56 43.544 60.000 103
D2 19.300 60.000 40 22.452 60.000 42 20.915 60.000 82
D3 31.235 60.000 34 31.600 60.000 55 31.461 60.000 89
D4 43.816 60.000 38 47.426 60.000 68 46.132 60.000 106
D5 25.341 60.000 44 23.571 60.000 28 24.653 60.000 72
D 32.709 60.000 203 36.245 60.000 249 34.657 60.000 452
Ma1 21.568 35.124 37 14.370 35.062 46 17.578 35.090 83
Ma2 23.400 35.257 35 11.389 35.147 36 17.310 35.201 71
Ma3 31.520 35.313 25 17.422 35.206 45 22.457 35.244 70
Ma4 28.947 35.236 19 19.200 35.175 55 21.703 35.191 74
Ma5 21.936 35.171 47 14.417 35.129 36 18.675 35.153 83
Ma 24.454 35.208 163 15.734 35.145 218 19.465 35.172 381
Mp1 21.406 12.925 32 6.795 15.754 39 13.380 14.479 71
Mp2 14.971 15.180 35 12.353 14.656 34 13.681 14.922 69
Mp3 13.280 14.026 25 10.508 16.131 61 11.314 15.519 86
Mp4 12.400 14.745 30 7.943 14.986 53 9.554 14.899 83
Mp5 14.190 15.295 42 7.865 15.534 37 11.228 15.407 79
Mp 15.299 14.514 164 9.098 15.472 224 11.719 15.067 388

Note. D=Discretionary, Ma=Mandatory-aligned, and Mp=Mandatory-polarized.
1st Half=Sequences (supergames) 1-4, 2nd Half=Sequences 5-7,8,9.
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Table B.10: Mean Accepted Private Points Allocated to Proposer’s Account: Proposed by
Low Type

1st Half 2nd Half All Rounds
Treat Observed Predicted N Observed Predicted N Observed Predicted N
D1 59.226 75.000 31 67.233 75.000 43 63.878 75.000 74
D2 30.742 75.000 31 25.717 75.000 53 27.571 75.000 84
D3 48.821 75.000 28 52.439 75.000 57 51.247 75.000 85
D4 59.778 75.000 27 60.397 75.000 58 60.200 75.000 85
D5 44.692 75.000 52 40.520 75.000 50 42.647 75.000 102
D 47.893 75.000 169 48.935 75.000 261 48.526 75.000 430
Ma1 30.467 47.916 30 26.079 44.697 38 28.015 46.118 68
Ma2 39.867 61.012 30 30.826 46.003 46 34.395 51.928 76
Ma3 43.161 58.027 31 40.508 51.081 59 41.422 53.473 90
Ma4 43.731 70.923 26 29.885 45.232 52 34.500 53.796 78
Ma5 31.868 56.324 38 25.083 38.197 36 28.568 47.505 74
Ma 37.394 58.393 155 31.411 45.695 231 33.813 50.794 386
Mp1 36.607 54.400 28 32.396 45.604 48 33.947 48.845 76
Mp2 36.700 56.453 30 24.821 40.292 39 29.986 47.319 69
Mp3 31.629 50.714 35 32.377 42.642 53 32.080 45.852 88
Mp4 31.679 51.250 28 30.308 46.408 52 30.788 48.103 80
Mp5 31.458 53.575 48 23.632 43.400 38 28.000 49.079 86
Mp 33.314 53.245 169 29.187 43.838 230 30.935 47.823 399

Note. D=Discretionary, Ma=Mandatory-aligned, and Mp=Mandatory-polarized.
1st Half=Sequences (supergames) 1-4, 2nd Half=Sequences 5-7,8,9.

