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Abstract
We investigate contract negotiations in the presence of externalities and asymmet-
ric information in a controlled laboratory experiment. In our setup, it is commonly 
known that it is always ex post efficient for player A to implement a project that has a 
positive external effect on player B. However, player A has private information about 
whether or not it is in player A’s self-interest to implement the project even when no 
agreement with player B is reached. Theoretically, an ex post efficient agreement can 
always be reached if the externality is large, whereas this is not the case if the exter-
nality is small. We vary the size of the externality and the bargaining process. The 
experimental results are broadly in line with the theoretical predictions. However, 
even when the externality is large, the players fail to achieve ex post efficiency in a 
substantial fraction of the observations. This finding holds in ultimatum-game bar-
gaining as well as in unstructured bargaining with free-form communication.
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1 Introduction

Externalities are ubiquitous in the public and the private sector. For instance, a 
nation’s climate policy can impact other nations. A city’s expenditures on infrastruc-
ture, such as public schools and hospitals, can benefit citizens in neighboring cities. 
A manufacturer’s decision to invest in new production technologies may reduce the 
harm caused by pollution in a nearby community. A firm’s research and develop-
ment activities may have positive spillovers on other firms. When a country modern-
izes its defense capabilities, this may also improve the security of allied countries.

In a seminal article, Coase (1960) pointed out that externalities need not lead to 
inefficiencies when transaction costs are low enough that the parties involved can 
negotiate a suitable contract.1 Specifically, suppose a decision maker can imple-
ment a project (e.g., infrastructure investments, measures to reduce pollution, R 
&D activities, etc.) that is socially desirable because the decision maker’s costs are 
smaller than the total benefits generated by the project. In some cases, it may be that 
the decision maker’s own benefit is larger than the project’s cost; thus, the project 
may be implemented even when no compensation payments are made. However, in 
other cases, without a contract the decision maker would not implement the project 
because the decision maker’s own benefit is smaller than the project’s cost. Whether 
or not the project would be implemented without compensation may well be private 
information of the decision maker. Thus, the question arises whether the transaction 
costs are low enough for the parties involved to agree on a contract specifying suit-
able transfer payments, ensuring that the project will always be implemented.

Contract theory has identified asymmetric information as a major source of trans-
action costs.2 In particular, starting with Myerson and Satterthwaite (1983) several 
impossibility theorems have been proven in the contract-theoretic literature. In this 
context, an impossibility theorem shows that under certain circumstances rational 
parties will not be able to voluntarily agree on a contract that specifies an ex post 
efficient outcome, regardless of the bargaining protocol governing the negotiations. 
However, most impossibility results in the literature do not consider situations with 
externalities, where in the case of disagreement, one party can unilaterally make a 
decision that affects another party’s payoff. An important exception is Klibanoff and 
Morduch (1995).3 Somewhat surprisingly, they point out that the classical argument, 
according to which small externalities lead to small problems and large externali-
ties give rise to large problems, can be violated. In particular, they show that it may 
be impossible to achieve ex post efficiency when the externality is relatively small, 
whereas ex post efficiency can be attained when the externality is sufficiently large. 
Intuitively, in the case of a small externality, an affected party may be unwilling to 

1 See the recent work by Medema (2020) for a comprehensive review of the literature on the Coase The-
orem.
2 For a textbook exposition of contract theory, see Bolton and Dewatripont (2005).
3 See also Farrell (1987) for an early example of bargaining in the presence of externalities and private 
information, which shares some properties with Klibanoff and Morduch’s (1995) more general analysis. 
Moreover, Greenwood and McAfee (1991) studied externalities in the context of education; yet, they did 
not impose voluntary participation.
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pay the decision maker in exchange for a specific decision if there is a good chance 
that the decision maker will make the same decision even without receiving a pay-
ment. In contrast, in the case of a large externality, the affected party may be more 
inclined to contractually agree to a suitable payment to ensure that the decision 
maker will make the efficient decision.

Reaching agreements to overcome externalities in the presence of asymmetric 
information can be of utmost importance for society, particularly regarding health, 
safety, security, and environmental issues. Understanding if and how agreements 
ensuring ex post efficient outcomes can be reached is therefore crucial. In the pre-
sent paper, we use a controlled laboratory experiment to study behavior in contract 
negotiations with externalities and private information.4 In addition to studying a 
very simple and exogenously given bargaining game, we also explore unstructured 
negotiations in which individuals can freely communicate.

Our experimental design follows Klibanoff and Morduch’s (1995) basic setup. 
We consider two parties, player A and player B. Player A can either implement or not 
implement a project. Player A’s payoff v from implementing the project can be either 
positive or negative. While the distribution of v is commonly known, only player A 
knows the realization. When the project is implemented, then there is an external-
ity of a commonly known size w > 0 on player B.5 It is always ex post efficient to 
implement the project; i.e., the sum v + w of player A’s payoff and the externality on 
player B is positive, even when player A’s payoff v is negative. The two parties can 
negotiate a contract, according to which player B makes a payment to player A and 
the project is implemented. If no agreement is reached, player A is free to decide 
whether or not to implement the project. Note that when the parties negotiate a con-
tract, player B may be reluctant to make a payment to player A, because player A 
might implement the project even when no agreement is reached.

We use a 2 × 2 design, varying the bargaining procedure and the size of the exter-
nality. In two of our four treatments, we exogenously specify a simple bargaining 
protocol, namely an ultimatum game where player B can make a take-it-or-leave-it 
offer to player A. In the other two treatments, in order to impose as few restrictions 
as possible on the contract negotiations, we allow for unstructured bargaining with 
free-form communication. In each case, we are particularly interested in comparing 
the effects of a small externality to those of a large externality.

In the good state (i.e., when player A’s payoff v is positive), the theoretical pre-
diction is that the project will always be implemented, regardless of the size of the 
externality. In the bad state (i.e., when player A’s payoff v is negative), the predic-
tions depend on whether or not we impose an ultimatum bargaining protocol.

4 Since contract-theoretic models deal with private information, they are difficult to test in the field. If 
the researcher could observe the parties’ information, then the information would not be private. There-
fore, as has also been pointed out by Landeo and Spier (2009), controlled laboratory experiments are 
particularly useful for directly testing contract-theoretic models.
5 Note that following Klibanoff and Morduch’s (1995) leading example, we focus on the case of a posi-
tive externality. They have shown that the case of a negative externality can be treated analogously.
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In the case of the ultimatum game, the theoretical prediction in the bad state is 
that the project will never be implemented if the size of the externality w is small, 
whereas it will always be implemented if the externality is large.

The experimental results of the ultimatum game treatments are broadly in line 
with the predictions. In the good state, the project is implemented in the overwhelm-
ing majority of the cases. In the bad state, implementation of the project is very rare 
when the externality is small. The most substantial deviation of our experimental 
findings from the theoretical predictions occurs in the bad state when the external-
ity is large. While the project is implemented in a majority of the cases, the imple-
mentation frequency is substantially smaller than predicted. Mild inequity aversion 
of player A and mistakes by player B both contribute to this deviation. However, 
regarding player B’s behavior, we observe some learning over time.

In the case of free-form bargaining, according to theory it is possible (but not 
necessary) that in the bad state the parties always reach an agreement to imple-
ment the project when the externality is large. In contrast, when the externality is 
small, an impossibility result holds. No matter what bargaining procedure the parties 
choose, they will not be able to always implement the project in the bad state. Spe-
cifically, our parameters are chosen such that according to theory, the project will 
not be implemented in more than 50% of the cases in the bad state.

Indeed, the experimental results of the free-form bargaining treatments show 
that in the good state the project is implemented in the overwhelming majority of 
the cases, whereas in the bad state it is implemented in approximately half of the 
cases when the externality is small. When in the bad state the externality is large, the 
implementation frequency is substantially below the theoretically possible 100%, 
but significantly larger than in the case of the ultimatum game. The fact that the 
implementation frequency is much smaller than 100% when in the bad state the 
externality is large can be partially explained by low offers made by player B, par-
ticularly in the first rounds of the experiment. We observe some learning effects over 
time. The analysis of the free-form communication shows that to reach an agreement 
in the bad state, it can help when player A explicitly points out that the state is bad, 
mentioning honesty and trust. In contrast, if player A discusses fairness issues, this 
reduces the likelihood that the project will be implemented.

1.1  Related literature

To the best of our knowledge, our paper presents the first experimental investigation 
of contracting under asymmetric information in the presence of externalities as theo-
retically studied by Klibanoff and Morduch (1995).

