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Abstract

This article investigates how the existence of initially contestable property rights affects

the efficiency of the Coase theorem. We design a two-stage experiment that incorporates a

stage where property rights are initially allocated to participants followed by a stage that al-

lows bargaining between participants. In stage one, participants endogenously choose their

effort (and thus the probability) to appropriate the property rights before entering an un-

structured bargaining game. We find the presence of costly appropriation activity to obtain

the property rights makes it significantly less likely that the efficient outcome is reached.

We introduce bargaining costs and find that allowing for symmetric bargaining costs has no

impact on the likelihood of the efficient outcome being reached, whereas asymmetric bar-

gaining costs between outcomes substantially reduces the likelihood of reaching an efficient

outcome.
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1 Introduction

The ‘Coase theorem’ states that reaching the efficient level of externality is independent of the

initial allocation of property rights. Regardless of the initial distribution of property rights,

parties can negotiate to capture gains from trade and reach an efficient equilibrium (Coase,

1960). Although this idea has heavily influenced economic debate over the last 60 years, it is

well known that for this result to hold it requires restrictive conditions, which ensure clearly

defined, secure, and enforceable property rights as well as zero transaction costs (e.g., Shogren,

1992; Croson and Johnston, 2000; Aivazian et al., 2009; Cherry et al., 2013; Bar-Gill and Engel,

2016; Hong and Lim, 2016; Medema, 2020).

One often overlooked reality is that property rights may be initially contestable among

parties. For instance, initial property right contestability could occur because (i) the creation

of new secure property rights may have no existing precedent for the initial assignment of

property rights, or (ii) there exists ambiguity and contention over the initial ownership of the

property rights. In all scenarios it is likely that the property rights—especially those created for

the purpose of trading externalities—may require effort by parties to determine and secure the

initial assignment of property rights (Robson and Skaperdas, 2008; Dari-Mattiacci et al., 2009;

MacKenzie and Ohndorf, 2013). It is likely that agents invest in costly (sunk) activities—such

as rent seeking, litigation or conflict—to not only influence the initial distribution of property

rights but also to secure the property rights for any future successful bargaining. Indeed this

was highlighted early in the debate by Ronald Coase, who commented:

[T]he legal delimitation of rights provides the starting point for the rearrangement of rights

through market transactions. Such transactions are not costless, with a result that the

initial delimitation of rights may be maintained even though some other would be efficient.

Or, even if the original position is modified, the most efficient delimitation of rights may not

be attained. Finally, waste of resources may occur when the criteria used by the courts to

delimit rights result in resources being employed solely to establish a claim. (Coase, 1959,

p.27, n. 54)

Following the textbook case of the Coase theorem, prima facie, the initial allocation of property

rights is distinct from any bargaining process and it would follow that there is no detrimental

impact on efficiency (e.g., MacKenzie and Ohndorf, 2013). Yet from a behavioral perspective,

the initial allocation—and the efforts expended to determine the assignment—may impact effi-

ciency. The aim of this article is to reconcile, from an experimental perspective, the connection
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between the initial allocation of property rights, appropriation effort, bargaining costs, and

efficiency.

This article investigates how the existence of initially contestable property rights affects

the efficiency of the Coase Theorem as well as how costs associated with the appropriation of

property rights interact with traditional transaction (bargaining) costs. We create a two-stage

framework over the determination of property rights that creates an externality. In stage one,

two players choose how much to invest in sunk appropriation effort in order to obtain the

property rights. The appropriation stage is modeled as a winner-take-all contest with each

player having a probability of winning the property rights, which is dependent on their effort

relative to total outlays.1 Once the initial allocation of property rights has been determined,

stage two allows the players to negotiate and trade over the externality level even though the

property-right holder has the unilateral right to choose the externality level (i.e., property rights

are secure).2 Bargaining in stage two may be costly. Given the framework, we investigate how

the existence of costly (ex ante) appropriation costs impact the efficiency of Coasean bargaining

and understand how the ex ante appropriation costs and ex post bargaining costs interact to

potentially affect the efficiency of the Coase theorem.

We design the experiment with these two main stages: a contest stage reflecting the appro-

priation costs of contestable property rights where participants submit their bids into a lottery,

and a bargaining stage, where parties participate in an unstructured bargaining game to de-

termine the final externality distribution (out of a possible seven distributions). We have four

treatments that differ in the presence of a contest and bargaining costs. Our control treatment

randomly allocates the initially contestable property rights to players. In this treatment there

are no bargaining costs to reach an efficient outcome. In the remaining three treatments we in-

1This is a common approach to investigate initial property rights allocation (Tullock, 1980; Hillman and Riley,
1989; Robson and Skaperdas, 2008; MacKenzie and Ohndorf, 2012; Dickson et al., 2022). In particular, Coasean
bargaining has been theoretically investigated in this context when the bargaining space has been exogenously
restricted (MacKenzie and Ohndorf, 2013), in the presence of taxes (MacKenzie and Ohndorf, 2016a), and exchange
transfers are limited (MacKenzie and Ohndorf, 2016b).

2A question of interest is whether there is a need for costly effort to determine and enforce the initial allocation
of property rights. If bargaining can occur, can there be an agreement made prior to the initial allocation of property
rights? The so-called “bargaining in the shadow of conflict” (e.g., Anbarci et al., 2002; Skaperdas and Syropoulos,
2002). This is indeed the case in some scenarios, which are unrelated to our framework presented herein. For
example, it is common to observes pre-trial settlements. In many scenarios, however, ex ante bargaining is either
impossible or not permitted (i.e., no legally-binding and enforceable contract can be written). It is common that
investment in legal and administrative (institutional) processes is a prerequisite for some bargaining to commence.
For example, one application discussed within this article is that of trading land and water titles, which can only
occur after legal proceedings have determined ownership. Furthermore, in the context of investing in rent-seeking
activities, it is observed that ex ante bargaining is unlikely to occur because the initial insecurity of property rights
make any ex ante bargaining non-credible. This is clear from the rent-seeking literature, where players attempt to
individually capture rents. For example, this is observed over the initial distribution of tradable pollution property
rights, where firms lobby for their own initial allocation that can only be traded once initial ownership has been
formally established (Hanley and MacKenzie, 2010; MacKenzie and Ohndorf, 2012; MacKenzie, 2017; Dickson and
MacKenzie, 2022).
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corporate a winner-take-all contest (Cason et al., 2020), where participants can invest sunk costs

to influence the probability that they obtain the initial allocation of property rights. These three

remaining treatments differ in the presence of bargaining costs by allowing for zero bargaining

costs as well as asymmetric and symmetric bargaining costs. With symmetric bargaining costs

an equal amount is taken away from both parties (regardless of whether they are the initial

property-rights holder or not) and for asymmetric costs the same total amount is removed but

the allocation among the parties is different (i.e., each player experiences different transaction

costs dependent on whether they will be the initial property-rights holder or not).

We find the presence of costly appropriation activity to capture the property rights makes it

significantly less likely that the efficient equilibrium is reached relative to a random allocation

of property rights. In particular, this is because the two parties are less likely to reach any

agreement. When agreement is reached it almost invariably leads to the most efficient out-

come being chosen. We find that allowing for symmetric bargaining costs has no impact on the

likelihood of the efficient outcome being reached, whereas when bargaining costs are asym-

metric we find it significantly and substantially reduces the likelihood of reaching the efficient

outcome relative to symmetric bargaining costs. We also find that the property-rights holder,

that had to use costly appropriation efforts, receives a larger share of the available surplus

(in successful bargains) compared to property-rights holders who received the property rights

randomly. This may explain why efficiency is lower when costly appropriation is required to

establish the property rights.

The implications of this work help highlight potential efficiency issues in contexts where

property rights are initially ambiguous but the determination of these property rights allows

negotiation to occur. An application is Australia’s Native Title Act (1993) (Cth).3 Native Title

allows for the recognition of aboriginal people to have rights over land and water. To obtain

Native Title, the interested community must prove they have a continuous connection to the

proposed land, which must be processed through the Federal Court. If Native Title is granted

then one aspect gained is the Right-to-Negotiate (RTN) process. This process allows the com-

munity to negotiate with others over permitted activity (often with resource companies over

mining leases) and compensation offered for any negative impact. Our analysis highlights that

costly appropriation activity in Federal court may result in less efficient negotiation. Another

application is the ownership of water rights by Native Americans in U.S. Western states, such

as Arizona and Colorado. The determination of Native American water rights ownership dates

3https://www.legislation.gov.au/Details/C2017C00178
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back to the U.S. Supreme Court ruling Winters v. United States, but allowing the exchange of

rights is a limited but growing aspect, such as a new water market in Arizona and the newly

introduced bill to allow lease water rights in the Colorado River Indian Tribe Water Resiliency

Act of 2021 (S. 3308).4, with growing calls for the U.S. Congress to pass legislation in order

to allow for easier leasing of water rights. Our analysis can highlight the key implications to

water rights exchange.

2 Related Experimental Literature

Our Coasean experiment focuses on property rights that are initially contestable but where—

through a process of appropriation activity—ownership is determined and (potentially costly)

exchange is then possible. Although a number of experiments study the Coase theorem,

there has been, up to now, no systematic experimental investigation of the Coase theorem

with initially contestable rights and—despite the importance of transaction costs for the Coase

theorem—only a few experiments include bargaining costs, none of which consider an analysis

of asymmetric bargaining costs.

The earliest Coasean experiments created a simple environment where subject bargain over

certain outcomes, there are no transaction costs, and property rights (and any subsequently

agreed contracts) are perfectly enforced (Hoffman and Spitzer, 1982, 1985, 1986). These exper-

iments demonstrated that Coasean bargaining is highly efficient even with large group sizes

(Hoffman and Spitzer, 1986), limited information (Hoffman and Spitzer, 1982, 1986) and even

when bargaining over physically harmful outcomes (Coursey et al., 1987). However, while bar-

gaining generally lead to the efficient outcome, equal splits are common in these experiments,

even when they are irrational (and lead to a lower payoff than the outside option) for the

property-rights holder. Shogren (1992) replicates these two findings in an experimental setting

where subjects bargain over uncertain outcomes.

Subsequent experiments investigate challenges to the Coase theorem due to the presence of

transaction costs and insecure property rights. Surprisingly given its importance to the Coase

theorem, only a few papers explicitly include bargaining costs in their experimental setting

and only one varies these costs across treatments. The exception is Rhoads and Shogren (1999)

who find that high bargaining costs significantly reduce the efficiency of bargaining outcomes

compared to zero costs but small bargaining costs did not. Cherry and Shogren (2005) investi-

4See https://www.govinfo.gov/app/details/BILLS-117s3308is/summary for the Colorado River Indian Tribe
Water Resiliency Act of 2021.
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gate the impact of insecure property rights in the presence of bargaining costs, although these

are not varied across treatments. With insecure property rights, the property-rights holder’s

choice of the outside option may not be enforced; instead, both parties receive their disagree-

ment payoffs. Interestingly, they find that insecure property rights actually increase efficiency

because they encourage property-rights holders to bargain despite positive bargaining costs.