Table B.11: Mean Accepted Private Points Allocated to Responder’s Account
1st Half 2nd Half All Rounds

Treat Observed Predicted N Observed Predicted N Observed Predicted N
D1 7.462 0.000 78 7.283 0.000 99 7.362 0.000 177
D2 17.085 0.000 71 16.895 0.000 95 16.976 0.000 166
D3 15.258 0.000 62 12.080 0.000 112 13.213 0.000 174
D4 5.077 0.000 65 2.286 0.000 126 3.236 0.000 191
D5 17.802 0.000 96 16.962 0.000 78 17.425 0.000 174
D 12.849 0.000 372 10.373 0.000 510 11.417 0.000 882
Ma1 14.134 2.248 67 15.417 2.099 84 14.848 2.165 151
Ma2 20.738 0.868 65 17.037 3.384 82 18.673 2.271 147
Ma3 10.161 1.276 56 14.356 0.999 104 12.888 1.096 160
Ma4 23.178 0.011 45 18.383 3.101 107 19.803 2.186 152
Ma5 16.771 1.454 85 13.049 3.604 72 15.064 2.440 157
Ma 16.769 1.266 318 15.794 2.559 449 16.198 2.023 767
Mp1 15.250 0.588 60 11.897 0.787 87 13.265 0.706 147
Mp2 15.569 0.502 65 11.630 0.968 73 13.486 0.749 138
Mp3 16.100 0.332 60 13.842 0.231 114 14.621 0.266 174
Mp4 16.569 0.352 58 12.695 0.593 105 14.074 0.507 163
Mp5 15.089 0.454 90 13.320 0.787 75 14.285 0.605 165
Mp 15.652 0.448 333 12.762 0.632 454 13.985 0.554 787

Note. D=Discretionary, Ma=Mandatory-aligned, and Mp=Mandatory-polarized.
1st Half=Sequences (supergames) 1-4, 2nd Half=Sequences 5-7,8,9.
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Table B.12: Mean Accepted Private Points Allocated to Responder’s Account: Proposed
by High Type

1st Half 2nd Half All Rounds
Treat Observed Predicted N Observed Predicted N Observed Predicted N
D1 9.000 0.000 47 11.446 0.000 56 10.330 0.000 103
D2 19.525 0.000 40 21.405 0.000 42 20.488 0.000 82
D3 21.265 0.000 34 21.182 0.000 55 21.213 0.000 89
D4 4.395 0.000 38 1.426 0.000 68 2.491 0.000 106
D5 21.409 0.000 44 26.036 0.000 28 23.208 0.000 72
D 14.956 0.000 203 14.181 0.000 249 14.529 0.000 452
Ma1 12.946 0.084 37 13.391 0.105 46 13.193 0.095 83
Ma2 21.714 0.051 35 15.972 0.099 36 18.803 0.076 71
Ma3 11.680 0.010 25 20.844 0.059 45 17.571 0.042 70
Ma4 24.842 0.027 19 21.600 0.070 55 22.432 0.059 74
Ma5 20.191 0.083 47 15.903 0.085 36 18.331 0.084 83
Ma 18.110 0.059 163 17.842 0.082 218 17.957 0.072 381
Mp1 18.281 0.266 32 17.333 1.026 39 17.761 0.683 71
Mp2 18.657 0.549 35 13.882 0.503 34 16.304 0.526 69
Mp3 25.320 0.796 25 19.410 0.403 61 21.128 0.517 86
Mp4 19.767 0.567 30 13.849 0.670 53 15.988 0.633 83
Mp5 13.119 0.493 42 7.676 0.641 37 10.570 0.562 79
Mp 18.384 0.520 164 14.955 0.629 224 16.405 0.583 388

Note. D=Discretionary, Ma=Mandatory-aligned, and Mp=Mandatory-polarized.
1st Half=Sequences (supergames) 1-4, 2nd Half=Sequences 5-7,8,9.

Table B.13: Mean Accepted Private Points Allocated to Responder’s Account: Proposed
by Low Type