We explore behavior in a situation in which, according to theory, an impossibility 
result holds; i.e., ex post efficiency cannot always be achieved by voluntary negotia-
tions, regardless of the bargaining protocol.6 The most famous impossibility result 

6 Note that it is remarkable that one can prove such a result without specifying a particular bargaining 
game, which is due to the revelation principle. Cf. Myerson (1982) for a general version of the revela-
tion principle and Fudenberg and Tirole (1991, ch. 7) for a textbook exposition of Bayesian mechanism 
design theory.
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was shown by Myerson and Satterthwaite (1983). They consider a buyer and a seller 
who can trade an indivisible object. Only the buyer knows his valuation and only the 
seller knows her cost. It turns out that if valuation and cost are continuous random 
variables that are independently distributed and their supports overlap (so it is ex 
ante uncertain whether or not trade is ex post efficient), then it is impossible to come 
up with a bargaining mechanism that always results in the ex post efficient trade 
decision.7

There is by now a large contract-theoretic literature on possibility and impos-
sibility results following Myerson and Satterthwaite (1983); see, e.g., Mailath and 
Postlewaite (1990), Makowski and Mezzetti (1994), Williams (1999), Schweizer 
(2006), Segal and Whinston (2011), and Segal and Whinston (2013). In this litera-
ture, it is usually assumed that when no agreement between the parties is reached, 
there is no trade; i.e., the allocation is then given by a commonly known status quo.

In contrast, building on Klibanoff and Morduch (1995), we consider a setup 
where in the case of disagreement one party can make a unilateral decision that has 
an external effect on the other party. The impossibility result in our setting is quite 
different from that of Myerson and Satterthwaite (1983). In particular, there is only 
one-sided private information and there are only two types. The simplicity of this 
setup makes it particularly suitable for an experimental investigation. Moreover, the 
impossibility result is stronger in the sense that it holds even though it is commonly 
known that it is always ex post efficient to implement the project.

While we are unaware of any experimental work exploring real human behav-
ior in such a setting, there are some studies in the experimental literature that were 
motivated by Myerson and Satterthwaite’s (1983) original impossibility theorem. In 
particular, McKelvey and Page (2000) compare bargaining under two-sided private 
information to bargaining under complete information. They allow for unstructured 
bargaining, but rule out communication. In line with Myerson and Satterthwaite 
(1983), their results corroborate that there is more inefficiency in the case of pri-
vate information. Valley et al. (2002) also study bargaining under two-sided private 
information, but exogenously specify the bargaining protocol using a double auc-
tion. They find that pre-play communication can increase the fraction of cases in 
which the ex post efficient decision is taken.8

There are also experimental studies that explore settings with one-sided private 
information without externalities, where according to standard theory it would be 

7 In Myerson and Satterthwaite’s (1983) trading problem, ex post efficiency can always be achieved 
when there is only one-sided private information (e.g., let the informed party make a take-it-or-leave-it 
offer). Matsuo (1989) has shown that when types are binary, their impossibility result holds only in a 
special case. Moreover, in Myerson and Satterthwaite’s (1983) problem ex post efficiency can also be 
attained when it is commonly known that it is always ex post efficient to trade the object (using a fixed-
price mechanism where the price lies between the largest realization of the cost and the smallest realiza-
tion of the valuation).
8 See Casoria et al. (2020) for a recent survey of experimental studies investigating the effects of com-
munication on behavior, in particular with regard to the mitigation of information problems in employer-
employee relationships. Several experimental studies such as Harbring (2006) found that free-form com-
munication can facilitate coordination. On communication in bargaining experiments, see also Croson 
et al. (2003), Brosig et al. (2004), and Hoffmann et al. (2015).
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possible to achieve ex post efficiency with suitable bargaining protocols. In par-
ticular, starting with Mitzkewitz and Nagel (1993), several authors have explored 
ultimatum games with asymmetric information; see, e.g., Straub and Murnighan 
(1995), Croson (1996), Güth et al. (1996), Kagel et al. (1996), Rapoport and Sundali 
(1996), Güth and Van Damme (1998), and Harstad and Nagel (2004).9 Kriss et al. 
(2013) study different forms of communication in ultimatum bargaining with incom-
plete information. Note that in a standard ultimatum game the pie to be divided is 
destroyed when the responder rejects the proposer’s offer. In contrast, in our setup, 
after rejecting the proposer’s offer, the privately informed responder is free to unilat-
erally decide whether or not to implement the project.

1.2  Organization of the paper

The remainder of the paper is organized as follows. In the next section, we intro-
duce the theoretical framework that provides the starting point for our experimental 
study. We describe our experimental design in Sect. 3 and we derive predictions in 
Sect. 4. We present and analyze our experimental results in Sect. 5. Finally, conclud-
ing remarks follow in Sect. 6. Some technical details and further data analyses have 
been relegated to the Online Appendix and to the Supplementary Material.

2  The theoretical framework

2.1  The model

In this section, we present a stripped-down (binary) version of Klibanoff and Mor-
duch’s (1995) model.10 There are two risk-neutral parties, player A (he) and player 
B (she). Player A has the right to make a decision Q ∈ {0, 1} . The decision Q = 0 
means that we stick to the status quo, where both parties’ payoffs are zero. The deci-
sion Q = 1 means that player A implements a project that has a direct externality 
on player B. Specifically, player A’s valuation of the project is v ∈ {vL, vH} , where 
vL < 0 < vH , whereas player B’s valuation of the project is w > 0.

9 Closely related to this literature are experiments motivated by contract-theoretic adverse selection 
models in which uninformed principals can make take-it-or-leave-it offers to privately informed agents; 
see, e.g., Asparouhova (2006), Cabrales et al. (2011), Cabrales and Charness (2011), Hoppe and Schmitz 
(2013), Hoppe and Schmitz (2015), and Mimra and Waibel (2018). Some authors such as Forsythe et al. 
(1991) and Camerer et al. (2019) have also studied unstructured bargaining in setups with one-sided pri-
vate information without externalities. Charness and Dufwenberg (2011) show that communication can 
be helpful in partnerships with one-sided private information when the contractual terms are exogenously 
fixed.
10 Formally, our binary-type model is not a special case of Klibanoff and Morduch’s (1995) setup. How-
ever, it captures the main insights and formalizes the same intuition as their continuous-type model. We 
think that the simplicity of the binary version of the model makes it particularly suitable for a laboratory 
study.
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Hence, when player B makes a transfer payment t to player A, then player A’s 
payoff is11

and player B’s payoff is

In a first-best world with symmetric information, according to the Coase Theorem 
the parties would agree on implementing the project whenever v + w is positive. 
However, we are interested in the case in which player A has private information 
about his valuation v. In particular, v is a random variable with Pr{v = vH} = p , 
where p ∈ (0, 1) . Following Klibanoff and Morduch (1995), we assume that only 
player A knows the realization of v, whereas all other elements of the model (includ-
ing the size of the externality w) are common knowledge.

The sequence of events is as follows. In the first stage, player A privately learns 
the realization of his valuation v. In the second stage, the two parties can bargain 
with each other. If the parties reach an agreement about a decision Q and a transfer 
payment t, then the agreement will be enforced and the game is over. If the parties 
do not reach an agreement, then the third stage is reached. In this case, player A can 
choose Q ∈ {0, 1} unilaterally and no payment is made.

Note that when the third stage is reached, player A will implement the project 
if and only if v = vH . Thus, when the externality is trivially small, w < −vL , then 
player A’s decision in the case of disagreement always corresponds to the first-best 
outcome. In what follows, we will focus on the interesting case in which player A 
will not always take the first-best decision already in the absence of an agreement.

Assumption 1 Let w > −vL.

Specifically, Assumption 1 means that it is common knowledge that in a first-best 
world the project would always be implemented, regardless of the state of the world.

2.2  A simple ultimatum game

Before we look at general bargaining mechanisms, let us first study a simple ultima-
tum game. Specifically, suppose that in the second stage player B can offer a price 
X that she will pay to player A when player A agrees to choose Q = 1 . If player A 
accepts the take-it-or-leave-it offer, the decision Q = 1 and the payment of X will be 
enforced. If player A rejects the offer, the third stage is reached. Player A can then 
freely choose Q ∈ {0, 1} and no payment is made.

uA(Q, t) = vQ + t

uB(Q, t) = wQ − t.

11 Note that in plausible mechanisms such as the ultimatum game studied in Sect. 2.2, a payment will be 
made if and only if the project is implemented; i.e., t = XQ , where X is a price. We do not restrict pay-
ments to be of the form t = XQ at the outset, because in Sect. 2.3 we want to prove a general impossibil-
ity theorem using the revelation principle (cf. Myerson, 1982).



996 P. Nieken, P. W. Schmitz 

1 3

Recall that in the case of disagreement, in the third stage player A will set Q = 1 if 
and only if v = vH . Therefore, if in the first stage player A has learned that v = vH , he 
will accept any price X ≥ 0 in the second stage. If player A has learned that v = vL , 
he will accept any price X ≥ −vL.