Several other papers examine how delay costs (as distinct from bargaining costs), in the form

of a shrinking pie when it takes time to reach an agreement, affect Coasean bargaining. Specif-

ically, Shogren (1998) finds that nonincreasing marginal delay costs reduce efficiency, while

Rhoads and Shogren (2003) show, in a three-player bargaining game with discrete delay costs,

that a small chance of contract failure is enough to unravel the efficiency gains from bargaining,

and that asymmetric information worsens this. In both experiments, delay costs are symmetric

among parties and roles. Finally, while Aivazian et al. (2009) investigate transaction costs in

their experiment, they do by measuring outcomes (e.g., bargaining time, number of proposals)

rather than explicitly imposing costs of these actions in the experiment.

Several other papers investigate the impact of ill-defined or insecure property rights. For

example, Bar-Gill and Engel (2016) find that Coasean bargaining is just as efficient with either

absolute or relative property rights, Aivazian et al. (2009) examine the impact potentially ill-

defined property rights when the core may be empty, and Shogren and Kask (1992) investigate

the impact of imperfect contract enforcement. However, in contrast to our experiment, property

rights in these experiments are initially clearly defined and allocated, but may be insecure in

application afterwards. We instead consider the case of initially insecure (contestable) property

rights but once awarded they become secure. In our experiment, participants need to incur

up front (endogenously determined) costs to establish their initial allocation of property rights.

We call these appropriation costs. Once established, however, the property right is secure and

any negotiated bargaining contracts are fully enforced. Furthermore, unlike the literature that

includes symmetric bargaining costs (Rhoads and Shogren, 1999; Cherry and Shogren, 2005),

we investigate the role of bargaining costs, allowing them to be asymmetric among parties, as

well as contrasting their presence and absence.

With regard to the initial appropriation and allocation of property rights, we follow theo-

retical models of rent seeking by using a contest involving measurable monetary efforts to be

exerted (Tullock, 1980; Robson and Skaperdas, 2008; MacKenzie and Ohndorf, 2013). This con-

trasts with existing Coasean experiments, which typically use simple competitive real-effort

tasks to determine who gets the property right, although the earliest experiments randomly

6



allocated property rights (Hoffman and Spitzer, 1982). Hoffman and Spitzer (1985) compared

randomly allocated with earned property rights and found that efficiency remained high re-

gardless, although splits are less equal than with a random allocation. However, later exper-

iments such as (Shogren, 1992) found equal splits remain prevalent and efficiency high even

with earned property rights. Thus in these experiments, efficiency is unaffected by the allo-

cation method but the distribution of gains is affected. The latter result relates to those that

show how “giving” in dictator and ultimatum games is significantly reduced when the pro-

poser earns the endowment rather than simply being allocated it (Cherry et al., 2002; Oxoby

and Spraggon, 2008; Barber IV and English, 2019). Similarly, Feltovich (2019) shows that sub-

jects are more likely to exploit their bargaining power when it is earned rather than randomly

assigned. The difference in our contest is that property-right holders "earn" the right to hold

the property right by expending appropriation costs rather than exerting real effort. We also

include a random allocation treatment to examine the impact of costly appropriation on bar-

gaining efficiency.

Our contribution, then, is to investigate the efficiency of the Coase theorem under novel

institutional considerations, which include initially contestable property rights and asymmetric

transaction costs. In doing so, we are able to shed light on contemporary issues with property

rights exchange over many natural resources including, but not limited to, land, minerals,

and water rights. The article is organized as follows. In Section 3 the theoretical model is

presented. In Section 4 the experimental design is described and in Section 5 the results are

detailed. Additional analysis is provided in Section 6 and concluding remarks are provided in

Section 7.

3 The model

3.1 Setup

Suppose there exists a set of two agents {A, B}. Agent B participates in an activity that gen-

erates harm on agent A. Agent B has the ability to reduce the level of harm by investing in

abatement activities, x ≥ 0. The investment in abatement occurs at a private cost to agent

B denoted by C(x) with C′(x) > 0, and C′′(x) ≥ 0. The damage experienced by agent A is

denoted by D(x), where −D′(x) > 0, and D′′(x) ≥ 0. Each agent has wealth endowment W0.

As a benchmark we allow frictionless exchange to occur between agents over the level of

harm (abatement). In particular, agents can bargain over the level of harm à la Coase (1960).
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Let x∗ be the (ex post) efficient Coasean bargaining solution, so that x∗ = minx{C(x) + D(x)}.

If Agent B initially has the ownership of the property rights then exchange can occur to x∗,

where agent B can obtain gains from exchange. Analogously, if agent A is endowed with the

full ownership of the property rights then A can obtain gains from exchange. Under conven-

tional Coasean argumentation, the agent that does not hold the initial property rights must

compensate the other agent for their cost to reach the efficient level x∗ as well as compensate

to elicit agreement. Note there exists gains from exchange for both agents, regardless of the

initial property-rights owner.5

From this benchmark model, we incorporate transaction costs within the Coasean frame-

work. In particular, we allow two forms of transaction costs that include (i) a cost to appropriate

the initial endowment of the property rights, what we denote as appropriation costs, and (ii) a

cost involved in the bargaining process, denoted as bargaining costs. Appropriation costs are

those costs associated with activities that are used to establish the initial ownership of the

property rights. We thus assume that property rights are initially insecure and agents have the

choice to invest in effort in order to appropriate the property rights and allow for the potential

of trade, i.e., to determine the initial endowment of property rights.6 Agents’ efforts can be in-

terpreted as litigation or legal services used to determine property rights ownership, lobbying

and rent seeking, as well as (violent) conflict. Formally, we model agents’ attempts to obtain the

initial endowment of property rights using a Tullock contest with endogenously determined

linear costs of (sunk) effort a, b ∈ R+ for agents A and B, respectively. The probability of agent

B obtaining the initial endowment of property rights is pB(a, b) where

pB(a, b) =


b

a+b if max{a, b} > 0

1
2 otherwise

(1)

and pA(a, b) = 1 − pB(a, b) for all a, b ∈ [0, ∞). That is, if agent B increases effort, ceteris

paribus, then the probability of obtaining the property rights increases and decreases for agent

A.

Second, we include bargaining costs that resemble the traditional costs discussed within the

Coasean environment. In particular, we suppose that there are costs associated with exchange

and present them as reductions in agents’ expected payoffs after voluntary exchange has been

5Thus both the “efficiency” and “invariance” versions of the Coase theorem are relevant for our analysis (see
Hurwicz, 1995; Robson and Skaperdas, 2008; Medema, 2020).

6Thus this diverts from the literature that assumes a fixed cost of entry into the Coasean bargaining game (e.g.,
Anderlini and Felli, 2001, 2006).
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determined. To capture the whole host of potential combinations of costs, we allow both

winners and losers to experience bargaining costs. We denote TW
j and TL

j as the bargaining

costs when agent j ∈ {A, B} win (W) or lose (L) the initial endowment of property rights.

Clearly, for sufficiently large bargaining costs, there may be an incentive for agents not to reach

an efficient outcome. Our focus here is on how transaction costs affect the incentive to invest

in appropriation effort, therefore we assume that these bargaining costs are small enough to

allow Coasean bargaining. As a consequence of including the two types of transactions costs,

we now have a two-stage Coasean game that we solve as a subgame-perfect Nash equilibrium.

In stage one of the game, agents choose the level of appropriation costs to obtain and

secure the property rights. Once stage one is complete agents can freely bargain (at cost)

to determine the agreed level of harm. In the second stage—as property rights have already

been initially allocated—the rational agent will attempt to maximize their gains from exchange.

Consequently, we would expect, as is standard in Coasean argumentation, that the efficiency of

the bargaining outcome is independent of the initial property owner, how the initial allocation

of property rights were allocated (and the associated costs), as well as the existence (and any

asymmetry) of bargaining costs. This is presented within Proposition 1.

Proposition 1. Assuming bargaining costs are sufficiently small, the Coase theorem predicts that effi-

cient abatement (x∗) should occur regardless of

a) which party holds the initial allocation of property rights

b) the process used to determine property rights

c) the presence or absence of bargaining costs,

d) the symmetry or otherwise of bargaining costs

We now turn to stage one. First, note that the value of the property rights is affected by the

composition of bargaining transaction costs. As we model appropriation through a contest, it

is well known that the players’ equilibrium appropriation efforts are normally monotonically

increasing in the value of rent at stake. As such, the potential asymmetry in the composition of

transaction costs results in asymmetric levels of contest effort within stage one. As can be seen

in Appendix A, each agents’ incentive to invest in appropriation activities is now dependent

on the relative difference between their transactions costs when they win or lose TL
j − TW

j

for j ∈ {B, A}. Second, note that if there exists symmetric transaction costs—symmetric in the

sense that each agent experiences the same cost regardless of winning or losing, i.e., TL
j = TW

j —
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then we find an identical effort level to the case when no bargaining costs exist. From this we

can derive a number predictions that are related to how bargaining efficiency is affected by

both types of transaction costs and how the endogenously determined appropriation costs are

influenced by the conventional bargaining costs.

Proposition 2. Assuming bargaining costs are sufficiently small and holding bargaining power con-

stant, appropriation costs chosen by players are increasing in the magnitude of the difference in transac-

tion costs between losing and winning. This leads to the following predictions:

a) Rent-seeking efforts are unaffected by the presence of symmetric bargaining costs, where symmetric

means the same costs when winning and losing the initial property rights.

b) Rent-seeking efforts are increasing in the difference between bargaining costs when losing versus

winning the property rights.

We now turn to the experimental design.

4 Experimental Design

The design of the experiment closely follows the theoretical model, where all treatments consist

of two stages. Stage one is the contest stage and stage two is the bargaining stage. The purpose

of the contest stage is to assign the property rights to one participant in each pair. Consistent

with past experiments (e.g., Hoffman and Spitzer, 1982; Shogren, 1992) we use the neutral

framing of “controller” in the experimental instructions to refer to the agent who holds the

property rights, i.e., the “property-rights holder”, but use the latter term throughout this article.

In each treatment, participants can bargain over their final payoff in the second stage (which is

equivalent to bargaining over the level of the externality).

There are four treatments, which differ in the presence of contests and transaction costs,

as shown in Table 1. In three treatments, a Tullock contest is used to allocate the property

rights but the bargaining costs vary. In the ContestNo treatment, there are no bargaining costs,

while in the ContestSym treatment all participants have to pay the same amount of bargain-

ing costs when they reach agreements in the bargaining stage. In the ContestAsym treatment,

different participants pay different amounts of bargaining costs depending on their roles and

their ownership of the property rights. Since our design differs considerably from other Coase

experiments, we also include a control treatment, RandomNo, where property rights are ran-

domly assigned and there are no costs associated with bargaining. Our design enables us to
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Table 1: Treatment Design

Treatment label Contest Bargaining Costs Asymmetric Subjects(Groups)
RandomNo NO NO NO 40(6)
ContestNo YES NO NO 38(6)
ContestSym YES YES NO 40(6)
ContestAsym YES YES YES 40(6)

separately identify the impact of contests and bargaining costs of different types. As noted ear-

lier, bargaining costs can be asymmetric in different ways. However, as shown in the Appendix

A, the value of the property rights, and therefore bidding behavior in the Contest treatments, is

affected only when a person’s bargaining costs differ when winning and losing, and we chose

to study this case.

4.1 Bargaining Stage

In the bargaining stage of all treatments, participants are given the list of options shown in

Table 2 and each pair is asked to choose one option from this list. Total payoffs are not pre-

sented to the participants. The table shows that there is a trade-off between the payoffs to both

participants of a pair. As a result, asking participants to pick an option for their pair creates

conflict between both participants.