1st Half 2nd Half All Rounds
Treat Observed Predicted N Observed Predicted N Observed Predicted N
D1 5.129 0.000 31 1.860 0.000 43 3.230 0.000 74
D2 13.935 0.000 31 13.321 0.000 53 13.548 0.000 84
D3 7.964 0.000 28 3.298 0.000 57 4.835 0.000 85
D4 6.037 0.000 27 3.293 0.000 58 4.165 0.000 85
D5 14.750 0.000 52 11.880 0.000 50 13.343 0.000 102
D 10.320 0.000 169 6.739 0.000 261 8.147 0.000 430
Ma1 15.600 4.917 30 17.868 4.513 38 16.868 4.691 68
Ma2 19.600 1.821 30 17.870 5.954 46 18.553 4.322 76
Ma3 8.935 2.296 31 9.407 1.716 59 9.244 1.916 90
Ma4 21.962 0.000 26 14.981 6.306 52 17.308 4.204 78
Ma5 12.539 3.150 38 10.194 7.122 36 11.399 5.082 74
Ma 15.358 2.536 155 13.861 4.896 231 14.462 3.948 386
Mp1 11.786 0.957 28 7.479 0.594 48 9.066 0.728 76
Mp2 11.967 0.447 30 9.667 1.374 39 10.667 0.971 69
Mp3 9.514 0.000 35 7.434 0.032 53 8.261 0.019 88
Mp4 13.143 0.121 28 11.519 0.515 52 12.088 0.378 80
Mp5 16.813 0.421 48 18.816 0.929 38 17.698 0.645 86
Mp 13.000 0.378 169 10.626 0.634 230 11.632 0.526 399

Note. D=Discretionary, Ma=Mandatory-aligned, and Mp=Mandatory-polarized.
1st Half=Sequences (supergames) 1-4, 2nd Half=Sequences 5-7,8,9.
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Table B.14: Proposed Public Good Allocations

1st Half 2nd Half All Rounds
Treat Observed Predicted N Observed Predicted N Observed Predicted N
D1 42.647 34.353 85 38.673 34.136 110 40.405 34.231 195
D2 57.141 33.471 85 56.891 31.682 110 57.000 32.462 195
D3 44.929 33.357 70 45.644 32.556 135 45.400 32.829 205
D4 43.000 33.786 70 42.867 33.111 135 42.912 33.341 205
D5 46.000 32.227 110 48.706 31.000 85 47.179 31.692 195
D 46.898 33.357 420 46.263 32.591 575 46.531 32.915 995
Ma1 56.965 55.774 85 62.573 59.486 110 60.128 57.868 195
Ma2 47.459 53.697 85 56.600 54.570 110 52.615 54.189 195
Ma3 49.714 51.291 70 53.356 55.818 135 52.112 54.272 205
Ma4 40.114 51.498 70 55.985 57.798 135 50.566 55.646 205
Ma5 54.041 55.528 110 65.441 59.697 85 59.010 57.345 195
Ma 50.258 53.829 420 58.143 57.319 575 54.815 55.846 995
Mp1 51.835 67.218 85 63.782 68.840 110 58.574 68.133 195
Mp2 58.082 67.034 85 64.845 71.498 110 61.897 69.552 195
Mp3 57.857 66.014 70 63.444 72.577 135 61.537 70.336 205
Mp4 59.286 67.856 70 69.533 71.429 135 66.034 70.209 205
Mp5 59.809 65.093 110 68.988 70.106 85 63.810 67.278 195
Mp 57.433 66.530 420 66.026 71.021 575 62.399 69.125 995

Note. D=Discretionary, Ma=Mandatory-aligned, and Mp=Mandatory-polarized.
1st Half=Sequences (supergames) 1-4, 2nd Half=Sequences 5-7,8,9.

Table B.15: Proposed Private Points Allocated to Proposer’s Account

1st Half 2nd Half All Rounds
Treat Observed Predicted N Observed Predicted N Observed Predicted N
D1 50.506 65.647 85 54.727 65.864 110 52.887 65.769 195
D2 26.635 66.529 85 26.427 68.318 110 26.518 67.538 195
D3 40.629 66.643 70 43.756 67.444 135 42.688 67.171 205
D4 52.286 66.214 70 55.000 66.889 135 54.073 66.659 205
D5 37.636 67.773 110 35.459 69.000 85 36.687 68.308 195
D 40.955 66.643 420 43.953 67.409 575 42.687 67.085 995
Ma1 29.318 41.870 85 22.555 38.099 110 25.503 39.743 195
Ma2 34.259 45.123 85 28.564 42.011 110 31.046 43.367 195
Ma3 41.614 47.686 70 34.659 41.829 135 37.034 43.829 205
Ma4 40.971 48.017 70 28.230 38.806 135 32.580 41.952 205
Ma5 31.818 42.940 110 22.129 36.293 85 27.595 40.043 195
Ma 34.964 44.802 420 27.816 39.622 575 30.833 41.809 995
Mp1 34.565 32.279 85 22.945 30.468 110 28.010 31.257 195
Mp2 27.294 32.290 85 23.991 27.645 110 25.431 29.669 195
Mp3 27.671 33.657 70 24.489 27.180 135 25.576 29.392 205
Mp4 25.743 31.818 70 19.178 28.011 135 21.420 29.311 205
Mp5 27.236 34.497 110 18.447 29.160 85 23.405 32.171 195
Mp 28.555 33.015 420 21.958 28.386 575 24.743 30.340 995