Since player B does not know the realization of v, anticipating player A’s reaction 
it is optimal for player B to propose X = −vL if w + vL ≥ pw , and X = 0 otherwise.

Therefore, the first-best solution will always be attained if the externality is suf-
ficiently large, w ≥ −vL∕(1 − p) . However, if the externality is relatively small, 
w < −vL∕(1 − p) , then the project will be implemented only in the good state of the 
world ( v = vH ), but not in the bad state of the world ( v = vL ). Thus, in the latter case 
the first-best outcome will not be achieved.

2.3  General analysis

The simple ultimatum game we studied in the previous section is just one exam-
ple of a bargaining game that the parties could play in the second stage. There are 
countless ways to modify and extend the ultimatum game. For instance, when player 
A rejects player B’s offer, he might have the possibility to make a counteroffer. It 
might also be the case that player A can make the first offer, and there could be many 
rounds with alternating offers. In general, bargaining games can have multiple equi-
libria, including equilibria in mixed strategies (see, e.g., Muthoo, 1999).

To characterize what can be achieved by voluntary negotiations in general, we 
can invoke the revelation principle (cf. Myerson, 1982). According to the revelation 
principle, whatever the parties can achieve with any conceivable bargaining mecha-
nism could also be achieved with a corresponding direct revelation mechanism. In 
such a mechanism, player A is directly asked about his valuation, and it is in player 
A’s self-interest to tell the truth.12

In the general analysis we allow for randomization, so let q ∈ [0, 1] denote the 
probability that the decision Q = 1 is taken. In the present context, a direct revela-
tion mechanism is given by a menu of contracts (qH , tH), (qL, tL) , where (qi, ti) are 
the probability of implementing the project and the transfer payment when player A 
claims that v = vi , where i ∈ {L,H}.

The incentive-compatibility constraints that ensure truth-telling by player A are

The constraint (ICi) means that it is in the self-interest of type i ∈ {L,H} of player 
A to pick the contract that is intended for him. The constraints that ensure voluntary 
participation are

qHvH + tH ≥ qLvH + tL, (ICH)

qLvL + tL ≥ qHvL + tH . (ICL)

12 Note that direct revelation mechanisms are just a technical device that allows us to characterize what 
the parties can achieve without imposing any ad hoc restrictions on the class of feasible mechanisms. In 
particular, the revelation principle does not say that in practice the parties must use direct mechanisms to 
attain a specific outcome.
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To see this, recall that if in the second stage no agreement is reached, then in the 
third stage player A will implement the project if and only if v = vH . Hence, the con-
straint (PCA

H
) ensures that when type H of player A agrees to the mechanism, then he 

obtains at least vH , whereas the constraint (PCA
L
) ensures that type L obtains at least 

zero. Recall that player B does not know the realization of v. Hence, the constraint 
(PCB) ensures that player B’s expected payoff when she participates in the mecha-
nism is larger than her expected payoff when she does not participate.

Under Assumption 1, it is common knowledge that the project would always 
be implemented in a first-best world ( qFB

H
= qFB

L
= 1 ). Under what circumstances 

can the first-best solution be attained in a second-best world with asymmetric 
information? Note that when qH = qL = 1 , the incentive-compatibility constraints 
imply tH = tL =∶ X . Intuitively, when the project will be implemented regardless 
of player A’s message, player A would always announce the state of the world that 
leads to a larger payment, so truth-telling requires that the payments are independ-
ent of the state. The participation constraint (PCA

H
) can then be rewritten as X ≥ 0 , 

whereas (PCA
L
) becomes X ≥ −vL , and (PCB) now reads X ≤ (1 − p)w . A transfer 

payment X that satisfies these constraints exists if and only if w ≥ −vL∕(1 − p) . 
Therefore, the first-best solution can be attained whenever the externality is suf-
ficiently large. However, if w < −vL∕(1 − p) , then it is impossible to construct a 
direct revelation mechanism that achieves the first-best solution and in which the 
parties participate voluntarily. Hence, the revelation principle implies that in this 
case it is impossible to achieve the first-best solution with voluntary negotiations, 
no matter what bargaining mechanism one might come up with.

The following proposition summarizes our results and also characterizes what 
in general can best be achieved when w < −vL∕(1 − p) holds.

Proposition 1 

 (i) In the case of a sufficiently large externality, i.e. if w ≥ −
1

1−p
vL , the first-best 

solution (qFB
H

= qFB
L

= 1) can be achieved.
 (ii) In the case of a relatively small externality, i.e. if w < −

1

1−p
vL , it is impossible 

to attain the first-best solution (qFB
H

= qFB
L

= 1) with voluntary negotiations. 
The maximum attainable expected total surplus is achieved by qH = 1 , 
qL =

pvH

pvH−vL−(1−p)w
.

Proof See the Online Appendix.   ◻

Hence, even though it is commonly known that in a first-best world the project 
would always be implemented, due to asymmetric information it is impossible for 

qHvH + tH ≥ vH , (PCA
H
)

qLvL + tL ≥ 0, (PCA
L
)

p(qHw − tH) + (1 − p)(qLw − tL) ≥ pw. (PCB)
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the parties to voluntarily agree on a mechanism that implements the project more 
frequently than stated in the proposition.

3  Experimental design

3.1  Procedure

Our experiment consists of four treatments. We implemented a between-subjects 
design with 80 participants in each treatment; i.e., in total 320 subjects participated 
in the experiment.13 The experiment was conducted at the Karlsruhe Decision and 
Design Lab  (KD2Lab) and all subjects were students at the Karlsruhe Institute of 
Technology enrolled in various fields of study.14 No subject was allowed to partici-
pate in more than one session. All interactions were anonymous; i.e., the subjects 
did not learn the identities of the subjects with whom they were matched.

At the beginning of each session, all subjects received identical written instruc-
tions, and they were required to answer several comprehension questions.15 Each 
subject was randomly assigned to a role and maintained this role throughout the ses-
sion. Half of the subjects in each treatment were in the role of player A, and the 
remaining were in the role of player B. Each session lasted between 60 and 90 min-
utes. We made use of the experimental currency unit ECU, with an exchange rate 
of 5 ECU to one euro. On average, a subject earned 17.26 euro across the whole 
experiment.

To give the subjects the opportunity to gain some experience, we used a perfect 
stranger matching protocol with eight rounds. In particular, each subject knew that 
he or she would interact only once with another subject.16 This procedure leads to 
five independent matching groups (consisting of eight subjects in the role of player 
A and eight subjects in the role of player B) for each treatment. We paid all eight 
rounds.

After the main part of the experiment, we elicited various control variables. Spe-
cifically, we collected information on risk attitudes (Dohmen et  al., 2009), social 
value orientation (Murphy et  al., 2011), and reciprocity (Dohmen et  al., 2009). 
Moreover, we implemented the subscale for the Honesty-Humility domain from the 
HEXACO personality inventory. The Honesty-Humility domain captures the facets 

13 Due to subjects that did not show up for a session, the number of subjects in each session is either 16 
or 32. Three treatments encompass three sessions, while one treatment encompasses four sessions.
14 The  KD2Lab has been funded by the DFG and the Karlsruhe Institute of Technology (INST-
12138411-1FUGG). The computerized experiment was programmed and conducted with z-Tree (Fisch-
bacher, 2007) and subjects were recruited using the software hroot (Bock et al., 2014).
15 The instructions are provided in the Supplementary Material.
16 While we could have implemented more rounds using a random matching protocol, note that in this 
case the players might have been able to recognize the player with whom they are matched from earlier 
interactions when free-form communication is possible. Therefore, studies in which free-form messages 
can be sent often employ a perfect stranger matching protocol (see, e.g., Brandts et al., 2016; Fehr et al., 
2019) or a one-shot design (e.g., Ellingsen & Johannesson, 2004; Charness & Dufwenberg, 2011).
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fairness, sincerity, modesty, and greed avoidance (Ashton & Lee, 2009). We also 
collected demographic information from our subjects.17

3.2  Treatments

In each treatment, player A can implement a project. Player A has private informa-
tion about his or her valuation v of the project, which can be either v = vH = 6 or 
v = vL = −10 , with equal probability ( p = 1∕2 ). When the project is implemented, 
it has a commonly known externality w on player B.

We used a 2x2 design, varying both the size of the externality and the bargain-
ing procedure (cf. Table 1). Specifically, we compare the case of a small external-
ity ( w = 14 ) to the case of a large externality ( w = 24 ). Moreover, we consider a 
simple ultimatum game (in which player B can make a take-it-or-leave-it offer to 
player A) as well as free-form bargaining (i.e., unstructured bargaining with free-
form communication).

In the following, we describe our four treatments in more detail. At the begin-
ning of each round, two subjects with different roles are matched in one group. Each 
round consists of up to three stages.