The list of options and payoffs is the same in all treatments and is consistent with the

theoretical model outlined in the previous section, where subjects are given an endowment

of $E600 in the bargaining stage so that they bargain over gains rather than losses as shown

in the Table. As shown in Appendix A, this fixed endowment does not alter the marginal

incentives of the players nor the value of the property rights. Choosing an option corresponds

to choosing the level of abatement (or externality).7 Option 3 is the efficient choice, regardless

of which player holds the property rights. Note the asymmetry in the payoffs between the

players (Hoffman and Spitzer, 1985; Shogren, 1992), which avoids creating a focal point at the

middle option.

Participants are told that there are two ways to choose an option from the list. First, the

property-rights holder can unilaterally choose an option. Second, the two players can negotiate

and reach an agreement regarding the division of the total available surplus. To negotiate,

subjects make an offer, stating the option that they want to choose and the payoffs that they

want to keep for themselves. Their partner then decides whether to accept the offer or to

7The underlying functions we use are C(x) = 6x2 and D(x) = 4x2 − 90x + 500. Subjects are given a discrete
version of this choice problem, with the options chosen to ensure a reasonable difference between the options. The
actual underlying abatement levels range from 0 to 10 with the efficient choice being option 3 with x = 4.
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Table 2: Options and Payoffs in the Bargaining Stage in All Treatments

Options 1 2 3 4 5 6 7
Payoff A ($E) 100 214 396 542 575 590 600
Payoff B ($E) 600 589 504 285 172 87 0
Total Payoffs 700 803 900 827 747 677 600

make other offers. Once made, offers cannot be withdrawn. As shown in Table 2, successful

negotiation can result in greater payoffs for both partners than a unilateral choice. For example,

suppose Player B is the property-rights holders. Choosing Option 1 yields a payoff of $E600 for

Player B and $E100 for Player A. If instead they agree to choose Option 3, then there is $E900 to

be split between them, or an extra $E200. If they choose an equal split of the gains from trade

then player A would receive $E200 and player B $E700. Clearly other allocations are possible.

In contrast to earlier Coasean experiments (Hoffman and Spitzer, 1982, 1985, 1986; Shogren,

1992; Rhoads and Shogren, 1999; Cherry and Shogren, 2005), which employ face-to-face bar-

gaining, we use anonymous bargaining conducted over the computer to reflect that Coasean-

type negotiations are often done at arm’s length by lawyers and other employed negotiators

who, while not anonymous, are less likely to be swayed by fairness considerations. Another

contrast is that we use a more general unstructured bargaining protocol (Anbarci and Feltovich,

2018; Feltovich, 2019) rather than a structured sequence of offers and counteroffers commu-

nicated via a mediator. Subjects are given three minutes to reach an agreement, and if no

agreement is reached, the computer chooses the option most favorable to the property-rights

holder. As described, we also conduct a control treatment without contests and bargaining

costs, which enables us to study the effect of this change in bargaining design compared to the

existing literature.

In RandomNo and ContestNo there are no bargaining costs when choosing an option by

negotiation, while in the ContestSym and ContestAsym treatments, participants have to pay bar-

gaining costs if they choose options by negotiation. Table 3 shows the amount of bargaining

costs in each treatment. While total bargaining costs are the same in both treatments ($E100),

the allocation of bargaining costs differs. In ContestSym, all participants pay the same bargain-

ing costs regardless of their role and whether they have the property rights. In contrast in

ContestAsym, bargaining costs depend on the role and whether the person initially holds the

property rights with transaction costs $E80 higher for the non-property-rights holder than the

property-rights holder. Our design maximizes this asymmetry in order to maximize the dif-

ference between treatments. Finally, note that we have chosen to impose bargaining costs only
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Table 3: Bargaining Costs ($E)

Treatment Type A Type B
Property-rights Non-property-rights Property-rights Non-property-rights

holder holder holder holder
RandomNo 0 0 0 0
Contest No 0 0 0 0
ContestSym 50 50 50 50
ContestAsym 15 95 5 85

if negotiation is successful in order to encourage negotiation and give it the greatest chance of

success. Such costs could reflect the expense of contract preparation (e.g., legal fees) once an

agreement has provisionally been accepted.

We chose bargaining cost values that are large enough to be meaningful but still ensure that

bargaining is beneficial. That is, in both ContestSym and ContestAsym there remains a significant

rent available to be shared if negotiation is successful. If Player A is the property-rights holder

with Option 7 as their outside option, then the available rent is either $E300 when bargaining

costs are zero or $E200 when bargaining costs are present. If instead Player B is the property-

rights holder, with Option 1 as the outside option, then the available rent is lower at $E200

when bargaining costs are zero or $E100 when bargaining costs are present. Thus, regardless

of the presence of bargaining costs—and who initially holds the property rights—there is an

incentive to reach the efficient outcome.

4.2 Property Rights Stage

In the first stage of the experiment, the initial allocation of property rights is determined.

RandomNo is the control treatment where the property rights is allocated randomly using a

virtual coin toss so each person has an equal chance of being the property-rights holder. In the

other treatments, property rights are allocated via bidding in a Tullock contest. In the Tullock

contest each subject submits a bid for the property rights where the probability of winning is

given by the standard contest success function (Tullock, 1980), as presented in Equation (1). The

design of the contest follows the standard experimental design (Dechenaux et al., 2015; Cason

et al., 2020). Importantly, at the bidding stage subjects are made fully aware of the bargaining

stage that is to follow. Consistent with theory (see Appendix A), their bids should be based

on expectations of the value in the bargaining stage, which is derived from their expectations

of being a property-rights holder and non-holder. Furthermore, anticipated bargaining power

will affect the optimal bid. To derive the predicted bid, we assume that bargaining power is
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equal (i.e., 0.5) , which seems a reasonable assumption a priori. Consistent with Proposition

2, the optimal bid in both ContestNo and ContestSym is $E137.50 but higher in ContestAsym at

$E157.50. In each round, subjects receive an endowment from which their bid is deducted. In

ContestNo and ContestSym the endowment is $E200, while it is $E220 in ContestAsym to allow for

the higher optimal bid. Earnings from stage one equal the difference between the endowment

and the bid. To maintain relative earnings, in RandomNo subjects received an endowment of

$E63 being equal to the expected earnings in stage one of the other treatments.8 Subjects were

given one minute to enter their bid. If no entry was made in the time allowed a bid of zero was

assumed.

4.3 Procedure

The experiment proceeded as follows. First, subjects undertake a simple risk elicitation task

(Gneezy and Potters, 1997). Participants were given $AUD 5 and had to decide how much to

invest in a risky asset. If the investment succeeds, they win three times the amount invested,

but earn nothing if it fails. The chance of success is 50%. Subjects are only informed of the

results at the end of the session. Second, detailed instructions for task two (the main task)

were distributed and read aloud. The experimental instructions are contained in Appendix

C. Subjects then answered a series of quiz questions to check their understanding, before

undertaking two practice rounds. Eight real rounds followed. Subjects were paid their earnings

in only one randomly selected round, in addition to their earnings in the risk task.

At the beginning of the experiment, subjects were randomly assigned the role of A or

B, and then assigned to one of three matching groups per session. In each round they are

randomly matched with a subject of the other type in their matching group. Each matching

group contains either six or eight participants. Matching groups and types remain unchanged

throughout the experiment. We conducted two sessions for each treatment. Sessions lasted on

average 90-120 minutes. All payoffs are denoted in experimental dollars (E$). At the end of

the experiment, payoffs are converted to Australian Dollars with the rate E$18= A$1. Average

earnings were A$31.97 (equivalent to US$23.63 at the time of experiment) and ranged from

$5.50 to $59.40. The experiment was fully computerized using z-Tree (Fischbacher, 2007). All

sessions were run in the Experimental Economics Laboratory at the University of Queensland.

To recruit participants, invitations were sent out to the students who have registered in the

8Average earnings were very similar across the four treatments, being A$31.86 in RandomNo, A$32.87 in Con-
testNo, A$32.08 in ContestSym, and A$31.10 in ContestAsym.
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experimental database (Greiner, 2015). Participants were students studying at the University

of Queensland with 75% being undergraduate students, 72% studying business, economics or

commerce, 48% were male and 66% were international students.

4.4 Experimental Hypotheses

In this section, we derive two experimental hypotheses based on our theoretical model and the

parameters chosen. We also add a third hypothesis regarding the distribution of gains. First,

consider the efficiency of the bargaining outcome. Proposition 1 should hold in our experiment.

Bargaining is defined as efficient if the total payoff in a pair is maximized; i.e., Option 3 is the

outcome. As described earlier, bargaining costs are large enough to be meaningful but small

enough that negotiating to Option 3 generates gains from trade. In our experiment, once prop-

erty rights are allocated they are well-defined and secure, satisfying the requirements of the

Coase theorem. The property-rights holder can make a unilateral choice that is implemented

with certainty. We translate Proposition 1 into the following testable Hypotheses of the Coase

theorem.

Hypothesis 1. Bargaining leads to the efficient option being chosen

a) Regardless of whether player A or B is the property-rights holder.

b) Equally often in the RandomNo and ContestNo treatments.

c) Equally often in the ContestNo and ContestSym treatments.

d) Equally often in the ContestSym and ContestAsym treatments.

Second, we consider the bids in the contest stage. As described in Proposition 2, optimal

bids are only affected when the bargaining costs differ between winning and losing the prop-

erty rights. These costs are different only in our ContestAsym treatment. Thus, this leads to the

following testable hypothesis.

Hypothesis 2. Bidding in stage 1:

a) Stage 1 bids are the same in ContestNo and ContestSym.

b) Stage 1 bids are higher in ContestAsym than ContestNo and ContestSym

c) Stage 1 bids are the same for both Player A and Player B.
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Table 4: Summary of Bargaining Outcomes

Method % of outcomes Outside (option 1 or 7) Efficient (option 3) Other option
Agreement 62 0 95 5
Unilateral Choice 24 84 1 15
Computer Choice 14 100 n/a n/a

Hypothesis 2 relies on the assumption that bargaining power is held constant in these

comparisons. That is, we assume that the distribution of participants’ beliefs is the same across

treatments. Of course, these beliefs may differ by player type and between treatments, as well

as become more precise with experience, leading our hypothesis not to hold.

Third, we consider the distribution of the rents (gains from trade) when subjects reach

agreement in the bargaining stage. Since the property-rights holder has the greater outside

option (disagreement payoff) we expect them to have greater bargaining power and therefore

receive more than half of the rent available in any agreement (Feltovich, 2019). However, as

discussed in Section 2, experimental evidence suggests that property-rights holders are less

likely to exploit this bargaining power when the property rights are allocated randomly. These

findings suggest the following hypothesis.

Hypothesis 3. Property-rights holder’s rent:

a) The property-rights holder has greater bargaining power and therefore appropriates more than half

of the rents.

b) Rents are shared more equally in RandomNo than in the Contest treatments.

5 Results

In this section, we formally test our three hypotheses beginning with efficiency, followed by

bidding behavior in stage one, before finally considering the distribution of rents. As we

have a panel dataset with observations from 158 subjects over 8 rounds of the experiment, our

primary analysis relies on random effects panel regressions with standard errors clustered at

the matching group level. Any reported p-values are from two-sided tests.