Note. D=Discretionary, Ma=Mandatory-aligned, and Mp=Mandatory-polarized.
1st Half=Sequences (supergames) 1-4, 2nd Half=Sequences 5-7,8,9.
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Table B.16: Proposed Private Points Allocated to Responder’s Account

1st Half 2nd Half All Rounds
Treat Observed Predicted N Observed Predicted N Observed Predicted N
D1 6.847 0.000 85 6.600 0.000 110 6.708 0.000 195
D2 16.224 0.000 85 16.682 0.000 110 16.482 0.000 195
D3 14.443 0.000 70 10.600 0.000 135 11.912 0.000 205
D4 4.714 0.000 70 2.133 0.000 135 3.015 0.000 205
D5 16.364 0.000 110 15.835 0.000 85 16.133 0.000 195
D 12.148 0.000 420 9.784 0.000 575 10.782 0.000 995
Ma1 13.718 2.357 85 14.873 2.415 110 14.369 2.389 195
Ma2 18.282 1.180 85 14.836 3.420 110 16.338 2.443 195
Ma3 8.671 1.023 70 11.985 2.354 135 10.854 1.899 205
Ma4 18.914 0.485 70 15.785 3.396 135 16.854 2.402 205
Ma5 14.141 1.533 110 12.429 4.009 85 13.395 2.612 195
Ma 14.777 1.369 420 14.041 3.059 575 14.352 2.345 995
Mp1 13.600 0.502 85 13.273 0.692 110 13.415 0.609 195
Mp2 14.624 0.676 85 11.164 0.857 110 12.672 0.778 195
Mp3 14.471 0.329 70 12.067 0.243 135 12.888 0.272 205
Mp4 14.971 0.326 70 11.289 0.559 135 12.546 0.480 205
Mp5 12.955 0.410 110 12.565 0.734 85 12.785 0.551 195
Mp 14.012 0.455 420 12.016 0.593 575 12.858 0.535 995

Note. D=Discretionary, Ma=Mandatory-aligned, and Mp=Mandatory-polarized.
1st Half=Sequences (supergames) 1-4, 2nd Half=Sequences 5-7,8,9.
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Figure B.2: Bubble Plots of Allocations by Proposer Types, First and Second Halves of
Discretionary Treatment Sessions
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Figure B.3: Bubble Plots of Allocations by Proposer Types, First and Second Halves of
Mandatory Aligned Treatment Sessions
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Figure B.4: Bubble Plots of Allocations by Proposer Types, First and Second Halves of
Mandatory Polarized Treatment Sessions
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Table B.17: Finite Mixture Model with Three Types (MLE) by Status Quo, Mandatory
Treatments Only

Treat Low Status Quo High Status Quo
Coef. S.E. 95% C.I. Coef. S.E. 95% C.I.