• Ultimatum Game with Small Externality (Treatment UG-14): In the first stage, 
the computer software randomly decides whether the state is “good” or “bad”.18 
Both players know that the probability of each state is 50%. Player A is informed 
about whether the state is “good” or “bad”, whereas player B is not informed 
about the state. In the second stage, player B can offer a payment X, where X 
can be any integer between 0 and 14. If player A accepts the offer, the payment 
is made and the project is implemented, so player A’s payoff is X ECU + 6 ECU 
in the “good” state and X ECU − 10 ECU in the “bad” state, whereas player B’s 
payoff is 14 ECU − X ECU. In this case, the round is over. If player A rejects the 
offer, no payment is made and the third stage is reached. In the third stage, player 
A can unilaterally decide whether or not to implement the project. If player A 
implements the project, player A’s payoff is 6 ECU in the “good” state and −10 

17 See Section S.1 of the Supplementary Material for more details on the control variables. In the ulti-
matum game treatments, we also conducted an additional round using the strategy method (Selten, 1967) 
which is discussed in Section S.2.1 of the Supplementary Material.
18 Note that in the instructions we refer to the state of the world as a “situation”, which sounds more 
natural in everyday language.

Table 1  The four treatments Ultimatum game Free-form 
bargain-
ing

Small externality UG-14 FF-14
Large externality UG-24 FF-24
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ECU in the “bad” state, whereas player B’s payoff is 14 ECU. If player A does 
not implement the project, both players receive zero ECU.

• Ultimatum Game with Large Externality (Treatment UG-24): This treatment is 
identical to treatment UG-14, except that “14” is replaced by “24”.

• Free-Form Bargaining with Small Externality (Treatment FF-14): The first stage 
is identical to the first stage in treatment UG-14. In the second stage, the play-
ers have three minutes in which they can freely bargain about a payment X to be 
made from player B to player A (where X can be any integer between 0 and 14). 
Specifically, the players can make binding offers with regard to X and they can 
freely communicate by sending each other chat messages.19 Neither the number 
of offers nor the number of chat messages is limited. Each player can accept an 
offer made by the other player by clicking on an “accept” button. Moreover, each 
player can click on a button to break off the negotiations. In addition, players 
can retract offers they have made as long as the offer has not been accepted. If 
the players reach an agreement (i.e., one of the players accepts an offer made 
by the other player), then the agreed-upon payment is made and the project is 
implemented, so player A’s payoff is X ECU + 6 ECU in the “good” state and 
X ECU − 10 ECU in the “bad” state, whereas player B’s payoff is 14 ECU − X 
ECU. Then the round is over. If the players do not reach an agreement (i.e., no 
player has clicked on the “accept” button within the three minutes or a player has 
clicked on the “break off” button), then no payment is made and the third stage is 
reached. The third stage is the same as that in treatment UG-14.

• Free-Form Bargaining with Large Externality (Treatment FF-24): This treatment 
is identical to treatment FF-14, except that “14” is replaced by “24”.

4  Predictions

Recall that in each treatment all players had the necessary information to conclude 
that it is always ex post efficient to implement the project, regardless of the state of 
the world.20 Our main interest is to find out how often the project will actually be 
implemented and to what extent the treatment variations demonstrate the theoreti-
cally predicted effects.

In the ultimatum game treatments, the theoretical predictions are 
very clear. As explained in Sect.  2.2, in the case of a small externality 
( w = 14 < −vL∕(1 − p) = 20 ), player B offers a payment of zero. Hence, in the 
bad state player A rejects the offer and never implements the project. In the good 
state, the project will always be implemented (either player A accepts the offer, or 
player A rejects and implements the project in the third stage). In the case of a large 

19 A text message could contain up to 280 characters. The subjects were not allowed to reveal their iden-
tity through the messages. Note that Galeotti et al. (2019) have recently allowed for free-form bargaining 
in a similar way (albeit in an experiment with complete information about the payoffs).
20 Assumption 1 is satisfied, since w > −vL = 10 holds in the treatments with the large externality 
( w = 24 ) as well as in the treatments with the small externality ( w = 14).
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externality ( w = 24 > −vL∕(1 − p) = 20 ), in equilibrium player B offers a payment 
of 10 which player A accepts, so the project is always implemented.21

In the free-form bargaining treatments, it is also the case that according to theory 
the project will always be implemented in the good state.22 Without specifying the 
bargaining game, we cannot make point predictions regarding project implementa-
tion in the bad state. However, the analysis of Sect. 2.3 shows that in the case of a 
small externality ( w = 14 ) an impossibility result holds; i.e., no matter what bar-
gaining game the players play, it is impossible that the project will always be imple-
mented in the bad state. Specifically, according to Proposition 1, the probability that 
the project will be implemented cannot be larger than pvH

pvH−vL−(1−p)w
= 50% . In con-

trast, in the case of a large externality ( w = 24 ), it is possible (but not necessary) 
that the project will always be implemented in the bad state. The theoretically pre-
dicted implementation frequencies are summarized in Table 2.

5  Results

5.1  Overview

We start with a short summary of our central results. Table 3 provides an overview 
of the main descriptive statistics.

First, we look at the prime variable of interest, the relative implementation fre-
quency of the project. In all treatments, the project is implemented in over 94% of 
the cases in the good state of the world, which is reasonably close to the theoretical 
prediction of 100% . In the bad state of the world, the project is implemented in only 
9% of the cases in UG-14 and in 56% of the cases in FF-14. These results are not 
too far from the theoretical upper bounds of 0% and 50% , respectively. Overall, the 
findings are thus broadly in line with the theoretical predictions if the externality is 
small.

In contrast, the implementation frequency in the bad state is only 51% in UG-24, 
which is substantially below the theoretical prediction of 100% given the large 

21 Note that given an offer of 10, in the bad state player A is indifferent between accepting and reject-
ing. In Section 2.2 we have made the usual assumption that player A accepts in this case, since in theory 
arbitrarily small payments above −vL are feasible. In the experiment, payments must be integers. Thus, if 
player B expects player A to reject the offer 10, it is optimal for player B to offer 11.
22 To see this, recall that even when no agreement is reached in the second stage, player A will imple-
ment the project in the third stage.

Table 2  The theoretically 
predicted implementation 
frequencies

UG-14 (%) UG-24 (%) FF-14 (%) FF-24 
(%)

Bad state 0 100 0... 50 0... 100
Good state 100 100 100 100
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externality. Moreover, in FF-24 the implementation frequency in the bad state is 
69% , whereas up to 100% would be theoretically possible. Hence, when the external-
ity is large then in the bad state there are unexploited gains from trade. According to 
theory these gains could be realized despite the presence of asymmetric information.

To investigate potential learning over time, we examine the implementation fre-
quencies in all eight rounds depicted in Fig. 1. In the second half of the experiment, 
the implementation frequencies in the bad state in UG-24 and FF-24 are larger than 
those in the early rounds. Specifically, in rounds 5 − 8 in the bad state the project is 
implemented in 61% of all cases in UG-24 and in 81% of all cases in FF-24. Thus, 
over the rounds, the subjects appeared to learn, leaving fewer gains from trade unre-
alized in the bad state when the externality is large. In contrast, the implementation 
frequencies in the good state are very similar between rounds 1 − 4 and rounds 5 − 8 
across all treatments.

In the good state, the implementation frequencies do not differ significantly 
when we vary the size of the externality or the bargaining procedure ( p ≥ 0.280 , 
cf. Table A1 in the Online Appendix), which is in line with the theoretical predic-
tions.23 Also as predicted, in the bad state the implementation frequencies differ 

23 Throughout, all tests are two-tailed Dunn’s tests on matching group averages with a Benjamini-Hoch-
berg adjustment unless reported otherwise. We provide detailed information on our estimation strategy 
in the Online Appendix in Section A.2.1. See Table A1 in the Online Appendix for an overview of the 
non-parametric test results.