5.1 Efficiency of bargaining outcomes

Bargaining outcomes are summarized in Table 4. Recall that bargaining outcomes are reached

in one of three possible ways. Of the 632 pair observations of bargaining outcomes, 62%
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result in an agreement between the parties, 24% involve the property-rights holder choosing

unilaterally, and 14% fail to agree and thus the computer chooses the option most favorable

to the property-rights holder. Of those pairs reaching an agreement, almost all (95%) choose

the most efficient option. Thus, reaching an agreement and choosing the efficient option are

virtually synonymous.9 This is unsurprising since if both parties agree (and therefore incur any

bargaining costs) they should always choose the option with the largest total payoff. This also

implies that any observed treatment differences will result from differences in the frequency of

successful negotiations rather than differences in the option chosen if negotiation is successful.

Of those property-rights holders choosing unilaterally, 84% choose the best option for them-

selves, either Option 1 or 7 depending on their type. Option 3 is chosen unilaterally in only

1% of unilateral choices or less than 0.25% of overall choices, reinforcing that the correlation

between successful negotiation and choosing the most efficient option is extremely strong. Op-

tions 5 (5% of unilateral choices) and 6 (7% of unilateral choices) are the most common alter-

native unilateral choices. The unilateral choice of other options is more common in ContestNo

(28% of unilateral choices) than in either ContestSym (13%) or ContestAsym (12%), suggesting

that avoidance of transaction costs is not the reason for such choices.

We next test if Hypothesis 1 holds by examining the likelihood of the efficient option being

chosen in each treatment.

Result 1. Efficiency of bargaining outcomes

a) The likelihood of the efficient outcome is unaffected by whether player A or B is the property-rights

holder.

b) The efficient outcome is significantly less likely to occur in ContestNo than RandomNo.

c) There is no significant difference in the likelihood of the efficient outcome in ContestNo compared

to ContestSym.

d) The efficient outcome is significantly less likely to occur in ContestAsym than ContestSym.

Support. Figure 1 shows the frequencies of outcomes disaggregated by treatment. The

figure shows that Option 3, the efficient option, is the most common outcome in all treatments,

followed by the two outside options (1 and 7). Option 3 occurs more often in RandomNo (72%)

than in ContestNo (62%), similarly in ContestNo and ContestSym (63%), and less in ContestAsym

9This is true of agreed outcomes in all treatments; specifically, 98% of successful bargainers in RandomNo choose
Option 3, compared to 91% in ContestNo, 96% in ContestSym, and 93% in ContestAsym.
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(40%). Thus, even in the absence of any transaction costs (either appropriation or bargaining

costs), the subjects fail to achieve the efficient outcome more than one-quarter of the time.

Figure 1: Frequency of Outcomes Disaggregated by Treatment

To formally test Hypothesis 1, we conduct probit random effects panel regressions with the

dependent variable being whether the most efficient option was chosen or not. We use the

identity of the property-rights holder as the panel identifier, and cluster errors on the matching

group. All regressions include indicators for the three Contest treatments (with RandomNo the

base category), the variable Period to account for learning, and demographic characteristics of

the property-rights holder.10 Results are shown in column (1) of Table 5, with the bottom panel

of the table reporting p-values from Wald tests of treatment comparisons.

The results reveal the following. First, the property-rights holder type has no significant

effect, consistent with the standard Coase theorem and Hypothesis 1a. Second, the Contest

significantly reduces the probability of reaching the efficient option compared to Random in

all three Contest treatments. Third, while the difference between ContestNo and ContestSym is

insignificant (supporting Hypothesis 1c), the efficient option is significantly less likely to be

reached in ContestAsym than ContestSym. Fourth, the likelihood of choosing the efficient option

10We also include controls for whether the property-rights holder is male, locally born, an economics major,
participating in their first experiment, and their university year. Of these, both locally born property-rights holders
(p<0.01) and male property-rights holders (p<0.1) are significantly more likely to reach the efficient outcome. Note
that due to the high correlation between gender and our measure of risk preference (specifically, the amount invested
in the risk task) we do not include both in the regression. Full regression results including demographics are
provided in Appendix B.1.
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Table 5: Random Effects Regressions of Main Results

Dependent variable Efficient Bid Bid/ BPower- Share-
Option Endowment Efficient Efficient

Method Probit Tobit Tobit Linear Linear
(1) (2) (3) (4) (5)

Type A -0.1457 -2.9925 -0.0130 -0.0681 0.0007
(0.1383) (8.7298) (0.0424) (0.1107) (0.0204)

Period 0.0756∗∗∗ 6.6849∗∗∗ 0.0325∗∗∗ 0.0300∗∗ 0.0070∗∗

(0.0239) (1.7694) (0.0086) (0.0131) (0.0031)
ContestNo −0.3422∗∗ - - 0.2246∗∗∗ 0.0576∗∗∗

(0.1682) (0.0741) (0.0214)
ContestSym −0.4333∗∗∗ −18.9966 -0.0898 0.0096 0.0760∗∗∗

(0.1485) (24.4689) (0.1196) (0.1222) (0.0211)
ContestAsym −0.9549∗∗∗ 25.3626 0.0564 0.0890 0.0858∗∗∗

(0.1569) (24.6007) (0.1184) (0.1183) (0.0204)
Constant 0.4023 86.7401∗∗∗ 0.4356∗∗∗ -0.2226 0.6173∗∗∗

(0.2998) (22.0987) (0.1087) (0.1742) (0.0312)
PR Holder Demographics YES YES YES
Individual Demographics YES YES

N 632 944 944 372 372
No. Left-censored obs 41 41

No. Right-censored obs 282 282
ContestNo vs ContestSym 0.6514 n/a n/a 0.0817 0.4519

ContestSym vs ContestAsym 0.0071 0.0391 0.16 0.6167 0.6976
Coefficient estimates reported with robust standard errors clustered on matching groups in parentheses.
The omitted treatment in (1), (4) and (5) is RandomNo. The omitted treatment in (2) and (3) is ContestNo.
Column (1) includes all outcomes with the level of observation at the PR holder.
Columns (2) and (3) include all bids with the level of observation at the individual.
In (2) the lower limit is at zero and the upper is at the endowment in that treatment.
In (3) the lower limit is zero and the upper limit is at one.
Columns (4) and (5) include all efficient bargaining outcomes with the level of observation the PR holder.
The last two rows report p-values from Wald tests of treatment comparisons.
* p < 0.10, ** p < 0.05, *** p < 0.01
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increases with experience. These results support Hypotheses 1a and 1c, but not 1b or 1d. This

implies that appropriation costs reduce the efficiency of outcomes, but bargaining costs do

only if they are asymmetric. These effects are not only significant but also large in magnitude.

The average treatment (marginal) effect in the ContestNo and ContestSym treatments versus the

RandomNo is between 12-15 percentage points (about an 18% reduction), while the effect is even

larger in ContestAsym with a 33 percentage point reduction (nearly a 50% reduction) compared

to RandomNo.

5.2 Bidding Behavior

We now test Hypothesis 2 regarding bidding behavior in stage one of the three contest treat-

ments.

Result 2. Bidding in stage 1

a) There is no significant difference in bidding between ContestNo and ContestSym.

b) Absolute bids are significantly higher in ContestAsym than in ContestSym but bids as a proportion

of endowment are not different.

c) There is no significant difference in bidding between different types of property-rights holders.

Support. Recall that the optimal bid, assuming equal bargaining power, in both ContestNo

and ContestSym is $E137.50 but higher in ContestAsym at $E157.50. Bids are summarized in

Table 6 with the distribution shown in Figure 2. While average bids are close to these predicted

amounts, there is a large variation in bidding behavior with bids ranging from 0 to the maxi-

mum possible in all treatments. There are no bids exactly at the predicted amounts, instead the

modal bid is the maximum amount. However, as predicted, bids are higher in ContestAsym as

illustrated in both a higher mean and median, as well as a rightward shift in the distribution.

Recall that to compensate for the higher predicted bid in ContestAsym we provided a higher en-

dowment of $E220 compared with $E200 in ContestNo and ContestSym. Hence, we also compare

bids as a proportion of the endowment. As shown in the right column of Table 6, the difference

between treatments is less pronounced using this measure although the mean proportional bid

remains higher in ContestAsym (0.72) than in either ContestNo (0.67) or ContestSym (0.64).

To account for the bunching of bids at the upper limit (and to a lesser extent at the lower

limit of zero), we use Tobit mixed panel regressions with the upper limit equal to the endow-

ment in the treatment. We include indicators for ContestSym and ContestAsym with ContestNo
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Table 6: Summary Statistics of Bids in Stage One

Treatment N Mean Median Mode Variance % Zero % Max Mean bid/
bids bids endow*

ContestNo 304 134 150 200 4264 4 35 0.67
ContestSym 320 127 150 200 4190 3 22 0.64
ContestAsym 320 158 190 220 5388 6 33 0.72
* Bid as a proportion of provided endowment of 200 in ContestNo and ContestSym, and 220 in ContestAsym.

Figure 2: Distribution of Bids across Treatments

now being the base category. As in our previous regression we include Period to account for

learning, but now the panel is at the individual level with demographics also at that level. The

results are reported in columns (2) and (3) of Table 5. We find no significant difference between

bidding in ContestNo and ContestSym as predicted by theory and consistent with Hypothesis 2a.

We find a significant difference in bidding between the ContestSym and ContestAsym treatments

but not between ContestAsym and ContestNo, thus partially supporting Hypothesis 2b. How-

ever, the difference between bidding in ContestSym and ConstestAsym becomes insignificant

once we adjust for the different endowments and compare bidding as a percentage of the pro-

vided endowment. This suggests that rather than being influenced by anticipated bargaining

power in the second stage, the endowment made a difference. Further, consistent with Hypoth-

esis 2c, we find no difference in bidding behavior between different types of property-rights

holders. Finally, we find strong evidence that bids increase with experience.
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5.3 Distribution of gains

We next test whether Hypothesis 3 holds. For this purpose, we construct two different measures

of the distribution of gains received by the property-rights holder, BPower and Share. Our

analysis in this section includes all successful bargains that reach the efficient outcome.11

5.3.1 Bargaining power

Our first measure, bargaining power (BPower), captures the share of the rent (i.e., the gains

from trade) obtained by the property-rights holder and corresponds to Equations (2) and (3)

in our theoretical model within Appendix A. The rent is defined as the gain in total payoffs

that pairs can achieve by moving from the option that maximizes the property-rights holders’

payoffs (either Option 1 or Option 7) to the efficient option (Option 3), net of any bargaining

costs. For example, if Player A holds the property rights, then by moving from Option 7 to

Option 3, the total payoff available increases by $E300. Therefore, the rent (in the absence of

bargaining costs) is $E300. BPower is defined as the proportion of this rent that each player in

a pair receives by agreeing to choose Option 3. In this example, if the pair agree to let Player A

receive $E800 and Player B receive $E100, the BPower of A is $E800−$E600
$E300 = 0.67 and the BPower

of B is 0.33. This is illustrated in Figure 4 in the case of RandomNo and ContestNo where the

efficient option yields 900 to be shared between the parties and the property-rights holder is

type A.

Summary statistics for the property-rights holders’ BPower are shown in Table 7, while

Figure 3 shows the distribution of BPower in each treatment.

Result 3. Bargaining Power

a) On average, the property-rights holder receives less than half of the gains from trade, implying that

the non-property-rights holder actually has the greater bargaining power.

b) The property-rights holder has significantly higher BPower in ContestNo compared to RandomNo,

but no other treatment differences are significant.

c) The type of property-rights holder has no impact on BPower.