Ma - α0 0.047 0.012 0.022 0.071 0.022 0.019 -0.016 0.060
high α0.5 0.502 0.006 0.489 0.514 0.521 0.008 0.505 0.536
p.type α1 0.970 0.013 0.945 0.995 0.992 0.025 0.942 1.042

σ 0.071 0.003 0.064 0.077 0.070 0.005 0.061 0.079
p0 0.158 0.023 0.113 0.204 0.141 0.032 0.078 0.203
p0.5 0.648 0.031 0.588 0.709 0.759 0.039 0.682 0.836
p1 0.194 0.026 0.143 0.244 0.100 0.028 0.046 0.154

Ma - α0 0.036 0.027 -0.017 0.089 0.000 0.047 -0.091 0.091
low α0.5 0.517 0.006 0.506 0.528 0.525 0.009 0.508 0.541
p.type α1 0.968 0.006 0.956 0.980 0.931 0.015 0.903 0.960

σ 0.064 0.003 0.058 0.069 0.066 0.005 0.057 0.075
p0 0.032 0.011 0.010 0.053 0.017 0.012 -0.006 0.041
p0.5 0.544 0.030 0.484 0.604 0.702 0.045 0.615 0.790
p1 0.425 0.030 0.366 0.484 0.280 0.044 0.194 0.366

Mp - α0 0.049 0.014 0.021 0.076 0.143 0.022 0.099 0.187
high α0.5 0.483 0.007 0.468 0.497 0.505 0.013 0.479 0.531
p.type α1 0.939 0.025 0.891 0.988 0.995 0.040 0.917 1.074

σ 0.087 0.004 0.079 0.095 0.083 0.008 0.068 0.098
p0 0.226 0.026 0.175 0.277 0.246 0.054 0.140 0.352
p0.5 0.706 0.029 0.650 0.762 0.681 0.058 0.567 0.796
p1 0.068 0.016 0.037 0.098 0.073 0.031 0.011 0.134

Mp - α0 0.000 0.042 -0.082 0.082 0.034 0.051 -0.067 0.134
low α0.5 0.559 0.009 0.540 0.577 0.517 0.016 0.486 0.549
p.type α1 0.929 0.011 0.908 0.950 0.888 0.020 0.850 0.926

σ 0.094 0.004 0.086 0.102 0.088 0.009 0.071 0.105
p0 0.014 0.006 0.002 0.026 0.039 0.022 -0.004 0.082
p0.5 0.563 0.032 0.499 0.626 0.602 0.061 0.482 0.721
p1 0.423 0.032 0.360 0.487 0.359 0.060 0.242 0.477

Notes. α = X
100−Y (if Y < 100; α is “missing” if Y = 100) where Y =public good allocations,

X =proposer private points. αj and pj are estimated parameter and proportion of each type j.
The maximum likelihood estimation of finite mixture model is based on accepted proposals.
Low status quo is when the status quo level of public good is below Pareto efficiency while
high status quo is the opposite case. Ma=Mandatory-aligned, Mp=Mandatory-polarized.
p.type=proposer type.
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Table B.18: Mean Accepted Public Good Allocations by Round in Supergame.

All Subjects
Rd D S.E. N Ma S.E. N Mp S.E. N
1 48.86 1.65 166 56.20 1.76 171 58.78 1.75 171
2 45.56 1.42 159 55.27 1.78 133 61.79 1.88 138
3 48.18 1.69 155 55.08 1.91 135 65.01 1.81 140
4 49.24 1.87 120 56.69 2.19 96 66.77 2.15 102
5 45.19 2.14 91 56.88 2.23 74 70.06 2.23 79
6 46.41 2.53 68 60.72 2.72 60 67.26 2.72 58
7 45.00 4.15 29 61.46 4.30 24 70.00 3.57 24
8 45.67 4.25 30 59.79 4.09 24 68.80 4.38 25
9 45.39 3.90 23 61.79 4.33 19 69.61 4.97 18
10 47.45 3.60 22 59.71 3.94 17 62.72 4.31 18
11 42.30 6.29 10 70.71 6.49 7 76.88 5.42 8
12 45.89 9.67 9 74.71 6.73 7 80.00 5.16 6