Table 3  Descriptive statistics

All payoffs are in ECU. Note that the third-stage implementation frequencies directly follow from the 
implementation and agreement frequencies

UG-14 UG-24 FF-14 FF-24

Implementation frequency
Bad state 15

160

(9.38%)
82

160

(51.25%)
89

160

(55.63%)
110

160

(68.75%)

Good state 156

160

(97.50%)
158

160

(98.75%)
151

160

(94.38%)
155

160

(96.88%)

Agreement frequency
Bad state 15

160

(9.38%)
82

160

(51.25%)
89

160

(55.63%)
109

160

(68.13%)

Good state 130

160

(81.25%)
149

160

(93.13%)
124

160

(77.50%)
135

160

(84.38%)

Implem. frequ. in third stage
Bad state 0

145

(0%)
0

78

(0%)
0

71

(0%)
1

51

(1.96%)

Good state 26

30

(86.67%)
9

11

(81.81%)
27

36

(75.00%)
20

25

(80.00%)

Mean payoff of player A
Bad state − 0.07 0.93 0.86 3.19
Good state 8.44 16.02 11.31 15.72
Mean payoff of player B
Bad state 0.44 6.25 1.37 6.43
Good state 11.06 13.61 7.57 13.34
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significantly between UG-14 and UG-24 ( p = 0.045 ). The implementation frequen-
cies in the bad state do not differ significantly between FF-14 and FF-24 when we 
consider all eight rounds ( p = 0.125 ). However, when we consider only experienced 
subjects (rounds 5 − 8 ), the implementation frequencies in the bad state differ sig-
nificantly between FF-14 and FF-24 ( p = 0.048 ). Moreover, regardless of whether 
the externality is small or large, free-form bargaining leads to significantly higher 
implementation frequencies in the bad state than the ultimatum game ( p ≤ 0.077).

These impressions for the bad state are supported by a series of random-effects 
logit regressions with the implementation decision as the dependent variable dis-
played in Table  4. Both the coefficient of the large externality dummy variable 
(UG-14 vs. UG-24) and the coefficient of the Free-form (FF) dummy variable (UG-
14 vs.  FF-14) are significantly different from zero in all models. In addition, we 
observed a significant difference between the FF-14 and FF-24 treatments (Wald 
test p ≤ 0.053 for all models) as well as between the UG-24 and FF-24 treatments 
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Fig. 1  The relative frequencies with which the project was implemented in each treatment, conditional 
on whether the state was good or bad
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(Wald test p ≤ 0.014 for all models). Interestingly, the interaction effect between the 
larger externality dummy variable and the FF dummy variable is negative. The bar-
gaining procedure and the size of the externality seem to act as substitutes rather 
than complements regarding their impact on the implementation decision. While we 

Table 4  Random-effects logit regression with the implementation decision as the dependent variable for 
all treatments in the bad state

“Large extern.” is a dummy variable which is one if a subject participated in the UG-24 or FF-24 treat-
ment and zero otherwise. “Free-form (FF)” is a dummy variable which is one if a subject participated in 
the FF-14 or FF-24 treatment and zero otherwise
Robust standard errors clustered on session level in parentheses
***p<0.01, **p<0.05, *p<0.1

(1) (2) (3) (4) (5)

Large extern 2.640

∗∗∗
2.784

∗∗∗
2.759

∗∗∗
2.571

∗∗∗
2.769

∗∗∗

(0.258) (0.234) (0.235) (0.233) (0.229)
Free-form (FF) 2.803

∗∗∗
2.890

∗∗∗
2.886

∗∗∗
2.760

∗∗∗
2.907

∗∗∗

(0.392) (0.310) (0.307) (0.255) (0.297)
Large extern. x FF − 1.998

∗∗∗ − 2.072

∗∗∗ − 2.050

∗∗∗ − 1.858

∗∗∗ − 2.074

∗∗∗

(0.456) (0.403) (0.400) (0.402) (0.375)
Prosocial (SVO) 0.071

(0.183)
Risk attitude − 0.028 − 0.043

(0.046) (0.041)
Pos. reciprocity 0.048

(0.099)
Neg. reciprocity 0.285

∗∗∗

(0.110)
Honesty-humility − 0.345

(0.282)
Female 0.033 − 0.009 0.034 0.100

(0.234) (0.253) (0.257) (0.231)
Age 0.007 0.006 0.006 0.010

(0.010) (0.010) (0.011) (0.012)
Round 0.127

∗∗∗
0.127

∗∗∗
0.130

∗∗∗
0.126

∗∗∗

(0.042) (0.041) (0.042) (0.042)
Matching group − 0.001

∗∗ − 0.001

∗∗ −0.001∗∗ − 0.001

∗∗

(0.0003) (0.0003) (0.0003) (0.0003)
Constant −2.559∗∗∗ −2.990∗∗∗ −2.855∗∗∗ −2.660∗∗∗ −1.920∗∗

(0.177) (0.368) (0.419) (0.441) (0.924)
Observations 640 640 640 640 640
Log pseudo likelihood −364.187 −358.123 −357.975 −355.092 − 356.854



1005

1 3

Contracting under asymmetric information and externalities:…

observe some learning over the rounds, we find no impact of demographic variables 
or individual or social preferences on the implementation decision.24

To add controls for offers made by both players and chat behavior, we must split 
the dataset into the UG and FF treatments. The respective results are discussed in 
the following sections.

Finally, Table  3 also shows whether the project was implemented due to an 
agreement between the players in stage 2 or due to player A’s unilateral decision in 
stage 3. If no second-stage agreement was reached in the bad state, as predicted, the 
project was never implemented in the third stage, except for in one case in FF-24. 
Moreover, when no second-stage agreement was reached in the good state, player 
A implemented the project in the third stage in at least 75% of the cases, whereas 
player A would always do so according to theory.

In the following sections, we take a closer look at the offers, the acceptance 
behavior, player A’s third-stage implementation decisions, and the resulting payoffs. 
In particular, we want to shed further light on the experimental findings that deviate 
from the theoretical predictions.

5.2  Ultimatum game

5.2.1  Offers and reactions to the offers

Recall that according to the theoretical predictions, when the third stage is reached, 
player A implements the project if and only if the state is good. In the second stage, 
player A accepts any offer (strictly) larger than 10 in the bad state, and any offer 
(strictly) larger than 0 in the good state.25 Note that player A has a relatively simple 
task in the ultimatum game, and player A’s optimal behavior does not depend on 
the size of the externality. In contrast, player B’s task is more difficult. Not knowing 
the state of the world and anticipating player A’s behavior, according to theory it is 
optimal for player B to offer 0 in treatment UG-14 and 10 or 11 in treatment UG-24. 
Figure 2 shows the offers the subjects in the role of player B actually made and how 
the subjects in the role of player A reacted to these offers. We first take a closer look 
at player A’s behavior (depicted in the lower part of Fig. 2) and subsequently investi-
gate player B’s behavior (shown in the upper part of Fig. 2).

Player A’s behavior Consider first player A’s behavior in the bad state. As pre-
dicted, there is not a single case in which player A rejects player B’s offer and subse-
quently implements the project in the third stage. Moreover, it is extremely rare that 
player A accepts an offer smaller than 10. This never happens in treatment UG-24 
and in less than 3% of the cases (4/145) in treatment UG-14. If player B offers 10, 
we observe both rejections and acceptances by player A; the acceptance rate is 
2/6 ( 33% ) in UG-14 and 3/19 ( 16% ) in UG-24. An offer of 11 or larger is always 

24 The only exception is the coefficient for negative reciprocity which has a small positive impact.
25 Player A is indifferent between accepting and rejecting when the offer is 10 in the bad state and 0 in 
the good state.
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accepted in treatment UG-14. Thus far, the behavior of subjects in the role of player 
A is very close to the theoretical predictions.

The most notable deviation is the fact that in treatment UG-24, an offer of 11 was 
rejected in 38% of the cases. We observe some learning, as rejections of the offer 
11 dropped from 50% (13/26) in the first half of the experiment to only 31% (12/39) 
in the second half.26 Apparently, some subjects in the role of player A disliked the 
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Fig. 2  Ultimatum game. The distribution of the offers made by player B, and player A’s reaction condi-
tional on the state of the world

26 To further investigate if the behavior is stable over time, we look at the behavior of subjects that have 
been repeatedly exposed to an offer of 11. In sum, we have 65 cases with an offer of 11, but only 19 
A-players received such an offer more than once. Four of them (10 cases) decided to reject the offer in all 
cases, whereas eight subjects (20 cases) always accepted an offer of 11. Seven A-players switched over 
time, and the two that received more than two offers decided to reject three out of the four offers.
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extremely inequitable outcome when an offer of 11 was accepted in the bad state. In 
this case, player A’s payoff is 1 and player B’s payoff is 13. Some A-players prefer 
to punish player B for making this offer, which is reminiscent of responder behav-
ior in standard ultimatum games. However, note that in the present context inequity 
aversion seems to be rather mild, since offers weakly larger than 12 were always 
accepted also in UG-24 (i.e., subjects in the role of player A found it acceptable to 
have a payoff of only 2, whereas player B’s payoff is 12).

Further insights can be derived from the random-effects logit regressions with 
the implementation decision as the dependent variable focusing on the bad state 
reported in Table A2 in the Online Appendix. In line with the theory, an offer above 
9 significantly increases the likelihood that the project is implemented. Given that 
the offers vary across treatments, inserting a control for the offer renders the large 
externality dummy variable insignificant. We find no significant learning effects in 
the UG-treatments. Interestingly, we observe a significant effect that players charac-
terized as prosocial (based on SVO) are more likely to implement the project.