Support. As shown in Figure 3, BPower is quite variable, with the distribution more right-

shifted in ContestNo and ContestAsym. As shown in Table 7, the mean is positive in all treat-

11As noted earlier, only 5% of successful bargains result in an inefficient option being selected (Table 4). Results
in Appendix Table B.4 show that including these outcomes in our regression analysis does not qualitatively change
our findings.

22



ments, with the property-rights holder having higherBPower in the ContestNo and ContestAsym

treatments and able to extract around one-third of the rent compared to nearly zero BPower

in the RandomNo and ContestSym treatments. Thus, contrary to Hypothesis 3a, property-rights

holders often agree to receive less than half of the gains from trade. The variance of outcomes

is higher when bargaining costs are present.

Figure 3: Distribution of the Property-Rights Holder’s Bargaining Power by Treatment (Efficient Bar-
gains)

As before, we conduct panel regressions but linear ones with BPower as the dependent

variable and the panel (and demographics) at the level of the property-rights holder. Results are

reported in column (4) of Table 5. We find significantly higher BPower in ContestNo compared

to RandomNo, but no other differences between treatments. Thus we find partial support for 3b.

A possible explanation is that appropriating the property rights gives you more entitlement in

ContestNo versus RandomNo, but the introduction of bargaining costs makes this more opaque.

We also find no impact of player type but BPower increases with experience.

In addition, as shown in Table 8, 18% of all successful bargains involve the property-rights

holder actually receiving less than in their outside option implying a negative BPower. However,

as shown in Figure 4, this could arise if the agreed outcome involves a more even sharing of

the surplus, which we analyze in the next subsection.
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Table 7: Summary Statistics of the Property-Rights Holder’s BPower in Efficient Bargains

N (pairs) Mean Min Max Median Var
RandomNo 114 0.08 -0.75 1.45 0.1 0.18
ContestNo 93 0.33 -1.5 1.2 0.33 0.15
ContestSym 101 0.02 -2.75 1.5 0.2 0.61
ContestAsym 64 0.29 -3.05 1.5 0.425 0.46
Total 372 0.16 -3.05 1.5 0.25 0.35

Table 8: Tabulation of Extreme Bargaining Outcomes by Treatment (% of Observations)

N (pairs) BPower Share Irrational*
<0 =0 =1 >1 <0.5 =0.5

RandomNo 114 26 12 1 1 1 12 2
ContestNo 93 4 8 2 1 2 0 3
ContestSym 101 23 6 1 3 1 5 4
ContestAsym 64 14 3 0 3 3 0 6
Total 372 18 8 1 2 2 5 3
*% of observations with either Share<0.5 or BPower>1.

Agents B’s Payoff

Agent A’s payoff

900

900

450

450 600

300

800

100

750

150

Outside option

Efficient Bargaining Frontier

Bargaining Power= 0 (share = 0.67)

Bargaining Power=−0.5 (share = 0.5)

Bargaining Power= 0.5 (share = 0.83)

Bargaining Power= 0.67 (share = 0.88)

Figure 4: Illustration of Bargaining Power versus Share of Surplus for a Type A Property Right Holder
in RandomNo and ContestNo. Red segment indicates individually rational choices for agent A.

5.3.2 Share of net surplus

Our second measure is the share of the total available payoff (Share), net of any bargaining

costs, that each party receives in the event of a successful bargaining outcome. For example, an

agreed split of (450, 450) in RandomNo would give equal shares of 0.5 to each party but imply
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Table 9: Summary Statistics of Share in Efficient Bargains

N (pairs) Mean Min Max Median Var
RandomNo 114 0.69 0.44 0.99 0.70 0.012
ContestNo 93 0.75 0.17 1 0.78 0.011
ContestSym 101 0.76 0.06 0.94 0.78 0.015
ContestAsym 64 0.79 0.35 0.98 0.81 0.011
Total 372 0.74 0.06 1 0.78 0.014

a BPower of −0.5 for the property-rights holder. This is illustrated in Figure 4. We next analyze

this Share measure examining if Hypothesis 3 holds when we allow for social preferences.

Summary statistics of Share are shown in Table 9, while Figure 5 shows the distribution in each

treatment.

Figure 5: Distribution of PR Holder’s Share of Net Surplus by Treatment (Efficient Bargains)

Result 4. Share of (Net) Surplus

a) The property-rights holder appropriates more than half of the available (net) surplus.

b) The property-rights holder’s Share is significantly higher in all three Contest treatments compared

to RandomNo but there are no differences between the Contest treatments.

c) The type of property-rights holder has no impact on Share.

Support. As shown in Table 8, property-rights holders get more than half of the avail-

able net surplus; about three-quarters on average. This Share is somewhat lower in RandomNo
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compared to the Contest treatments, suggesting that appropriation costs matter. Figure 5 also

shows that the distribution of RandomNo is more left shifted. As shown in Table 8, exactly equal

shares of 0.5 are also more common in RandomNo (12%) than in ContestNo (0), ContestSym (5%)

and ContestAsym (0). However, as illustrated there are a few observations (2%) where the share

is less than 50%, which is hard to rationalize due to social preferences and we might consider

these mistakes.

Regression results with Share as the dependent variable are reported in column (5) of Table

5. We find that the property-rights holder’s Share is significantly higher in all three of the

Contest treatments compared to the RandomNo treatment. However, there are no differences

between the three contest treatments. There is a small but statistically significant trend over

time as property-rights holders obtain a higher Share with experience. The type of the property-

rights holder has no impact on the Share obtained. Thus Hypothesis 3 holds when we use the

Share measure, which allows for social preferences.

5.4 Rationalizable and Potentially Irrational Outcomes

Table 8 tabulates the frequency of extreme bargaining outcomes in each treatment. As shown,

negative BPower occurs considerably less often in ContestNo compared to the other treatments.

As already mentioned, negative BPower might be rationalized due to the social preferences

of property-right holders. However, successful bargains where the property-right holder’s

Share< 0.5 cannot be rationalized on this basis, nor outcomes where BPower> 1 as in this case

the non-property-right holder receives less than in the outside option and instead gives a very

large share (typically>0.9) to the property-right holder. We therefore consider outcomes as

“irrational” where either Share< 0.5 or BPower> 1. As shown in Table 8, such outcomes are

more common in ContestSym and ContestAsym, which suggests that the presence of bargaining

costs could be the reason. However, due to the small numbers, we cannot detect differences in

these non-rationalizable choices.12

12In Appendix B Table 16 we show that excluding these potentially “irrational” outcomes from our analysis does
not qualitatively change any of our regression findings.

26



6 Additional Results and Robustness

6.1 Legitimacy of Property Rights

In this section, we examine if the perceived “legitimacy” of the property-right holder affects bar-

gaining outcomes in the Contest treatments. We conjecture that BPower might be proportional

to the relative effort expended in contesting for the property right in stage one. In particular,

a subject may become the property-rights holder despite expending less effort to establish the

property right. In such a case, the legitimacy of the property-right holder might be questioned

meaning they are less able to take advantage of that position. While on average those winning

the property right did spend more contesting it in stage one, due to the random nature of the

contest outcome about 21% of the time the property-rights holder actually bid less than their

partner. In an additional 18% of cases, both partners bid an equal amount.13

Result 5. Property-rights holders that are considered less legitimate have significantly and substantially

less Bargaining Power and extract a significantly smaller Share of the net surplus.

Support. We conduct additional panel regressions of both Share and BPower in the three

Contest treatments as reported in the first two columns of Table 10. In particular, we include

an indicator for whether the property-right holder bid less than their partner in the first stage

(Bid Less). As shown, a less legitimate property-right has significantly and substantially less

bargaining power. Since average BPower is only 0.16 (refer to Table 7) the effect is large and

implies that BPower is actually negative for less legitimate property-rights holders. While the

impact on Share is also significant the magnitude is small compared to the average share of

0.74.14 Controlling for stage one bidding also does not change any treatment comparisons

among the Contest treatments.

We also check if legitimacy affects the efficiency of outcomes. To do so we run two sepa-

rate regressions of the likelihood of choosing the efficient outcome. In column (3) of Table 10

we include all outcomes in the RandomNo treatment but only those outcomes from the Con-

test treatments with legitimate property-right holders (i.e., with Bid Diff ≥ 0). The results

are very similar to those reported in column (1) of Table 5—the efficient option is less likely

to be chosen in the Contest treatments compared to RandomNo and in ContestAsym compared

to ContestSym. The results however differ in column (4) of Table 10 where we only include

13As expected, due to randomization, the likelihood of these occurrences is very similar across treatments.
14We also ran regressions using an alternative measure of potential legitimacy, the difference in bids between the

property-right holder and non-holder (BidDiff ). As reported in Appendix B Table 17, while BidDiff does positively
affect both the BPower and Share of the property-right holder, the effect is only weakly significant (p<0.1)
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Table 10: Random Effects Regressions Controlling for Legitimacy

Dependent BPower Share Efficient Efficient
variable Option Option
Sample Efficient Efficient RandomNo& RandomNo&

Contest if Bid Diff ≥ 0 Contest if Bid Diff < 0
Method Linear Linear Probit Probit

(1) (2) (3) (4)
Type A -0.0797 -0.0020 -0.1536 0.0486

(0.1455) (0.0242) (0.1535) (0.1942)
Period 0.0159 0.0026 0.0748∗∗∗ 0.0833∗∗∗

(0.0153) (0.0029) (0.0264) (0.0283)
ContestNo −0.3206∗∗ -0.2813

(0.1300) (0.3002)
ContestSym -0.2037* 0.0167 −0.4251∗∗∗ −0.5917∗∗

(0.1136) (0.0235) (0.1404) (0.2430)
ContestAsym -0.1255 0.0308 −0.9671∗∗∗ −0.8175∗∗

(0.1338) (0.0266) (0.1915) (0.3365)
Bid Less −0.2344∗∗ −0.0471∗∗

(0.0921) (0.0186)
Constant 0.1056 0.7101∗∗∗ 0.5218∗ 0.2744

(0.2710) (0.0436) (0.2967) (0.3947)
PR Holder YES YES YES YES

Demographics
N 258 258 531 261

ContestNo vs ContestSym n/a n/a 0.5258 0.4483
ContestSym vs ContestAsym 0.6162 0.5847 0.0147 0.6002
Coefficient estimates reported with robust standard errors clustered on matching groups in parentheses.
Columns (1) and (2) includes all efficient bargaining outcomes in the Contest treatments with the omitted
treatment ContestNo.
Columns (3) and (4) include all treatments with the omitted treatment RandomNo.
Column 3 includes all observations from RandomNo and those observations from the Contest treatments
where the Bid Diff ≥ 0.
Column 4 includes all observations from RandomNo and those observations from the Contest treatments
where the Bid Diff < 0.
The bottom two rows report p-values from Wald tests of treatment comparisons.
* p < 0.10, ** p < 0.05, *** p < 0.01

illegitimate property-right holder outcomes in the contest treatments again compared to the

RandomNo treatment. When the property rights are illegitimate then ContestNo no longer re-

duces efficiency compared to RandomNo. We conjecture that while a legitimate property-rights

holder can extract more surplus this results in fewer agreements being reached.
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6.2 Analysis of the Bargaining Process

For each subject in each round, we computed both the total number of offers they made and the

number of unique offers they made.15 As shown in Table 11, on average subjects make around

three offers per round, with the number somewhat above 3 in the RandomNo and ContestNo

treatments, and closer to 2.5 in the ContestSym and ContestAsym treatments. The number of

unique offers follows the same pattern although the values are shifted lower. For the remainder

of our analysis, we focus on the number of unique offers only.