High Proposer Type
Rd D S.E. N Ma S.E. N Mp S.E. N
1 52.60 2.16 91 60.87 2.18 87 71.23 2.09 65
2 51.08 1.83 85 62.71 2.53 60 66.99 2.65 77
3 51.65 2.40 78 61.45 2.71 66 69.84 2.54 73
4 53.52 2.44 61 63.22 2.95 49 73.40 3.45 50
5 50.15 2.66 41 60.15 2.96 41 76.70 2.53 44
6 46.63 3.13 38 66.43 3.20 30 78.00 2.64 23
7 51.29 5.85 14 65.77 5.69 13 72.50 4.09 14
8 44.07 6.82 15 64.40 4.80 10 71.25 6.66 12
9 44.29 3.99 14 63.55 4.91 11 77.80 5.95 10
10 48.64 5.44 11 60.00 7.48 7 71.11 5.76 9
11 37.67 9.60 3 75.00 0.00 3 80.71 4.42 7
12 82.00 6.18 4 77.50 4.79 4

Low Proposer Type
Rd D S.E. N Ma S.E. N Mp S.E. N
1 44.32 2.45 75 51.36 2.70 84 51.14 2.21 106
2 39.22 1.98 74 49.15 2.27 73 55.23 2.39 61
3 44.66 2.32 77 48.99 2.48 69 59.76 2.44 67
4 44.81 2.75 59 49.87 2.96 47 60.40 2.31 52
5 41.12 3.13 50 52.82 3.31 33 61.71 3.44 35
6 46.13 4.20 30 55.00 4.19 30 60.20 3.73 35
7 39.13 5.64 15 56.36 6.50 11 66.50 6.50 10
8 47.27 5.27 15 56.50 6.11 14 66.54 5.95 13
9 47.11 8.13 9 59.38 8.10 8 59.38 7.16 8
10 46.27 4.96 11 59.50 4.56 10 54.33 5.30 9
11 44.29 8.34 7 67.50 11.81 4
12 42.88 10.41 8 65.00 12.58 3 85.00 15.00 2

Note. D=Discretionary, Ma=Mandatory-aligned, Mp=Mandatory-polarized.
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Table B.19: Aggregate and Individual Efficiency

1st Half 2nd Half All Rounds
D: Aggregate-both p.types 94.70% 96.98% 96.02%
D: Aggregate-high p.type 96.35% 97.58% 97.03%
D: Aggregate-low p.type 92.72% 96.41% 94.96%
Ma: Aggregate-both p.types 96.92% 98.37% 97.77%
Ma: Aggregate-high p.type 97.80% 98.88% 98.42%
Ma: Aggregate-low p.type 95.98% 97.89% 97.13%
Mp: Aggregate-both p.types 97.04% 98.48% 97.87%
Mp: Aggregate-high p.type 97.83% 99.27% 98.66%
Mp: Aggregate-low p.type 96.27% 97.71% 97.10%

D: Proposer-high p.type 91.61% 93.68% 92.75%
D: Responder-low r.type 105.52% 105.13% 105.31%
D: Proposer-low p.type 96.61% 101.19% 99.39%
D: Responder-high r.type 89.47% 92.42% 91.26%
Ma: Proposer-high p.type 90.43% 89.85% 90.10%
Ma: Responder-low r.type 112.08% 116.36% 114.53%
Ma: Proposer-low p.type 93.37% 92.80% 93.03%
Ma: Responder-high r.type 98.16% 102.15% 100.55%
Mp: Proposer-high p.type 92.48% 94.04% 93.38%
Mp: Responder-low r.type 110.58% 111.72% 111.24%
Mp: Proposer-low p.type 100.60% 100.27% 100.41%
Mp: Responder-high r.type 93.94% 96.34% 95.32%

Notes. Efficiency data are based on accepted proposals. Aggregate efficiency is measured as
the ratio of the sum of proposer’s and responder’s actual payoffs to the same sum of payoffs
that would have been obtained at Pareto optimum. Individual (proposer/responder) efficiency
is the ratio of individual proposer’s or responder’s actual payoff to the (hypothetical) individual
payoff at Pareto optimum (assuming all private points going to proposer).
All Rounds= all rounds in all sequences (supergames), 1st Half=all rounds in sequences 1-4,
2nd Half=all rounds in sequences 5-7,8,9. p.type=proposer type, r.type=responder type.
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Notes. D=Discretionary, Ma=Mandatory-aligned, Mp=Mandatory-polarized. Error bars indicate

95% confidence intervals.

Figure B.5: Aggregate Efficiency of Allocations by Proposer Types in Accepted vs. Rejected
Proposals
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