This effect is driven by players in the UG-24 treatment and can also be found if 
we restrict the dataset to observations with offers above 9.27 This finding indicates 
that some subjects prefer to punish and not implement the project based on their 
social value orientation. The remaining controls for demographics as well as indi-
vidual or social preferences have no significant impact on the decision to implement 
the project.

Next, consider player A’s behavior in the good state displayed in Fig. 2. As pre-
dicted, an offer strictly larger than 0 was almost always accepted.28 When player B 
offered 0, rejections occurred frequently. However, by far most subjects in the role 
of player A subsequently implemented the project in the third stage (which leads to 
the same payoffs as accepting the offer 0). Specifically, there are only four cases in 
UG-14 and two cases in UG-24 in which the project was not implemented in the 
good state. Hence, with very few exceptions the behavior of the subjects in the role 
of player A in the good state is in line with the theoretical predictions.29

Player B’s behavior Next, we consider player B’s behavior, which is shown in the 
upper part of Fig. 2.30 Given that player B’s task was more difficult, it is remarkable 
that the most frequent offers correspond to the theoretical predictions. Specifically, 
in treatment UG-14 the most frequently made offer is 0, which was made in 35% 
of the cases. Moreover, in treatment UG-24 the most frequently made offer is 11, 

29 Note that we cannot execute regressions for the good state because of the high implementation fre-
quency.
30 Recall that player B does not know the state of the world; thus, any differences between the distribu-
tions of offers in the good state and the bad state (as depicted in the lower part of Fig. 2) are merely 
coincidental.

27 See Table S2 in the Supplementary Material. The result is in line with previous research (cf. Karagon-
lar & Kuhlman, 2013), which has shown that subjects characterized as prosocial according to SVO are 
more willing to accept inequitable offers in standard ultimatum games.
28 This did not happen in only one out of 91 cases in UG-14 and in only two out of 148 cases in UG-24. 
However, in these cases player A still implemented the project in the third stage; thus, it seems likely that 
the rejections were just mistakes.
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which was made in 40% of the cases (and the offer 10, which can also be optimal 
according to theory, was made in 13% of the cases). The offers made in UG-14 and 
UG-24 are significantly different ( p = 0.005 ), with a mean of 2.88 in UG-14 and 
9.95 in UG-24.

In treatment UG-14, only very few subjects in the role of player B aim to imple-
ment the project in the bad state. Specifically, less than 9% of the offers are weakly 
larger than 10. Thus, as predicted the overwhelming majority of subjects in the role 
of player B made offers that player A had to reject in the bad state to avoid making a 
loss. Given that the offer will be accepted in the good state only, both players have 
equal payoffs if the offer is 4 (so that in the good state each player’s payoff is 10). 
This offer was made in 16% of the cases.31

In treatment UG-24, by far most subjects in the role of player B seem to aim at 
implementation of the project in the bad state. However, 19% of the offers are strictly 
smaller than 10, so in theses cases player A would make a loss when implementing 
the project in the bad state. We observe some learning over time, because 23% of the 
offers are strictly smaller than 10 in rounds 1 − 4 , whereas this percentage drops to 
16% in rounds 5 − 8 . Given that the project will be implemented in the good state 
only, both players have equal payoffs when the offer is 9. This offer was made in only 
3% of the cases. Given that the project will always be implemented, both players have 
the same expected payoff when the offer is 13. This offer was made in only 5% of the 
cases. Overall, the B-players do not seem to aim to equalize the players’ payoffs.

We use random-effects tobit regressions with the offer as the dependent variable 
to investigate the impact of social preferences, risk attitude, and learning over time 
on player B’s behavior (cf. Table  A3 in the Online Appendix). First, we observe 
that the effect of higher offers in UG-24 than in UG-14 is robust if we add various 
control variables. Second, we find that offers increase over time indicating learn-
ing effects. A further analysis reveals that this effect is driven by players in UG-24, 
whereas we do not find systematic patterns for the UG-14 treatment.32 Third, indi-
vidual or social preferences and demographic controls have no systematic impact on 
the offer.

5.2.2  Payoffs

Taken together, the players’ behavior in treatment UG-14 reflects the theoretical 
considerations quite well. Note that according to theory, both players’ payoffs are 
zero in the bad state, whereas player A obtains 6 and player B obtains 14 in the good 
state. The actual payoffs (cf. Table 3) are, on average, not too far from these predic-
tions. However, player B’s offers are somewhat more generous; thus, in the good 
state player A’s payoff is larger and player B’s payoff is smaller than predicted. In 

31 Observe that the offers strictly larger than 4 and strictly smaller than 10 are most likely attributable to 
errors. In fact, while these offers are made in 16% of the cases in rounds 1 − 4 , they are made in only 6% 
of the cases in rounds 5 − 8.
32 See Table S3 in the Supplementary Material. This finding is in support of our observation that B-play-
ers in UG-24 learn over time not to make offers that A-players must reject in the bad state in order to 
avoid making a loss.
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treatment UG-24, the predicted offer is 10 or 11, so in the good state player A’s pay-
off is 16 or 17, whereas player B’s payoff is 14 or 13. The actual payoffs in the good 
state are remarkably close to these predictions. Yet, in the bad state theory predicts a 
payoff of 0 or 1 for player A and of 14 or 13 for player B. While player A’s payoff is 
as predicted, player B’s payoff is much smaller.

The latter observation reflects that in our ultimatum game treatments, the main 
deviation between theory and experimental results is the fact that the project is not 
implemented in almost half of the cases in the bad state in UG-24. As we have seen, 
this deviation can be attributed to two factors. First, 19% of the offers made by player 
B are so small that player A must reject them to avoid a loss. Second, in the bad state 
the offer 10 (where according to theory player A is indifferent) is rejected in 84% 
of the cases, and the offer 11 is rejected in 38% of the cases. The fact that player B 
sometimes makes an offer strictly smaller than 10 is most likely attributable to deci-
sion errors and we indeed observe fewer such offers over time. As noted above, the 
fact that player A sometimes rejects an offer of 11 can be attributed to (rather mild) 
inequity aversion. Both facts together lead to a smaller-than-predicted implementa-
tion frequency in the bad state in UG-24.

5.3  Free‑form bargaining

5.3.1  Offers and reactions to the offers

We now take a closer look at the offers, the decisions regarding whether or not to 
accept, and the third-stage implementation decisions in the free-form bargaining 
treatments. As there is no exogenously fixed bargaining protocol in these treatments, 
in what follows we particularly focus on the opening offers and the final offers. Note 
that when we refer to an “offer” we mean a binding offer that was entered by a player 
in the offer box.33

We define an offer as an opening offer if it is the first offer made. Table 5 shows 
the frequencies with which the opening offer was made by player A and by player 
B and the means of these offers, conditional on the treatment and the state of the 
world. The upper parts of Figs. 3 and 4 show the distributions of the opening offers.

We define an offer as a final offer if it was either accepted or ultimately rejected 
by the other player. The latter case occurs when, after receiving the offer, the other 
player broke off the negotiations (by clicking on the break-off button) or the other 
player waited until the three-minute bargaining stage was over (and no new offers 
were made).34 The lower parts of Figs. 3 and 4 show the distributions of the final 
offers and the reactions to these offers.

33 Once the other player accepts such an “official” offer, it will actually be enforced. In the chat com-
munication, the players could also mention possible payments. However, such proposals are only “cheap 
talk”; i.e., they are not binding. We report the number of non-binding numerical offers in the chat in 
Table 5 and analyze the contents of the communication in the Online Appendix.
34 Note that in FF-14, the total number of final offers is slightly smaller than that of opening offers. The 
reason is that in four cases an offer was made that was subsequently withdrawn.
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Note that the average number of offers is relatively small, varying between 1.85 
and 2.89. This is not surprising since the players could use the free-form chat com-
munication to coordinate on an offer. In a few cases the players concluded in their 
chat that they cannot reach an agreement, so no offer was made at all (which hap-
pened in almost 8% of the cases in the bad state in FF-14). Overall, in 34% of the 
cases only one offer was made.