Result 6. Subjects are less likely to engage in bargaining in the ContestSym and ContestAsym treat-

ments. However, if they do engage in bargaining then the number of offers does not differ significantly

between treatments.

Support. Figure 6 shows the distribution of the number of unique bargaining offers made in

each treatment showing that zero offers are considerably more common in the ContestSym and

ContestAsym treatments, particularly in the latter where 22% of the time no offers were made.

In the final column of Table 11, we compute the average number of unique offers when positive

only, which suggests that most of the differences are on the extensive rather than intensive

margin.

These impressions are confirmed in panel regressions at the subject level as reported in

Table 12. Subjects in both ContestSym and ContestAsym were significantly less likely to make any

offers, although when they did, they made the same number of unique offers. This suggests

that subjects may be less likely to engage in the bargaining process when there are costs of

doing so. The regressions also show learning over time with both the likelihood of making an

offer and the number of offers increasing over time. Finally, consistent with expectations, the

regressions also show that property-right holders are significantly more likely not to bargain at

all and to make fewer offers when they do.

We also looked at several other measures of the bargaining process including the size of

the First Offer made and the Minimum Acceptable Offer (i.e., the lowest amount the bargainer

proposed for themselves during the period), both from the perspective of the proposer. Our

results show that being the property-rights holder both significantly and substantially increased

both types of offer, again demonstrating understanding of the power of the property-rights

holder. First offers were significantly lower in ContestSym, while the minimum acceptable

15Recall that we placed no restriction on the offers. On average, 16% of our subjects made a non-unique offer at
least once during the experiment. We exclude from our analysis of the total number of offers made five observations
where the number of offers was an extreme outlier—20, 29, 49, 77 and 161 (made by only two subjects). Only one
subject failed to make any offers in any period.
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Table 11: Summary Statistics of Number of Offers in the Bargaining Process-Mean (S.D.)

No. offers No. unique % Zero No. Unique offers
offers offers Positive Only

RandomNo 3.11 (2.61) 2.72 (2.06) 7.2% 2.93 (1.99)
ContestNo 3.27 (2.68) 2.85 (2.24) 9.2% 3.14 (2.14)
ContestSym 2.42 (2.01) 2.21 (1.84) 17.5% 2.68 (1.68)
ContestAsym 2.52 (2.30) 2.26 (2.06) 22.2% 2.90 (1.94)
Total 2.82 (2.44) 2.51 (2.07) 14.1% 2.92 (1.94)

offer was significantly higher in ContestAsym compared to ContestSym. These two factors are

consistent with fewer efficient bargains outcomes that we observe in ContestAsym.

Figure 6: Distribution of Unique Offers Made by Treatment

7 Concluding Remarks

This article considers Coasean bargaining when property rights are initially insecure and con-

testable. We design a two-stage experiment where, in stage one, participants invest effort to

capture the property rights, which we denote as costly appropriation activity. In stage two,

once the property rights are secure, players can bargain over the level of externality. Within

stage two, we allow for bargaining costs that can either be symmetric (identical to a player

regardless if they win or lose the initial property rights) or asymmetric (a difference exists if
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Table 12: Random Effects Regressions of the Bargaining Process

Dependent variable Made Offer No. Unique First Offer Minimum
Offers - Positive Acceptable Offer

Method Probit Linear Linear Linear
(1) (2) (3) (4)

Type A -0.1003 0.1389 -4.3916 -4.9063
(0.1956) (0.1906) (11.7547) (9.9631)

Property-Right Holder −0.3262∗∗∗ −0.4202∗∗∗ 339.0429∗∗∗ 363.2620∗∗∗

(0.1232) (0.0961) (15.6763) (16.3953)
Period 0.1199∗∗∗ 0.1949∗∗∗ 2.2857 −1.5997∗

(0.0314) (0.0354) (1.6357) (0.8690)
ContestNo -0.1252 0.0213 -2.0290 -0.8019

(0.2503) (0.4147) (24.2934) (10.6779)
ContestSym −0.7401∗∗∗ -0.4985 −37.1603∗∗ -11.8125

(0.2305) (0.3161) (18.4759) (9.9772)
ContestAsym −0.8077∗∗∗ -0.1749 -7.0460 12.9724

(0.2710) (0.4237) (23.4252) (11.5755)
Constant 1.7205∗∗∗ 2.2048∗∗∗ 369.2502∗∗∗ 306.6917∗∗∗

(0.4200) (0.4001) (21.1726) (19.5443)
Individual YES YES YES YES

Demographics
N 1264 1086 1086 1086

ContestNo vs ContestSym 0.0129 0.1831 0.1175 0.3481
ContestSym vs ContestAsym 0.7855 0.4472 0.1450 0.0481
Coefficient estimates reported with robust standard errors clustered on matching groups in parentheses.
The omitted treatment is RandomNo.
The bottom two rows report p-values from Wald tests of treatment comparisons.
* p < 0.10, ** p < 0.05, *** p < 0.01
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the property rights are either won or lost).

We find that cost appropriation activities to initially establish property-rights ownership has

a detrimental impact on bargaining efficiency. Compared to a random initial property-rights

allocation, the use of costly appropriation effort significantly reduces bargaining efficiency. The

bargaining efficiency is significantly less likely when it is coupled with (either symmetric or

asymmetric) bargaining costs. In terms of how much is endogenously invested to capture

the initial property-rights allocation, we find that there is no significant difference between

cases with zero bargaining costs and symmetric costs. This confirms our theoretical predic-

tions. When bargaining costs are asymmetric—i.e., the individual experiences different costs

depending on if the initial property rights are won or lost—we find investment in appropria-

tion costs are larger than in the case with symmetric bargaining costs. This, again, confirms

our theoretical predictions. Finally, we observe that the property-rights holder extracts a greater

share of the available net surplus when having to contest for the property-rights, which might

explain why bargaining is also less successful in this case.

Our analysis is useful in Coasean environments when parties invest in activities to acquire

initial property-rights ownership. In particular, our focus is on cases where property rights

are initially contestable, but where use of effort—such as litigation, rent seeking, and conflict—

may result in the property-rights ownership becoming secure, which may lead to property-

rights exchange. Our findings may help in understanding the incentives to invest in costly

appropriation activities over tradable property rights and how this can be impacted by the

process of initial property-rights allocation and the presence of bargaining costs. Overall, this

brings insight to more realistic settings of the Coase theorem that experience both appropriation

and bargaining costs.
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A Appendix: Theoretical Model

Following the notation of MacKenzie and Ohndorf (2013), consider a set of agents {A, B}.

Suppose agent B participates in an activity that generates harm on agent A. Agent B has the

ability to reduce the level of harm by investing in abatement activities, denoted as x ∈ [0, x̄] ⊂
R+, where x̄ eliminates the harm. The investment in abatement occurs at a private cost to agent

B denoted by C(x) with C(0) = 0 = C′(0), C(x̄) = C̄, C′(x) > 0, and C′′(x) ≥ 0. The damage

experienced by agent A is denoted by D(x) where D(0) = D̄, D′(x̄) = 0 = D(x̄), −D′(x) > 0,

and D′′(x) ≥ 0.

Let x∗ be the (ex post) efficient Coasean bargaining solution, so that x∗ = minx{C(x) +

D(x)}. If agent B initially has the ownership of the property rights then exchange can occur to

x∗, where agent B can obtain gains from exchange given by

RB ≡ µB [D̄ − [C(x∗) + D(x∗)]] ≥ 0, (2)

where µB ∈ [0, 1] represents agent B’s relative bargaining power.16. Analogously, if agent A

is endowed with the full ownership of the property rights then their gains from exchange are

given by:

RA ≡ µA [C̄ − [C(x∗) + D(x∗)]] ≥ 0, (3)

where µA ∈ [0, 1].
16The loser, then, is able to capture (1 − µB) of the rent.
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Under conventional Coasean logic, the agent that does not hold the initial property rights

must compensate the other agent for the cost incurred to reach (accept) the optimal level x∗ and

also bear their own cost as well as compensating their rival to reach the efficient equilibrium.

That is, the agents must incur C(x∗) + D(x∗) for voluntary exchange to occur as well as the

rent to the rival, which is either RB or RA. Note that in this setting it continues to be optimal

for gains from exchange to occur as the alternative would be to incur either C̄ or D̄, for agents

B and A, respectively, which is a weakly higher expense than participating in exchange.

We suppose that there are costs associated with exchange and present them as reductions

in agents’ expected payoffs after voluntary exchange has been determined. To capture the

whole host of potential combinations of costs, we allow both winners and losers to experience

bargaining costs. Formally, agents’ payoffs structures are given by:

UB(b) = W0 + pB(a, b)
(

RB − TW
B

)
− [1 − pB(a, b)][C(x∗) + D(x∗) + RA + TL

B ]− b, (4)

UA(a) = W0 + pA(a, b)
(

RA − TW
A

)
− [1 − pA(a, b)][C(x∗) + D(x∗) + RB + TL

A]− a, (5)

where TW
j and TL

j are the transaction costs when agent j ∈ {B, A} win or lose the initial en-

dowment of property rights, and W0 is the initial wealth of each agent. Clearly, for sufficiently

large bargaining costs, there may be an incentive for agents not to reach an efficient outcome.

Our focus here is on how transaction costs affect the incentive to invest in appropriation effort,

therefore we assume that these bargaining costs are small enough to allow Coasean bargain-

ing.17 We solve the game as a subgame-perfect Nash equilibrium, with efforts:

b∗ =
vAv2

B
(vB + vA)2 and a∗ =

v2
AvB

(vB + vA)2 , (6)

where vB = RB + C(x∗) + D(x∗) + RA + TL
B − TW

B and vA = RA + C(x∗) + D(x∗) + RB + TL
A −

TW
A . There are a number of distinctions that exist from our benchmark case. Equilibrium

appropriation costs are increasing in TL
j , decreasing in TW

j , and costs are increasing in the size

of TL
j − TW

j . Note also that costs are identical to the case of no transaction costs when TL
j = TW

j .

17In particular, we require RB + C(x∗) + D(x∗) + RA + TL
B > TW

B and vA = RA + C(x∗) + D(x∗) + RB + TL
A > TW

A
for agents B and A, respectively.
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B Appendix: Additional Analysis

B.1 Full Regression Results including Demographic Controls

In this section, we display the full demographic results for the regressions reported in the main

text in Tables 5, 10, and 12. Depending on the level of the data, the demographic controls

are at either the level of the property-right holder or the individual. In Table 13 we observe

that male and locally born subjects are more likely to achieve the efficient option when they

are property-right holders, although the effect of gender is only weakly significant. Subjects

in their first experiment bid significantly less in stage one, as do those in their early years at

university. In contrast, the demographic characteristics of the property-right holder have no

impact on either BPower or Share. The results in Table 14 are consistent with the findings in

Table 13 with locally born property-right holders more likely to achieve the efficient outcome

regardless of their legitimacy, with no other demographics significant. Similarly, in Table 15 we

observe that few demographics matter for bargaining behavior, except that male subjects make

significantly more offers and that those participating in their first experiment are less likely to

make any offers. Overall these results show that few demographic factors are significant and

none consistently so across all regressions.
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Table 13: Random Effects Regressions of Main Results including Demographic Controls

Dependent variable Efficient Bid Bid/ BPower- Share-
Option Endowment Efficient Efficient

Method Probit Tobit Tobit Linear Linear
(1) (2) (3) (4) (5)

Type A -0.1457 -2.9925 -0.0130 -0.0681 0.0007
(0.1383) (8.7298) (0.0424) (0.1107) (0.0204)

Period 0.0756∗∗∗ 6.6849∗∗∗ 0.0325∗∗∗ 0.0300∗∗ 0.0070∗∗

(0.0239) (1.7694) (0.0086) (0.0131) (0.0031)
ContestNo −0.3422∗∗ - - 0.2246∗∗∗ 0.0576∗∗∗

(0.1682) (0.0741) (0.0214)
ContestSym −0.4333∗∗∗ −18.9966 -0.0898 0.0096 0.0760∗∗∗

(0.1485) (24.4689) (0.1196) (0.1222) (0.0211)
ContestAsym −0.9549∗∗∗ 25.3626 0.0564 0.0890 0.0858∗∗∗

(0.1569) (24.6007) (0.1184) (0.1183) (0.0204)
Male 0.2619∗ 8.8025 0.0449 0.0571 0.0130

(0.1541) (13.3976) (0.0645) (0.1171) (0.0213)
Locally Born 0.5344∗∗∗ 6.3359 0.0310 -0.1035 -0.0166

(0.1287) (15.3021) (0.0743) (0.0901) (0.0177)
Economics Major -0.0513 13.8198 0.0689 0.0367 0.0225

(0.1548) (13.2329) (0.0647) (0.1184) (0.0203)
First Experiment -0.1689 −34.4956∗∗ −0.1569∗∗ 0.0223 0.0008

(0.1886) (16.9647) (0.0790) (0.0923) (0.0198)
Uni Year -0.0884 14.3293∗∗ 0.0688∗∗ 0.0848 0.0143

(0.0728) (6.9853) (0.0341) (0.0541) (0.0103)
Constant 0.4023 86.7401∗∗∗ 0.4356∗∗∗ -0.2226 0.6173∗∗∗

(0.2998) (22.0987) (0.1087) (0.1742) (0.0312)
PR Holder Demographics YES YES YES
Individual Demographics YES YES

N 632 944 944 372 372
No. Left-censored obs 41 41

No. Right-censored obs 282 282
ContestNo vs ContestSym 0.6514 n/a n/a 0.0817 0.4519

ContestSym vs ContestAsym 0.0071 0.0391 0.16 0.6167 0.6976
Coefficient estimates reported with robust standard errors clustered on matching groups in parentheses.
The omitted treatment in (1), (4) and (5) is RandomNo. The omitted treatment in (2) and (3) is ContestNo.
Column (1) includes all outcomes with the level of observation at the PR holder.
Columns (2) and (3) include all bids with the level of observation at the individual.
In (2) the lower limit is at zero and the upper is at the endowment in that treatment.
In (3) the lower limit is zero and the upper limit is at one.
Columns (4) and (5) include all efficient bargaining outcomes with the level of observation the PR holder.
The last two rows report p-values from Wald tests of treatment comparisons.
* p < 0.10, ** p < 0.05, *** p < 0.01
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Table 14: Random Effects Regressions Controlling for Legitimacy including Demographic Controls

Dependent variable BPower Share Efficient Efficient
Option Option

Sample Efficient Efficient RandomNo& RandomNo&
Contest if Bid Diff ≥ 0 Contest if Bid Diff < 0

Method Linear Linear Probit Probit
(1) (2) (3) (4)

Type A -0.0797 -0.0020 -0.1536 0.0486
(0.1455) (0.0242) (0.1535) (0.1942)

Period 0.0159 0.0026 0.0748∗∗∗ 0.0833∗∗∗

(0.0153) (0.0029) (0.0264) (0.0283)
ContestNo −0.3206∗∗ -0.2813

(0.1300) (0.3002)
ContestSym -0.2037* 0.0167 −0.4251∗∗∗ −0.5917∗∗

(0.1136) (0.0235) (0.1404) (0.2430)
ContestAsym -0.1255 0.0308 −0.9671∗∗∗ −0.8175∗∗

(0.1338) (0.0266) (0.1915) (0.3365)
Bid Less −0.2344∗∗ −0.0471∗∗

(0.0921) (0.0186)
Male 0.1394 0.0248 0.1983 0.3006

(0.1584) (0.0259) (0.1730) (0.2484)
Locally Born -0.0925 -0.0102 0.5591∗∗∗ 0.5918∗∗∗

(0.1279) (0.0231) (0.1566) (0.2117)
Economics Major -0.0551 0.0087 -0.1138 -0.1302

(0.1628) (0.0239) (0.1819) (0.2145)
First Experiment 0.0574 0.0005 −0.3182∗ -0.1278

(0.1041) (0.0208) (0.1818) (0.3285)
Uni Year 0.0802 0.0113 -0.1087 -0.0967

(0.0695) (0.0126) (0.0726) (0.1055)
Constant 0.1056 0.7101∗∗∗ 0.5218∗ 0.2744

(0.2710) (0.0436) (0.2967) (0.3947)
PR Holder YES YES YES YES

Demographics
N 258 258 531 261

ContestNo vs ContestSym n/a n/a 0.5258 0.4483
ContestSym vs ContestAsym 0.6162 0.5847 0.0147 0.6002
Coefficient estimates reported with robust standard errors clustered on matching groups in parentheses.
Columns (1) and (2) includes all efficient bargaining outcomes in the Contest treatments with the omitted
treatment ContestNo.
Columns (3) and (4) include all treatments with the omitted treatment RandomNo.
Column 3 includes all observations from RandomNo and those observations from the Contest treatments
where the Bid Diff ≥ 0.
Column 4 includes all observations from RandomNo and those observations from the Contest treatments
where the Bid Diff < 0.
The bottom two rows report p-values from Wald tests of treatment comparisons.
* p < 0.10, ** p < 0.05, *** p < 0.01
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Table 15: Random Effects Regressions of the Bargaining Process including Demographic Controls

Dependent variable Made Offer No. Unique First Offer Minimum
Offers - Positive Acceptable Offer

Method Probit Linear Linear Linear
(1) (2) (3) (4)

Type A -0.1003 0.1389 -4.3916 -4.9063
(0.1956) (0.1906) (11.7547) (9.9631)

Property-Right Holder −0.3262∗∗∗ −0.4202∗∗∗ 339.0429∗∗∗ 363.2620∗∗∗

(0.1232) (0.0961) (15.6763) (16.3953)
Period 0.1199∗∗∗ 0.1949∗∗∗ 2.2857 −1.5997∗

(0.0314) (0.0354) (1.6357) (0.8690)
ContestNo -0.1252 0.0213 -2.0290 -0.8019

(0.2503) (0.4147) (24.2934) (10.6779)
ContestSym −0.7401∗∗∗ -0.4985 −37.1603∗∗ -11.8125

(0.2305) (0.3161) (18.4759) (9.9772)
ContestAsym −0.8077∗∗∗ -0.1749 -7.0460 12.9724

(0.2710) (0.4237) (23.4252) (11.5755)
Male 0.3482∗∗ 0.3935∗∗ 16.9562 7.5031

(0.1755) (0.1958) (15.2045) (12.5804)
Locally Born 0.0649 0.4568∗ -3.2248 -11.1420

(0.2288) (0.2531) (10.2311) (9.0008)
Economics Major -0.0045 -0.3009 11.6954 15.9446

(0.1981) (0.1940) (12.2796) (10.8673)
First Experiment −0.4448∗∗ -0.2845 -11.2640 -5.5411

(0.2172) (0.1952) (14.9368) (13.5261)
Uni Year -0.1092 -0.0660 -0.9993 0.1933

(0.0993) (0.1163) (6.6376) (5.3159)
Constant 1.7205∗∗∗ 2.2048∗∗∗ 369.2502∗∗∗ 306.6917∗∗∗

(0.4200) (0.4001) (21.1726) (19.5443)
Individual YES YES YES YES

Demographics YES YES YES YES
N 1264 1086 1086 1086

ContestNo vs ContestSym 0.0129 0.1831 0.1175 0.3481
ContestSym vs ContestAsym 0.7855 0.4472 0.1450 0.0481
Coefficient estimates reported with robust standard errors clustered on matching groups in parentheses.
The omitted treatment is RandomNo.
The bottom two rows report p-values from Wald tests of treatment comparisons.
* p < 0.10, ** p < 0.05, *** p < 0.01
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B.2 Panel Regressions of Distribution of Gains with Alternative Samples

Table 16: Linear Random Effects Regressions of BPower and Share with Alternative Samples

Dependent variable BPower BPower Share Share
Sample All successful Efficient All successful Efficient

bargains & Rationalizable bargains & Rationalizable
(1) (2) (3) (4)

Type A -0.0398 0.0006 0.0050 0.0176
(0.1106) (0.0968) (0.0200) (0.0180)

Period 0.0368∗∗∗ 0.0466∗∗∗ 0.0069∗∗ 0.0101∗∗∗

(0.0121) (0.0096) (0.0029) (0.0024)
ContestNo 0.2310∗∗∗ 0.2550∗∗∗ 0.0678∗∗∗ 0.0669∗∗∗

(0.0716) (0.0687) (0.0218) (0.0190)
ContestSym -0.0154 0.0376 0.0800∗∗∗ 0.0854∗∗∗

(0.1273) (0.0937) (0.0222) (0.0140)
ContestAsym -0.0025 0.1606∗ 0.0840∗∗∗ 0.0999∗∗∗

(0.1430) (0.0920) (0.0245) (0.0168)
Constant -0.2396 −0.3548∗∗ 0.6224∗∗∗ 0.5915∗∗∗

(0.1679) (0.1640) (0.0321) (0.0279)
PR Holder YES YES YES YES

Demographics
N 392 359 392 359

ContestNo vs ContestSym 0.0448 0.0233 0.6091 0.3418
ContestSym vs ContestAsym 0.9405 0.2877 0.8835 0.4198
Coefficient estimates reported with robust standard errors clustered on matching groups in parentheses.
The omitted treatment in all columns is RandomNo.
Columns (1) and (3) include all successful bargaining outcomes both efficient and inefficient choices.
Columns (2) and (4) excludes efficient bargaining outcomes that involve either Share< 0.5 or BPower> 1
as these are potentially irrational.
The bottom two rows report p-values from Wald tests of treatment comparisons.
* p < 0.10, ** p < 0.05, *** p < 0.01
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B.3 Alternative Measure of Legitimacy

Table 17: Linear Random Effects Regressions with Alternative Measure of Legitimacy

Dependent variable BPower Share
Sample Efficient Efficient

(1) (2)
Type A -0.0775 -0.0022

(0.1482) (0.0250)
Period 0.0184 0.0031

(0.0147) (0.0027)
ContestSym −0.2057∗ 0.0164

(0.1161) (0.0243)
ContestAsym -0.1358 0.0287

(0.1347) (0.0274)
Bid Difference 0.0010∗ 0.0002*

(0.0006) (0.0001)
Constant -0.0321 0.6845∗∗∗

(0.2747) (0.0429)
PR Holder YES YES

Demographics
N 258 258

ContestSym vs ContestAsym 0.6467 0.6249
Coefficient estimates reported with robust standard errors clustered on matching groups
in parentheses.
Columns (1) and (2) include all efficient bargaining outcomes in the Contest treatments
with the omitted treatment ContestNo.
The bottom two rows report p-values from Wald tests of treatment comparisons.
* p < 0.10, ** p < 0.05, *** p < 0.01
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C Appendix: Experimental Instructions
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1 

 

General Instructions 

Thank you for agreeing to take part in this study. Please read the instructions we 

give you today carefully. A clear understanding of the instructions will help you 

make better decisions and increase your earnings. All the money you earn is 

yours to keep and will be paid to you in private and in cash immediately after 

the experiment. If you decide to leave early, you will forgo your earnings.  