As shown in Table 5, in each treatment and in each state of the world, on average 
a final offer made by player A was smaller than an opening offer made by player A. 
Similarly, in each treatment and in each state, on average a final offer made by player 
B was larger than an opening offer made by player B. Hence, when players made 
more than one offer, they typically made concessions by adjusting the offer to make 
it more attractive for the other player.35

Before we discuss the offers in detail, we first take a closer look at the impact of 
these offers on the implementation decision in general. As in the ultimatum game 
treatments, we run random-effects logit regressions with the decision to implement the 
project focusing on the data from the bad state (cf. Table A4 in the Online Appendix). 
In Model 1, we control only for the externality and find a small effect that a higher 
externality leads to higher implementation rates. If we add controls for the number 
of offers by each player and controls for the last offer by both players if they submit-
ted any, the results show that the externality has no significant impact on the imple-
mentation decision. Note that not all players submitted offers. Therefore, our dataset 
is restricted to the subsample of players making offers if we add these controls. We 
observe no significant learning effects in general over both treatments. The offers 
made by player A do not have an economically strong impact on the implementation 

Table 5  Offers in the free-form bargaining treatments

FF-14, bad FF-14, good FF-24, bad FF-24, good

Opening offer made by A 84

160

 (52.5%) 86

160

 (53.8%) 75

160

 (46.9%) 99

160

 (61.9%)
Mean of opening offer made by A 11.89 9.52 16.59 14.12
Final offer made by A 81

160

 (50.6%) 68

160

 (42.5%) 60

160

 (37.5%) 58

160

 (36.3%)
Mean of final offer made by A 11.59 9.26 15.52 12.21
Opening offer made by B 64

160

 (40.0%) 73

160

 (45.6%) 79

160

 (49.4%) 57

160

 (35.6%)
Mean of opening offer made by B 7.45 5.36 10.73 9.32
Final offer made by B 64

160

 (40.0%) 90

160

 (56.3%) 94

160

 (58.8%) 98

160

 (61.3%)
Mean of final offer made by B 9.89 6.04 13.60 11.39
No offers made 12

160

 (7.5%) 1

160

 (0.6%) 5

160

 (3.1%) 4

160

 (2.5%)
Mean number of (binding) offers made 1.85 1.85 2.89 2.38
Mean number of numerical offers in the chat 1.26 1.25 1.87 1.36

35 See also Figure S3 in the Supplementary Material, which shows all offers made in the 3-minutes bar-
gaining phase. In each state of each treatment, we see that the gap between player A’s and player B’s 
offers becomes smaller as time progresses.
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Fig. 3  Free-form bargaining. Opening and final offers made by player B 
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Fig. 4  Free-form bargaining. Opening and final offers made by player A 
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decision.36 However, higher offers by player B increase the chance of implementa-
tion, whereas more frequent offers by player B decrease the chance. We do not find an 
impact of prosocial traits on the decision to implement, but players with higher scores 
on the honesty-humility domain are less likely to implement the project. In addition, 
there is a weakly significant impact of age on the implementation frequency.

In Table A9, we also control for selected chat content.37 Again, we restrict the 
sample to observations in the bad state. The likelihood that the project is imple-
mented increases if player A claims that the state is bad. The likelihood of imple-
mentation also increases if A-players use more arguments related to trust and hon-
esty. In contrast, mentioning fairness more often is an indicator that the bargaining 
might not be successful. Additionally, a higher number of messages by A-players 
decreases the chance of project implementation. Our findings that higher scores on 
the honesty-humility scale and mentioning fairness more often decreases the chance 
of implementation, whereas mentioning honesty and trust enhances the chance, indi-
cate that inequity aversion and fairness concerns influence the decision to implement 
the project in the bad state. If A-players feel the need to send more messages, this 
indicates that the bargaining process is more likely to fail. The chat content of player 
B has no significant impact on the outcome of the process.

Offers made by player B We start with Fig. 3, which depicts the distributions of 
the offers made by player B. In contrast to the ultimatum game treatments, player B’s 
offers can now be influenced by claims about the state of the world made by player A 
in the free-form text messages.

Consider first player B’s behavior in treatment FF-14, where the externality is 
small. Recall that both players have the same payoffs if they agree on the payment 
12 in the bad state and on the payment 4 in the good state.38 Note that in the bad 
state, the most frequent opening offers by player B are 4 (made in 34% of the cases) 
and 12 (made in 22% of the cases). In the good state, the opening offer 4 is made 
in 56% of the cases, whereas the opening offer 12 is made in only 8% of the cases. 
Hence, we already see an impact of communication when the opening offer is made. 
Now compare these numbers to the final offers made by player B, which are depicted 
in the lower part of Fig. 3. In the bad state, the two most frequent offers are now 12 
(made in 38% of the cases) and 11 (made in 30% of the cases), whereas the offer 4 is 
made in only 6% of the cases. Thus, player A often seems to be successful during the 
negotiations in persuading player B that the state is bad.39 In the good state, the most 
frequent offer is still 4, which is made in 41% of the cases.

36 If we use a dummy variable indicating that an offer was higher than 9, this variable is dropped from 
the model for player A due to collinearity. In the Supplementary Material we report the results if we 
assume a linear relationship between offers and the implementation decision in Table  S4. The results 
reveal that a higher last offer from player A has an economically small negative impact on the imple-
mentation decision. Higher demands by player A thus seem to reduce the chances to reach a successful 
outcome in the bargaining.
37 For a detailed discussion, see the Online Appendix.
38 When the project is implemented, player A’s payoff v + X is equal to player B’s payoff w − X if 
X = (w − v)∕2.
39 For a detailed analysis of the text messages, see Section A.3 in the Online Appendix.
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Now consider player B’s behavior in treatment FF-24, where the externality is 
large. The offer 9 yields an equal split of the surplus if it is accepted in the good 
state, whereas the offer 17 yields an equal split of the surplus if it is accepted in the 
bad state. In the good state, 9 is indeed the most frequent opening offer (made in 
18% of the cases) and the most frequent final offer (made in 22% of the cases). In the 
bad state, the opening offers are more evenly distributed, and the most frequent final 
offers are 12, 15, and 17 (made in 18% , 17% , and 17% of the cases, respectively). 
We observe some learning in the bad state, because 14% of the final offers are 10 or 
below in rounds 1 − 4 , whereas only 4% are 10 or below in rounds 5 − 8.

Observe that the colors in the lower part of Fig. 3 indicate how player A reacted 
when the final offer was made by player B. As predicted, when player A rejected player 
B’s offer in the bad state, then player A never implemented the project in the third 
stage. With the exception of only one case, in the bad state all offers strictly smaller 
than 10 were rejected. Note that whereas in UG-24 offers weakly larger than 12 were 
always accepted, this is not the case in FF-24. While player B’s ability to make a take-
it-or-leave-it offer in the ultimatum game has put player B in a strong bargaining posi-
tion, player A apparently feels entitled to a larger share of the pie in the case of free-
form bargaining. Observe also that in the good state there are several cases in which 
player A rejects a strictly positive offer and nevertheless implements the project in the 
third stage (3 out of 4 cases in FF-14 and 6 out of 9 cases in FF-24). Apparently, the 
negotiations annoyed some players, but self-interest often prevailed in the end.

We also execute random-effects tobit regressions with the final offer of player 
B as the dependent variable. Note that not all B-players submitted a final offer, 
which restricts the dataset. Similar to the ultimatum game treatments, we control 
for individual or social preferences and demographic characteristics, but also add 
information about the state and the number of offers by each player as controls (cf. 
Table A5). We observe that B-players submit higher final offers if the state is bad or 
if the externality is large, whereas the number of offers has no significant impact. 
A higher risk aversion triggers higher offers by player B, presumably because more 
risk-averse players want to increase the implementation likelihood by offering a 
higher share to A-players. In Table  A10, we control for chat content and observe 
higher offers by B-players if A-players claim that the state is bad, whereas the men-
tioning of fairness or honesty by player A has no such effect. In addition, we observe 
higher offers if player A suggests splitting the revenue evenly in case of a bad state. 
Interestingly, the offers are also slightly higher if player B raises doubts about the 
honesty of player A. It seems that outspoken concerns and doubts can be addressed 
during the bargaining process, whereas a higher number of messages by player A 
correlates with lower offers. Thus, more messages by A-players harm the outcome of 
the negotiations in the bad state in two ways. First, more messages mean lower offers 
by B-players, and we know from the results in Table A4 that lower offers decrease 
the chance of implementation. Second, more messages by A-players also decrease 
the likelihood of implementation directly, as shown in Table A9.

Offers made by player A Fig. 4 shows the distributions of offers made by player 
A. In the bad state of FF-14, player A makes the opening offer 12 in 83% of the 
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cases, whereas player A makes some concessions in the final offers, where the offers 
12 and 11 are made in 67% and 26% of the cases, respectively. It is remarkable that 
in the good state of FF-14, the most frequent opening offer is 12 (made in 49% of 
the cases). Thus, in the good state player A often tries to persuade player B that the 
state is bad.40 When player A makes the final offer, then in the good state of FF-14 
the offer 12 is still made in 37% of the cases, whereas the equal-split offer 4 is made 
in 22% of the cases.

In the bad state of treatment FF-24, player A’s opening offer is 17 in 61% of the 
cases, whereas player A makes some concessions in the final offers (where the offer 
17 is made in 32% of the cases). In the good state of FF-24, player A again often 
tries to convince player B that the state is bad, so the most frequent opening offer 
is 17 (made in 40% of the cases).41 However, during the negotiations player A often 
gives in, so in the final offers the equal-split offer 9 is most frequently made (in 26% 
of the cases).

The colors in the lower part of Fig. 4 indicate whether the final offer made by 
player A was accepted or rejected by player B, and in the latter case whether or not 
player A subsequently implemented the project in the third stage. When player B 
rejected player A’s final offer in the bad state, then with only one exception player A 
never implemented the project in the third stage. Observe that in the bad state player 
B rejects the equal-split offers in a substantial fraction of the cases, so player B often 
does not trust player A’s claim that they are in the bad state. In the good state, when 
player B rejects player A’s final offer, then in most cases player A implements the 
project in the third stage.

Table A6 shows random-effects tobit regressions with the final offer of player A 
as the dependent variable. We observe that player A demands a higher payment if 
the state is bad or if the externality is large. In addition, a higher number of offers by 
player A increases the likelihood of a lower final offer, indicating that player A often 
announces a high demand and later gives in. Individual or social preferences and 
demographic characteristics do not play a major role.42 Regarding the content of the 
chat, we observe a similar pattern as for offers by player B (cf. Table A11).

Announcing a bad state, demanding an equal split in the bad state, and doubts by 
player B predict a higher final offer, whereas other chat content has no significant 
impact.

5.3.2  Payoffs

Taken together, the results show that in the bad state of the world, both parties ben-
efit from the fact that with free-form bargaining the project is more often imple-
mented than in the case of the ultimatum game (see the players’ payoffs reported in 

42 Only the coefficient for prosociality is weakly significantly different from zero.

40 Indeed, in the text messages that are analyzed in more detail in the Online Appendix, 83% of the 
A-players making an opening offer of 12 in the good state of FF-14 lie and claim that the state is bad.
41 In FF-24, 78% of the A-players making an opening offer of 17 in the good state lie and claim in the 
chat that the state is bad.
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Table 3). However, in the good state of the world, player B’s payoff is smaller in the 
case of free-form bargaining than in the corresponding ultimatum game, because 
player B was exogenously put in a stronger bargaining position in the ultimatum 
game. As we have seen, even when it is player B who makes the final offer in the 
case of free-form bargaining, the offers are on average larger than those in the ulti-
matum game.

6  Concluding remarks

Over sixty years ago, Coase (1960) discussed how the problems caused by exter-
nalities can be solved through voluntary contracting between the involved parties. 
His lead example was building a fence when straying cattle may destroy crops on 
neighboring land. The topic of externalities has lost none of its relevance. A nation’s 
measures to contain the outbreak of a virus may save other nations from a deadly 
pandemic. When EU member states at the external border crack down on illegal 
immigration, this can also reduce crime and the burden on the social security sys-
tem in other EU member states. When the hiring and training of police officers is 
improved in one city, this may help to prevent violent riots and looting also in other 
cities.

However, even when it is commonly known that it would be efficient to imple-
ment certain measures, in the presence of externalities decision makers might be 
unable to reach an agreement due to asymmetric information. Thus, it is important 
to explore how subjects behave in contract negotiations when both externalities and 
private information come into play.

As a first step, we conducted a controlled laboratory experiment. It turns out that 
the concerns first formalized by Klibanoff and Morduch (1995) are well-founded. 
When the size of the externality is relatively small, the parties reach an agreement 
in the bad state only slightly more often than theoretically predicted. In particular, 
allowing for unstructured bargaining with free-form communication, we were able 
to broadly corroborate the impossibility result proved by Klibanoff and Morduch 
(1995). When the size of the externality is large, then as expected the subjects reach 
an agreement in the bad state more often than when the externality is small. Yet, 
there is still a substantial fraction of cases in which the subjects do not reach an 
agreement. While this finding does not contradict theory in the case of free-form 
bargaining, it is a deviation from theory in the case of ultimatum-game bargaining.

Our analysis revealed that the deviation from theory in treatment UG-24 results 
from two contributing factors. First, B-players sometimes make offers that must be 
rejected by A-players when they want to avoid making a loss. It seems plausible that 
such offers are mainly due to decision errors, which is in line with the observation 
that the number of such offers declines over time. Second, sometimes offers of 11 
are rejected by A-players in the bad state, which can be explained by inequity aver-
sion. However, offers weakly larger than 12 are always accepted; thus, the degree of 
inequity aversion seems to be rather small.

Specifically, let us consider the formal model of inequity aversion proposed by 
Fehr and Schmidt (1999). They argue that when uA is the monetary payoff of player 
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A and uB ≥ uA is the monetary payoff of player B, then player A’s utility is 
uA − �(uB − uA) , where � measures the degree of aversion against disadvantageous 
inequity.43 Note that when player A accepts the offer X, then in the bad state of 
UG-24 we have uA = −10 + X and uB = 24 − X , whereas uA = uB = 0 when the 
offer is rejected. Therefore, player A accepts the offer whenever X ≥

1

1+2�
(10 + 34�) . 

The fact that some A-players rejected an offer of 11 can be explained when 
𝛼 > 0.083̄ , whereas the fact that all offers weakly larger than 12 were accepted 
implies that � ≤ 0.2 must hold. For comparison, based on their analysis of standard 
ultimatum game data, Fehr and Schmidt (1999) argued that � can be between 0 and 
4, with an average of 0.85.

Thus, in our setup inequity aversion seems to play a less pronounced role than in 
the literature on ultimatum games under symmetric information. This finding can be 
explained if player A’s fairness views take into consideration that player B does not 
know the state of the world when making an offer (cf. Cappelen et al., 2013). Our 
finding is in line with some other studies exploring the role of social preferences 
when there is asymmetric information. In particular, Hoppe and Schmitz (2013, 
2015) experimentally studied adverse selection problems without externalities. The 
average � according to their estimates is between 0.07 and 0.25, which is consistent 
with our results.44

In future research, it might be interesting to explore whether it is possible to fur-
ther increase the implementation frequencies in the bad state when the externality is 
large. In particular, it might be worthwhile to conduct treatments with more rounds, 
such that the subjects have more opportunities to learn. It is plausible that in settings 
with asymmetric information subjects need more time to learn, because they have 
to gain experience with different types of players. Moreover, it would be interest-
ing to have groups of subjects make the decisions, so that discussions within the 
groups might foster learning and provide insights into the subjects’ reasoning.45 Fur-
thermore, another promising avenue for future research might be to explore how the 
implementation frequencies would change if the externality were even larger.

Recall that in the case of free-form bargaining, where no specific bargaining pro-
tocol has been specified, Bayesian mechanism design theory tells us that in the case 
of a large externality it is possible to always implement the project in the bad state, 
but the theory does not say that this is the necessary outcome. However, if the mech-
anism is proposed by a mediator who aims to maximize the expected total surplus, 

44 Moreover, similar to Hoppe and Schmitz (2013), recently it was also argued by Huang et al. (2023) 
that fairness concerns may be less relevant when there is asymmetric information.

43 Note that Fehr and Schmidt (1999) also allow for (a smaller degree of) aversion against advantageous 
inequity. However, in what follows we consider only offers X ≤ 17 , so uA cannot be strictly larger than 
uB . In fact, 99% of the offers in UG-24 were smaller than 17. While aversion against advantageous ineq-
uity might play a role for B-players, recall that offers by B-players that aimed at equalizing payoffs were 
extremely rare. Cf. also Hoppe and Schmitz (2013), who have not found any support for inequity aver-
sion of principals who offer contracts to privately informed agents (using control treatments where the 
agents were substituted by computer players).

45 For laboratory experiments comparing individual decision-making to decision-making by teams, see 
Bornstein and Yaniv (1998) and Cooper and Kagel (2005).
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theory would predict that the efficiency frontier would be reached. Thus, in follow-
up research it might be worthwhile to conduct treatments where a mediator can pro-
pose a mechanism to the players.

Going beyond laboratory experiments, in future research, it would be desirable 
to investigate to what extent our findings also hold true in the field. Fréchette et al. 
(2022) report on experimental studies comparing the behaviors of university stu-
dents and representative samples of the U.S. population. The findings suggest that 
experiments utilizing undergraduate students allow generalizable inferences and 
are thus indeed a useful first step to generate insights into the behavioral effects of 
a public policy.46 Regarding Myerson and Satterthwaite’s (1983) original impos-
sibility theorem, researchers have begun only recently to take the second step and 
explore its relevance in the field (see Larsen, 2021).47 So far, we are unaware of 
any attempts to explore contracting under asymmetric information in the presence 
of externalities using field data. We hope that our contribution helps to spur more 
research on this important topic.
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