In the experiment today you will be asked to complete two different tasks. Task 

1 will take about 5 minutes. You will be paid for task 1 at the end of the 

experiment. Task 2 consists of 8 rounds. At the end of the experiment, we will 

randomly select one round from these 8 rounds and you will be paid your 

earnings from that one round. To select the round for payment we will roll a 

ten-sided dice. The dice has the numbers 0 – 9 inclusive on its sides (if the 

number 0 or 9 is rolled, the dice will be rolled again). Task 2 will take around 

50 minutes. 

Your total earnings from the experiment are: Earnings from task 1 + Earnings 

from the randomly selected round from task 2  

Please turn your phone off or to silent mode now and place it on the floor, along 

with any other materials you have brought into the room. If you have any 

questions, please raise your hand.  Please do not consult with other participants 

in the room. 

All decisions that you make today are recorded only by an anonymous 

subject number and will only be used for research purposes. Your decisions 

will remain completely anonymous. 

 

Are there any questions before we begin? 

 

45



2 
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3 

 

Task 1 

 

In this task, you will be given $5. (No money will be given at this point. All 

actual payments will be made at the end of the experiment). You have the 

opportunity to invest a portion of this amount (between $0 and $5). 

 

The investment:  

There is an equal chance that the investment will fail or succeed. If the 

investment fails, you lose the amount you invested. If the investment succeeds, 

you receive 3 times the amount invested. 

 

How do we determine the outcome of the investment? 

After you have chosen how much you wish to invest, you will toss a virtual coin 

to determine whether your investment succeeds or not. If the coin comes up 

heads, you win three times the amount you chose to invest. If it comes up tails, 

you lose the amount invested.  You will toss the virtual coin at the end of the 

experiment. Here are some examples: 

 

1. You choose to invest nothing. You will get $5 for sure.  

2. You choose to invest all of the $5. Then if the coin comes up heads, you 

get $15. If the coin comes up tails, you get $0. 

3. You choose to invest $3. Then if the coin comes up heads, you get $11 

($3 x 3 + $2 = $11). If the coin comes up tails, you get $2. 

 

Please fill in the amount that you would like to invest in the decision box on the 

screen. 

 

Do you have any questions? If you are ready, we will proceed.   
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Task 2 

 

This is the main task of the experiment. A significant proportion of your 

payment will come from this task. This task consists of 8 rounds. At the 

beginning of this task, you are randomly assigned as either person A or person 

B. Your role will stay the same in every round. 

 

At the beginning of every round, you are randomly and anonymously paired 

with another person in the lab today who has a different role to you. So if you 

are person A, your partner will be person B and vice versa.  

 

In this task, all values are denoted in Experimental Dollars ($E). At the end of 

the experiment, these Experimental Dollars will be converted into Australian 

dollars at a rate of $E18 = $AUD 1. 

 

Each round consists of 2 stages, stage 1 and stage 2. In stage 1, you are given an 

endowment. Your partner is also given the same endowment.  You are asked to 

use this endowment to bid for the right to be assigned the controller in the 

second stage of the round. The minimum bid that you can make is $E0 and the 

maximum bid that you can make is your endowment. The amount you bid is the 

amount of money that will be deducted from your endowment. However, the 

higher your bid is, the higher the probability that you win the controller right. 

 

Specifically, the probability that you win the controller right is equal to:  

𝑃𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝑜𝑓 𝑦𝑜𝑢 𝑤𝑖𝑛𝑛𝑖𝑛𝑔 𝑡ℎ𝑒 𝑟𝑖𝑔ℎ𝑡 =  
𝑌𝑜𝑢𝑟 𝑏𝑖𝑑

𝑌𝑜𝑢𝑟 𝑏𝑖𝑑 + 𝑌𝑜𝑢𝑟 𝑝𝑎𝑟𝑡𝑛𝑒𝑟′𝑠 𝑏𝑖𝑑
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Example: 

Suppose you are given $E10 endowment and you bid $E8. The amount of 

money that you are left with after making this bid is 10 – 8 = $E2. If your 

partner bids $E4, the amount of money that he/she is left with after 

making his/her bid is 10 – 4 = $E6. In this case, the probability of you 

winning the controller right is 
8

8+4
= 66.67% while the probability of 

your partner winning the controller right is 33.33% 

 

After receiving your bid and your partner’s bid, the computer will make a 

random draw to determine who will be the controller in stage 2. Below is a 

hypothetical example used to illustrate how the computer makes the random 

draw.  

 

Example: 

Suppose you bid $E8 and your partner bids $E4. The computer will 

assign 8 lottery tickets to you and 4 lottery tickets to your partner. The 

computer then randomly draws a ticket from 1 to 12. You will be 

assigned the controller if the ticket drawn is yours. Thus the probability 

of you winning the controller right is 
8

8+4
= 66.67%. The probability of 

your partner winning the controller right is 
4

8+4
= 33.33%. Thus when 

you bid more than your partner, you have higher probability of winning 

but you are left with less money.  

 

You and your partner are given 1 minute to decide on the amount of money that 

you want to bid. If after 1 minute, you have NOT make your decision yet, the 

computer will automatically assume you have bid $E0. If both you and your 

partner bid 0, the probability of you winning the controller right is 50%. 
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In stage 2, the controller is asked to choose an option from a list. The option 

specifies both the controller’s own payoff and his/her partner’s payoff. The 

controller can choose an option without consulting his/her partner’s opinion. An 

example of the list is given below:  

 

OPTION Option 1 Option 2 

Payoff to Person A 10 20 

Payoff to Person B 20 0 

  

Although the controller has the right to choose an option unilaterally (i.e. 

without consulting his/her partner’s opinion), it is possible for the controller and 

his/her partner to negotiate the option that will be chosen. It is also possible for 

the controller and his/her partner to re-arrange the payoffs by negotiation.  

 

 Example: 

Below are some examples of how you and your partner can rearrange the 

payoffs when you and your partner agree to choose option 1:  

• You get $E30 and your partner gets $E0. 

• You get $E0 and your partner gets $E30.  

• You get $E15 and your partner gets $E15. 

Notice that in all 3 examples, your payoff and your partner’s payoff add 

up to $E30, which is the total payoff of option 1 given in the table.  

 

To negotiate with your partner, you make an offer by specifying the option that 

you want to choose and the payoff that you want to receive. For example, if you 

want to choose option 1 and you want to receive the payoff of $E25, you can 

enter 1 and 25 in the “Make an offer” box and confirm your offer. The computer 

will understand that you want to choose option 1, the payoff you want for 
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yourself is $E25 and the payoff you want to give to your partner is $E5. Your 

screen will appear as follows:  

 

After receiving your offer, our partner may choose to accept your offer or to 

make an alternative offer. If your partner chooses to make an alternative offer, 

the new offer will appear on your screen as follows:  

 

Again you can either accept your partner’s offer or make an alternative offer. 

You and your partner can make as many offers as you want within the allowed 

timeframe. To accept your partner’s offer, you click on the offer that you want 

to accept to highlight it and then click “Accept offer” button.  

 

There are costs associated with negotiation. The amount of the negotiation cost 

depends on your role and whether you are the controller or not. The table below 

is an example of the negotiation costs:  

 

Negotiation costs 

 Controller  Non-controller 

Person A 3 7 
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Person B 5 9 

 

The negotiation costs will be deducted from your payoff for this round only if 

you and your partner reach an agreement. The negotiation costs do not 

depend on the number of offers made by you and your partner.  

 Example:  

If you are person A and you are the controller, your negotiation cost is 

$E3. Suppose you and your partner agree to choose option 1 and give you 

$E25 payoff. Your final payoff from stage 2 will be 25 – 3 = $E22.  

 

You will be informed of the list of options and the negotiation costs at the 

beginning of stage 1, before you have to make your bid. The list of options and 

the negotiation costs will appear on your screen as follows:  

  OPTION Option 1 Option 2 

A’s payoff 10 20 

B’s payoff  20 0 

 

Note that at any time during this stage, either party can choose to “end 

negotiation”.  If that occurs then the controller has the right to pick an option 

from the list. The option that he/she picks will determine your payoff from this 

round.  

Example:  

• Suppose you are Person A and you are the controller. If either you 

or your partner chooses to end negotiation, you will be able to 

choose an option because you are the controller. If you choose 

option 1 you will get $E10 for yourself and your partner will get 

$E20. If you choose option 2 you will get $E20 for yourself and 

your partner will get $E0. 

 
Controller 

Non-

controller 

A’s negotiation cost 3 7 

B’s negotiation cost 5 9 
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• Suppose you are Person A and your partner is the controller. If 

either you or your partner chooses to end negotiation, your partner 

will be able to choose an option because he/she is the controller. If 

he/she chooses option 1 you will get $E10 for yourself and your 

partner will get $E20. If he/she chooses option 2 you will get $E20 

for yourself and your partner will get $E0.  

 

The timeframe allowed for this stage (stage 2) is 3 minutes. If after this time, no 

option has been chosen either by negotiation or by discretionary choice, the 

computer will choose the option that gives the highest payoff to the controller. 

Example:  

In our example above, this means that if Person A is the controller, the 

computer will choose option 2 because option 2 gives Person A (the 

controller) $E20 while option 1 only gives Person A $E10.  

 

After you and your partner finish stage 2, your payoff for that round is 

calculated and displayed on the screen: 

Your earnings from one round = (Your endowment – your bid in stage 1) + 

your payoff from stage 2.  

 

This task (both stages) will be repeated 8 times (excluding 2 trial rounds). Your 

earnings in each round are determined only by decisions in that round. You will 

receive a new endowment in stage 1 of each round. After you finish 8 real 

rounds, a volunteer participant will be asked to roll a ten-sided dice. The dice 

has the numbers 0 – 9 inclusive on its sides. (If the number 0 or 9 is rolled, the 

dice will be rolled again). The number rolled is the round that will be used to 

calculate your payoff from task 2. For example, if the number 4 is rolled, only 

your payoff in round 4 will be used to calculate your payment for this task 2.  
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Summary of Task 2 

• In stage 1 of this task you will bid for the right to be the controller in stage 2 

of the task 

• In stage 2 of this task an option will be chosen and the payoffs allocated by 

either 

• Agreement of the two parties, or 

• Unilateral choice of the controller, or 

• If no decision is entered in time, by the computer choosing the option 

most favourable to the controller 

• This task will be repeated in 8 rounds, one of which will be selected for 

payment. All values are denoted in Experimental Dollars ($E). At the end of 

the experiment, these Experimental Dollars will be converted into 

Australian dollars at a rate of $E 18 = $AUD 1 in order to calculate your 

earnings 

 

Before we begin the task we will ask you some questions to check your 

understanding of these instructions. You will then undertake two practice 

rounds during which the earnings will be hypothetical.  

 

Are there any questions before we begin?  
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